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Introduction

People today generally live longer and healthier lives than at any other point in his-
tory. This ‘demographic transition’ and its associated ‘epidemiological transition’ of
changing disease patterns affect the global population. Due to low birth and mortal-
ity rates, national populations are aging at a rapidly increasing rate. Almost one in
seven Canadians and one in every five Europeans is older than 65. Furthermore, the
number of older adults is expected to double by 2036, and those older than 80 years
are the fastest growing segment of the population. This is particularly important be-
cause it is amongst those aged 80+ years that health care use becomes especially dis-
proportionate, with people aged 80+ composing little more than 2% of the popula-
tion, but consuming 20% of adult, nonobstetrical hospital days.

To understand the impact of these well-known trends, we need to consider the
achievements in medical technology and the increase in age-associated, noncommu-
nicable diseases. As a consequence, many more people are able to tolerate more health
deficits without dying. In Canada, 91% of older adults have at least one chronic con-
dition, 50% have five or more, and 40% live with a disability. Canadian older adults
account for 45% of all health care expenditures, and estimates from elsewhere show
comparable results. This would be unproblematic if older adults received care that
justified the expenditures, but that appears to not always be the case. Indeed, the
growing number of adults with multiple, interacting medical and social problems is
proving to be an important challenge in providing quality health care. Specifically,
we need health systems that are appropriate to the needs of older adults, especially
those who have more than one acute illness and who come from social environments
that might not fully support their post-acute care needs.

Not every older adult has multiple problems, and in a haste to correct this percep-
tion, there can be a tendency to go too far in the other direction, as though no older
adults have special needs. As one notorious health-planning paper put it, ‘the aging
of the population matters less than you think’. However, variability in health status is
an important phenomenon that becomes more important with age. Some older adults
remain healthy even to a very old age, whereas other will experience multiple health
problems from middle age [1, 2]. In geriatric medicine, the concept of frailty has been
introduced to capture this variability in the rate of aging. This term is also used by
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demographers and actuaries to denote a fixed factor that is associated with a short-
ened lifespan. In contrast, geriatricians see the frailty state as changing over the life
course. The question of whether people have a lifelong predisposition to what geriatri-
cians call frailty has not been resolved.

Frailty is noncontroversially understood as the concept of increased vulnerability
to adverse outcomes among people of the same chronological age. Adverse outcomes
associated with frailty include falls, cognitive impairment, disability, hospitalization,
institutionalization, and death [3-7]. Frailty arises from a multisystem compromising
the body’s ability to repair [8], which is essential in aging organisms that face a variety
of potentially damaging insults. Much of the damage arises as the inevitable result of
metabolism - for example in oxidative stress. The environment clearly impacts how
much damage arises and how damage can be repaired over time. However, at present,
we have only limited evidence about the association between cellular aging markers
and frailty [9, 10].

Frailty represents an important challenge for aging populations. Pragmatically,
at some point, the number of things that people have wrong with them becomes
more important than the exact nature of what they have wrong with them, at least
with respect to what they need and how their medical care is best administered.
This is so even though, for individuals, it will always be important to know what
exactly is wrong. Still, at some point, the complexity of needs in frail individuals
means that knowing exactly what is wrong is best achieved in ways that allow com-
plexity to be embraced. This approach of embracing complexity by looking at mea-
sures of whole-system function (cognition, mobility, balance, independence in dai-
ly activities) is in contrast to the problem list method, a long and widely used ap-
proach in medicine. Using the problem list approach, each problem present in an
individual is enumerated and addressed, typically one problem at a time. However,
when people are frail and have many things wrong with them, the better approach
is to look for problems that indicate whole-system difficulty and to address those at
the system level. For example, mobility impairment will always be important no
matter what the cause; consequently, focusing on mobilizing patients will always be
important. This holds true even in cases (such as tibial plateau fractures) in which
early mobilization will need to be restricted. Likewise, being able to diagnose mo-
bility impairment in the absence of focal neurological or musculoskeletal problems
is essential. For example, weakness is commonly seen in hyponatremic patients,
even if the causal chain between having low serum sodium and spending most time
in bed is elaborate. Frailty seems to be a good lens through which to refract multi-
morbidity, dependence, disability and motor slowing (with or without impaired
balance or frank disability). Assessing frailty can be done either at the screening
level or by a comprehensive geriatric assessment. Given its pervasive impact on
health and the outcomes of health care, it has been proposed that frailty should al-
ways be considered when treating the older patient [11]. To achieve this, we need
tools with sound psychometric properties to assess frailty in clinical settings [12].
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Even so, there is still heated debate over how to achieve consensus regarding the best
definition of frailty for clinical uses [13].

Even though much has been done to advance our understanding of frailty, it is a
concept full of ‘known unknowns’, such as the mechanisms leading to frailty and
the management of frailty [14]. In order to examine these ‘known unknowns’ and
to start considering the ‘unknown unknowns’, the new science of understanding
and managing frailty requires an appropriate framing of the problem. This book
aims to consider these and related questions. How can we recognize frailty? How
does an understanding of frailty inform our understanding of the aging process?
What are its more general implications for health care systems and society? To
achieve these goals, we asked the authors to focus on the key points that are known
in their area and then to put this information into the framework of frailty as a vul-
nerability state. We then asked for an arbitrary restriction of the number of refer-
ences and for them to provide some key unanswered questions in their area. In this
way, we hope that this book will be useful in summarizing what we now know and
where we will go with these inquiries.

In the first section of the book, “The biology of frailty’, we begin by trying to un-
derstand the link between cellular deficit accumulation and the manifestation of
microscopic/clinically visible deficits. We discuss how frailty might arise through
the biological processes of metabolism, aging, and the accumulation of these subcel-
lular deficits. In Chapter 2, we describe recent advances in animal models of deficit
accumulation and the assessment of frailty in animals. In Chapter 3, we examine
the role of faulty repair mechanisms that allow damage to accumulate, giving rise
to frailty. These mechanisms include oxidative stress with metabolism, DNA repair,
inflammation, and the aging of the immune system - ‘immunosenescence’. What is
known regarding sex differences in frailty is laid out in Chapter 4. Concluding the
first section, Chapter 5 considers the relationship between aging, frailty, and the
microbiome.

In the second section, ‘Evaluation and management of frailty’, we begin by discuss-
ing how frailty is conceptualized and operationalized based on various approaches,
including the two most common approaches - the frailty phenotype and the accumu-
lation of deficits. In Chapter 8, we outline the importance and usefulness of identify-
ing frailty early in primary care settings and further how frailty might be screened
for and prevented. Chapter 9 describes how hospital-based care can be best organized
to the benefit of frail older adults, who often present with multiple, interacting med-
ical and social problems. Chapter 10 underscores how mobility can be an important
marker of frailty and how frailty might be assessed by tracking mobility alone. Sub-
sequently, we will describe the benefits of interprofessional collaborative practice for
the care of frail older adults in Chapter 11, and we review the challenges and oppor-
tunities for rehabilitation in frail patients, who often experience rapid decondition-
ing, in Chapter 12. End-of-life care for frail older patients and how to best synthesize
palliative and therapeutic care are each considered in Chapter 13.
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The ‘Social aspects of frailty’ section begins by describing how the assessment of
frailty can usefully inform the further organization of clinical care. Ethical and legal
implications of frailty are discussed in Chapter 15, and the relationship between frail-
ty, social vulnerability, and adverse outcomes is considered in Chapter 16.
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The Biology of Frailty

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 1-14 (DOI: 10.1159/000381127)

Frailty: Scaling from Cellular Deficit
Accumulation?
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and YPharmacology, Dalhousie University, Halifax, N.S., Canada; Departments of ¢Geriatric Medicine and
fPhysiology, and Institutes of 9Brain, Behaviour and Neurosciences, and "Cardiovascular Sciences, University of
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Abstract

Cellsagein association with deficit accumulation via mechanisms that are far from fully defined. Even
so, how deficits might scale up from the subcellular level to give rise to clinically evident age-related
changes can be investigated. This ‘scaling problem’ can be viewed either as a series of little-related
events that reflect discrete processes - such as the development of particular diseases - or as a sto-
chastic process with orderly progression at the systems level, regardless of which diseases are pres-
ent. Some recent evidence favors the latter hypothesis, but determining the best approach to study
how deficits scale remains a key goal for understanding aging. In consequence, approaching the
problem of frailty as one of the scaling of subcellular deficits has implications for understanding ag-
ing. Considering the cumulative effects of many small deficits appears to allow for the observation
of important aspects of the behavior of systems that are close to failure. Mathematical modeling of-
fers useful possibilities in clarifying the extent to which different clinical scales measure different
phenomena. Even so, to be useful, mathematical modelling must be clinically coherent in addition
to mathematically sound. In this regard, queuing appears to offer some potential for investigating
how deficits originate and accumulate. ©2015 S. Karger AG, Basel

Frailty and Age-Related Deficit Accumulation

With age, the risk of death accelerates. Still, not everyone at the same age has the same
risk of death. People who are at an increased risk of death compared to others of the
same age are said to be frail. Considered in this way - as a risk state - the basis of
frailty appears to be related to the number of things that people have wrong with them.
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Fig. 1. Mortality in relation to
deficit accumulation. Mortality
over 12 years according to the
number of deficits at baseline.
The deficit accumulation
approach allows frailty to be
stratified; the higher the
number of deficits, the higher
the risk of a range of adverse
outcomes.

Probability of death

Number of deficits at baseline

In the tradition of understanding frailty as a risk state that is operationalized through
deficit accumulation, we call these ‘things wrong’ health deficits. This conception
makes a beguiling argument: frailty was proposed as way to describe greater vulner-
ability of some people to adverse health outcomes compared with others. (Its coun-
terpart — a lower risk of adverse health outcomes, is generally understood as fitness.)
Just as not every person of the same age has the same risk of death, not everyone at
the same age has the same number of deficits. So, the argument follows that it is the
people with the greater number of deficits who appear to be at the greatest risk of
death, other things being equal. (As would also be expected, those with the fewest
things wrong have the lowest risk of death.) This hypothesis generally seems to be true
[1] (fig. 1). This argument also holds for the “frailty phenotype” approach, in which
mortality increases as individuals accumulate the five deficits specified in that defini-
tion of frailty (weakness, slowness, weight loss, exhaustion, and reduced activity); it
even holds for a random sampling of deficits, such that if any 5, or 10 or 15 deficits
are specified, the more of these that people have, the greater their risk of death [2].
This evidence seems to reflect that aging itself can be understood as the accumula-
tion of deficits from subcellular processes to tissues to organs that manifest as clinical
changes [3]. As a consequence, a further argument that unites aging, deficit accumu-
lation and frailty is that cellular and molecular deficits scale up to produce clinically
detectable deficits [4]. If so, then cellular deficit accumulation should be associated
with frailty. Recent preliminary evidence, discussed below, seems to support this ar-
gument, too [5]. Even so, questions remain about whether the whole story of cellular
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deficit accumulation ultimately leading to frailty — considered as a form of accelerated
aging - is plausible and what this understanding might add if it were the case. Those
questions form the basis for this chapter.

Cellular Events in Aging

Cellular aging arises when damage is unrepaired or is not removed, giving rise to
deficits. How damage arises is an area of contention. For along time, it was understood
that damage could arise endogenously (e.g. reactive oxygen species produced as by-
products of metabolism) or exogenously (e.g. radiation, hypothermia, or hypoxemia).
The inevitability of damage means that viability requires a variety of repair mecha-
nisms, including an elaborate DNA repair response [6]. Chromosomal damage in-
duces telomerase activity, and autophagy exemplifies a damage removal mechanism.
As discussed below, these mechanisms and several others were the subject of a 2013
paper in Cell, entitled “The Hallmarks of Aging’ [7].

It now seems that endogenous damage also occurs as a result of specific metabolic
pathways, notably the mechanistic target of rapamycin (mTOR) pathway. mTOR is a
serine/threonine protein kinase that interacts with specific adaptor proteins to form
two structurally and biologically distinct complexes, mTOR complex 1 (mTORC1)
and mTOR complex 2 [8]. mTORCI regulates processes including cell growth and
proliferation, protein synthesis, autophagy and metabolism, whereas mTOR complex
2 is thought to be involved in cytoskeletal organization and cell survival [8, 9]. The
mTOR pathway is dysregulated in a variety of disease states including cardiovascular
disease and cancer [8]. Interestingly, the inhibition of mTORCI1 has been shown to
prolong the lifespan of mice [9], and the inhibition of so-called mTOR hyperactiva-
tion has been implicated in cellular aging, with some evidence that its inhibition has
favorable effects on stem cells [10]. If so, then an important consequence is that aging
in this sense becomes more like disease, particularly indicating that aging is poten-
tially susceptible to intervention.

The contemporary understanding of how cellular aging influences tissue function
posits an essential role of the phenomenon of cellular senescence, in which dividing
cells enter permanent cell cycle arrest. In that state, however, far from being inactive,
these cells secrete inflammatory proteins to promote chronic inflammation - so-
called ‘sterile’ inflammation because there is no inciting antigen [11]. These ‘senes-
cence-associated secretory phenotype’ cells release a variety of factors that might
indeed promote not only inflammatory damage but also cancer [11]. Whereas an
earlier understanding of cellular senescence posited it as a means by which tumori-
genesis could be avoided, it now appears that cellular senescence may in fact give rise
to more widespread damage, including cancer. As a consequence, this represents,
amongst other things, an important example of how cellular damage might accumu-
late to give rise to lethal tissue and organ damage, by means of both the accumulation
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of deficits (the senescent cells) and their damaging effects on nearby — and ultimate-
ly distant — cells [12].

A further example of how cellular deficits might give rise to organ dysfunction is
seen in the aging brain. Despite substantial and systematic inter- and intra-individu-
al differences, human brain cells accumulate deficits with age. The interpretation of
what this means has been re-evaluated in light of attempts to diagnose Alzheimer’s
disease prior to the presentation of clinically important dementia symptoms. It used
to be believed that dementia arose as a consequence of extraneuronal plaques and in-
tracellular tangles. This is now understood to be only part of a more complicated
story that is still evolving. The keys to the change in our understanding of the role of
plaques and tangles were findings from not only clinic-based necroscopies but also
large, prospective, community-based autopsy studies. These studies demonstrate that
especially among the very old, many people with normal cognitive function have a
considerable burden of neuropathological features that would have enabled the ‘de-
finitive” diagnosis of Alzheimer’s disease or vascular dementia had clinical dementia
been present. In fact, an early, large study reported that no cut-off value of either neu-
ropathological or ischemic lesions discriminated between people with and without
dementia [13]. One interpretation of these findings is that scaling from microscopic
insults to cognitive dysfunction appears to reflect the total burden of all insults more
so than the cumulative burden of any single type of lesion [14].

These findings suggest the need to discriminate structural damage from function-
al deficits. Even at the cellular level, more damage may make deficits more likely, but
deficits are not inevitable. In addition to the evidence from neuropathology, consider
the relationship between impaired heart cell structure and function. Although age-
dependent changes in cardiomyocytes in and of themselves do not always result in
overt cardiac dysfunction, age makes cardiac contractile dysfunction more likely, of-
ten through impaired calcium homeostasis [15]. Still, before calcium homeostasis be-
comes compromised, other changes are evident. At the cellular level, aberrant pro-
teins accumulate, defective mitochondria are seen and mitochondrial function is re-
duced [16, 17]. In postmitotic cells, the failure of damage removal is key, and
lipofuscin (proteinaceous debris consisting of a nondegradable intralysosomal sub-
stance made up of cross-linked proteins) is evident [16]. At the tissue level, myocytes
are progressively lost, and surviving myocytes undergo hypertrophy, especially in old-
er males, as shown in both human and animal studies [18].

To determine how frailty might relate to cardiomyocyte hypertrophy and dysfunc-
tion, we developed a novel frailty index based on deficit accumulation in aging mice
[5]. We conducted a cross-sectional study of two groups of mice: a 12-month-old
(middle-aged) group and a 30-month-old (aged) group. We found that the aged mice
had significantly higher frailty index scores than the younger animals (frailty index =
0.43 £ 0.03 vs. 0.08 + 0.02; p < 0.001). Interestingly, the highest frailty index scores
were seen for both hypertrophy (fig. 2a, b) and cardiomyocyte contractile dysfunction
(fig. 2¢, d). This cardiomyocyte contractile dysfunction and hypertrophy is predicted
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Fig. 2. Relationship between frailty index scores and cardiomyocyte structure and function in a
mouse model. a, b Cardiomyocyte length increased as the frailty index scores increased in cells from
both male mice (r? = 0.76; p = 0.001; n = 10 myocytes) and female mice (r*=0.58; p = 0.017;n =9
myocytes). ¢, d The average (+ SEM) amplitude of cardiomyocyte contraction declined as the frailty
index scores increased in myocytes from both male and female mice. The cells were paced at 6 Hz;
contractions were expressed as fractional shortening (n = 10 and 9 myocytes from aged males and
females, respectively). * Denotes a significant difference from the cells from mice with the low-
est frailty index;  indicates a significant difference from the cells from mice with the highest frailty
index [5].

to result in tissue and organ hypertrophy and contractile dysfunction in vivo, al-
though this hypothesis has yet to be investigated. Our original procedure to measure
frailty in aged mice involved specialized equipment and invasive techniques, so this
method is not suitable for the longitudinal assessment of frailty [5]. More recently, we
have developed a new, noninvasive method to quantify frailty with a frailty index
based on the accumulation of clinically apparent deficits in health [19]. Our ongoing
studies are using this new clinical frailty index to investigate how cellular deficits in
cardiomyocytes of frail mice might scale up to induce overt cardiac dysfunction in the
setting of frailty.

In summary, even when cells are damaged, this circumstance need not result in
overt changes in organ function if there is compensation for that damage. The nature
of this compensation may include the repair or the removal of the damage and may
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reflect redundancy that allows the damage to be tolerated without any clinical mani-
festations of illness. Ultimately, however, the accumulation of damage limits the abil-
ity to sustain further damage without the expression of disease, leading to what is of-
ten termed a loss of physiological reserve. However, this term is controversial in rela-
tion to frailty, as it threatens to produce a circular argument. First, if the concept of
frailty is meant to operationalize the idea of variable vulnerability to adverse outcomes
among people of the same age, then what do we do with the variable vulnerability to
adverse outcomes among people who are frail? Is that in any way explained by saying
that frail people have varying levels of physiological reserve? The frailty index express-
es degrees of frailty (in relation to the degree of deficit accumulation), but what do we
say of people with variable outcomes who have similar frailty index scores? Adding
the notion of impaired physiological reserve is not helpful here, either. Given that the
outcomes (i.e. death or a change in the frailty state/the deficit count) conform to a
stochastic process, some degree of variability is to be expected, likely in relation to the
degree of damage to which an individual is exposed or to the resources that they can
access to repair damage [20]. Each experience (of damage or access to repair) is esti-
mated to some extent by the idea of social vulnerability (see Chapter 16). As discussed
below, they can also be modeled by queuing theory.

Additional factors may be important in understanding why the same level of defi-
cit accumulation does not convey the same lethality in all people. More recent studies
by our group have investigated the value of a protection index that counts, for exam-
ple, the positive effects of exercise in addition to the negative effects of a sedentary
state [21]. While frailty may define our susceptibility to risk, the rate of damage ac-
cumulation must also be considered. These new considerations require revisions of
the conceptual basis of deficit accumulation, as described in the next section.

The Origin of Deficit Accumulation

‘The Hallmarks of Aging’ paper [7] was self-consciously modeled on two other papers
in Cell entitled the ‘Hallmarks of Cancer’. Together, they did much to provide a con-
ceptual focus for research efforts in cancer biology [22]. Even so, these findings were
not without their critics. One criticism of special interest to aging research stems from
the concern that too narrow a focus was placed on mechanisms of mutations within
cells, ‘the lowest possible level of organization at which carcinogenesis takes place’
[23]. This level of focus comes at the expense of understanding events across cells. In
contrast to the somatic mutation theory of cancer, it was proposed that cancer should
be seen as a disease of tissues in addition to a disease of cells. In particular, the coun-
terargument notes that cancer metastases require not only malignant cells but also
tibroblasts [23]. These fibroblasts operate to give rise to clinical cancer in ways that
have received much less attention than individual subcellular mechanisms. According
to this argument, understanding how cancer cells and their environment interact is
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vital to understanding how cancer metastasizes, which requires a focus on events out-
side the cancer cells; this concept too often gets neglected.

The ‘not only cells but also their interactions’ critique is compelling to biological
gerontologists because, as is often pointed out, the fundamental components of mat-
ter do not age [24]. Aging occurs due to the interaction between a variety of compo-
nents; it is a systems phenomenon. ‘The Hallmarks of Aging’ authors recognized this.
Indeed, ‘altered intercellular communication’ is presented as one such hallmark, and
the mutually reinforcing nature of several other aging hallmarks is seen to reinforce
the aging process. As such, we are obliged to understand any given mechanism in the
context in which it occurs.

The context, or systems-level behavior, can be captured in general ways and can
serve as means of broadly understanding mechanisms. Our group has proposed that
in a general way, deficits arise when damage is unremoved or unrepaired [25]. At the
level of macroscopic deficits, it appears that the concept of queuing theory offers some
useful tools and insights, as discussed below.

Understanding how deficits arise requires an overview of what needs to be ex-
plained. With respect to aging, some essential features arise from a consideration of
how deficits accumulate. One feature is the substantial individual heterogeneity in the
rate at which people accumulate deficits. Similarly, although everyone eventually ac-
cumulates deficits, not everyone accumulates the same deficits. In short, there is a
strong stochastic influence in how damage accumulates; likewise, the dynamic nature
of growth, development and repair is noted as an essential feature of aging, originat-
ing from the stochastic nature of the cellular and molecular mechanisms of aging [4].

Our group’s stochastic model of the origin of deficit accumulation is based on in-
teractions between two processes: damage occurrence (from environmental stresses,
metabolic processes, or even, it must be said, hyperfunctional programs) and damage
control and recovery [25]. Both damage and recovery are stochastic — each can arise
from many factors that cannot be controlled. Our model is based on queuing theory
[26]. The model proposes a formal association between the number of deficits that an
individual has accumulated and the length of a queue. In turn, the rate of arrival at the
queue reflects the degree of damage that occurs, and the damage repair time repre-
sents the recovery time for the individual. In queuing theory, although the equations
can be complex, the fundamental principle is governed by what is known as Little’s
law: L = AW, where L is the average length of queue, A is the average arrival rate and
W is the average recovery time. The queue grows longer when many units arrive at it
and/or when the processing time is slow. Likewise, deficits accumulate faster in a haz-
ardous environment, when there is a lot of intrinsic damage (arising from particular
illnesses, for example) and/or when the recovery time is slow.

This approach seems to hold promise in its application to deficit accumulation.
First, queuing theory is used in a variety of applications, particularly communications
and computer architecture, in which the information value of the components that
make up a system is key. Many aspects of how deficits accumulate are important
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because of how informative they are about the system as a whole, particularly the de-
gree of vulnerability of the system. Queuing theory offers a useful means of holisti-
cally viewing the process of deficit accumulation by taking into account its complex
and stochastic nature. Note that the relationships between the macroscopic (average)
characteristics of the system are captured by Little’s law. These relationships do not
depend on the details of particular mechanisms responsible for the formation of the
queue (e.g. a single server or a network of servers; stationary or nonstationary arrivals,
different priority schedules, etc.). These components, in turn, can be used to model
varying environments, intrinsic aging rates and, in particular, systems-level behaviors
(such as the length of one queue feeding forward to other queues).

One consequence of evaluating deficit accumulation in this way is that it offers
some insight into how recovery potential and deficit accumulation are intertwined.
Little’s law shows that if the average environmental intensity (A) is roughly constant
over the life span, then W (recovery time) is proportional to N (number of deficits).
In short, the increase in the number of deficits reflects the increase in the average re-
covery time: the more deficits that accumulate, the longer that recovery takes.

The recovery time will clearly increase with age. Because the number of deficits
increases by approximately 3% per year [27], we can say that the recovery time in-
creases at the same rate, 3% per year. As a consequence, the number of deficits (in
the frailty index) increases threefold from age 65 to age 95 and 10-fold between 20
and 95 years of age [25]. In other words, as the value of the frailty index increases, it
takes more time for the individual to recover from any new damage. Relatedly, the
increase in the recovery time indicates that deficits would accumulate more rapidly
with age even if the intensity of the environmental stresses remained constant
throughout the course of life because new damage would take longer to repair, result-
ing in deficit accumulation over time. Likewise, the average recovery time would
continue to increase with age as the number of deficits increased. This index is a
means of quantifying what has been termed the ‘cycle of frailty’, as discussed in Chap-
ter 6 in other contexts.

Frailty at the Organ Level: Variable Organ Dysfunction

The preceding discussion proposes that frailty arises as a consequence of cellular and
molecular deficits that accumulate when they are not repaired or removed. This ac-
cumulation of microscopic damage may scale up to produce clinically detectable
‘macroscopic’ deficits at the organ and systems levels. Indeed, there is much evidence
that organ system function, at least on average, declines with age. Still, the magnitude
of this decline varies substantially, even in individuals who are otherwise well. For ex-
ample, healthy participants (from 60 to 91 years of age) in the Baltimore Longitudinal
Study of Aging (BLSA) showed tremendous variation in peak oxygen consumption
during a 400 m walk test [28]. Interestingly, although 17% of these apparently healthy
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individuals had peak oxygen consumption values that met the disability criterion
(<18 ml O,/kg/min), just as many showed excellent performance, with values >28 ml
O,/kg/min [28]. Analysis of the BLSA cohort also revealed marked heterogeneity in
cardiovascular responses to upright bicycle exercise in healthy older adults [29]. While
some subjects exhibited impairment in maximal heart rate, end-systolic volume, end-
diastolic volume, ejection fraction and cardiac index, others performed at levels equal
to or better than younger adults [29]. The effects of age on skeletal muscle quality,
mass and strength were strikingly variable in the BLSA cohort [30].

The observation that organ system vulnerability to adverse outcomes varies tre-
mendously, even in healthy older adults, is a further hint of how frailty scales up from
the cellular to the organ level. Deficits may accumulate from the organ to the organ-
ism as integrated organ function becomes affected (e.g. deficits in mobility). Interest-
ingly, before such organ damage becomes macroscopically visible, it may be detected
by laboratory, imaging or electrodiagnostic tests, scaling up from cells to tissues (e.g.
from asymptomatic cardiac function to cardiac dysfunction that can be detected by
echocardiography). As deficits accumulate at the organ level, they may grow to show
symptoms or signs, scaling up to produce overt disease. These observations suggest
that what happens at the level of the organ system is not independent of what happens
at the cellular level.

Evidence for Scaling in Humans

Whether microscopic deficits scale up to produce organ- and system-level deficits in
humans has yet to be extensively investigated. While there are some hints that this
may occur [31, 32], there is little direct evidence that microscopic deficits scale up in
humans. In fact, frailty index scores are not associated with a decrease in telomere
length [33] and are only modestly associated with immune senescence markers, at
least when these markers were considered individually [33]. As argued elsewhere, this
might reflect that the impact of frailty may be demonstrated less by single values than
by the response to a challenge and that the investigation of scaling in humans may
require the consideration of more than one deficit or marker. While little is known
about how cellular and subcellular deficits might scale up, it seems reasonable that
macroscopic deficits must reflect microscopic (or even less detectable) deficits [34].
Recently, our group has reported the first of a series of studies on how abnormal lab-
oratory results can be combined to form a frailty index [35]. In that report, we bor-
rowed from the approach outlined in the development of the initial mouse frailty in-
dex [5] and used 21 common laboratory blood tests (e.g. the components of a com-
plete blood count, electrolyte levels, and kidney function to create a laboratory frailty
index).

As noted above, the relationship between microscopic deficits, represented by
plaques and tangles, in Alzheimer’s disease, and disease expression as dementia
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progresses, might well be related more to the total amount of damage rather than to
single processes that underlie how cellular deficits scale up to affect organ systems [3,
13, 14]. Other indirect lines of evidence support the idea that what happens at the mi-
croscopic level influences what happens macroscopically and that this scaling occurs
in an orderly fashion. Our group has shown that the seemingly patternless changes in
deficit accumulation (fig. 3a) are characteristic and depend on the starting state
(fig. 3b) [20]. The panels in figure 3b illustrate what happens to the distribution of the
deficit count at follow-up in relation to the number of deficits that a person has at
baseline. Examples of changes in this distribution are illustrated for baseline/starting
states ranging from none (n = 0) to 5 (n = 5). Two changes are evident. First, the areas
under the curves diminish as the number of deficits increases, reflecting loss due to
mortality. Second, the mode increases by one additional deficit with each iteration;
e.g. most people with 1 deficit at baseline have 2 deficits at follow-up, individuals with
3 at baseline have 4 at follow-up, and so on. These changes suggest that, on average,
survival declines over time and that survivors accumulate more deficits. Still, despite
an average increase in the number of deficits, improvement in health status can occur,
as some individuals have fewer deficits at follow-up. Here, we are only concerned with
the deficit count; not everyone with the same number of deficits has the same type of
deficits. Even so, despite this inter-individual variability, the overall pattern of change
is stable over successive 5 year intervals (fig. 3b). This result is consistent with the idea
that on a population basis, it is the number of deficits, not their nature, that is linked
to frailty and suggests that any number of shared processes may regulate how damage
is repaired or removed.

Mechanisms by Which Frailty Might Emerge from Subcellular Deficits

Studies in an aging animal model have shown that cellular deficits in one organ system
(e.g. the heart) correlate with a frailty index calculated from macroscopic deficits in
other systems [5]. The mechanism by which frailty elsewhere is associated with frail-
ty in a particular cell type is unclear, although three possibilities suggest themselves.
First, subcellular deficits in various organ systems might not be linked in any mecha-
nistic way and might arise because they share the same exposure time. In other words,
injury in one system neither protects another system against injury nor predisposes
another system to injury, but the more time that elapses, the greater the chance for
any system to fail. Second, a common mechanism of injury or incomplete compensa-
tory response might affect more than one cell type [34, 36, 37]. Although there is some
evidence for this, as noted, other work has reported no strong relationship, at least
when considered individually in cross-sectional data [33]. This could occur if there
are many paths to frailty, so that cumulative effects need not have a shared basis or
mechanism. In support of this concept, genome-wide association studies in humans
have shown that low-significance longevity alleles accumulate to affect survival [32].
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Fig. 3. The distribution of the frailty index characteristically changes in relation to the number of
deficits at baseline. a Individual trajectories of the number of deficits in successive waves of the Na-
tional Population Health Survey in relation to age. b Although the data presented in (a) do not seem
to conform to a pattern, other than a slow increase in the mean number of deficits (dotted line), they
can be well summarized by a Poisson distribution, which captures the output of a stochastic process.
The probability that the number of deficits at baseline changes is plotted for each of 5 deficits at
baseline. The data shown are from different waves of the National Population Health Survey, each
of which shows similar distributions over each successive follow-up period. Regardless of an increase
in the number of baseline deficits from none (n = 0) to 5 (n = 5), most people have more deficits at
follow-up, although improvement is noted in some individuals. For example, the people who had 2
deficits at baseline most often have 3 deficits (mode) or more at follow-up, but about 15-20% remain
at 2 deficits, and a few improve to have only one deficit at follow-up. The tendency toward worsen-
ing is strong enough that even with only 3 deficits, almost no one recovers to having 0 deficits after
only 2 years. Note that the area under the curve declines as the number of deficits increases, primar-
ily due to mortality. The patterns are consistent between the cycles, even though everyone is 2 years
older at the start of each cycle (from Mitnitski et al. [1]).
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Third, failure in one system may predispose another system to fail. For example, in a
patient with anemia of any cause, the impact on coronary artery disease is likely to be
felt sooner than in a patient with a normal red cell count. This almost certainly occurs
such that this mechanism serves as a complementary rather than an alternative expla-
nation to other mechanisms. This explanation would readily fit with how deficit ac-
cumulation and repair are intertwined, as suggested by the results of the queuing
theory analyses.

Conclusions

Individuals who are frail have problems in many organ systems, and these problems
can be quantified as a frailty index based on a deficit count. Even so, a high deficit
count suggests a relative increase in risk, not an absolute one, as risk can be enhanced
by factors such as social vulnerability (see Chapter 16) or be mitigated by other factors
including exercise. Macroscopically detectable deficits, even those detected by labora-
tory or specialized testing, reflect deficits in organ systems. Nonetheless, the line be-
tween cellular deficits and clinically detectable deficits will not be straight, as each
deficit reflects an unrepaired insult and these insults need not have only one cause.
Moreover, cellular deficits that scale up to produce clinical frailty must exist in mul-
tiple organ systems [27].

This view of the biology of frailty both offers insights and presents challenges. An-
imal research offers the chance to learn more about the mechanisms involved in the
development of frailty and provides a model system to test new treatments (see Chap-
ter 2). The use of a frailty index based on the accumulation of deficits in organs other
than the one being studied can link subcellular and cellular events to events in the
whole organism. In humans, a frailty index based on the accumulation of deficits ob-
served on laboratory, imaging and electrodiagnostic tests might likewise serve as a
bridge between cellular, tissue and organ damage. Clinical challenges related to deficit
scaling include considering how interventions against frailty might offer insights into
their mechanisms. Interventions with widespread effects across a variety of insults
and intrinsic repair mechanisms need to be evaluated. Exercise is one compelling
example.

The notion that widespread age-related deficit accumulation is associated with a
variety of late life illnesses (not only dementia but also heart disease [38], osteoporosis
and its complications) also has implications for how we understand the epidemiology
of late life illness. The epidemiology of disease in old age might well not be the same
as the epidemiology of disease in midlife. In short, single risk factors are unlikely to
tully explain late life illness; ‘adjusting for age’ appears to mask systematic variability
that quantifying frailty reveals.

Progress in understanding the biology of frailty will require substantial effort and
better quantitative models. Approaches that build on everyday clinical experience or

12 Rockwood - Mitnitski - Howlett

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 1-14 (DOI: 10.1159/000381127)



the intense study of animals as they age, coupled with feasible quantitative measures
and analyses drawing on the mathematics of complexity, seems to be a reasonable ap-
proach that is motivating further inquiries by our group.
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Abstract
Animal models have contributed greatly to our understanding of the biology of aging and have been
used to test new potential interventions to enhance survival. However, whether these interventions
can modify frailty in animals is not yet clear, in part because until recently, frailty had not been con-
sidered in animal studies of aging. This review is focused on investigations that have attempted to
address the issue of frailty, or aspects of frailty, in animal models, including invertebrate and verte-
brate models. Some studies have used skeletal muscle weakness or sarcopenia as a surrogate for
frailty in aging animals. Others have used genetically altered mice, in which components of human
frailty such as inflammation are enhanced. This review also explores a novel approach to quantify
frailty with a ‘frailty index’ based on deficit accumulation in aging animals. The concept of the frailty
index is well established in the clinical literature, but recent work suggests that this approach can also
be used to measure frailty in aging animals. The ability to quantify frailty in animals is a major step
forward in the effort to understand the biology of frailty and to develop new clinical interventions.
© 2015 S. Karger AG, Basel

Experience tells us that people age at different rates. Because chronological age does
not necessarily reflect biological age, the health status of older adults varies from fit to
frail. The concept of frailty, which is a state of increased vulnerability to adverse health
outcomes relative to people of the same age, was developed to explain the heterogene-
ity in clinical outcomes between older patients [1]. Frailty is a major health care prob-
lem, as frail individuals have higher mortality and worse outcomes and use more
health care services than fit people [2]. Preclinical studies have begun to identify
promising new interventions that can increase lifespan and healthspan in animal
models. However, whether these interventions can attenuate frailty is not known, in
part because until recently, frailty has not been evaluated or quantified in animal
models of aging.



This review considers studies that have addressed the issue of frailty, or aspects of
frailty, in various animal models, with particular emphasis on studies that have devel-
oped an approach to quantify frailty. The majority of these investigations have fo-
cused on the assessment of skeletal muscle weakness and sarcopenia in aging animals,
as these factors are believed to contribute to frailty in older humans. Other studies
have explored genetically manipulated models that have been designed to enhance
specific components of human frailty, such as inflammation. This review also high-
lights a new approach to quantify frailty across many different systems with a “frailty
index’ based on deficit accumulation in aging animals. The ability to quantify frailty
in animal models is a major advance that should accelerate the effort to translate the
basic mechanisms underlying cellular dysfunction in aging into meaningful clinical
interventions.

Frailty and Its Measurement

The dictionary definition of the word frailty, from the Latin word fragilis (to break),
is the condition of being weak or delicate. While there is no internationally agreed
upon definition of frailty in the medical literature [3], it is generally understood to
represent a state of increased vulnerability to adverse health outcomes for older adults
of the same chronological age [3]. Frailty is not caused by aging or chronic disease, as
it occurs in younger individuals, is not present in all older adults and occasionally oc-
curs in the absence of specific disease conditions [4]. It is currently thought that frail-
ty develops from the interaction of genetic, cellular, physiological and environmental
factors, leading to multisystemic physiological decline [4]. Although its cause is not
known, its underlying mechanisms may include genetic variation, cellular senescence,
loss of telomeres, mitochondrial damage, increased free radical production and poor
DNA repair [4]. The ensuing loss of physiological reserve means that even minor
stressors (e.g. urinary tract infection, change in medication, or minor injury) can trig-
ger a domino effect that leads to adverse outcomes, including disability, dependency
and death, in frail older adults.

A recent systematic review identified 20 different instruments currently used to
measure frailty in the clinical literature [5]. One common approach views frailty as a
physical phenotype characterized by weight loss, physical exhaustion, weakness, re-
duced walking speed and low physical activity; older adults are frail if three or more
of these factors are present [6]. Although simple, this approach is limited because it
does not grade degrees of frailty, even though a ‘pre-frail’ state is allowed [5]. Further-
more, this view of frailty as a ‘phenotype’ is focused solely on physical frailty [5]. An
alternative measure, developed by Rockwood et al., is known as a ‘frailty index’ [7]. A
frailty index is created by counting the accumulation of deficits in health across many
systems in the body. Deficits measured to construct a frailty index include clinical
signs, symptoms, diseases, and laboratory and radiographic abnormalities. The num-
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ber of deficits a person has is expressed as a ratio of the total number of deficits mea-
sured to yield an individual frailty index score between 0 (no deficits) and 1 (all defi-
cits present). Studies in humans have shown that the higher the deficit count (or
frailty index), the higher the likelihood of adverse health outcomes, especially if 30 or
more deficits are counted [8].

There are several advantages to the frailty index approach. The frailty index mea-
sures deficits across different physiological systems, so it is not simply focused on
physical frailty [5]. It uses a continuous scoring system, so hypotheses related to the
impact of frailty on different outcomes can be tested by measuring changes in the
frailty index over time in the same individuals. In large population data sets from dif-
ferent developed countries, several features of frailty are characteristic. For example,
deficits accumulate at a rate of 3% per year in older adults, and there is a limit to frail-
ty (a frailty index of 0.67) beyond which individuals no longer survive additional def-
icits [8]. When the frailty index is used as an explanatory value in a multivariate mod-
el (e.g. Cox proportional hazards), the effect of age is typically either minimal or no
longer present [8]. Thus, the frailty index predicts adverse outcomes in humans inde-
pendently of age.

Although the concept of frailty is well established in clinical studies, much less is
known about frailty in animals. Recently, some studies have begun to address the is-
sue of frailty in aging and genetically manipulated animal models, often using ideas
borrowed from the clinical literature. This approach has led to new insights into the
understanding and quantification of frailty in a variety of animal models, as discussed
below.

The Evaluation of Frailty in Invertebrates

Studies of the biology of aging have used invertebrate model systems to understand
the genetic and molecular bases of the aging process. One established invertebrate
model is the fruit fly Drosophila melanogaster. The fruit fly is an attractive aging mod-
el organism for a number of reasons, including its very short lifespan and the avail-
ability of a well-developed set of genetic tools designed to manipulate this model. Re-
cent studies have shown that fasting and drug treatments can alter the survival of
Drosophila [e.g. 9, 10]. These studies also suggested that such treatments may modify
frailty in this model, although they did not specifically measure or quantify frailty [e.g.
9, 10]. In theory, it should be possible to evaluate frailty in Drosophila. For example,
age-related behavioral declines similar to those found in humans have been well char-
acterized in the Drosophila model [11]. These deficits include age-related locomotor
impairment and age-dependent changes in memory performance [11]. Although
such changes could be considered to reflect aspects of frailty in aging flies, it is not
clear that any studies have attempted to use these characteristics to develop a scheme
to evaluate frailty in this model.
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Another commonly used invertebrate model of aging is the nematode Caenorhab-
ditis elegans. As with Drosophila, features such as a short lifespan and well-character-
ized genetics make this organism an attractive model to investigate the biology of ag-
ing. Aspects of C. elegans behavior, including locomotion and feeding, can be quanti-
fied across the lifespan with standardized assays. For example, the worms move
freely with sinusoidal movements on a solid surface such as an agar plate, and their
movement can be tracked over time [e.g. 12, 13]. In a liquid environment, they swim
with a thrashing motion, and the number of body bends per unit time can be quanti-
fied [e.g. 12-14]. Their feeding behavior can also be measured according to the fre-
quency of pharyngeal pumps in response to food [e.g. 13, 14]. Based in the notion that
locomotor decline plays an important role in the development of frailty in humans, a
number of studies have used one or more of these physical activity assays as indicators
of frailty in the C. elegans model.

An early study by Glenn et al. [12] showed that locomotor deficits are detectible
in aging C. elegans, even relatively early in the aging process. They showed that this
age-dependent loss of movement was linked to a decline in muscle tissue integrity
and suggested that these deficits were attributable to ‘muscle frailty’ [12]. More re-
cent studies have also examined neuromuscular aging in the C. elegans model. Iwa-
sa et al. [14] showed that aging was associated with dramatic declines in the fre-
quency of body bends during swimming and of pumping during feeding. They pro-
posed that these assays of locomotor decline are a surrogate measure of frailty that
can be used to evaluate the ‘healthspan’ of C. elegans [14]. Mulcahy et al. [13] inves-
tigated the neuromuscular junction in C. elegans as a model system to explore po-
tential targets for intervention to improve muscle strength in frail older adults. They
showed that deficits in swimming and pumping in aging C. elegans could be over-
come by treatment with an acetylcholinesterase inhibitor combined with a nico-
tinic agonist to enhance neuromuscular transmission [13]. Together, these observa-
tions demonstrate that invertebrate models such as the nematode can be used to
model aspects of physical frailty that are observed in aging humans. Furthermore,
this model may be useful to evaluate potential treatment strategies for muscle weak-
ness in older adults.

In summary, there is emerging evidence that frailty can be evaluated in commonly
used invertebrate models of aging, at least with respect to locomotor deficits and
physical frailty. A number of studies have shown that standardized assays, including
the assessment of locomotion and feeding, may be useful as indicators of frailty in
C. elegans. Whether additional behavioral assays could be used to evaluate aspects of
frailty beyond physical frailty in this model is not yet known. It is also possible that a
similar approach could be useful to explore frailty in other commonly used inverte-
brate models such as Drosophila, although this possibility has yet to be investigated.
In the long term, the assessment of frailty in these models may help to identify genes
that attenuate frailty and may provide insights into novel treatments for frail older
adults.
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The Assessment of Frailty in Mammals

Biological Age in Mammalian Models

Although invertebrate models have proven very useful for the study of the biology of
aging, the majority of studies in this area have used mammalian models. Rats and mice
have been particularly popular, in large part due to the relatively short lifespan (~2.5
years) and ease of genetic manipulation of these models. Although rodent models
have contributed a great deal to our understanding of the biology of aging, much less
is known about frailty in these models.

While frailty per se has not been investigated in rodent models until recently, it has
long been appreciated that experimental animals of a similar chronological age may
have very different ‘biological ages’. For example, an early study by Ingram & Reyn-
olds [15] used a battery of psychomotor tests to evaluate biological age in aging male
C57BL/6] mice. They evaluated performance on noninvasive activity tasks, including
rotarod (balancing on a rotating rod), grip strength, exploratory behavior and wheel
running tasks. The results of their cross-sectional study of 24-month-old mice showed
that with the exception of the rotarod task, better performance was associated with a
longer lifespan [15]. While this study was not specifically designed to evaluate frailty,
these findings do support the concept that a broad-based assessment tool may be a
useful measure of overall health or biological age in experimental animals.

Sarcopenia and Frailty in Aging Animals

Studies in humans have often defined frailty in terms of weakness, which is linked to
the loss of muscle mass (sarcopenia) that accompanies aging [6]. Based on this view,
mammalian models of atrophy, cachexia, and sarcopenia have been proposed for the
investigation of the basic mechanisms of frailty [16]. Although relatively few studies
have directly explored the link between sarcopenia and frailty in mouse and rat mod-
els, several groups have developed new approaches to evaluate neuromuscular health
in these models. For example, Weber et al. [17] systematically characterized skeletal
muscle aging in pre-clinical mammalian models and compared the results obtained
between invasive and noninvasive techniques. They showed that an automated mi-
cro-X-ray computed tomography imaging system could be used to accurately quan-
tify changes in muscle mass with aging in both rats and mice [17]. As this system can
noninvasively evaluate muscle mass in large numbers of animals, it is ideally suited to
evaluate potential therapies for sarcopenia in aging animals. Another interesting de-
velopment is the introduction of a neuromuscular healthspan scoring system for use
on aging mice [18]. This neuromuscular healthspan scoring system provides a unique
composite score for each animal from three individual scores obtained from the ro-
tarod test, the grip strength test and the maximal isometric force produced by the iso-
lated extensor digitorum longus muscle [18]. In this way, the mean performance dec-
rement with age can be calculated, and the neuromuscular health of an individual
mouse can be compared to that of age-matched animals [18]. The authors suggested
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that this scale could be used to quantify frailty by setting a cutoff value, below which
an animal would be considered as frail [18]. These promising new tools may help to
evaluate the success of interventions to treat sarcopenia and may be useful to modify
the expression of physical frailty in older adults.

Frailty in Genetically Manipulated Mice

The need for an animal model of frailty has been identified as a key step to translate
the understanding of the basic mechanisms of cellular dysfunction in aging into treat-
ments. A 2004 conference directed towards a ‘Research Agenda on Frailty in Older
Adults’ proposed that animal models of frailty should exhibit signs and symptoms of
human frailty, such as muscle weakness, inflammation and reduced activity levels
[19]. Based on these criteria, Walston et al. took an innovative approach to the evalu-
ation of frailty in mammals. They exploited the availability of genetically manipulated
mice to propose a ‘frail’ mouse model that mimics several aspects of human frailty
[20]. They evaluated mice that carry a homozygous deletion of the interleukin (IL)-10
gene (IL-10™/'™) as an animal model of frailty [20]. These mice, which were origi-
nally developed as a model of inflammatory bowel disease (IBD), are susceptible to
IBD, growth retardation, anemia, and early mortality if they are not raised under spe-
cific pathogen-free conditions [21]. These mice do not produce the anti-inflammato-
ry cytokine IL-10 and therefore express elevated levels of pro-inflammatory cytokines
[21]. Walston et al. [20] showed that IL-10™/'™ mice exhibited inflammation (in-
creased serum IL-6 levels) and muscle weakness at an earlier age than wild-type con-
trols, consistent with several characteristics of human frailty.

More recent studies of IL-10"™/™ mice by this group have extended these original
observations. In addition to increased levels of IL-6, older IL-10™"" mice have ele-
vated levels of other pro-inflammatory mediators including IL-1f, TNF-a and IFN-vy,
along with an increase in the overall mortality rate, compared to wild-type controls
[22]. In vivo measurements have shown that skeletal muscle energy metabolism is
depressed in the IL-10"™"™ mouse, and this deficiency may contribute to weakness in
this model [23]. Finally, IL-10"™/"™ mice have been shown to exhibit signs of cardio-
vascular dysfunction with aging [24]. IL-10™/" mice exhibit age-dependent vascular
deficits including elevated blood pressure, stiffened blood vessels and endothelial dys-
function compared to wild-type controls [24]. Deficits in cardiac function, specifi-
cally reduced ejection fraction, left ventricular end-systolic dilatation and cardiac hy-
pertrophy, have also been demonstrated on echocardiography [24]. However, wheth-
er cardiovascular dysfunction in this model is due to the lack of IL-10, the chronic
activation of inflammatory pathways or both has yet to be determined.

The development of the IL-10"™" mouse as an animal model of frailty is an im-
portant advance in the field of aging research. Recent evidence of weakness, cardio-
vascular dysfunction and increased mortality suggest that this model not only serves
as a model of inflammation but also has features of the multisystemic decline charac-
teristic of human frailty. On the other hand, there are limitations to this approach to
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the study of frailty in animal models. As noted above, if the animals are not main-
tained under specific pathogen-free conditions, they will develop IBD, growth retar-
dation and anemia. Thus, the extent to which the IL-10"™" mouse mimics natural
aging is unclear. Furthermore, although the IL-10"™/" mouse exhibits aspects of frail-
ty that have been described in people, frailty itself has not been measured or quantified
in this model.

Quantification of Frailty with a Frailty Index in Mouse Models of Aging

Howlett et al. have recently published two studies that have taken a novel approach to
the evaluation of frailty in mammalian models [25, 26]. Based on the concept that
frailty can be measured as deficit accumulation in people [8], they used a ‘bedside-to-
bench’ approach to develop a frailty index for use in a mouse model. In the first study,
they selected a large number of health-related variables related to the function of sys-
tems that are known to change with age in both human and animal models [25]. These
variables provided information about the following: (a) activity, including distance
moved, velocity of movement and rearing frequency; (b) hemodynamic status, includ-
ing heart rate, systolic and diastolic blood pressure; (c) body composition, including
body mineral content, percent body fat and percent lean tissue; and (d) basic metabo-
lism and organ function, including serum electrolyte levels, hematocrit and urea levels
[25]. They measured all 31 variables in two groups of male and female C57BL/6] mice,
an adult (12-month-old) group and an aged (30-month-old) group and compared
these data with mean reference values for sex-matched adult animals [25]. Values that
were 1 standard deviation (SD) above or below the mean reference value received a
frailty value of 0.25; 2 SD, 0.5; 3 SD, 0.75; and >4 SD, 1 (the maximal frailty value).
Parameters that differed by <1 SD received a frailty value of 0. These values were
summed and divided by the total number of parameters measured to yield a frailty
index for each animal; a mouse with no deficits would have a score of 0, and an animal
with maximal deficits for all applicable parameters would have a score of 1 [25]. The
results of this study demonstrated that 12-month-old mice had significantly lower
frailty index scores than 30-month-old mice, and this result did not differ between the
sexes (fig. 1a).

The results of the study by Parks et al. [25] are exciting because they demonstrate,
for the first time, that a frailty index based on the idea of deficit accumulation can be
used to quantify frailty in aging mice. Nonetheless, one limitation of this study is that
the parameters used to construct the frailty index were measured with specialized
equipment (e.g. an open field maze for activity measurement, a tail cuff system for
blood pressure measurement, an X-ray scanner to measure body composition, a clin-
ical blood analyzer to assess the serum electrolyte levels, etc.). Furthermore, this frail-
ty index is not suitable for longitudinal studies of frailty in mice due to the invasive
nature of some of the techniques employed (e.g. repeated exposure to X-rays and the
volume of blood required). These limitations may prevent the use of the frailty index
in many research laboratories. To address this issue, Parks et al. [25] showed that a
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performance-based frailty index based on 8 noninvasive measures (e.g. activity levels
and weight) could also be used to create a frailty index in mice. However, both the
magnitude and the variance of the frailty index scores markedly increased when few-
er items were measured, and this finding is similar to the results of studies in humans
using a frailty index consisting of fewer than 30 variables [8]. Furthermore, this 8-item
frailty index reflects only physical frailty.

To facilitate the use of the frailty index in both acute and longitudinal studies of
aging mice, a procedure that is noninvasive, simple to implement, based on a broad
range of parameters and based on a sufficient number of parameters (e.g. >30) is re-
quired to provide a robust estimate of frailty. Howlett et al. recently developed such a
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frailty index calculated from the clinical assessment of 31 potential deficits in aging
mice [26]. These deficits were selected based on the assessment of established clinical
signs of deterioration in mice [26]. Clinical assessment included evaluation of the in-
tegument, the musculoskeletal system, the ocular and nasal systems, the vestibuloco-
chlear/auditory systems, the digestive system, the urogenital system, the respiratory
system, signs of discomfort, body weight and body surface temperature. The severity
of each deficit, except for body weight and temperature, was rated on a checklist with
a simple 3-point scale. A score of 0 indicated no deficit, a score of 0.5 was given for a
mild deficit, and a score of 1 was given for a severe deficit [26]. Deficits in body weight
and body surface temperature were scored based on their deviation from reference
values in young adult animals as described previously [25]. The values for each deficit
were summed and divided by the total number of possible deficits to yield an indi-
vidualized frailty index for each animal. The results of this study showed that the av-
erage murine frailty index scores significantly increased between the ages of 5 and
28 months (fig. 1b). These findings demonstrate that a simplified, noninvasive frailty
index based on readily apparent signs of clinical deterioration can be used to quan-
tify frailty in aging mice.

To validate the use of the clinical frailty index in translational studies, Whitehead
et al. [26] directly compared features of the murine frailty index with those of the hu-
man frailty index. They used data from the Survey of Health, Ageing and Retirement
in Europe (SHARE) database and calculated frailty index scores based on 70 self-
reported measures in the survey, including data on physical health, behavioral risks,
cognitive function and mental health [26]. To directly compare the relationship be-
tween the frailty index and age in mice and humans, age was normalized in each re-
spective group to the age of 90% mortality for humans or mice. As shown in figure 1c,
the frailty index increased exponentially with age in both humans and mice, and the
relationship between the frailty index and normalized age was virtually identical be-
tween the two groups [26]. The work of Howlett et al. highlights other similarities
between the clinical frailty index for mice and the frailty index for humans. The ac-
tual frailty index values for each age group in mice [25, 26] are similar to those in hu-
mans at comparable ages [2]. Furthermore, the rates of deficit accumulation, calcu-
lated from the slopes of the lines of the natural logarithm of the frailty index plotted
as a function of age, were similar (~0.03) between mice and humans [26]. The highest
frailty index score recorded in mice was close to 0.67, the submaximal limit of frailty
reported in humans [8].

The work of Howlett et al. represents a new advance in the investigation of frailty
in animal models. Their results show that a frailty index based on deficit accumulation
can be developed for use in aging mice. Importantly, this index exhibits key features
of the frailty index observed in clinical studies in humans. This frailty index based on
deficit accumulation may be useful not only in studies of the biology of frailty in aging
mice but also in other models of aging as well as in the assessment of frailty in genet-
ically manipulated animals.
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Summary

Frailty is a major problem in our aging society, as frail individuals have higher mor-
tality and worse outcomes and use more health care services than age-matched indi-
viduals who are not frail. Thus, the need to explore the biology of frailty in preclinical
models that mimic human frailty has been identified as a key step to promote trans-
lational research in this area. The newly developed models of frailty in animals de-
scribed in this review are certain to accelerate basic research in the area of the biology
of frailty. This recent progress in the identification and investigation of frailty in ani-
mal models is an important step forward in the effort to translate laboratory-based

discoveries into clinical interventions.
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Abstract
Frailty is a still-evolving concept of a complex phenomenon. There are several algorithms and strat-
egies for assessing frailty syndrome, but currently, no universally accepted definition or measure-
ment protocol has been determined. Consequently, the biological cause(s) of frailty are also poorly
defined. Much circumstantial experimental data point to the dysregulation of several key physiolog-
ical systems, including the neuroendocrine, musculoskeletal, metabolic and immune/inflammatory
systems, resulting from alterations in functional reserves. Inmune dysregulation and inflammation
as causes of frailty have gained some support from the results of longitudinal studies, but a true
causal relationship has not been established. This chapter will describe the immune/inflammatory
alterations found in frailty and their putative causal relationships with this state.

© 2015 S. Karger AG, Basel

Over the last decade, one of the most important conceptual advances in geriatrics has
been the establishment of the concept of frailty [1-5]. Its identification has stimulated
a huge body of research to identify its causes and to better define it clinically. The
prevalence of frailty, as determined by the Cardiovascular Health Study (CHS) in a
population aged >65 years, is estimated to be about 7%, and it characteristically in-
creases with age [1]. Similar data have been reported by other large longitudinal stud-
ies [6]. There are currently many ways to approach frailty conceptually and to define
it clinically [7-9]. Several key physiological systems are involved in the frailty trajec-
tory, including the musculoskeletal, hormonal, metabolic and immune-inflammatory



systems, with the additional cautious inclusion of cognitive parameters [1, 10-12].
There is at least some experimental evidence that an immune component of frailty
exists [13, 14]. The relationships between the phenotype of frailty and commonly
measured molecular and cellular inflammatory markers are increasingly being docu-
mented [15, 16]. However, the real question is whether these measured markers play
determinant causal roles in the pathogenesis of frailty or whether they are caused by
this state. Here, we will discuss how frailty can be defined biologically and what the
contribution of the immune-inflammatory system could be.

How Can We Define Aging and Frailty?

There is currently no universally accepted definition for either aging or frailty. The
definitions differ depending on the dimension in which they are conceptualized, for
example, at the population, individual, research or clinical level.

The Aging Process

To define and understand aging, we have considered more than 200 existing theories
that are mainly speculative, with little or no supporting experimental evidence. Taken
together, these theories suggest that we have only a partial understanding of the aging
phenomenon. It is now quite clear that aging can be defined in many ways, such as
from a genetic perspective or from a stochastic perspective [17]. Some characteristics
of the aging process seem to be widely accepted, such as its universality, dependence
on time, irreversibility, and culmination in death. Nevertheless, inter-individual dif-
ferences in longevity and disease susceptibility suggest that certain components can
be modulated to delay the onset of frailty toward the end of life without really impact-
ing the final outcome (i.e. mortality) [18].

Another definition, which is more physiological and perhaps more relevant to hu-
mans and can be operationalized in the clinic, involves various systems and their func-
tionalities (fig. 1). In this context, we can define aging as continuous changes (mainly
erosions) in several physiological systems in parallel, either independently from one an-
other or not and converging toward the exhaustion of intrinsic reserves, rendering the
organism more susceptible to all kinds and severities of stress (fig. 2). Thus, elderly indi-
viduals become more susceptible to the effects of stress compared to young subjects, who
are able to cope efficiently with the same type and intensity of stress. It is worth mention-
ing that the intensity and repetition of the stress is very important, as suggested by the
theory of hormesis, which states that multiple, low-intensity stimulations lead to adapta-
tion compared to a unique high-intensity stimulation, which may have serious impacts
and even result in death. Taking this theory into consideration, the consequence for hu-
mans is that after each of these episodes, recovery may be slower, and most of the time,
it is only partial. This definition heavily relies on the existence of physiologic reserves
because recovery ultimately depends on the level of remaining reserves. The greater the
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Fig. 1. Dysfunctionality occurring during aging, assuming the absence of both co-morbidities and
the adverse effects of medications.

level of biological reserves, the better recovery will be. It has to be noted that the biolog-
ical reserves that we are referring to are a compilation of the different functional systems
of an organism, especially those showing age-related erosion. This information directly
implies that if the original reserve is low, as occurs with the aging process, even a minor
challenge to this already eroded system will result in functional failure, allowing the ini-
tiation of various syndromes and leading to the development of physical dependence.
Concomitant with this loss of physiological reserves due to the aging process per se, sus-
ceptibility to the development of other co-morbidities increases (chronic diseases, such
as dementia, cancer, and cardio-vascular diseases). As such, these chronic diseases are
either the consequences or simply the clinical manifestations of the loss of reserves due
to aging. Although many scientists consider aging to be a disease, accumulating evidence
concerning aging suggests that it is not a disease, it is a physiological process that increas-
es susceptibility to disease. In this same conceptual framework, the notion of frailty has
been introduced to distinguish physiological aging from chronic diseases [19].
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Fig. 2. Model of biological aging. Model of aging, showing the progressive biological and immuno-
logical changes that occur with time and their impacts on the body’s reserves. In this model, the
reserves are considered empty at the moment of death.

Frailty as a Syndrome or State

The current consensus on the definition and understanding of frailty is that because
of its multicausal nature, it is a complex phenomenon resulting from the cumulative
erosion of reserves in multiple physiological systems and organs manifested by ho-
meostenosis [1, 2]. This physiologic dysregulation is observed on a complex systems
level, involving several organ systems, including the musculoskeletal, immune, endo-
crine, hematologic, and cardiovascular systems [3, 10, 20]. This multi-organ dysregu-
lation (fig. 1) is triggered or revealed by minor stressor events or stimuli, and its com-
plexity may also lie in the variety of stressors that may be responsible for its initiation
and progression. The consequences of this multi-organ ‘failure’ are more important
than the dysregulation displayed at the level of each individual system [19]. Ultimate-
ly, it may result in greater vulnerability to some serious adverse outcomes, such as
falls, institutionalization and death. Finally, and most importantly, age plays a major
role in this dysregulation, consequently resulting in an increased disease prevalence
with age. Currently accumulated data strongly suggest that ‘true’ frailty is an exten-
sion of the physiological aging process, being at the cross-roads of biological age and
the manifestation of chronic age-related diseases [19]. In this way, as already sug-
gested, frailty is the reflection and manifestation of the biological age of a subject,
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which can evolve in many directions depending on the nature of the stresses experi-
enced [19].

There are several operational approaches for defining frailty, particularly as a syn-
drome applicable at the clinical level and not only as a theoretical concept. One of the
most commonly used definitions is that developed by Fried et al. 1], whose pheno-
typic description of frailty is based on the presence or absence of very specific physical
components related to physical fitness and metabolism. According to this definition,
the major criteria for characterizing the phenotype of frailty as a clinical syndrome are
the following: unintentional weight loss, weakness, exhaustion, slowed walking speed
and a low physical activity level. An individual with three or more of these character-
istics is considered frail, while the presence of one or two of them indicates a pre-
frailty state, and the absence of all five indicates a nonfrail state. The other most often
used definition of frailty is a much more holistic and multidimensional approach that
was first described by Rockwood et al. [2, 20]. In their conceptualized definition, frail-
ty is viewed as a state of the accumulation of functional deficits, extending well beyond
the physical definition of Fried and potentially including cognitive decline, chronic
diseases, environmental risk factors, psycho-social risk factors, geriatric syndromes
(e.g. falls, delirium, and urinary incontinence) and even age-related disabilities. These
two definitions of frailty, despite consisting of different components, some of which
have been highly debated (e.g. cognitive decline), are largely complementary for use
by clinical professionals.

How can we practically measure frailty? Obviously, its measurement differs ac-
cording to the type of conceptualization of frailty syndrome applied. According to
Fried et al.’s definition, frailty is measured using a clinical score ranging from 0 to 5,
while for that of Rockwood et al., it is measured by accumulating as many components
as possible (currently including around 30-40 parameters). However, other methods
are also in use, such as the Clinical Frailty Scale, which is more easily applied in the
clinical setting but is much less sensitive to change in frailty compared to correspond-
ing changes in the frailty index [21]. Currently, each method has some advantages and
disadvantages relative to the others, and their uses depend on the clinical and/or re-
search setting in which they are applied.

Another way to conceptualize frailty has recently emerged, in which it is consid-
ered as 'primary’ or 'secondary' [19, 22]. Primary frailty signifies that it is not associ-
ated with any specific disease or functional decline causing incapacity. In this context,
this type of frailty is considered an extension of the physiological aging process in
which an older person is even more susceptible to an adverse outcome than what nor-
mal aging would predict. On the other hand, frailty may be defined as secondary when
it is clearly associated with underlying diseases that are for the most part chronic or
related to physical incapacity. Taken together, these various approaches to frailty sug-
gest that there is not one syndrome but different levels and forms of frailty resulting
from the convergence of different numbers of pathways, all of which are more or less
influenced by aging.
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What Is the Cause of Frailty?

Having defined frailty as a cumulative decline and loss of physiological reserves in
multiple organs and systems, the question arises as to whether any system is more
important than the others to the development of frailty or whether each contributes
equally. Studies conducted in the last few years have suggested that the immune/in-
flammatory system may play a more important role in frailty development than any
other system [13-15]. This finding may sound counter-intuitive because most of the
eroded components’ functions in frailty are linked to physical/metabolic pathways.
We will describe how immune/inflammatory alterations may contribute to frailty in
the following sections.

Immunosenescence and Inflamm-Aging

Aging is associated with changes in the immune system that are collectively desig-
nated as ‘immunosenescence’ [23]. The immune system fundamentally determines
how an organism is able to combat different extrinsic and intrinsic challenges. Elder-
ly people are more susceptible to infections, cancers and autoimmune disorders. The
cause of this susceptibility is likely to at least partly involve alterations in both the in-
nate and adaptive immune systems that have been observed in all mammals studied
to date [24].

The innate immune system, which is composed of different cell types, such as neu-
trophils, monocytes/macrophages, dendritic cells and natural killer cells, is altered
with aging. The most important function of the innate immune system is to be the
first line of protection for an organism against various invaders. Most of the time, this
line of defense is enough to eradicate the danger. Because microorganisms are usu-
ally phylogenetically conserved, their pathogen-associated molecular patterns are
highly conserved and are not shared by mammals; thus, they can be recognized as
nonself by nonpolymorphic activating receptors expressed on the surfaces of innate
immune cells. Innate immune responses strongly influence subsequent adaptive im-
mune responses via antigen processing and presentation and cytokine and chemokine
production. It is now well accepted that the effector functions of cells of the innate
immune response are decreased with aging. Phagocytosis, chemotaxis, free radical
production and antigen presentation are all altered, but to different extents. There-
fore, the first line of defense against aggressors is compromised with aging. It should
be mentioned that as a consequence of continuous antigenic stimulation, these cells
evolve in a pro-inflammatory environment that exists in the quiescent state of aged
individuals. This constant stimulation is accompanied by increases in the production
of free radicals and pro-inflammatory cytokines, including TNF and IL-6, which may
cause ‘collateral damage’ to host tissues. This basal activation results in the deregula-
tion of other physiological systems, such as the musculoskeletal, cardiovascular and
neuroendocrine systems [25]. These immune functions are mediated by the activation
of cells following ligation of their membrane receptors, but the numbers of most of
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these receptors are not changed with aging. Thus, changes in signaling pathways have
been discovered, explaining the functional alterations in the presence of unchanged
receptor numbers. Many signaling pathways, such as the Jak/STAT, PI3K and MAPK
pathways, are altered under stimulatory conditions with aging and also explain the
altered susceptibility to apoptosis.

Studies of gene regulation in monocytes in relation to frailty have shown the up-
regulation of the ex vivo expression of seven stress-responsive inflammatory pathway
genes upon lipopolysaccharide stimulation, including transcription factors, signal
transduction proteins, chemokines (CXCL10) and cytokines, which are concomitant-
ly upregulated with stress-sensitive genes. Thus, changes in the innate immune re-
sponse with aging lead to increased incidences of infections, cancers and autoimmune
disorders due to a basal state of inflammatory activation and the lack of an adequate
immune response under stimulation [24]. One of the notable consequences of these
changes is the alteration of the adaptive immune response.

The adaptive immune response is currently considered to be the most severely af-
fected immune response by aging, as reflected by changes in the phenotypes and func-
tions of both B and T cells [23]. Due to chronic antigenic stimulation, T cells undergo
a process of differentiation/exhaustion, leading to the accumulation of memory cells
specific for previously encountered antigens. The best example of this process is per-
sistent cytomegalovirus (CMV) infection, which drives the accumulation of late-dif-
ferentiated CD8+ T cells specific for CMV (fig. 3) [26]. These CMV-specific CD8+ T
cells help to prevent CMV reactivation by killing virus-infected cells, thereby control-
ling virus replication at the expense of immune exhaustion. Nonetheless, a Swedish
longitudinal study has shown that the accumulation of these CMV-specific CD8+ T
cells is part of a cluster of risk factors that has been shown to be correlated with mor-
tality at 2-, 4- and 6-year follow-ups of the very elderly, and these results have led to
the definition of the immune risk profile [27]. These findings further reinforce the role
of the adaptive immune system in the determination of the longevity of elderly people.
Not only do these memory cells accumulate with aging and fill the ‘immune space’,
their specific functions, including clonal expansion, IL-2 production and their abili-
ties to help T cells with specific effector functions, are altered. These functional chang-
es are related to alterations in signaling pathways, including T cell receptor, CD28 and
cytokine receptor signaling. Furthermore, suppressive regulatory T cells, seem to be
more active in the elderly than in young individuals. These alterations, together with
the changes in the innate immune response, create a state of low-grade inflammation
dubbed ‘inflamm-aging’ [28]. This state is fertile soil for the development of chronic
inflammatory diseases in relation to the aging process.

Interestingly, some studies have focused on neopterin determination as a surrogate
of viral infection. It has been well established that some aspects of immunosenescence
may be attributed to the increased latent CMV infection prevalence with aging [23].
This increase considerably affects the phenotypic distribution of the CD8 compart-
ment. A study of community-dwelling older adults has found that elevated neopterin
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Fig. 3. Impact of continuous antigenic/immune stimulation on the aging process: a model of accel-
erated biological aging. Constant immune surveillance against persistent infections is essential for
survival despite the heavy costs, resulting in decreased biological reserves. This process leads to a
state of insufficient reserves preceding death. This period of time may be called frailty.

levels and CMV are associated with frailty, independent of IL-6 levels [29]; however,
this finding could not be confirmed in other studies [30].

In addition, direct alterations occur in the adaptive immune system in relation to
frailty that are considered to be part of the immune/inflammatory process. Frail women
have significantly higher CD8+ and CD8+CD28- T cell counts than nonfrail elderly
women. In another study, frail individuals have been demonstrated to have an increased
T cell subpopulation expressing the CCR5 receptor, which contributes to the pro-in-
flammatory condition in frailty. A decreased CD4:CDS8 ratio has also been identified in
these individuals [13]. These alterations in cellular immunity further contribute to the
inflammatory status that is initiated and sustained by the innate immune system in
frailty.

Together, the bulk of the studies that have been conducted to elucidate the putative
causes of frailty have suggested that significant monocyte/macrophage-mediated im-
mune activation marked by elevated cell numbers, genetic markers, IL-6 production
and neopterin levels occurs in frail older adults. As previously mentioned, the T cell
compartment is also heavily influenced by latent CMV infection, which leads to in-
creases in specific memory T cells and TEMRA clones. However, there is no clear
conceptualization of how these T cell changes further contribute to the sustained
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inflammation induced by the innate immune system. These data highlight the puta-
tive role of the innate immune response in promoting low-grade inflammation in as-
sociation with aging, which eventually becomes even more dysregulated, resulting in
frailty (fig. 4). Furthermore, these inflammatory alterations that occur through vari-
ous pathways may induce the appearance of chronic diseases, increased disability and
even increased mortality.

Our preliminary data from a large longitudinal study conducted in Singapore only
partially confirmed these findings, in which the frequencies of some memory CD8+
T cells have been found to be associated with frailty (unpublished data). When the
frailty score based on Fried et al.’s definition was broken down into individual com-
ponents, these changes disappeared compared to the use of the 5-component score.
Other studies have also recently found conflicting results compared to those of the
above-mentioned studies, namely with regard to neopterin, white blood cells (WBCs)
and IL-6. These results bring into question the predominant role of immune/inflam-
matory pathways in the development of frailty. In line with the results of our study,
the Newcastle 85+ study could not demonstrate an association of CMV sero-positiv-
ity, telomere length, markers of oxidative stress or DNA damage or repair with frailty
or an inverse association of frailty with the memory/naive CD8+ T cell ratio.

Taken together, the changes in the adaptive immune response with aging further
contribute to the higher incidences of infections, cancers and autoimmune disorders
in addition to the development of chronic inflammatory diseases, such as neurode-
generative and cardiovascular diseases. The question is whether these immune chang-
es associated with aging may contribute to the development of frailty.

Immune Frailty
With aging, alterations in the immune system and the emergence of frailty occur. Sev-
eral studies (mainly longitudinal) have suggested that one of the most important path-
ways in the development of frailty is the immune/inflammatory pathway (fig. 4) [1-
15].

Longitudinal studies, such as the INCHIANTTI study, have found that high levels
of IL-6, IL-1ra and C-reactive protein (CRP) are significantly associated with poor
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overall physical performance, reduced muscle strength and central obesity [31]. The
EPESE study has demonstrated age-associated increases in IL-6, D-dimer, factor VIII
and fibrinogen and has shown that IL-6 and D-dimer are predictive of mortality. The
Longitudinal Aging Study of Amsterdam (LASA) has identified a high level of CRP as
arisk factor for frailty. The Women’s Health and Aging Study has found that the WBC
count and IL-6 level are higher in frail vs. nonfrail individuals. Finally, the Health ABC
study has found that elevated levels of IL-6 and TNF are inversely associated with
muscle mass and strength. The Newcastle 85+ study has confirmed the importance of
these inflammatory markers in frailty [32].

The alterations described in the innate and adaptive immune systems lead to the
disequilibrium of the immune response, resulting in low-grade inflammation associ-
ated with the aging process [28]. From the aforementioned studies, the notion has
emerged that immune and inflammatory alterations are causative of frailty develop-
ment [13-15]. The inflammatory process of frailty is characterized by increases in the
levels of pro-inflammatory cytokines, such as IL-6, as well as the CRP level and WBC
count. Further, the age-related activation of the coagulation system and increases in
the levels of pro-coagulant markers along with the activities of atherosclerotic pro-
cesses associated with aging implicate D-dimers, factor VIII, fibrinogen and plas-
minogen-activating inhibitor-1 in this inflammatory process [15]. Correspondingly,
these markers have also been found to be associated with the development of frailty
in connection with inflammatory markers [13-15], as has been shown by the CHS.
Immune/inflammatory changes can also directly or indirectly lead to many other
deleterious consequences through alterations in other physiological systems, either
sequentially or in parallel. These alterations may affect the neuroendocrine system,
resulting in the decreased production of hormones, such as IGF-1, the metabolic sys-
tem, resulting in altered protein and lipid metabolism and finally, the hematopoietic
system, resulting in decreased hemoglobin levels, all contributing to manifestations
of frailty.

One central node of these alterations could be an increase in the level of the pro-
inflammatory cytokine IL-6. IL-6 is known to have pleiotropic effects and has been
independently associated with frailty [33]. It substantially contributes to various
characteristics observed in frail older individuals, such as anemia, decreased lean
body mass or sarcopenia, osteoporosis, the hypothalamo-hypophyseal-adrenal axis,
manifested as increased cortisol and adrenaline production, and alterations in the
humoral and cellular immune responses. IL-6 has been shown to independently pre-
dict steeper functional decline during a follow-up of 3.5 years [34], as measured by
decreased muscle strength and power and slowed walking speed, which are two cen-
tral components of frailty syndrome. Furthermore, IL-6 has been associated with
atherosclerosis, osteoporosis and sarcopenia, leading to functional decline, the devel-
opment of disabilities and all-cause mortality. An in vitro study has shown that pe-
ripheral blood mononuclear cells stimulated by lipopolysaccharides produce more
IL-6 in frail compared to nonfrail community-dwelling subjects. Thus, IL-6 may
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have a central role in the development of frailty. In contrast, the LASA has failed to
demonstrate any relationship between serum IL-6 levels and either baseline or inci-
dent frailty. In any case, one must bear in mind that because frailty remains an ill-
defined clinical concept, there is no study demonstrating a causative effect of IL-6 on
its occurrence.

As alluded to above, one other common inflammatory marker associated with or
being considered in frailty is CRP, which has been shown by the CHS and the LASA
to be a cardiovascular disease risk factor independently associated with frailty. Fur-
ther, the combination of CRP with IL-6 seems to have a greater effect. IL-6 and CRP
alone and in combination have been associated with mortality in healthy older adults,
as demonstrated by an IL-6 level of >3.19 pg/ul, yielding a risk ratio (RR) of 2.1 (CI
1.3-3.4), a CRP level of >2.78 mg/l, with an RR of 1.7, (CI 1.1-2.6), and both markers
together yielding an RR of 3.5 (CI 1.4-5.4) [13-15].

Although sarcopenia has not been directly associated with the frailty phenotype, it
is an indirectly essential component [35]. The exact cause of sarcopenia is not known;
however, mediators of inflammation seem to largely contribute to its pathogenesis.
Notably, direct experimental evidence incriminating inflammation in the develop-
ment of sarcopenia is lacking in humans. Most of our knowledge again comes from
various epidemiological data. The InNCHIANTI study has found that high levels of IL-
6, IL1ra and CRP are significantly associated with poor overall physical performance
and reduced muscle strength, indicating reduced muscle mass (sarcopenia) [34]. The
same results have been obtained in the Framingham Heart Study and in the Health
ABC study. In addition, decreasing muscle mass causes an increase in fat mass, further
contributing to the inflammatory status (via adipokines) and resulting in functional
decline and disability.

The next parameter associated with frailty is the WBC count [33]. An elevated
WBC count that is within the normal range is associated with cardiovascular and cere-
brovascular events, cardiovascular and cancer mortality, and all-cause mortality in
older adults. Direct relationships of frailty with elevated WBC, neutrophil and mono-
cyte counts have been reported. The prevalence of Fried frailty was found to be in-
creased at the 2003-2005 follow-ups according to the biomarker distribution ob-
served at the 1994-1995 baseline in the Hertfordshire Aging Study [11]. In the CHS,
nonfrail participants were assessed at baseline and then after 5 and 9 years for the
development of frailty, and the total WBC counts concomitant with the CRP and IL-6
levels were each found to be associated with an increased risk of frailty. However, af-
ter adjusting for confounders, only the CRP remained significant. The Women’s
Health and Aging Study I has revealed that the odds of being frail vs. nonfrail or pre-
frail, as determined by comparing the top and middle tertiles for neutrophil or mono-
cyte cell counts and IL-6 levels, are increased (n = 558) [33]. It should be mentioned
that these findings were obtained by assessing community-dwelling older adults with
a high prevalence of functional disability, which may have masked several underlying
undiagnosed chronic diseases. The findings of these studies suggest that neutrophils
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and monocytes have potential roles in the pathogenesis of frailty, most probably via
the generation and maintenance of an inflammatory status.

Other immune-neuroendocrine-inflammatory parameters have also been associ-
ated with frailty. Among the coagulation parameters, factor VIII, tissue plasminogen
activators and fibrin D-dimer have been related to frailty in several studies [15]. Con-
sidering the oxidative stress parameters, increases in serum 8-hydroxydesoxyguano-
sin, oxidized glutathione, malonaldehyde and 4-hydroxynonenal and protein ad-
ducts and a decline in the powerful antioxidant thioredoxin have been associated
with frailty [36]. Levels of the immune-associated hormones ghrelin, IGF-1 and vi-
tamin D have also been shown to be decreased during the development of frailty,
corresponding with increases in inflammatory markers and the altered homeostases
of hormones, including IGF-1, testosterone, and thyroid hormones [35]. The hemo-
globin and glucose levels are additional parameters that should be considered in re-
lation to the immune/inflammatory process [37]. More recently identified surrogates
of inflamm-aging and frailty include total circulating cell-free DNA and its unmeth-
ylated content, while the plasma mitochondrial DNA concentration has been found
to be a marker of the physical aspect of frailty in a study of nonagenarians [38]. How-
ever, there is very little information on the roles of these markers in the development
of frailty.

How Can We Conceptualize Inmune/Inflammation in the Pathogenesis of Frailty?
Unique or Integrative Approach

Frailty is a complex clinical concept, and it may be difficult to believe that it can be
completely explained by one group of pathways, such as the immune/inflammatory
pathways, despite the interconnectedness of these pathways with other systems. If the
genesis of other geriatric syndromes is considered to be largely multifactorial, the case
of frailty should be similar.

Frailty is largely an outcome of the activities of the pathways of many interacting
and somehow dysregulated physiological systems. The functioning of these systems is de-
termined by the effects of physiological aging and genetic background and mainly by en-
vironmental factors, including physical activity, high levels, nutritional factors and
substance abuse. The interactions of these triggers with the unfavorable background cre-
ated by the aging process results in the dysregulation of several systems, including the im-
mune/inflammatory, neuroendocrine, cardiovascular, respiratory, renal, musculoskeletal
and metabolic systems. This dysregulation manifests itself either spontaneously or under
minimal stress as a frailty syndrome, such as anorexia, anemia, sarcopenia, osteoporosis,
hyperglycemiaorincreased clotting, which canbeassessed by the various frailty measures.
Thus, the immune/inflammatory process is largely manifested as a catabolic metabolic
cascade, from which the syndrome of frailty evolves. Frailty further results in exception-
ally increased susceptibility to falls, delirium, institutionalization and even death.
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Conclusions

Frailty syndrome, if we accept that it exists, seems to represent an intermediate state
between the usual aging process and its impact on the progression of chronic dis-
eases. Thus, frailty may represent the expression of a threshold in older people at
which the exhaustion of the physiological reserve is at a critically advanced stage.
Furthermore, it is more the result of the additive effects of altered systems than of
abnormalities in one particular system, such as the immune/inflammatory, neuroen-
docrine, musculoskeletal or cardiovascular system. Frailty can be considered the ex-
pression of biological age rather than chronological age. However, the causal rela-
tionships between IL-6, TNF and other inflammatory markers and frailty have yet to
be proven. Nevertheless, the immune/inflammatory hypothesis is very appealing and
currently provides a biological framework for frailty, in an attempt to cover all as-
pects of the clinical frailty phenotype. More studies aiming to reveal the direct in-
volvement of immune/inflammatory alterations in the pathogenesis of frailty are
needed, with or without the re-definition of frailty syndrome. If we want to intervene
either to prevent frailty or to slow its onset, we need to better understand the aging
process and how the physiological reserves of an organism can be improved - keep-
ing the glass half full!
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Sex Differences in Frailty
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Centre for Research in Geriatric Medicine, School of Medicine, The University of Queensland,
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Abstract
Although women live longer lives than men, they tend to have poorer health status. Here, we review
the biological and socio-behavioral factors that may contribute to this sex-frailty paradox. The con-
ceptual framework that frailty is a product of the environment and the recovery rate provides a new
understanding of women'’s frailty burden. Even developed countries may present an environment
more adverse for women, and lifestyle factors may increase women'’s vulnerability to stochastic sub-
cellular events that increase recovery time. The frailty index does not reach the theoretical maximal
value of 1; its limit is lower in men (0.61) compared to women (0.69). Perhaps deterministic charac-
teristics omitted in current deficit counts, such as reduced emotional adaptability, are more prevalent
in men. Alternatively, different limits may result from quantitative evolutionary design, such as a fit-
ness-frailty pleiotropy in men or fertility-frailty pleiotropy in women. The engineering principle of
safety factors (maximal capacity divided by routine functioning) may also be informative. If the human
system has the same safety factor as its organs (approximately 2.5), men may be ‘calibrated’ around
a frailty index of 0.244, compared to 0.276 for women. Because 0.25 represents the tipping point be-
tween functional independence and reliance on others, evolutionary design may have allowed for
some limited dependence in women, perhaps motivated by the perinatal period.

© 2015 S. Karger AG, Basel

Although women live longer lives than men, they tend to have poorer health. This
well-described phenomenon, termed the male-female health-survival paradox [1],
is one of several fundamental paradoxes of aging [2]. It could also be conceptualized
as a sex-frailty paradox [3]. Compared to their age-matched male peers, women
could be considered both more frail (because frailty is intended to be a summary
measure of health status) and less frail (because they are less vulnerable to the



adverse outcome of death). While for both men and women, increasing frailty is as-
sociated with worse mortality, it seems clear than this vulnerability cannot be linked
directly to frailty status. Female sex seems to be a mediating factor, but not the only
one: smoking and social vulnerability also influence how risk is expressed in relation
to frailty.

Here, we update a previous review [3] on the biological, social and behavioral
factors that may explain the greater longevity of women. We consider the factors
contributing to frailty status, evaluating the reasons why older women have a great-
er deficit burden. The measurement of frailty by a frailty index is consistent with
the conceptualization of aging as the failure of a complex system. We explore how
this measurement may afford a mechanistic understanding of the sex-frailty
paradox.

Sex Differences in Life Expectancy

In most countries throughout the developed and developing world, women tend
to have longer life expectancies at birth and lower age-specific mortality rates.
There are a few exceptions; for example, women in some South Asian countries
have shorter life expectancies, which is thought to be secondary to the preferential
treatment of male children and complications associated with pregnancy and
childbirth.

Historical evidence suggests that the longer lifespans of women are not a recent
phenomenon. Although some people believe that men lived longer than women in
ancient and medieval times, historical documents from northern Italy from as early
as the 14th century and from England and Wales from the 16th century report higher
average ages at death for women. These data have been confirmed by a robust Scan-
dinavian data set from the 18th century [4].

Current data report significant differences in life expectancy in the UK at birth
(78.7 years for men and 83.6 years for women), which persist throughout youth and
middle age and are proportionally greatest for the oldest old (5.0 years and 6.4 years
for 85-year-old men and women, respectively [5]. While there are no definitive expla-
nations for the favorable mortality profile of women, evolutionary theories as well as
biological, social and behavioral factors have been proposed.

Evolutionary Theories

After the age of 50 years, the number of men decreases more rapidly compared with
the number of women, but overall, there are slightly fewer women than men (for every
100 men, there are 98.6 women). Perhaps the evolutionary advantage is that higher
numbers of men achieve species survival by reproduction, even with ‘disinvestment’

42 Hubbard

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 41-53 (DOI: 10.1159/000381161)



in their survival after reproducing. However, the male andropause reduces rather than
terminates fertility, and men are able to father children at advanced chronological
ages. Why does such ‘disinvestment’ not occur in females, who have an earlier and
more abrupt cessation to their fecundity? Post-reproductive life spans may increase
when old animals still benefits their younger relatives. Post-reproductive mothers en-
hance the lifetime reproductive success of their offspring by allowing them to breed
earlier, more frequently and more successfully [6]. This differential post-reproductive
parental investment is an evolutionary adaptive response, which may be mutable
rather than fixed.

Biological Factors

Hormones

Hormones may have a central role in the long life expectancy of women. The tenden-
cy for cardiovascular disease to occur 10 years earlier in men than women has been
attributed to the favorable impact of estrogen on serum lipid profiles. Women who
undergo bilateral oophorectomy before the age of 50 years who have never been treat-
ed with estrogen therapy have an increased risk of all-cause mortality, heart disease
and stroke [7]. Compared with ovarian conservation, bilateral oophorectomy at the
time of hysterectomy for benign disease is associated with decreased risks of breast
and ovarian cancer but increased risks of all-cause mortality, fatal and nonfatal coro-
nary heart disease, and lung cancer. A comprehensive review has indicated that no
subgroup analysis or age group has been found with an association between oopho-
rectomy and increased survival [7]. Increasing age at menopause has been associated
with increased survival, even after adjustments for education, smoking, body mass
index and marital status [8]. Recent studies have also suggested that estrogen may
have protective effects on cerebral areas known to be involved in age-related cognitive
functions and Alzheimer’s disease [9].

Conversely, testosterone supplementation, even in men with evidence of late-onset
hypogonadism, may be associated with a range of adverse effects. Further, the lifespan
of male Korean eunuchs was between 14.4 and 19.1 years longer than that of noncas-
trated men of a similar socio-economic status [10].

Immune System

Women seem to have more robust immune systems and greater resistance to infec-
tions throughout their lives, with a slower rate of age-related decline for many immu-
nological parameters. Men tend to experience more severe symptoms and be at in-
creased risk of mortality from a variety of fungal, parasitic and bacterial diseases; these
tendencies are exemplified by their response to respiratory infections [11]. Testoster-
one has been implicated as a cause of immunosuppression, although this finding is
controversial [3].
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Genetics

Within any species, the sex with heterogametic sex chromosomes (be it male or fe-
male) tends to live for a shorter period of time. In women, the presence of two X chro-
mosomes with different potentials may provide a genetic longevity advantage. With
increasing chronological age, X chromosome inactivation becomes progressively
more skewed toward a predominant single cell line, suggesting inactivation of cell line
is disadvantageous to aging [12]. Loci on the X chromosome are protected in the germ
line (they spend two-thirds of their time in oocytes rather than in sperm cells, which
may account for their slower mutation rates) but are vulnerable in the soma (because
only one X chromosome is active in each human female cell, they lack a partner for
repair by homologous recombination). Thus, the X chromosome is theoretically at-
tractive as a site of crucial longevity genes, representing a trade-off between germ line
propagation and somatic maintenance.

Telomeres have also been implicated in sex longevity differences. Telomere
length has long been associated with life span. Adult females have longer telomeres,
and because telomeres shorten with each replication, men are more vulnerable
to telomere attrition [12]. Even so, telomeres do not appear to be associated with
deficit accumulation [13].

Social and Behavioral Factors

Risk Avoidance

Gender-typical risk avoidance behaviors may be central to the longer life expectancy
of women. Testosterone seems to have both organizational and activational effects on
risk-sensitive financial decisions. Individuals with high testosterone levels are more
likely to choose risky careers in finance [14]. In addition, because the administration
of testosterone causes men to behave antisocially [15], they are more likely to expose
themselves to risks. Women are less likely than men to take psychoactive substances,
smoke cigarettes, drink excess alcohol, engage in risky sexual behaviors, take part in
hazardous leisure pursuits (e.g. driving too fast) and revert to openly aggressive prob-
lem-solving strategies, such as war or suicide. Whether these behavioral differences are
a social construct (determined by traditional role expectations) or biologically driven
(women’s cautiousness secondary to their responsibility for child-rearing) remains
controversial. Equal opportunities between the sexes that are currently supported by
new policies worldwide may already have impacted the risk exposures of the two sex-
es, thereby narrowing the difference in life expectancy between the genders.

Health Care Utilization

Significant differences in health care utilization may contribute to women’s longevity.
Even after adjusting for sex-specific conditions, such as pregnancy, women have a
significantly higher mean number of visits to primary care and diagnostic clinics. The
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sex differences in the utilization of health care services by older people are predomi-
nantly explained by their increased number of chronic diseases and reduced health-
related quality of life. Interestingly, when specific symptoms, such as back pain and
headache, are more closely interrogated, the evidence for greater consultation among
women is weak and inconsistent.

Men are less compliant with both prescribed medication and medical advice and
tend to delay seeking medical help. The latter has been cited as underpinning men’s
higher hospitalization and mortality rates.

Nutrition

Women tend to have a higher awareness and better knowledge of nutrition than men.
Some ‘male’ nutritional choices are now known to be associated with adverse out-
comes. For example, men are less likely to have breakfast and to take vitamins and
supplements and more often eat a less varied diet with more red meat.

These evolutionary, biological, social and behavioral advantages with regard to life
expectancy do not translate into advantages with regard to the health status of women.
On the contrary, middle-aged and older women have greater levels of disability, more
psychological and physical co-morbidities and worse self-rated health, i.e. they accu-
mulate more deficits than men.

Sex Differences in Health Status

The poorer health status of older women has previously been attributed to the im-
pact of their longer life expectancy on age-associated diseases, but it is now known
that at any given age, the burden of frailty is greater for women than for men. This
is consistent across different frailty measures and across developed and developing
countries. These differences in frailty status have been explained by reporting
bias, differences in co-morbidities and pathophysiological factors. The conceptual-
ization that accumulated deficits are a product of environmental stresses and re-
covery time (below) might also provide a mechanistic understanding of health-sex
differences.

Reporting Bias
Men and women describe their health statuses according to different aspects of life.
Men tend to define their well being through performance and efficiency, whereas
women have a more holistic interpretation of health that emphasizes pain and comor-
bid illness. Men and women with the same functional statuses and comorbidities may
therefore report very differently on their self-rated health.

Men are more likely to under-report medical conditions, particularly anxiety and
depression. It is easy to envisage how this fact could bias the derivation of frailty in-
dices based on self-reported deficits.
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Co-Morbidities

Physical Co-Morbidities

Conditions associated with chronic ill health (such as osteoarthritis, stroke and dia-
betes mellitus) disproportionately affect women. Men, on the other hand, have a high-
er prevalence of diseases that do not incur a burden of disability, being either imme-
diately fatal (for example, myocardial infarction) or rapidly progressive (such as pan-
creatic cancer). Testosterone-induced immunosuppression may decrease men’s
resistance to infection, but it seems to protect against autoimmune disorders. These
diseases typically have a major impact on functional status and quality of life without
significantly shortening life expectancy.

Psychological Co-Morbidity

The lifetime probability of developing an episode of depression and/or anxiety is
significantly higher in women than in men. Psychological co-morbidity has perva-
sive and perpetuating effects on health, increasing social vulnerability, reducing
positive health behaviors, such as exercise, and triggering the prescription of drugs,
such as benzodiazepines, known to increase the risks of unintentional injuries and
falls.

The poor psychological health of older women may reflect financial inequality
or represent a socialization-based cohort effect. The mid-life peak in psychological
distress is found only in low-income households [16]. Furthermore, older men and
women who have worked for decades in male-dominated environments show no
sex differences in anxiety or depression. Addressing women’s relative financial dis-
empowerment and encouraging certain instrumental attributes (task-focused
thinking, self-confidence, and assertiveness) may be protective to lifelong mental
health.

Cognitive Co-Morbidity

The incidence of dementia is higher in women than in men. Proposed pathogenic
explanations were initially focused on amyloid deposition; for example, mitochon-
dria seem to be protected against amyloid-beta toxicity in younger but not older fe-
males, which is possibly secondary to falling estrogen levels. However, the association
between dementia and specific underlying pathological features becomes weaker
with age [17], and dementia in older people is increasingly recognized to be associ-
ated with poor general health. In one study of 7,239 cognitively intact community
dwellers, the incidence of dementia over 10 years of follow-up increased exponen-
tially with an increasing index of accumulated deficits not known to predict demen-
tia [18]. In this context, considering that women have more physical and psycholog-
ical co-morbidities, it is unsurprising that they also have a higher prevalence of
dementia.
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Pathophysiological Factors

Inflammation

Evidence is emerging that the pathophysiology of frailty may differ between the sexes.
Inflammation, previously implicated in frailty development, may play a more critical
role in women. High concentrations of the inflammatory markers C-reactive protein
and fibrinogen are more strongly predictive of incident frailty in women than in men
[19]. Furthermore, in older women, the association between sarcopenia and lower
cognitive functioning seems to be partly due to systemic inflammation [20]. Older
women accumulate more abdominal fat than older men, and this may act as a source
of low-grade systemic inflammation, contributing to their frailty status.

Other pathways may be more important in men. Levels of adiponectin, an adipo-
kine with anti-inflammatory and insulin-sensitizing properties, are positively corre-
lated with an increasing number of components of frailty in older men but not in
women [21]. In men, the risk of frailty increases linearly with decreased testosterone,
whereas in women, the relationship between testosterone and frailty is U-shaped [22].
Body habitus may be an important mediator in this regard. The association of free
testosterone with frailty is confined to obese women [22]. The complex inter-relation-
ships between adiposity, hormone levels and frailty status should be stratified by sex
in further inquiries.

Childbirth

A ‘trade-off’ between longevity and reproduction was initially proposed by Westen-
dorp and Kirkwood, evidenced by a negative correlation between number of progeny
and longevity in historical datasets from the British aristocracy [23]. A similar trade-
off has been observed in other species, including fruit flies and birds, and in contem-
porary female populations in Europe.

It is theoretically possible that women have poorer health in older age because of
their physiological investment in reproduction. Childbirth necessitates a high level of
physiological investment. The energetic and nutritional demands of pregnancy and
breast-feeding render reproductive costs that are much greater in women than in
men. Bearing sons may have particularly high physiological costs, due to their faster
rates of intrauterine growth and heavier than average birth weights.

Frailty as a Product of the Recovery Rate and the Environment

Queuing theory has recently been used to provide a conceptual framework for the
origin of deficit accumulation [24]. Reformulation of Little’s law [the average number
of items in a queuing system (L) equals the average arrival rate (\) multiplied by the
average waiting time of an item in the system (W)] facilitates consideration of the av-
erage number of deficits present in an individual (L) as a product of only the following
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2 factors: the rate of environmental stresses (A) and the average recovery time (W).
This framework may provide new perspectives on the tendency of women to accumu-
late a greater number of deficits than their age-matched male peers.

Environmental Stresses May Affect Women More Than Men

On a macroscopic level, women and men residing at the same geographical location
are exposed to the same threats, such as extremes of climate, disease outbreaks and
neighborhood deprivation. However, even within the same household, stresses may
not be sex-balanced. In other words, even developed countries may present an envi-
ronment more adverse for women than for men. Socio-economic sex inequalities
relating to financial redistribution, recognition and political representation have
been extensively documented. Interestingly, in a recent analysis of European coun-
tries, frailty-free life expectancy was lower for women than men, but these differ-
ences were less marked in Sweden and Denmark [25]. Scandinavian countries are
well recognized for their gender-equality policies, particularly in relation to parental
leave and childcare.

Women May Have a Slower Recovery Time

Increasing recovery time with age is likely the stochastic (partly random) outcome of
multiple subcellular events. Because these events can be secondary to the effects of
lifestyle and environmental factors combined with genetic susceptibility, it is easy to
postulate how sex may have a critical role. For example, men’s higher levels of educa-
tion and greater participation in physical activity may reduce the frequency of and/or
protect against this subcellular damage.

In the clinical setting, there is some evidence that female sex contributes to poor
recovery. At 3 months and 12 months post-ischemic stroke, women have greater
functional impairments despite equivalent pre-stroke Barthel scores and stroke se-
verities [26]. Sex differences are also observed after coronary artery bypass grafting,
with significantly longer post-operative inpatient stays for women compared to men
[27].

Why Can Women Better Tolerate Their Health Deficits?

To recap, at any age, women accumulate more deficits than men; however, these def-
icits are less lethal [as illustrated in figure 1, from reference 28]. Here, we have re-
viewed evidence regarding the poorer health statuses and longer life expectancies of
women and have explored the underlying reasons for each phenomenon. However,
these discussions do not address the crux of the sex-frailty paradox; namely, why
women are able to tolerate a greater number of heath deficits.

Three explanations for this paradox have recently been proposed [3]. The first con-
sideration is that there may be some factors affecting life expectancy in older people
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that are not captured by current frailty measures and that these factors are present
more often in men than in women. The loss of a marital partner, for example, results
in relatively greater effects on morbidity and mortality in men compared to women.
Less emotional expression and poorer coping mechanisms, which may underpin this
observation, are not routinely measured in frailty indices. While growing older can
bring wisdom and contentment, in many ways, aging is defined by loss, including be-
reavements, relinquishment of occupational roles and a decline in physical capabili-
ties. If men are less able to adapt to these losses, they may have more ‘hidden’ deficits,
contributing to their shorter life expectancy.

Recent analyses have reported that the frailty index reaches a lower limit in men
(0.61) compared to women (0.69) [29]. This finding raises critical questions regard-
ing quantitative evolutionary design [30]. We can use evolutionary reasoning to
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understand, in terms of ultimate rather than proximate causation, why the limits
to the frailty index have the numerical value that they do, rather than some high-
er or lower value. The second and third explanations previously proposed for the
sex-frailty paradox, namely a male fitness-frailty pleiotropy or a female fertility-
frailty pleiotropy, both invoke the concept of quantitative evolutionary design. In
the former, older men pay the price for more optimal physiological functioning
during youth with a lower threshold for system failure in old age. At any given
level of the frailty index, men have changed more from their baseline status com-
pared to women. Because the male system is calibrated differently, older men have
lower physiological reserves such that their health deficits are more lethal. Con-
versely, a female fertility-frailty pleiotropy might be the key driver for greater phys-
iological reserves in women. Childbirth and child rearing necessitate high levels of
energetic and nutritional investment; thus, women who have children live shorter
lives. The female ‘complex system’ may be designed for maximum fecundity, with
higher levels of frailty among older women but anticipation of equal life expectan-
cies between the sexes. Women currently are limiting the number of children that
they bear, and their life expectancies may be longer than predicted by evolutionary
design.

Safety Factors and Quantitative Evolutionary Design

Consideration of safety factors is congruent with quantitative evolutionary design and
may provide a new perspective on the sex-frailty paradox. In engineering terminol-
ogy, the safety factor of a structure is its maximal strength (the strength that it is de-
signed to possess) divided by the load that it is expected to routinely bear [31]. This
factor is summarized in the following equation:

material strength

safety factor =
design load

It can also be conceptualized as follows:

maximal capability

safety factor = ——.
usual functioning

Engineers consider several issues when determining safety factors [30]. The coef-
ficient of variation of load, the coefficient of variation of capacity, deterioration of
capacity with time and a high cost of failure are characteristics that would necessitate
a higher safety factor. Hence, an external passenger lift that often carries only one per-
son in calm weather but may also carry 10 people in high winds would need a high
safety factor (typically of about 12). The cost of initial construction, cost of mainte-
nance, cost of operation and opportunity cost of the occupied space are all consider-
ations that motivate lower safety factors. A dumb waiter does not, therefore, need to
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have as high of a safety factor as the aforementioned passenger lift (it is usually about
5). Engineered safety factors are higher for buildings made of wood (6), which may
deteriorate over time, than for those made of steel (2).

The principle of safety factors has been investigated in human biological and
physiological systems [30, 31] by dividing the maximal capability by routine func-
tion. In humans, organs tend to have a safety factor of between 2 and 3. The small
intestine and lungs, for example, are capable of absorbing nutrients and taking up
oxygen, respectively, at twice the rates observed physiologically. Safety factors have
also been investigated using a slightly different construct by dividing normal func-
tion by adequate function. Again, safety factors of between 2 and 3 have been re-
ported. For myocardial oxygen consumption, vision and hearing, approximately
33% of normal function represents a threshold value for failure [32] (safety factor =
3). Resection studies of the human liver and small bowel have shown that survival
is difficult for patients who have lost half of their original organ mass [30] (safety
factor = 2).

Applying the principle of scaling [33], the characteristics of organs are likely to
manifest at the level of the whole system. We therefore hypothesize here that the safe-
ty factor of humans is 2.5. In the formula equating safety factors to a system’s maximal
capability divided by its usual functioning, the maximal capability of the male system
could be considered to be 0.61 (its frailty index limit) and that of the female system to
be 0.69 [29]. Hence, the male system is designed around a frailty index score of 0.244,
compared to 0.276 for the female system.

A frailty index of 0.25 has been mooted as the cut-off between fitness and frailty in
community-dwelling older people [34]. When frailty index scores were contextual-
ized with clinical descriptors, a mean score of 0.22 denoted those who were ‘appar-
ently vulnerable - although not frankly dependent, these people commonly complain
of being slowed up or have disease symptoms’, while 0.27 described those who were
‘mildly frail - with limited dependence on others for instrumental activities of daily
living’ [35]. A frailty index score of 0.25 seems to represent a ‘tipping point’ from func-
tional independence to dependence on others. In terms of evolutionary design, ‘usual
functioning’ for both men and women may be focused on independence. This hy-
pothesis resonates with numerous qualitative studies reporting that both men and
women prioritize maintenance or return of independence above any other goals. Ac-
quisition of knowledge, appreciation of beauty and love of family may be less critical
attributes. While the male system is designed around absolute functional indepen-
dence, ‘usual functioning’ for women enables some limited dependence on others.
This design may be advantageous from an evolutionary perspective, allowing some
assistance during perinatal periods.

The hypothesis that survival for both men and women is calibrated around a state
of functional independence does not denigrate any people who are born or become
dependent. On the contrary, quantitative evolutionary design suggests that the maxi-
mal value has been set at a level that the system as a whole can support.
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Conclusions

In old age, women are both frailer, with poorer health status, and more robust, with
longer life spans. While some factors contributing to these phenomena (such as genet-
ics) are fixed, others (particularly social and behavioral factors) are mutable, and sex-
frailty may become a less significant paradox in future cohorts. On the other hand,
quantitative evolutionary design may underpin the frailty burden of women, and ul-
timate causation will be less amenable to intervention. The sex-frailty paradox raises
fundamental questions regarding the etiology, manifestations and management of
frailty. Studies of frailty index behaviors according to sex and across different cultures
and environments are therefore the focus of further inquiries by our group.
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Abstract
From the moment of birth, the human body plays host to a rich diversity of microbes. Body sites such
as the skin, the gut and the mouth support communities of microorganisms (collectively known as
the microbiome) that are both numerous and diverse. As our understanding of the microbiome ad-
vances, it is evident that these microbial populations participate in a multitude of symbiotic associa-
tions with us. The disruption of these associations can lead to a range of diseases beyond mere
pathogenesis as microbial nutrition, signaling, and immune defense break down. It is known that
changes in microbial composition occur as the human host ages and that diet and living conditions
influence the microbiome of older individuals. However, the link between the microbiome and frail-
ty is as yet mostly unexplored. Although the microbiome is likely to influence health factors that
contribute to frailty, further work is needed to determine whether overall microbial signatures of
frailty exist and, if so, what the diagnostic and therapeutic utility of these signatures might be.

© 2015 S. Karger AG, Basel

Our Resident Microbes: Numerous, Diverse and Differentiated

The human microbiome is a collective term that was coined in the year 2000 to refer
to all microbes that reside within and on the human body. There are an estimated 104
microbial cells associated with a typical human host, a figure ten times greater than
the number of human cells. Although often referred to as a singular entity, the human
microbiome’ in fact comprises many distinct microbial populations that dwell in dif-
ferent body sites such as the skin, the mouth, the airways, the gut and the vagina. It is
also proposed that microbial communities reside in sites once thought to be sterile
such as the blood, the brain and the lower respiratory tract.

Different body sites typically contain highly distinct sets of microorganisms due to
differences in nutrient availability, pH, oxygen, and host-derived factors such as



immune responses. Only a small handful of microbial taxa such as Staphylococcus are
detectable in all body sites, but even these few taxa are not found in all sampled indi-
viduals and, when found, differ greatly in their relative abundance [1]. Individual
body sites are often dominated by specific genera in the majority of healthy individu-
als. For instance, the gut microbiome is primarily composed of genera such as Bacte-
roides, Faecalibacterium and Eubacterium, whereas the oral microbiome is dominated
by Prevotella, Neisseria and Veillonella [1]. Although much of the effort to date in
characterizing the human microbiome has focused on prokaryotes (Bacteria and, to
a lesser extent, Archaea), the human microbiome also comprises a multitude of vi-
ruses, most of which infect bacteria, and eukaryotes, especially fungi such as Candida
and Ascomycota, and protists such as Blastocystis [2]. In this review, we will focus on
the bacterial component of the microbiome, particularly the human gut microbiome
since it has been the most intensively studied and has been the focus in many studies
of human health to date.

Different body sites clearly have different sets of associated microbes. Still, the
variation within a single body site can be very high. For example, over 1,000 different
species have been linked to the adult human gut microbiome, most of which are
drawn from a small number of bacterial groups (notably classes Clostridia and Bacte-
roidia). Individuals harbor only a small subset of these species in their gut at any giv-
en time, typically ~150, and samples from different individuals often differ greatly in
the bacteria that are present [3]. Even more striking than individual-to-individual
variation is the degree to which the species-level composition of an individual’s mi-
crobiome can change in a matter of weeks or even days. An early demonstration of
this variability was the study by Caporaso et al. [4], which sampled the microbiota
from the gut, the tongue and the palms of two subjects nearly every day for over a year.
They demonstrated clear separation between body sites in terms of microbial compo-
sition, but often, no core set of species was present at every time point within a body
site. Instead, they postulated that two temporal community types existed: a persistent
set that was present for extended periods of time and a transient set that appeared in
short bursts. Within a body site, these two communities are often drawn from distinct
sets of genera, but they often share similar higher taxonomic ranks such as phylum
and class. Although specific species are not always present in different individuals or
even at different times within a host, related species are often found within specific
body sites for all individuals.

Although much remains to be learned about the factors that shape the composition
of our microbiota at different body sites, it is already clear that the host environment
plays a key role and that fluctuations in the host environment can lead to rapid al-
terations in the microbiome.

Diet is a prominent influence on the composition of the gut microbiome, with large
differences observed between agrarian and ‘Western’ diets [5]. In one study, a set of
germ-free (gnotobiotic) mice were inoculated with the same set of microbes, after
which all mice were placed on a low fat, plant-based diet (agrarian diet). One month
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later, half of the mice were switched to a high fat, high sugar diet (Western diet). A
shift in the gut microbiome composition was evident after a single day on the Western
diet, and the microbiomes of these mice reached a new equilibrium after 7 days. This
shift was primarily in the form of an increase in members of the Firmicute classes Ery-
sipelotrichi and Bacilli and a decrease in the proportion of Bacteroidetes [5]. These
diet-induced differences were also observed between fecal samples collected from hu-
mans in Malawi and the United States [6]. Such host environment-induced changes
have also been observed in other body sites.

In addition to diet, other lifestyle factors are associated with changes in the mi-
crobiome. Delima et al. [7] examined the effects of smoking on the oral microbiome
and associated diseases. Smoking is often linked to the onset of chronic periodon-
titis (inflammation of the tooth-associated tissue), and the study authors observed
an increase in the pathogenic bacteria that cause periodontitis, which were selec-
tively favored in smokers [7]. This switch in the microbiome from a healthy to a
diseased state can be reversed through the cessation of smoking [7], thus demon-
strating the critical link between host-derived environmental factors and microbi-
ome composition, which, in turn, can feed back into specific disease states within
the host.

An individual’s genetic makeup can also influence the composition of their micro-
biome. Twins have often been shown to have more similar microbiomes than unre-
lated individuals, although this may be due to cohabitation influences such as envi-
ronmental interactions and diet [6]. Variations in individual host genes have been
associated with changes in the microbiome. One such gene, MEFV, encodes pyrin,
which is involved in inflammation, and genetic variants of MEFV have been linked to
changes in microbial community composition [8]. Similar links have been observed
between other human genes and microbiome constituents. Such genes are often part
of the immune system (e.g. encoding receptors or lysozymes) or metabolism (e.g. en-
coding leptin) [8]. These and many other examples illustrate the plasticity of the hu-
man microbiome, in which shifts in microbiome composition are influenced by both
the human and external environments.

Key Functions of the Human Microbiome

If the bacteria and other microorganisms that constitute our microbiome were simply
passengers that contributed little to our overall health, then there would be limited
clinical interest in understanding our resident microbiota. However, it is increasingly
evident that we and our microbes interact in a multitude of ways; in many cases, these
interactions are symbiotic, beneficial to both the human host and the resident mi-
crobes. It is also evident that the removal of some of these key functions can have se-
rious negative consequences on the host, leading to a state known as dysbiosis in which
this normal symbiotic association is disrupted.
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Key factors specific to the human gut microbiome include adhesins, which facili-
tate attachment to host cells and other surfaces, and sugar-harvesting complexes,
which are essential for the uptake of key sources of energy. Although investigations of
the genes present in the human microbiome have discovered these and other impor-
tant functions, the majority of genes linked to environmental adaptation do not have
any known function [3]. Establishing the functions of these genes using experimental
and computational approaches is an active area of research.

In addition to the functions that allow microbes to reside within the human GI
tract, the microbiome performs a multitude of functions for the human host. Many
microorganisms ferment sugars into short-chain fatty acids (SCFAs), which are sub-
sequently absorbed by the surrounding epithelial cells. SCFAs such as acetate, pro-
pionate and butyrate play many roles in the human body, ranging from muscle func-
tion to protection against colon cancer [3, 9]. The gut microbiome also executes
metabolic pathways such as amino acid synthesis and vitamin production; many of
these products are taken up by the host and used in our own metabolism. Another
main function of our resident microbiota is colonization resistance, the exclusion of
exogenous pathogenic species through colonization by commensal microbes. Pri-
mary commensal bacteria such as members of the family Lachnospiraceae have been
shown to exclude highly toxic pathogens such as Clostridium difficile through the
production of butyrate or by out-competing for nutrients [10]. Through mechanisms
like these, our microbiome becomes an extension of both our metabolic and immune
systems.

The influence of the microbiome on the human host is not locally restricted to the
tissues at the corresponding body site. Systemic effects of the microbiome have been
reported involving many different organs, implicating that resident microorganisms
both cause and protect from disease. Several interactions between the microbiome
and the immune system have been documented, including effects of the microbiome
on the complement system, T-cell maturity, inflammation responses and protection
from pathogens [11]. These influences can be positive, such as shaping the develop-
ment of lymphoid structures, or negative, such as inducing a chronic inflammatory
response. Other systems are also affected by resident microbiota. Links have been
identified between the gut microbiome and behavior in mouse models, suggesting
that distant microbial communities impact brain function [12]. Such ties extend to
other major organs such as the heart, as well. For example, the metabolism of L-car-
nitine by the gut microbiota has been linked to an increase in atherosclerosis (thick-
ening of an artery wall due to fatty deposits) through the production of trimethyl-
amine N-oxide [13]. The separation of the microbiome from our own biology is dif-
ficult, and many refer to the conglomeration of the microbiome and the host as a
‘holobiont’.

The list of crucial functions provided by our microbiome is long and growing.
However, how can these functions be consistently provided to the host, given what
we know about the extreme variability in the species composition of the human
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microbiome? To some extent, different microbes are able to provide the same func-
tions, which allows for functional stability even as different species and sets of species
increase or decrease in abundance. As a consequence, although variation is often ob-
served in the species composition of the human microbiome, even within the same
individual over time, the functional repertoire of the human gut microbiome appears
to be more stable. Additionally, shifts in the microbiome may reflect environmental
changes such as different stages of human development, alterations in immune states,
or changes in nutrient availability. For example, rapid shifts in response to dietary
changes (e.g. [5]) may be due to the selection of microbes that are able to digest the
nutrients present in the new diet.

From Healthy Communities to Dysbiosis

Although many different types of bacteria can provide the same important functions,
some shifts in the composition of the microbiome are associated with the loss of key
functions and with the progression to a diseased or dysbiotic state. The clearest such
examples occur when a ‘healthy’ microbiome gives way to pathogens that directly at-
tack the human host. Antibiotic treatments administered against one pathogen affect
the entire microbial community, not just the intended target; the consequent sweep-
ing changes to the gut environment can create an opportunity for other pathogens to
take hold. C. difficile infection is often preceded by antibiotic treatment, which results
in the elimination of symbiotic bacteria that compete with C. difficile and even di-
rectly suppress its growth [10]. C. difficile produces several toxins that cause severe
inflammation and recurrent diarrhea, leading to dehydration and even toxic megaco-
lon and death. Treatment of C. difficile with antibiotics is often ineffective since ‘nor-
mal’ microflora are not restored, and the cycle of microbial dysbiosis perpetuates. As
an alternative to the use of harsh, broad-spectrum antibiotics, bacteriotherapy (for
example, in the form of a fecal transplant from a healthy individual) is currently being
tested to repopulate the human gut with the correct microbes. This use of the micro-
biome as a therapeutic target and tool highlights the integration between the micro-
biome and the host and paves the way for future investigations of the effect of dysbio-
sis on different aspects of the human condition.

Less clear is the emerging picture of subtle shifts in the microbiome that can
lead to (or at the very least reflect) disease. The close connection between the gut
microbiome and human health is prominent in several ailments such as Crohn’s
disease, inflammatory bowel disease, type II diabetes, and obesity. Although these
associations are not yet fully understood, it appears that many diseases and condi-
tions are associated with dysbiosis. Inflammatory bowel disease was found to be
associated with a marked reduction in certain groups of bacteria such as Lactoba-
cillus and increases in other groups such as Clostridia [14]. The reduction in
SCFAs due to dysbiosis has been postulated to be a cause of diarrhea, while the
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inflammation associated with many chronic bowel diseases is likely due to chang-
es in signaling between epithelial cells and the gut microbiome [14]. The far-
reaching effects of the gut microbiome have also been linked to conditions such
as anxiety and depression due to the influence of bacteria on the stress response
system [15]. Bacteria entering the gut may trigger specific neuron activation, re-
sulting in both altered gut motility and systemic effects on the hypothalamic-
pituitary-adrenal axis. As clinical interest in our microbiomes increases, it is like-
ly that many more connections will be added to this web of cause and effect be-
tween resident microbes and human health.

What Role Do Microbes Play in Aging and Frailty?

A strong link has been demonstrated between the composition of the gut microbi-
ome and transitions that occur at different life stages in the human host. Newborn
babies are thought to be completely or near sterile at birth, followed by rapid colo-
nization post-delivery. Microbial diversity is initially low and increases rapidly in
the first few years of human life [16]. As diversity increases, the composition of the
microbiome can shift [16], and the makeup of microbes is different in each infant
[6]. Even so, it appears that one genus, Bifidobacterium, dominates in the infant gut
and then decreases rapidly, although not to complete absence, with maturation [6].
Functionally, the infant gut microbiome is dominated by species that are involved
in lactate metabolism and plant polysaccharide breakdown. Upon a shift in diet to-
ward solid food, the microbial composition of the gut also shifts to a state similar to
that of adults, in which the gut microbiome is primarily comprised of Bacteroidetes
and Clostridia species and in which SCFA production and vitamin (primarily di-
etary B12) and carbohydrate metabolism increase [6, 16]. Once a child has reached
the age of 3 years, the gut microbiome makeup is generally similar to that of adults
[6].

Evidence is emerging that the gut microbiome also changes in the later stages of
life, albeit in a less dramatic way than in the infant-to-child transition. Several factors
have been suggested to underlie this shift, including reduced speed of intestinal mo-
tility and decreased immune system function, resulting in a relaxation of the regula-
tion of bacterial colonization (see [17] for references). Other environmental changes
in older populations, such as differences in diet and changes in living conditions, ap-
pear to impact the microbiome, as well. A study comparing subjects over the age of
65 (and a small cohort of younger subjects) demonstrated that living conditions had
a strong influence on the microbiome [18]. Individuals living in a long-term residen-
tial facility had marked differences in their gut microbiome compared to subjects still
living within a community. The gut microbiome of the latter clustered with that of
younger adult subjects and was dominated by Coprococcus and Roseburia, whereas
that of the former primarily included Parabacteroides, Eubacterium, Anaerotruncus,
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Lactonifactor and Coprobacillus [18]. All of these genera are classified within the bac-
terial phylum Firmicutes, but their ecological roles in the gut are still being explored
and likely differ. Diet is an obvious source of variation in the microbiome, but other
factors such as medication and frailty may play a role, as well. Another study [17]
observed further changes in centenarians compared to people 60-80 years of age.
Among the sampled microbiomes, the 60-80-year-old cohort was found to be most
similar to younger adults, as was seen in the community-living older individuals of
the previous study. The centenarians had a shift in their gut microbiome to a prom-
inence of Proteobacteria and Bacilli and a decrease in Clostridia [17]. These domi-
nant groups contain many facultative anaerobes and potential ‘pathobionts’, species
that are opportunistic pathogens in the presence of certain factors such as increased
inflammation, which is often associated with advanced host age. It is evident that as
age increases, changes occur within the microbiome, and these changes may be
linked to either causative or correlated inflammatory agents and other factors associ-
ated with aging.

Aging and inflammation contribute greatly to the overall frailty of an individual.
Frailty is defined in terms of the combined effect of deficits in cognition, affect, mo-
bility, continence and function [19]. The lethality of such deficits can be influenced
by many factors, such as lifestyle, overall health status, levels of inflammation, effec-
tiveness of the immune system and, potentially, the microbiome. Links between the
microbiome and inflammation have been shown repeatedly (e.g. [14]); the microbi-
ome may also be linked to cognitive functions such as anxiety [15]. SCFAs affect
epithelial cell health and gastrointestinal tract function and even protect against cer-
tain invasive pathogens and cancers. As humans age, SCFA production by the mi-
crobiome goes down [17], and this event may increase the likelihood of several health
deficits, thus influencing the overall frailty of the individual. Specific links between
frailty and the microbiome have already been proposed. Subjects with high frailty
were found to have a decrease in groups such as Eubacteria, Faecalibacterium and
Lactobacilli [20]. All of these groups have protective functions, including the produc-
tion of SCFAs (specifically butyrate) and the positive stimulation of the immune sys-
tem, within the gut. Thus, their decrease likely has a negative effect on the health of
the gut and potentially has more systemic effects. Specifically, the levels of SCFAs
within people of high frailty have been shown to be drastically lower than their levels
within less frail individuals [18], supporting this link between gut microbiome me-
tabolite production and the frailty of the host. Conversely, members of the Oscilli-
bacter and Alistipes genera are increased in highly frail individuals [18]. These genera
produce some SCFAs but not butyrate, the main beneficial SCFA. These species pro-
duce propionate and acetate, which can influence cholesterol levels [9], although no
definitive links between these genera and negative effects on the host are currently
known.

It would appear from early studies that the gut microbiome could both reflect and
influence the frailty of the host. However, elucidating the structure and function of a
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given microbiome sample or ‘the microbiome’ in general is challenging, with the
choice of analytical technique potentially influencing the results obtained. Although
several other body sites outside of the gut have been studied, their potential roles in
aging and frailty are even less well understood. As the microbiomes of other body sites
are known to influence a host of health deficits, such as vaginal bacteriosis, psoriasis
and cystic fibrosis, it is likely that they too will have an influence on the overall frailty
of an individual. Finding such links will require in-depth analysis of the microbiome,
the host and the interface between the two.

Exploring the Potential Connection between Microbes and Frailty

As we have seen, several studies have shown links between aging and the microbiome.
However, determining which associations are the driving factors behind these chang-
es in the microbiome is confounded by several other changes that occur within the
aging population. For example, as people get older, their living conditions often
change, such as increases in visits to day hospitals or permanent moves to long-term
care facilities [18]. Considering that previous studies have shown that the microbi-
omes of individuals within the same household tend to be more similar [8], this move-
ment leads to a problem with determining if the changes we see in the microbiome
are due to physiological effects of aging or, instead, environmental changes. Addition-
ally, shifts in living conditions also coincide with changes in diet, representing yet
another confounding factor in determining the relationship between the individual
and his or her microbiome. Therefore, experimental design is a crucial factor in link-
ing various aspects of health and disease to the composition and function of the mi-
crobiome. Experiments that control for these confounding variables, for example, by
comparing individuals within the same living conditions and with similar diets, allow
for the more sensitive interpretation of changes in the microbiome due to actual bio-
logical changes in response to aging. Along with controlling for these variables, it is
necessary to obtain details about the sampled individual that could impact changes in
the microbiome. For instance, previous studies have often not collected samples from
those who have taken antibiotics within a particular time frame (e.g. the last 6-12
months) since their microbiome may have been disrupted and may not yet have
reached a normal state [21]. It is important to note that medications other than anti-
biotics may also have effects on the microbiome. Until future studies begin to iden-
tify what particular medications disturb the microbiome, collecting data about medi-
cation use and other environmental changes is a necessary initial step in determining
external influences.

Aside from controlling for environmental factors, future studies will benefit from
the collection of physiological and genetic information from the microbiome
host. This information can be used to determine specific host-microbiome interac-
tions. For instance, a decrease in vitamin B12 biosynthesis genes within elderly

Frailty and the Microbiome 61

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 54-65 (DOI: 10.1159/000381162)



microbiomes has been previously reported [22], and this finding suggests a causal
interaction between changes in the microbiome and the B12 deficiencies seen in ag-
ing populations. Having actual vitamin B12 measurements from blood samples taken
along with microbiome samples can help to validate these types of interactions. Oth-
er physiological information, such as clinical measurements performed to calculate a
frailty index, could also provide new insights into host-microbiome interactions.

Given the challenges of conducting frailty studies in human populations, animal
models are an essential complement for the pursuit of the relationship between the
microbiome and frailty. Mice have been used extensively in microbiome studies rang-
ing from regular lab strains to germ-free gnotobiotic mice to ‘humanized’ mice (in
which a human microbiome is transplanted into a germ-free mouse) [23]. In addition,
frailty measurements have recently been shown to be just as applicable in mice as they
are in people [24], suggesting that animal aging models could be a very useful direc-
tion for microbiome studies in the future. Animal models also have the benefit of al-
lowing very detailed longitudinal studies, which are not as practical in humans. Con-
sidering the lifespan of a mouse is typically 3 years at most, future studies that include
samples throughout the life of the same mouse could provide novel insights into the
natural progression of the microbiome and its response to aging. These control stud-
ies could then be followed up with further experiments to determine the impact of
various factors such as diet, exercise, and medication on the aging microbiome at
more than a single time point.

After a well-thought-out sampling procedure is designed, the next challenge is to
decide on protocols to study the microbiome. The gut microbiome can be sampled
in various ways, but the least invasive method is to simply obtain fecal swabs. Micro-
bial DNA from the sample is then extracted using various protocols and prepared for
sequencing. Sequencing technology has improved the throughput from a single se-
quencing run, such that multiple samples can be adequately sequenced at a single
time. Methods for sample collection, sample storage, DNA extraction, sequencing,
and computational analysis are all important factors and have been shown to influ-
ence the resulting data [25]. As long as the protocol is consistent between samples,
then the results, even if biased by the method, can be compared in relative terms.
Currently, the two main methods for analyzing microbiomes are to sequence a single
gene marker or to sequence all of the DNA from the sample, referred to as the metage-
nome. In single-gene marker studies, the same fragment of a particular gene, such as
the 16S ribosomal RNA gene, is amplified and sequenced at a great depth so that the
majority or all of the community is sequenced. These single-gene marker studies pro-
vide taxonomic information about the different microbes within each sample, and
this information can be used to characterize the diversity both within samples (e.g.
the total number of different observed taxa) and between samples (e.g. comparing
counts and abundances of organisms across samples). Although common, single-
marker studies are limited to making comparisons based on “Who is there?” and can-
not address the question ‘What are they doing?’; i.e. what potential functions do the
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microbes contain and how is that related to changes in the host? This metagenomics
approach requires greater sequencing depth since the ideal process is to sample all
genes from all organisms in the sample, not just a single marker gene. In addition,
metagenomic data are considerably more complex since the volume of sequences is
larger and since the organism that each sequence originated from is initially un-
known. However, metagenomic studies have revealed additional important insights
into the microbiome that are not apparent from single-gene marker studies. For ex-
ample, several functions seem to be differentially abundant within older people, such
as a decrease in vitamin B12 biosynthesis genes, butyrate production and glycan deg-
radation. New bioinformatics methods are needed to enable greater exploration of
the data and to understand the links between the microbes identified in the sample
and the functions that each microbe is performing. In addition, other methods that
focus on what genes are actually being expressed by the microbes or what metabolites
are being produced, called metatranscriptomics and metametabolomics, respectively,
provide other avenues in understanding the microbiome as a community. Although
challenging, integrating data about host genetics and phenotypes and developing
methods that can model the interactions between and the pathways and metabolites
shared between the host and the microbiome will ultimately lead to a more complete
understanding of aging and frailty.

Conclusions

Microbiomics as a discipline has great potential to change how we view and treat a
range of diseases. Surveys of the microbiome are now being integrated into many
clinical studies, leading to a constant expansion of host factors (such as disease, age,
living conditions and diet) that are being tested. The knowledge gained thus far is be-
ing translated into diagnostic techniques, and in some cases, into interventions such
as fecal transplantation. The technological revolutions that enable this research can
both help and hinder our ability to understand the messages of the microbiome; with
DNA sequencing technologies and analytical tools in a constant state of refinement
and flux, generating repeatable results and comparing results across studies can be
nearly impossible. Realizing the promise of microbiomics will depend on not only
careful experimental design but also the stabilization of methods and analytical tools
and better ways to define the types of microbes that are present, the functions that they
perform, and the myriad ways in which they interact with us.

How will a deeper understanding of the microbiome enhance our understanding
of frailty? Given the intimate associations seen thus far between microbes and a range
of environmental factors, it is reasonable to expect that one or more microbial signa-
tures of frailty may exist. These signatures might manifest not as a set of specific gen-
era or functions that are present in frail individuals but rather as a series of deficits in
crucial microbial functions that are reduced in abundance in or completely absent
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from frail individuals. Dysbiosis, viewed in functional terms, could therefore be di-
rectly analogous to human frailty: the lack of several key functions may have a similar
impact on the host regardless of which specific functions are lacking. Deficits in mi-
crobiome functions may be remediable through bacteriotherapy or the supplementa-
tion of missing compounds such as vitamins, but the complexity of the human-
microbial association makes it difficult to predict the outcomes of such interventions.
With new assessments of the relationship between microbes and frailty, the testing of
relevant environmental factors, and advances in sequencing and bioinformatic inter-
pretation of the microbiome, we will soon start to learn what happens to the micro-
bial worlds within us as we become older and more frail.
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Abstract

In both demographic and clinical studies, frailty is understood as a multidimensional state of in-
creased vulnerability compared with the status of others of the same age. Of the many theoretical
definitions of frailty, two are commonly employed: the physical frailty/phenotypic approach and the
deficit accumulation approach. The purpose of this chapter is to discuss how frailty is conceptualized
and operationalized based on these two approaches. ©2015 S. Karger AG, Basel

The term ‘frailty’ has been used scientifically since at least 1979, when Vaupel et al. [1]
employed it to describe variability in life expectancy (hidden heterogeneity). They
borrowed the idea of an individual, unobserved susceptibility to death from the actu-
arial literature to explain why some individuals tend to have a long life. In geriatric
medicine, we are more inclined to see frailty as a nonconstant factor that increases
with age. It is worth recalling that the notion of frailty in geriatric medicine arose dur-
ing the era of the controlled clinical trial, when comprehensive geriatric assessment
was shown to be most effective when targeting vulnerable older adults. At one point,
such people were called the ‘targeted elderly’, whereas now, these vulnerable older
adults are understood as frail. As the concept of frailty has become more readily ac-
cepted, a variety of definitions of frailty have emerged; these definitions are currently
the focus of debate. Two of the most commonly used approaches to conceptualize and
define frailty are the phenotypic approach and the deficit accumulation approach. The
phenotypic definition operationalizes frailty as a biological syndrome, whereas the
deficit accumulation approach sees frailty as a multidimensional risk state. Various
sets of criteria have been proposed to operationalize frailty by evaluating specific
physiological changes and deficits; however, currently, none of the proposed



operational definitions of frailty provide a definitive diagnosis [2, 3]. Most operation-
al definitions of frailty specify impairments in mobility, balance, muscle strength, mo-
tor processing, physical function, disability, cognition, nutrition, endurance, and
physical activity [2]. Those impairments most commonly specified are physical func-
tion, mobility, disability, and cognition [2].

The Deficit Accumulation, or Frailty Index, Approach

This approach sees frailty as a multidimensional risk state that can be measured by the
quantity rather than by the nature of health problems. Frailty reflects a stochastic dy-
namic process in a system with high redundancy of multiple interdependent items.
On average, this system accumulates deficits that impair the ability of the system to
repair damage that arises either externally or as the byproduct of internal processes
(e.g. metabolism, respiration, and inflammation), including genetically induced dam-
age. Even though some events can accelerate the development of frailty, typically frail-
ty develops slowly, even insidiously, and this process can vary in important ways be-
tween individuals. The deficit accumulation/frailty-as-a-state approach proposes that
frail older adults have many things wrong with them; the more things that they have
wrong, the higher the likelihood that they will be frail and the greater their risk of ad-
verse health outcomes.

The origin of deficit accumulation can generally be understood from a stochastic
point of view. Accordingly, there is a simple relationship between the average number
of deficits (N) present in an individual of a certain age, the intensity of the stream of
environmental stresses (1) and the average recovery time (R) [4], which is written as
N = AR, known as Little’s Law in the operation research area [5]. During the individ-
ual’s life course, both environmental stresses and the recovery time are clearly sto-
chastic (as evidenced by the generally irregular individual trajectories of the frailty
index) [6]. In contrast, the population-based trajectories of frailty are clearly regular,
showing an acceleration in deficit accumulation that is well fitted by an exponential
curve with an exponent of about 0.03. Because the frailty index increases by 10-fold
on average between 20 and 90 years of age and because environmental intensity re-
mains on average unchanged, we can conclude from Little’s Law that the recovery
time is what changes over the life course, explaining the increases in the frailty index
value [4].

Operationalizing the Deficit Accumulation Approach

The application of the deficit accumulation approach is the frailty index [7]. This in-
dex can include deficits such as symptoms, signs, diseases, disabilities, and laboratory
abnormalities. These deficits should be age-related, should be associated with adverse
outcomes, and, when combined, should cover several organ systems. Five or 10 spe-
cific deficits might not capture all aspects of frailty, which has hindered agreement
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between investigators on one frailty scale that includes specific deficits. Older adults
are very heterogeneous and become frail through different pathways, and any scale
that includes enough items could be used as an indicator of frailty, especially if the
items are integrated variables such as mobility and physical activity. Prior studies sug-
gest that at least 20 deficits should be considered; 30 or more is preferred to achieve
stable estimates [8]. An individual’s frailty index score is calculated based on the num-
ber of deficits a person has in relation to the total number of measures included in the
index (e.g. someone with 10 deficits out of 40 counted has a frailty index of 10/40 =
0.25). In this way, the frailty index score is continuous (0-1); the higher the score, the
more likely that the individual is vulnerable to adverse health outcomes.

The population-based studies that have used the frailty index approach (but differ-
ing frailty indices, depending on the data available) give robust results: people accumu-
late an average of 0.03 deficits per year after the age of 70; the frailty index has a strong
association with adverse health outcomes; women accumulate more deficits than men
of the same age; and the frailty index has maximal limit of approximately 0.7 [8]. These
studies, including studies in North America [9], Europe [10], and Australia [11], have
all identified nonlinear increases with age. While the relationship between age and
frailty index scores generally was best fit with an exponential function (accelerating
with age), the relationship between the frailty index score and mortality rate best fit with
a sigmoidal (dose-response) function. The sigmoidal relationship between age and
mortality in cross-sectional data, which is characterized by an initial acceleration in
mortality risk followed by a deceleration at older ages, has been well described in the
literature, representing a fundamental observation in the reliability theory of aging.

The existence of a health-survival paradox between genders, in which two people
of the same frailty score but different genders demonstrate differing vulnerability (de-
scribed in detail in Chapter 4), underscores the notion that frailty scales are imperfect
in their ability to measure variable risk of death. Other factors beyond gender have
been found to influence the relationship between a score on a frailty scale and the risk
for mortality, including individual-level factors like social vulnerability, exercise, and
tobacco use as well as environmental factors including country of residence. Differing
vulnerability at the same level of identified frailty is important consideration because
the concept of frailty was initially developed in order to grade this vulnerability itself.
This discrepancy suggests that some factors that modify the effect of frailty or that are
unmeasured sources of differential vulnerability among people of the same frailty
score need to be considered when examining frailty.

The Frailty Phenotype, or Syndromic, Approach

This approach is based on a cluster of signs and symptoms that commonly occur in
vulnerable older adults, including weight loss, weakness, fatigue, slowness in walking,
and low levels of physical activity. Aggregations of common signs and symptoms have
68 Theou - Walston - Rockwood
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long been used in early stages of disease characterization to conceptualize and define
medical conditions including type 2 diabetes mellitus, hyperlipidemia, and rheuma-
tological conditions such as lupus. Hence, the conceptualization of frailty as a syn-
drome with an underlying age-related biological basis was further developed by Fried
and Walston [12]. The Cycle of Frailty, first published in 1998, facilitated the concep-
tualization of frailty as a deeply biological entity that largely drives the accumulation
of associated adverse outcomes. It also provided an important framework that helped
in the development of testable biological hypotheses related to syndromic frailty. This
model highlights individual components of a cycle of decline that are associated in a
step-wise fashion with other declines, providing the biological basis for the develop-
ment of vulnerability to functional decline, disease states, and, ultimately, mortality.
This model connects the underlying physiology of low energy expenditure, low phys-
ical activity, nutritional deficits, and loss of skeletal muscle (sarcopenia) into a cycle
of decline (fig. 1). These interconnected domains reinforce each other, and in turn,
this interaction influences other crucial physiological systems, including insulin sen-
sitivity, VOyma muscle strength, and power. These changes then contribute to a
subcycle of disability, functional decline, and reduced activity levels that further rein-
forces the physiological decline. Importantly, this model also suggests multiple pos-
sible entry points into an underlying biological cycle of decline and illustrates how
specific illnesses, injuries, or medications can trigger and/or accelerate this biological
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decline. As discussed in Chapter 1, the notion of frailty arising in an interconnected
web of deficits can also be seen as consistent with how deficit accumulation acceler-
ates. As noted in that chapter, in a constant environment, the accumulation of deficits
is seen to reflect a prolongation of the recovery time.

For example, it is clear that many common chronic disease states, including meta-
static or advanced cancers, chronic congestive heart failure, chronic obstructive pul-
monary disease, and inflammatory conditions such as rheumatoid arthritis, can help
trigger or accelerate the biological cycle of decline that underlies syndromic frailty.
However, frailty often exists independently of identifiable disease states. This can be
read as further supporting the concept of an independent underlying pathophysiolog-
ical etiology that is driving syndromic frailty and related outcomes [13]. This patho-
physiological change may in part be driven by specific cellular aging processes such
as mitochondrial decline and cellular senescence, which contribute to adverse health
outcomes in this and the deficit accumulation conceptualizations of frailty.

Operationalizing Phenotypic Frailty

Building on clinical observations of vulnerable older adults, multiple syndromic mod-
els of frailty have been developed using data derived from large longitudinal popula-
tion-based studies of older adults that most often include measures related to clinical
observations of vulnerable older adults including weight decline, muscle strength,
walking speed and subjective measures of energy levels and physical activity. Early
focused efforts in this area include a study by Chin et al. [14] that compared three
previously developed working definitions of frailty, namely inactivity combined with
(1) low energy intake, (2) weight loss, or (3) low body mass index. The combination
of inactivity with weight loss was found to be most strongly associated with reductions
in subjective health and performance measures and with increased disease and dis-
ability. In addition, the 3-year relative risk for mortality was substantially higher in
this group compared to others in the study cohort (odds ratio 4.1, 95% confidence
interval 1.8-9.4) [14]. Fried et al. [13] utilized a syndromic approach and developed
and operationalized a frailty phenotype based on common physiological signs and
symptoms characteristic of frail, older adults. This tool consists of five items, includ-
ing muscle strength (lowest quartile as determined by dynamometric measurement
of grip strength), weight loss (more than 10 pounds of unintended weight loss in the
previous year), walking speed (lowest quartile of performance on a timed 15 meter
walk), low levels of physical activity as measured by the Minnesota Leisure Time Ac-
tivities questionnaire, and fatigue (measured by questions about energy levels from a
depression survey). It was first operationalized in the Cardiovascular Health Study
(CHS), an epidemiological study of over 5,000 community-dwelling adults over the
age of 65, who were followed for 9 years in order to better characterize cardiovascular
disease and functional decline late in life. The participants were deemed frail if they
met three of the five criteria, intermediate, or ‘pre-frail’, if they met one or two of the
criteria, and robust, or not frail, if they met none of the criteria. Seven percent of these
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CHS participants met the criteria to be considered as frail at their baseline exam. A
significant overlap between disability, chronic illness, and frailty was observed, al-
though there were many frail participants who were not disabled and who did not
have medical illnesses, supporting the previously mentioned hypothesis that syn-
dromic or physical frailty has an underlying etiology that is likely independent of dis-
ease and disability [13]. Predictive validity analyses were also performed, revealing
that those who were frail were significantly more likely to fall, enter a nursing home,
be hospitalized, and suffer mortality over 7 years of follow-up. These results have been
confirmed in many large cohort studies, including the Women’s Health and Aging
Study, which demonstrated an even stronger association between frailty and the
3-year mortality rates [15]. This syndromic tool to measure frailty has gone on to be-
come among the most commonly cited frailty measurement tools in the medical lit-
erature and has been utilized extensively to assess clinical risk in a variety of settings
and to study the biological basis of frailty, chronic disease states, and late-life vulner-
ability. This syndromic approach to frailty measurement has also been adapted and
altered by many investigators in order to more feasibly measure frailty in populations
of older adults and in clinical practice. Published validity data for many of these ad-
aptations suggests that these adapted tools also predict adverse outcome in older
adults relatively well [16-19]. Future studies in this area are needed to more fully ex-
plore the validity of these tools.

To date, the majority of biological studies of frailty have taken place using the syn-
dromic definition of frailty. These studies, which have been carried out as large epide-
miological data studies or smaller scale clinical observational studies [20-23], have
enabled the identification of core biological changes that are highly related to and per-
haps drive the development of frailty and late-life vulnerability to adverse health out-
comes observed among frail individuals. Important findings include significant rela-
tionships between chronic activation of inflammation as measured by serum cytokine
levels, increased hypothalamic-pituitary-adrenal axis activation as measured by sali-
vary cortisol levels, altered glucose metabolism, and decreased mitochondrial mass as
key correlates and perhaps drivers of syndromic frailty and its incumbent risk [20-23].

Other Operational Definitions of Frailty

In addition to the frailty phenotype and the frailty index, other operational definitions
of frailty include the Edmonton Frail Scale, the Groningen Frailty Indicator, the Til-
burg Frailty Indicator, and the ‘FRAIL’ scale. The Edmonton Frail Scale considers 17
specific deficits, including cognition, general health status, functional independence,
social support, medication use, nutrition, mood, continence, and functional perfor-
mance [24]. The Groningen Frailty Indicator includes measures of physical (includ-
ing mobility, physical fitness, vision, hearing, nourishment, and polypharmacy), cog-
nitive, and psychosocial health, for a score calculated from 15 items [25]. The Tilburg
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Frailty Indicator scores 15 deficits in physical (weight loss, overall physical health,
difficulty in walking, balance, vision problems, hearing problems, hand strength, and
tiredness), psychological (cognition, depressive symptoms, anxiety, and coping), and
social domains (living alone, social relations, and social support) [26]. The FRAIL
scale considers five health deficits, forming its acronym: fatigue, resistance, ambula-
tion, illness, and loss of weight; four of these components were obviously taken from
the frailty phenotype [27]. New scales are also being proposed: of 27 frailty scales that
have been applied to population-based studies, 14 have yet to be used by researchers
beyond the group that first proposed them [28]. At the 2012 meeting of the Geronto-
logical Society of America, 13 further frailty scales were newly introduced [29]. When
eight frailty scales were recently applied to a representative sample of middle-aged and
older Europeans in the Survey of Health, Ageing, and Retirement in Europe (SHARE),
they all identified frailty and predicted all-cause mortality, even though they captured
related but distinct components and varied in the accuracy of their mortality predic-
tion [30]. Similarly, when three frailty scales were compared in the European Male
Ageing Study, they showed differing ability to predict mortality [31]. Many of these
scales have been developed to meet the needs of specific research studies and have not
been operationalized in other populations. Compared with the more focused effort of
the frailty phenotype, the broad heterogeneity in measurement domains and in the
specific measurements contained within these domains of the frailty index can be seen
as a limitation to the drawing of conclusions beyond the factors that might broadly
increase risk. The vigorous debate over this point is further motivating and welcom-
ing inquiries into how we understand the nature of frailty [32].
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Abstract

The previous chapter focused on the conceptualization and operationalization of the deficit accu-
mulation and phenotypic approaches to the description of frailty. The purpose of this chapter is to
summarize some studies that compared these most commonly used frailty definitions. We also dis-
cuss the strengths and limitations of using these two frailty assessments in clinical settings and how
they might be usefully employed in future studies. ©2015S. Karger AG, Basel

The phenotypic and deficit accumulation approaches to the description of frailty
agree that frailty is an age-related state of vulnerability to adverse outcomes and that
this state arises from a complex interaction of multiple domains, which results in cu-
mulative multisystemic deterioration. While the understanding of frailty has in-
creased exponentially within the past decade, the idea of multisystemic decline is an-
cient. Hippocrates held that diseases arise from the imbalance of body components
(‘humors’) and that these imbalances produce different diseases with various symp-
toms. The frailty phenotype and the frailty index also appear to agree that frailty aris-
es when the ability to repair damage falls below the degree of damage originating from
the environment or within the organism.

Recent commentators have noted that difficulties in accepting one measure of
frailty over another may be due to the ongoing debate over the definition of frailty; as
such, it is difficult to create a composite measure that meets all proposed criteria.
However, each commonly used frailty scale exhibits shared characteristics: right-

This chapter is based on our previously published work ‘Points de repére sur les deux principaux modéles de fra-
gilité: syndrome ou risque, phénotype ou index de fraqgilité?’ in Béland F, Michel H (eds) La fragilité des personnes
agées - Définitions, controverses et perspectives d'action, Rennes, France, Pressses de I'EHESP, 2013, Chapter 1.



skewed density distribution in community-dwelling samples, i.e. most people do not
have frailty, but very few people have a large number of deficits; frailty scores that
nonlinearly increase with age; mortality risks that increase with increasing frailty
scores; higher scores in women than in men, but better survival in women for any de-
gree of frailty; and a maximal upper limit that is below the theoretical maximal score
on the scale [1]. Each of these properties is seen in all of the most commonly used
frailty measures, with the exception that the frailty phenotype does not show a sub-
maximal limit; i.e. it has a ceiling effect [1].

Comparison of the Nature of the Items Included in the Frailty Index and the Frailty
Phenotype

A main area of disagreement between these two operational definitions is the nature
of the included items. The group that developed the frailty phenotype [2] proposed
that only five domains should be included in the definition of frailty and that this mea-
sure should not be applied to parkinsonism or cancer patients, who might meet these
criteria on other grounds. A motivation to enable better data collection for fewer items
led to the proposal of a simple frailty phenotype that included only three of these do-
mains (weight loss, fatigue, and muscle strength); on the basis of its similar predictive
ability for falls, disability, fracture, and mortality compared with the five-item frailty
phenotype [3], this method was held to be equivalently useful. In addition, adding
cognition as a criterion improved the prediction of adverse health outcomes in a large
sample of community-dwelling French older adults [4]; other studies have shown
similar results. Disentangling the semantics of the phenotypic definition of frailty is
also revealing. The five items that make up the frailty phenotype have been operation-
alized in different ways by investigators including the originators of this tool [5-7].
This variability limits the comparability of the studies that used the phenotypic op-
erational definition of frailty. A recent study showed that varying the cut-off values of
the frailty phenotype from the Cardiovascular Health Study increased the prevalence
of frailty from 6.5% to 8.9% in German older adults [8]. Another study of assisted liv-
ing residents showed that using standard cut-off values resulted in a 19.2% prevalence
of frailty but that using the original Cardiovascular Health Study cut-off values re-
sulted in a 48% prevalence of frailty [9].

The frailty index is based on the proposition that knowing what exactly is wrong is
less important than knowing how many things are wrong with a person in terms of sys-
tem behavior. This is the case because the redundancy of complex biological systems
results in many ways of achieving the same answer - for example, in the comparability
of a dementia diagnosis between psychiatrists, neurologists and geriatricians despite
their differences in operationalizing the dementia criteria. For this reason, items should
not be excluded a priori, as long as these items meet the criteria described in the previ-
ous chapter. It also appears that when more items are included in a frailty index, the

Comparison and Clinical Applications of the Frailty Scales 75

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 74-84 (DOI: 10.1159/000381166)



specific nature of those deficits is less important in predicting death. For example, 1,000
iterations of 51-item and 40-item frailty indices comprised of different groups of items
showed similar dose-response relationships to the risk for mortality and institutional-
ization [10]. In a separate study, 1,000 iterations of different 37-item frailty indices com-
prised of different groups of items demonstrated similar hazard ratios for 5-year mor-
tality [11]. In both cases, the level of risk was consistent with the frailty score regardless
of the specific nature of the items included in the frailty index, as long as they were gen-
erally age-associated and they measured deficits in health. Regardless of the nature and
the number of deficits included in the frailty index and whether the sample includes
community-dwelling, institutionalized, or hospitalized older adults, the frailty index
has remarkably similar measurement properties and substantive results: it shows an
age-specific nonlinear increase, women have higher frailty scores than men at any age,
it has a maximal limit, and it is strongly associated with adverse health outcomes [12].
Understanding the physical basis for this consistency is an area of intense inquiry.

One persisting conceptual confusion about which items to include reflects the in-
sistence by researchers including the European, Canadian and American Geriatric
Advisory Panel that disability and co-morbidity should not be included as part of the
definition of frailty since these concepts are conceptually distinct and are a conse-
quence of frailty. This assertion exists as the semantic level, with little empirical evi-
dence to support it, especially in relation to the claim that these aspects are a conse-
quence of the frailty phenotype. This confusion is evident even in the definition of the
frailty phenotype, which far from excluding disability, counts impairment in high-
order instrumental activities of daily living (gardening, heavy housework) as part of
the physical activity criterion. Our group excluded disability and co-morbidity from
a frailty index operationalized in the Canadian Study of Health and Aging. Notably,
only 3.6% of participants who met the frailty phenotype criteria had neither disability
nor co-morbidity, so the distinction appears to largely be without a difference. In any
case, for every 0.1 increase in the frailty index score, there was a 21% increase in the
5-year mortality risk when disability and co-morbidity were excluded from the frailty
index and a 25-31% increase when they were included [11].

Comparison of the Properties of the Frailty Index and the Frailty Phenotype

Some studies have compared these two approaches to identify which might be more
suitable for frailty assessment. A systematic review of frailty assessment tools con-
cluded that the frailty index seems to be the more suitable instrument to evaluate out-
come measures in frailty research [13]. They showed that the frailty index includes
more items from various domains than the frailty phenotype, and in this way, better
covers the multidimensionality of frailty. Even so, in relation to their clinimetric prop-
erties, both have only been evaluated for construct validity, mostly because they have
been developed as risk assessment tools, not as outcome measures.
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Another comparison was made regarding their scoring systems and showed that
by having a continuous scoring system, the frailty index can better discriminate and
measure change after an intervention [13]. As ‘The Frailty Operative Definition-
Consensus Conference Project’ suggested, ‘Frailty is a dynamic nonlinear process’,
and ‘The predictive value of frailty depends of its severity’. Investigators seem to agree
on the importance of identifying multiple levels of frailty for both research and clini-
cal purposes. Frailty scores can be dichotomized; however, important information
can be lost. For this reason, it is even more important to consider frailty as a continu-
ous score in clinical settings. Similarly to how someone can be hypertensive with a
systolic blood pressure of 160 or 180, this person can be frail with a frailty index score
of 0.4 or 0.6. Knowing the actual score is at least as important as knowing whether the
person is considered to be frail or not.

Many studies have examined the predictive ability of these measures and showed
that both the phenotypic operational definition and the frailty index approach have
strong predictive validity in relation to worsening health status, poor mobility, ac-
tivities of daily living disability, institutionalization, and death [2, 12]. Mitnitski et al.
[14] compared the ability of the frailty index and the frailty phenotype to predict
changes in cognition and mortality using data from the Canadian Study on Health
and Aging and showed that both instruments were equally predictive of cognitive de-
cline but that the frailty index was a stronger predictor of mortality. Working from
the same dataset, Rockwood and Mitnitski [12] had shown that the two frailty assess-
ments were moderately correlated (r = 0.65) but that the frailty index could predict
mortality more precisely. Similarly, Kulminski et al. [15] reported that in the Cardio-
vascular Health Study (from which the phenotypic definition of frailty was derived),
the frailty index more precisely evaluated mortality risk than the frailty phenotype.
They found that the frailty phenotype underestimated the risk of death for 720 people,
whereas the frailty index underestimated the mortality risk for 134 people. It is im-
portant to recall here that mortality risk is not the point of frailty assessment — mor-
tality is convenient to evaluate as a dichotomous, easily verifiable and reasonably non-
arbitrary adverse outcome in older adults. Nevertheless, these tools would be expect-
ed to underestimate the mortality risk of fitter people who are risk takers, people with
genetic profiles that might predispose them to sudden death without substantial def-
icit accumulation, or those otherwise prone to lethal single-system illness, such as
pancreatic cancer.

In older adults residing in assisted living facilities who participated in the Alberta
Continuing Care Epidemiological Studies [16], both measures were able to predict
mortality, hospitalization, and movement to a long-term care facility for frail people,
but only the frailty index predicted these adverse outcomes for people characterized by
the phenotypic approach as ‘prefrail’. In addition, although both frailty assessments
had similar areas under the receiver operating characteristic curve (a measure of sen-
sitivity and specificity) for mortality and hospitalization, the frailty index significantly
better discriminated people who moved to a long-term care facility (0.67 vs. 0.61 for
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the frailty index vs. the frailty phenotype). In a Chinese cohort study of community-
dwelling older adults [17], both frailty measures similarly predicted mortality in men
and women and physical limitations in men, but the frailty index better discriminated
physical limitations in women (AUC 0.66 vs. 0.60). In a European study of communi-
ty-dwelling people 50+ years of age, the AUC for 2- and 5-year mortality were 0.77 and
0.75, respectively, for the frailty index and 0.73 and 0.70, respectively, for the frailty
phenotype. In addition, for participants scoring 0 on the frailty phenotype, the frailty
index was able to discriminate participants at a higher risk of death [18].

The frailty index is not meant to be dichotomized into “frail’ or ‘healthy’ subgroups;
even so, for rough classification purposes, a score of 0.25 could generally be consid-
ered as a frailty index cut-off score [12]. A recent systematic review [19] that com-
pared the prevalence of frailty in community-dwelling older adults using various as-
sessment tools showed that the weighted average prevalence of frailty was 9.9% using
the frailty phenotype; alternatively, in the only included study which used the frailty
index, the prevalence of frailty was 22.7%. In older adults residing in assisted living
facilities, the prevalence of frailty was 29% when the frailty index approach was used
with a cut-off value of 0.3 and was 47.9% when the frailty phenotype was used. Only
38.2% of the participants were assigned to the same categories using both scales (non-
frail, prefrail, and frail; kappa = 0.17) [16]. Using data from the Health and Retirement
Study, Cigolle et al. [20] found that 11% of older adults were identified as frail based
on the frailty phenotype approach and that 32% were identified as frail based on the
frailty index approach. In a subsample of this study cohort selected using the same
inclusion criteria as the Cardiovascular Health Study, 10.9% were frail based on the
frailty phenotype, 15.4% were frail based on the frailty index, and 6.1% were frail based
on both measures. Their conclusion was that these frailty assessments capture differ-
ent subpopulations. Using data from the Survey of Health, Ageing and Retirement in
Europe (SHARE), a recent study found that 11% of people over the age of 50 years
were identified as frail based on the frailty phenotype approach and that 21% were
identified as frail based on the frailty index approach; the level of agreement was 0.51
[18]. In this regard, it is important to note that we cannot say that one measure or the
other captures people earlier or later in their health course, as might be expected, for
example, if it were simply a matter of sensitivity or specificity. This study also found
varying rates of missing data, as have other European studies of community-dwelling
older adults, in which people who could not be assessed using the frailty phenotype
had higher mortality rates than those who could be assessed [21].

Frailty Assessment in Clinical Settings

The rapid aging of very heterogeneous populations of older adults should be of
particular importance to health care providers; for most specialties, the treatment of
older adults is the mainstay of their activities. Treating older adults based on risk
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assessments derived from their chronological age is obviously inappropriate - the ra-
tionale for evaluating frailty exists to understand the differential vulnerability of peo-
ple of the same age to adverse outcomes. For this reason, assessing their level of frail-
ty seems to be a better approach. Frailty is clearly age-related but is distinct from
chronological age. A 60-year-old individual who has been identified as very frail may
be prescribed high doses of medications and/or undergo medical treatments such as
invasive procedures or toxic chemotherapies based on clinical guidelines that have
high age-specific limits and may not survive. Factors beyond age explain much of the
increased mortality associated with age. Frailty is more strongly associated with wors-
ening of health status, physical function, and self-management skills than chrono-
logical age and is also a better predictor of survival and recovery from surgical opera-
tions [5, 22-24]. In this way, frailty assessment is a potentially attractive means of
understanding risk. We need to consider that not all older adults are frail but that
many are, particularly those of older age and those seen in clinical settings. All the
above evidence has led clinicians to call frailty the holy grail of geriatric medicine and
another geriatric giant.

Frail individuals can be thought of as complex systems that are close to failure and
that are vulnerable to further physiological and psychological stressors caused by both
intrinsic and environmental factors [12]. Adding one more stressor to such a system,
even a stress as minor as one more drug, may lead to death. Considering frail older
adults as complex systems close to failure has other advantages, including under-
standing why illness often presents differently in frail older adults than it does in in-
dividuals with a single problem. For example, myocardial ischemia can present with-
out chest pain but with confusion or falls. So-called ‘atypical’ disease presentations
can in fact be typical for frail older adults because when complex systems fail, their
highest-order function tends to fail first. This explains the tendency of frail older
adults to fall, experience disability and delirium, and become immobile and socially
isolated when they are close to failure. In this way, assessing their level of frailty is a
more important determinant of health status than an individual pathophysiological
pathway.

Frailty can assist clinicians in identifying patients who might benefit more from
innovative processes of care than from aggressive medical treatments and can im-
prove the health outcomes of individuals across various clinical settings. Clinicians
can use the information from frailty assessments to discuss with patients and care-
givers the risks and benefits of possible treatments, which can lead to a more in-
formed and rational shared decision. Frailty assessment could start from primary
care since family physicians focus more on patient-centered care and are able to take
into consideration the social context of the patients and how their social context af-
fects their health status. A frailty index constructed using administrative routine
health care data from general practitioners showed that increasing the frailty index
score by one deficit increases the hazard of adverse health outcomes by 17% [25].
Even so, in that study, frailty was operationalized chiefly in relation to comorbidity,
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perhaps reflecting a legacy of a primary care focus on episodic treatment of acute
illness that has been hard to shake, even as an emphasis on chronic disease manage-
ment has grown.

Operationalizing frailty in primary care seems both feasible and valuable. For ex-
ample, an analysis of data from the Medicare Current Beneficiary Survey showed that
frailty increases the risk of adverse outcomes after emergency department discharge
by 45% [26]. Frailty also predicts the toxicity of chemotherapy in older patients with
cancer [27]. In a study including patients undergoing colorectal cancer resection, the
odds ratio of major postoperative complications was 4.08 for frail patients [28]. In
colectomy patients, the frailty index was an important predictor of intensive care unit
complications and death [29]. In addition, there is a paucity of data on the strong re-
lationship between frailty and cardiovascular disease outcomes. A systematic review
of patients with cardiovascular disease showed that the presence of frailty increased
the risk of mortality; mortality at 9 years was 100% when the level of frailty was high
and was 55% when the level of frailty was low [30]. Frailty has also been found to be
an important risk factor for dementia.

For these reasons, frailty seems a reasonable candidate for assessment in clinical
settings. Even so, many clinicians remain unpersuaded about the feasibility of frailty
assessments in routine care and believe that clinical judgment should not be replaced
by objective frailty measures. Different clinicians have different perceptions of frailty,
which can result in different kinds of people being identified as frail. This discrep-
ancy emphasizes the importance of using standardized, objective measures of frailty
across disciplines. The frailty phenotype approach has widely been used in research
due to the easy measurability of its 5 components, but it seems to be impractical in
clinical settings, especially due to the inclusion of performance-based measures, which
many older adults are too impaired to complete safely. One study operationalizing
frailty based on this approach in residents of assisted living facilities found that 40%
of the residents were unable to be assessed [9].

One important point in comparing the frailty index with the frailty phenotype is
that frailty itself is clearly not all or none - degrees of frailty are clinically evident and
empirically demonstrable — but the three-level operational definition of frailty seems
to overlook this aspect. For example, the frailty phenotype was not predictive of health
care use such as emergency department visits [31] and only marginally improved the
prediction of select adverse outcomes for assisted living residents [9].

That the frailty index approach can be developed from any existing biomedical da-
tabase is a strength: not every frailty index need include the same items. As it can be
constructed by using self-reported measures, it is feasible even for individuals who are
unable to undertake performance-based tests. An important drawback is that it re-
quires that at least 20 items be considered, which has made clinicians skeptical about
its feasibility. Although many more than 20 items are included in a comprehensive
geriatric assessment, this number of items is more than the number of items that
is normally considered for screening. In addition, though the frailty index is well
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validated and investigated in clinical settings, some have asserted that the frailty index
is more useful for policy planners than for clinicians [32]. The basis for this assertion
is unclear, especially in the era of electronic health records, in which a large number
of items is routinely available for consideration. Even though the operationalization
of both the frailty phenotype and the frailty index has limitations, assessing frailty is
important for clinical care, research, and policy planning, and there is little doubt
about its impact on older individuals, families and society as a whole.

Frailty Screening

Frailty screening can identify ‘at risk” patients who will benefit from a comprehensive
assessment in which clinicians can make a precise diagnosis of frailty and examine in
more depth the multiple and interacting problems that affect the health status of their
patients [33]. An effective frailty screening tool should follow the World Health Or-
ganization guidelines regarding population screening: (a) commonness and impor-
tance to public health, (b) the availability of specific and sensitive tests for detection,
(c) recognizable early stages, (d) the availability of effective treatments, and (e) a more
beneficial than harmful screening process.

Most researchers and clinicians would agree on the importance of frailty assess-
ment in clinical settings. However, there is no agreement on frailty screening. Some
believe that screening for frailty should be an essential part of the care of older adults,
especially those facing medical treatment decisions [32], whereas others are less per-
suaded about the likelihood of its success [34]. The former group emphasizes the
strong predictive validity of frailty screening for identifying people at high risk of ad-
verse events and the potential of frailty screening to lead to the more targeted assess-
ment of people who need them and to end the unnecessary assessment of severely frail
people. The latter group emphasizes that there is not enough evidence about the sen-
sitivity of the frailty scales in order to use them as screening tools and that there may
be other adverse events associated with the screening such as labelling people as frail
and adding one more item to the long and burdensome list of screenings that older
adults have to go through [34].

There is no clear agreement on a frailty screening tool that is appropriate for both
clinicians and epidemiologists. The frailty phenotype and frailty index approaches
are not simple enough, and they include more items that what is normally included
in screening. A possible candidate screening measure could be the Clinical Frailty
Scale [35]. The Clinical Frailty Scale is based on the clinical evaluation of a patient’s
status in the domains of mobility, energy, physical activity, and function and is now
expanded to include nine levels: very fit, well, managing well, vulnerable, mildly frail,
moderately frail, severely frail, very severely frail, and terminally ill. In addition, gait
speed could represent a suitable screening tool, as its assessment is quick and inex-
pensive and it is proven to be a highly reliable measure of adverse outcomes. Even
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though both frailty screening and assessment seem important for the care of older
adults, how these would be incorporated into everyday care in clinical settings and
how they would benefit clinical decisions need to be foci of translational research
programs.

Future Studies

As understanding frailty continues to motivate research by geriatricians, laborato-
ry-based scientists, epidemiologists, and sociologists, studies should further exam-
ine the usage of the frailty phenotype and frailty index approaches in clinical care,
research, and policy planning and should reach an agreement for a standardized
frailty assessment tool across settings or for which tool should be used in each set-
ting. Another approach could be to use both assessment tools when frailty is exam-
ined. In addition, more studies are needed regarding the ability of these measures
to be used as frailty screening tools and as outcome measures for intervention stud-
ies and the role of biological markers in their operationalization. Another potential
future area of investigation is the ability to incorporate medical information systems
to screen and assess frailty. Knowledge translation studies should focus on how the
frailty phenotype and the frailty index should be used across settings. Education on
the importance of assessing frailty for decision making and on the appropriate us-
age of the assessment results should be provided to health care professionals, espe-
cially those who regularly treat reasonably independent, community-dwelling older
adults.
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Abstract

This chapter considers the pragmatic integration of frailty in primary care. While some patients pres-
ent to primary care practitioners with relatively well-defined problems that can be managed by a
single intervention and/or organ-specific specialist referral, others present with nonacute, poorly
defined problems that are complex and rooted in multiple factors. The latter are often in need of a
comprehensive geriatric assessment (CGA). CGA can have important positive impacts on the health
of older people, but it is labor-intensive and costly. Therefore, patients at higher risk of adverse out-
comes should have higher priority to publicly funded CGA services. Frailty is an age-independent
marker of risk that fits the biopsychosocial model of primary care, and its use (as opposed to age
alone) may promote equity of access to CGA services. A number of frailty assessment tools have been
recommended for use in primary care. Some randomized controlled trials have shown that frailty
screening in primary care, with subsequent CGA and intervention, can prevent adverse outcomes.
However, this result has not been obtained with every screening tool, and comparative trials are on-
going. Meanwhile, primary care commissioners in the UK are establishing new frailty care pathways
and developing frailty registers in primary care. ©2015 S. Karger AG, Basel

Around the world, populations are aging. In Europe, by 2060, those aged 65+ will
comprise 30% of the population, and one person in eight will be aged 80 years or more.
Even so, it is well recognized that the association between age and health status is ex-
tremely variable in the older population [1]. On the one hand, the majority of com-
munity-dwelling older people enjoy good physical and cognitive health and often
present to primary care practitioners with ‘single’, relatively well-defined problems
that can be managed by a single intervention and/or organ-specific specialist referral.

On the other hand, a minority of older patients present with nonacute, poorly de-
fined problems (e.g. ‘tired all the time’, recurrent falls, ‘failure to thrive’, or gradual
cognitive and/or functional decline). These patients are complex because their
presentation is rooted in multiple factors, including morbidity (e.g. physical or



cognitive), polypharmacy, psychosocial influences and social vulnerability, in varying
degrees and combinations. In primary care, for which consultation times and access
to multidisciplinary assessments are limited, unraveling this complexity for the first
time can prove to be challenging. Thus, these more complex patients often need a
comprehensive geriatric assessment (CGA).

CGA is defined as a multidisciplinary diagnostic and intervention process that
identifies physical, cognitive, environmental, psychosocial and socioeconomic com-
ponents that influence the health of older adults. CGA is based on the premise that a
systematic and personalized evaluation may identify remediable problems and that by
tackling them in a coordinated manner, the risk of adverse outcomes for the person
will be minimized [2].

CGA can provide important positive impacts on health care for older people, includ-
ing more thorough diagnoses and improved levels of physical and psychological func-
tioning [3]. However, these benefits have costs. Considering its usual interdisciplinary
composition and the time that it takes to gather relevant data, CGA is labor-intensive
and not inexpensive. Therefore, from the point of view of both the referrers and provid-
ers of CGA, it is important to identify those who need it the most to promote equitable
access to this vital (but finite), expert, multidisciplinary resource. Although no explicit
criteria have been validated to readily identify patients who are likely to benefit from
CGA [2], chronological age alone is unlikely to identify vulnerable patients given the
great biological heterogeneity of the population of older people [1]. Rather, it would be
fair to say that patients at higher risk of adverse outcomes should have higher priority to
publicly funded CGA services. This approach pursues equality of access for equal need
as a form of equity in publicly funded health and social care services [4].

Frailty: An Age-Independent Marker of Risk that Fits the Biopsychosocial Model of
Primary Care

In primary care, for which consultation times and multidisciplinary resources are lim-
ited, the concept of frailty may have a very good fit as a risk stratification paradigm
that is rooted in the biopsychosocial model of primary care. Indeed, frailty is defined
(regardless of chronological age) as vulnerability to adverse outcomes due to the poor
resolution of homoeostasis after stressor events [5]. Conceptually, it has been argued
that frailty fits well with the biopsychosocial model of general practice and may pro-
vide commissioners of health care with a clinical focus for targeting resources to an
aging population [6]. Indeed, ‘family physicians are ideally suited to incorporate the
concept of frailty into their practice because they have the propensity and skill set that
lends itself to patient-centered care, taking into account the individual subtleties of
the patient’s health within their social context’ [7].

For the purpose of individual risk stratification and CGA prioritization, a good
frailty tool in primary care should fulfill the following criteria: (1) be a reliable risk
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marker (i.e. have been shown to predict adverse outcomes); (2) be of multidimen-
sional nature (i.e. include, or be closely related to, key biopsychosocial variables); (3)
be easily measurable in primary care (i.e. brief and easy to administer); (4) be break-
able into risk categories (i.e. low vs. high risk, with or without an intermediate risk
category or categories); and (5) be easily understandable by CGA providers (so that
CGA referrals can be adequately and systematically prioritized).

In recent years, considerable progress has been made in determining operational
definitions of frailty. While various approaches exist, the commonality among them
all is the concept of frailty as a marker of risk for adverse outcomes, independent of
chronological age [5]. The following sections review the two main approaches to the
operationalization of frailty, namely the frailty index (FL i.e. frailty as a state) and the
frailty phenotype (i.e. frailty as a syndrome), and examine their suitabilities for the risk
stratification of nonacute, complex, older patients in primary care.

The Frailty Index in Primary Care

One way to operationalize frailty is by considering it as a state and counting the num-
ber of deficits an individual has accumulated from a given list (of usually 30 or more
potential deficits). Deficits are widely defined as symptoms, signs, diseases and dis-
abilities that accumulate with age [8]. The number of counted deficits divided by the
number of deficits considered results in a score called the FI, which ranges from 0
(none of the deficits present) to 1 (all deficits present).

The construct validity of the FI is examined through its relationship with chrono-
logical age, and its criterion validity is evaluated according to its ability to predict
mortality [9] and in relation to other predictions, including disability and the use of
health care resources [10]. In a primary care context, an advantage of the FI approach
is that it tends to include a wide range of deficits, making the assessment biopsycho-
social from the outset. In addition, there is evidence that the FI is associated with social
determinants of health, which help to clarify the wide range of ‘biological ages” within
population subgroups of the same chronological age [10].

In terms of individual risk stratification, the FI is a continuous variable that does
not primarily classify people as frail or nonfrail; rather, it assigns a score based on
health status. Because the FI score ranges from 0 to 1, it can be easily understood by
CGA providers. In addition, Rockwood et al. have proposed FI cut-off points to define
population subgroups with increasing levels of frailty. For example, in one of their
studies, they have proposed an FI of <0.08 as ‘non-frail’, an FI of 20.25 as ‘frail’, and
the remainder of the scores as ‘pre-frail’ [11]. In another of their studies, they have
proposed an FI of <0.03 as ‘relatively fit’, 0.03< FI <0.10 as ‘less fit’, 0.10< FI <0.21 as
‘least fit’, 0.21< FI <0.45 as ‘frail’, and FI 20.45 as ‘most frail’ [12]. Using these FI cut-
off points, primary care practitioners can also stratify individual patient risk, which
may help CGA providers in terms of the prioritization of referrals.
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Another advantage of the FI is that it can be tailored to existing data collection and
allows flexibility in the choice of deficits as long as they comply with a simple set of
required properties [8]. However, given the number of deficits required (usually 30 or
more), an FI may take some time to be determined in primary care. Computer ver-
sions of the FI that are integrated into routine electronic data collection during con-
sultation may be suitable for implementing the FI in primary care. An example is an
FI based on International Classification of Primary Care (ICPC)-encoded routine
health care data, which has been shown to predict the risks of adverse health outcomes
in a population of older people attending primary care [13].

The Frailty Phenotype in Primary Care

According to the phenotypic approach, frailty is defined as a clinical syndrome in which
three or more of the following criteria are present: unintentional weight loss, self-report-
ed exhaustion, weakness, slow walking speed, and low physical activity [14]. This ap-
proach defines two additional states, pre-frail (i.e. one or two criteria present) and non-
frail (i.e. none of the criteria present), conforming to a three-category ordinal variable.
The original validation of this approach by Fried et al. included significant associations
with incident disease, hospitalization, falls, disability and mortality [14], making it an-
other suitable risk stratification scheme for the purpose of prioritizing CGA referrals.

An advantage of this approach is that it requires the measurement of only five vari-
ables, which makes the frailty assessment relatively quick. While this approach is fea-
sible from a primary care point of view, a problem arises with the construction of the
tool. In Fried’s definition [14], frailty is defined in terms of three categories, each of
which is defined by the sum of the number of individual criteria present (0: nonfrail;
1 or 2: pre-frail; and 3, 4 or 5: frail). The dichotomization of individual criterion that
are measured on a continuous scale (i.e. grip strength, walking speed and physical ac-
tivity) is performed retrospectively according to the lowest twentieth percentile rule,
and there are further stratifications. This requires post hoc statistical analyses of a ref-
erence sample, which is not always available to primary care practitioners.

Because surrogates for individual frailty phenotype criteria are available [15], there
have been attempts to provide primary care practitioners with phenotypic frailty as-
sessment tools that do not require post hoc calculations and can be scored immedi-
ately after an individual patient assessment. An example of the latter is the Frailty
Instrument for Primary Care of the Survey of Health, Aging and Retirement in Europe
(SHARE-FI) [16]. This tool is based on a modified phenotypic approach and includes
two web-based frailty calculators (one for each gender) that are freely accessible
on BMC Geriatrics web page (http://www.biomedcentral.com/1471-2318/10/57/
additional). Their uses are intended for community-dwelling adults aged 50 and over.
Translated versions of the calculators can be accessed on https://sites.google.com/a/
tcd.ie/share-frailty-instrument-calculators/. The SHARE-FI has been validated
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against incident disability [17] and predicts mortality similar to the FI based on CGA
[18]. In a recent observational study carried out in a geriatric day care facility, people
identified as frail by the SHARE-FI had worse physical performance scores, an in-
creased history of falls, a greater medication burden and were more often referred for
ongoing multidisciplinary assessment and rehabilitation [19]. An advantage of the
SHARE-FI is that, on average, it only takes about 6.5 minutes to administer (http://
www.uakron.edu/dotAsset/8b117eba-ec49-4e57-9495-fe41fctbd995.pdf).

Frailty Tools in Primary Care: Recommendations from Systematic Reviews

A number of reviews have addressed the suitability of frailty assessment tools for the
purpose of risk stratification in primary care. A recent systematic review by Pialoux et
al. [20] compared the properties of ten frailty screening tools for primary care, which
were selected from the literature according to the following premises: (1) the tools were
multidimensional in nature; (2) they had been compared to a more complete geriatric
evaluation or to a CGA measurement tool; and (3) they had been tested in a primary
health care setting and/or in a nonhospitalized population. The following instruments
were considered by Pialoux et al.: (1) a postal screening questionnaire by Barber et al.;
(2) the Sherbrooke Postal Questionnaire (SPQ); (3) the functional assessment screening
package by Moore and Siu; (4) the screening instrument by Maly et al.; (5) the Straw-
bridge questionnaire; (6) the PRISMA-7 case finding tool; (7) the Brief Risk Identifica-
tion of Geriatric Health Tool (BRIGHT) postal questionnaire; (8) a self-administered
test based on the Marigliano-Cacciafesta polypathological scale (MCPS); (9) the Til-
burg Frailty Indicator (TFI); and (10) the SHARE-FI. Pialoux et al. have concluded that
it is difficult to determine which tool is the best for screening for frailty in older people
in primary care settings but that two instruments were potentially suitable — the TFI
and the SHARE-FI. However, it was pointed out that these instruments require valida-
tion with larger studies in primary health care settings using more quality criteria [20].

The Oxford Center for Monitoring and Diagnosis in Primary Care (MADOX) re-
cently carried out a systematic review of screening instruments for frailty in primary
care (Horizon Scan Report 0026, 8 November 2012, http://madox.org/horizon-
scanning-reports/20120026/screening-instruments-for-frailty-in-primary-care). In
their review, the authors described the following instruments, selected for their rele-
vance to primary care: the Emergency Admission Risk Likelihood Index (EARLI),
SHARE-FI, SPQ, TFI, the Identification of Seniors at Risk (ISAR) tool, the 8-item Run-
ciman questionnaire, the 7-item Rowland questionnaire, the abbreviated comprehen-
sive geriatric assessment (aCGA) tool, the G8 tool, the Groningen Frailty Indicator
(GFI), and the Vulnerable Elders Survey (VES-13) tool. The MADOX review conclud-
ed that because there is no gold standard to measure frailty and because different in-
struments have been tested in different settings and with different outcome measures,
it is not possible to select one screening tool for the identification of frail older people.
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However, it has been concluded that eight of the identified tools may be good screen-
ing instruments, including the SHARE-FI and TFI (as also identified by Pialoux et al.
[20]), and the GFI, 7-item Rowland, G8, VES-13, ISAR, and aCGA.

Recently, a consensus group consisting of delegates from six major international,
European, and US societies provided examples of well-validated frailty models [21],
including phenotypic and index approaches. According to this consensus document,
well-validated frailty models include recommended screening tools for primary care,
such as the SHARE-FI and TFI (as recommended by Pialoux et al. and the MADOX)
and the VES-13 and GFI (as also recommended by the MADOX). In addition, other
primary care-friendly instruments were highlighted in the consensus document, such
as the FRAIL scale from the International Academy of Nutrition and Aging, the Clin-
ical Frailty Scale, the Study of Osteoporotic Fractures (SOF) FI, and the Gérontopdle
Frailty Screening Tool. This group agreed that all of these instruments can be used to
identify persons who are in need of a more in-depth assessment [21].

Importantly, comparative epidemiological studies have shown that many of these
tools have similar risk-prediction abilities [9]; therefore, the primary care practitioner
should select, among all of the validated and recommended tools, the one that is free-
ly and easily available, suitable for his/her particular primary care environment, and
can be administered within the available time frame and with the available resources.
In addition, the choice of screening tool may be supported by the results of random-
ized controlled trials and prior local clinical experience.

Frailty Screening and Intervention in Primary Care: Randomized Controlled Trials

As outlined above, there are many frailty screening tools suitable for primary care, and
at present, none can be identified as ‘the best’. However, the key question is whether
frailty screening in primary care is fulfilling in terms of its remit of improving out-
comes for patients in real practice by facilitating preferential access to CGA and in-
terventions. This question has been examined by some randomized controlled trials.
FRAIlty, Screening and Intervention (FRASI), a randomized controlled trial aimed at
preventing activities of daily living (ADL) disability in frail older persons screened in pri-
mary care, used the Short Physical Performance Battery (SPPB) to screen for frailty. Frail
participants were randomized into treatment and control groups, and the active group
received an intensive medical intervention and sixteen 90-minute supervised exercise
sessions over a period of 8 weeks. The primary outcome was time to ADL disability onset
ordeathin the 12-month period after study enrollment. The results suggested that screen-
ing in primary care of nondisabled, older persons with frailty (i.e. an SPPB of <9) can
identify individuals with substantial morbidity, impairments and functional limitations
who can successfully undergo intensive medical and exercise interventions [22].
However, a recent cluster randomized controlled trial has yielded negative results
in this regard [23]. In this trial, frail older people in primary care were selected on the
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basis of a GFI score of >5. Practices in the control group delivered care as usual, and
those in the intervention group implemented the ‘Prevention of Care’ approach, in
which frail older people received a multidimensional assessment and interdisciplinary
care based on a tailor-made treatment plan and regular evaluations and follow-ups.
At 24 months, there were no significant differences between the two groups in terms
of disability (primary outcome) or other adverse outcomes [23].

Notwithstanding the abovementioned findings, another randomized controlled
trial assessed the effectiveness of CGA and subsequent intervention in pre-frail and
frail community-dwelling elderly based on Fried’s frailty phenotype criteria and
found that CGA and subsequent intervention resulted in a favorable outcome based
on frailty status and the Barthel index of ADL [24].

It is possible that the uses of different frailty screening tools in primary care-
based trials may influence their outcomes, and the simultaneous comparison of
various frailty-screening tools in primary care is an emerging area of research. An
example is the ongoing single-blind, three-armed, cluster-randomized controlled
trial with a one-year follow-up called the Utrecht Primary care PROactive Frailty
Intervention Trial (U-PROFIT) [25]. In this trial, 58 general practices in the
Netherlands, with approximately 5,000 older individuals, are expected to partici-
pate. This ambitious study will compare the following three interventions: (1) the
performance of a computerized, primary care-friendly FI assessment based on rou-
tine health care data, which will periodically prioritize patients for general practi-
tioner (GP) assessment (this arm is called U-PRIM); (2) the use of the GFI to iden-
tify frail patients, with a subsequent nurse-led CGA at home and a tailor-made care
plan developed by a nurse and GP based on the outcome of the CGA (i.e. U-CARE
model); and (3) primary care as usual. The primary outcome is the effects on ADL
as measured with the Katz ADL index. Secondary outcomes are quality of life, mor-
tality, nursing home admission, emergency department, out-of-hours general prac-
tice visits, and caregiver burden.

New Commissioning Models in Primary Care: Examples from the United Kingdom

Although the evidence from randomized trials is (although promising) still not con-
clusive for the effectiveness of frailty screening in primary care, in countries such as
the UK, there is currently a drive for the integration of health and social care at the
community level, and many primary care commissioners are establishing new dedi-
cated frailty care pathways and developing frailty registers in primary care. While
these innovative (and quality improvement-driven) clinical programs are still at early
developmental stages, their future evaluations will provide a valuable complement to
the evidence emerging from clinical trials.

For example, the Mid Essex Clinical Commissioning Group (http://www.midessex
ccg.nhs.uk/) is developing a frailty register in general practice clinical systems and will
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create a database of activity and costs (including social care) for identified cohorts of
these at-risk individuals. Their intention is to develop a ‘year of care’ tariff and to com-
mission an ‘accountable lead provider’ to provide out-of-hospital health (and social)
care to frail older people to reduce unplanned hospital admissions.

In London, the Camden Clinical Commissioning Group (http://www.camdenccg.
nhs.uk/) has designed and implemented an Integrated Patient-Centered Care (IPCC)
program for frail adults. In this program, identifying people for integrated patient-
centered case management relies on the Edmonton Frail Scale (EFS). Any patient
scoring 10 or more on the EFS will receive integrated working-enhanced services, in-
volving the appointment of a case manager who will undertake a home-based CGA
and work with the GP and community multidisciplinary services to design tailored
interventions and provide ongoing patient reviews.

It is likely that financial incentives to primary care practices will increase the
popularity of frailty screening in primary care for the purpose of proactive integrat-
ed case management in the community. For example, the Cumbria Clinical Com-
missioning Group (http://www.cumbriaccg.nhs.uk/) will incentivize primary care
practices by paying them £80 for each completed proactive care plan for patients
identified on the frailty register. Following frailty screening, the proactive plan in-
cludes a home visit, CGA, intervention/s and subsequent monitoring and reviews
(http://www.cumbriaccg.nhs.uk/about-us/how-we-make-decisions/governing-
body-meetings/2013/2013-05-09/papers/7-part2-gp-incentive-scheme-paper.
pdf).

Summary and Conclusions

On initial ‘eyeball’ assessment of a nonacute, complex patient, the experienced pri-
mary care practitioner will intuitively know when a referral for CGA is indicated, and
the use of frailty screening tools is unlikely to be a substitute for that expert clinical
impression. However, providers of CGA need to prioritize their referrals, and the age-
independent risk stratification offered by frailty screening tools can externally validate
the eyeball test and increase the transparency and equity of access to CGA services. It
is in this regard that family physicians and community practitioners need easy-to-use
frailty screening instruments [26].

The measurement of frailty in primary care is ideally suited to the nonacute, undi-
agnosed, complex older adult who is considered to be vulnerable and in need of CGA.
Frailty, as an age-independent risk marker, will help to prioritize those who may ben-
efit from access to CGA; in turn, CGA will help to diagnose the underlying cause/s of
frailty and reduce vulnerability. Ensuring that those who are frailer have sooner access
to CGA is not only more equitable, but it may also help to reduce the incidence of
frailty-related adverse outcomes, such as hospitalizations and institutionalizations.
The use of objective frailty metrics in primary care is mainly for adopting a language
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of communication between primary care and CGA providers to enable equity of access
to publicly funded CGA resources. In a time of limited resources, frailty has the po-
tential to become an advocacy and policy tool. The results from randomized clinical
trials and the experiences of novel clinical programs will clarify whether this potential
will become a reality.

Appendix

Examples of Easily Available Frailty Screening Tools for Primary Care

Tilburg Frailty Indicator (TFI): http://www.tilburguniversity.edu/upload/ac3c1079-6188-4bea-b4af-
8f552c07a1d2_tfieng.pdf

SHARE Frailty Instrument for primary care (SHARE-FI): http://www.biomedcentral.com/1471-2318/10/57/
additional

Groningen Frailty Indicator (GFI): http://www.biomedcentral.com/1471-2318/13/86/additional

Vulnerable Elders Survey (VES-13): http://www.rand.org/health/projects/acove/survey.html

Clinical Frailty Scale (CFS): http://geriatricresearch.medicine.dal.ca/pdf/Clinical%20Faily%20Scale.pdf

The FRAIL questionnaire screening tool (3 or greater = frailty; 1 or 2 = pre-frail):
Fatigue: Are you fatigued?
Resistance: Can you walk up 1 flight of stairs?
Aerobic: Can you walk 1 block?
llinesses: Do you have more than 5 illnesses?
Loss of weight: Have you lost more than 5% of your weight in the past 6 months?

Short Physical Performance Battery (SPPB): http://web.missouri.edu/~proste/tool/ShortPhysicalPerformance
Battery.pdf

Edmonton Frail Scale (EFS): https://itunes.apple.com/us/app/edmonton-frail-scale-for-ipad/id532566885?mt = 8

Sherbrooke Postal Questionnaire (SPQ): http://www.biomedcentral.com/1471-2458/12/69/additional
PRISMA-7: http://www.cfp.ca/content/49/8/992 full.pdf

Identification of Seniors At Risk (ISAR) tool: http://www.health.qld.gov.au/hssb/hou/continuityofcare/
appendix%20b.pdf
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Abstract
Much of the acute care provided in hospitals is for elderly people. Frailty is a common clinical condi-
tion among these patients. Frail patients are vulnerable to undergoing adverse events, to developing
geriatric syndromes and to experiencing functional decline during or due to hospitalization. The
strategy for providing specialized geriatric care to these hospitalized frail elderly patients currently
consists of care provision either by specialized departments or by specialized teams who adopt com-
prehensive geriatric assessment. Even so, financial and human resources are insufficient to meet the
needs of all hospitalized frail elderly patients who require comprehensive geriatric assessment. New
innovative and more efficient geriatricinterventions, in which the priorities of the patients themselves
should be the main focus, should be developed and implemented, and professionals in all specialties
should be educated in applying the fundamentals of geriatric medicine to their frail elderly patients.
In the evaluation of such interventions, patient-reported outcomes should play a major role, in addi-
tion to the more traditional outcome measures of effectiveness, quality of care and cost-effectiveness.
© 2015 S. Karger AG, Basel

Never before have so many people lived to grow as old, and with such good prospects
in daily functioning, as we do currently [1]. However, with increasing age, the chal-
lenges of coping with losses in physical, physiological, cognitive and social function-
ing accumulate. This so-called frailty trajectory becomes particularly visible when
elderly people are hospitalized.

Hospital Care for Elders
Much of the acute care provided in hospitals concerns care for elderly people. Patients

aged 65 years and older are responsible for more than 40% of all nursing days [2]. An
important and very common clinical condition in this patient group is frailty. As
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l
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Fig. 1. Frail elderly patients’ vulnerability to critical changes in functioning. The dotted lines repre-
sent possible trajectories for elderly patients who return or do not return to homeostasis and base-
line functioning after a hospital admission. Frail elderly patients may recover their level of indepen-
dence, either fully or partially, following hospital admission, and this process may be either fast or
slow. However, patients may also show no recovery, and even greater decline or death. Slowing
down in recovery and an end stage with incomplete recovery are the classical frailty trajectory (A)
(Adapted from Clegg et al. [3]).

concisely defined by Clegg et al., frailty develops as a consequence of age-related de-
cline in many physiological systems, which collectively results in vulnerability to sud-
den health status changes triggered by minor stressor events [3]. Frailty can be seen
as a reduced ability to maintain functional equilibrium; certain events or stressors —
physical, psychological, social or environmental - may cause disruption of the equi-
librium, causing passage below the threshold of independent functioning [4, 5]. Frail-
ty may thus lead to disability under the influence of a stressor [6]. However, great
heterogeneity can be distinguished among individual trajectories (see fig. 1).

Prevalence of Frailty

Statistics on the prevalence of frailty among hospitalized patients are scarce, and they
are highly dependent on the population included, the definition of frailty used and the
assessment methods [7, 8]. For example, among 594 patients aged 65 years and older
in an American hospital, the prevalence of both frailty and intermediately frailty was
42% among patients admitted for elective surgery [9]. The researchers used the Fried
frailty criteria, which include five physical measures (gait speed, muscle strength, fa-
tigue, weight and exercise). Among 276 patients aged 75 years and older in two Dutch
hospitals, the prevalence of frailty varied from 50% of patients in the surgical depart-
ment to 80% in the internal medicine department to almost 100% in the geriatrics
department [10]. The researchers used the Groningen Frailty Indicator and found
that most frailty indicators represented the psychosocial scale in addition to the
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mobility and health scale of the indicator. The large heterogeneity in frailty measures
hinders further use and impact on hospital practice, although research on finding
common and informative characteristics between frailty measures is increasingly be-
ing performed.

Adverse Events

As a consequence of reduced physiological reserves (such as a decline in maximal en-
ergy use per unit of time) and failing homeostatic mechanisms (e.g. due to less accu-
rate physiological feedback loops) among frail elderly persons, they are vulnerable to
adverse events such as delirium, falls, functional decline, disability, independency,
hospitalization, increased care needs, institutionalization and death [3, 7, 11, 12].
However, not only their functional reserves and the acute illness or chronic disease
for which they were admitted to the hospital makes them vulnerable for adverse
events; a hospital stay in itself is also a risk factor for adverse events [4, 13, 14]. Gen-
eral hospital care processes are often insufficiently adapted to the needs and charac-
teristics of frail elderly patients and therefore may cause unintended injury, resulting
in a prolonged hospital stay, disability, or death. These processes include poor man-
agement of surgical, medical nondrug and medication procedures as well as inade-
quate knowledge and education among nurses and physicians regarding care com-
plexities, co-morbidity and frailty [15].

A substantial fraction of adverse events among frail elderly patients is thought to be
preventable [14, 15], and especially the development of (new) geriatric syndromes [14],
such as mobilityimpairments, falls, incontinence, polypharmacy, malnutrition, delirium,
depression and (other) psychological impairments. A low incidence of hospital-acquired
delirium is even said to be an indicator of the quality of hospital care for elderly patients
[16]. However, as is the case with monitoring frailty, investigating the incidence and mul-
tifaceted causal pathways of adverse events in elderly patients is complex, and statistics
are therefore highly dependent on the definition of (preventable) adverse events used and
on assessment methods, e.g. incidence rates range from 5.3% up to 60% [14].

Hospital-Associated Disability

Nevertheless, disability is often described as one of the most important (consequenc-
es of) adverse events of hospital admission among frail elderly inpatients, as it results
in a poor prognosis for independent functioning, increased use of healthcare services
and mortality. The quality of hospital care probably plays an important role both in
the success rate of recovery of the functional loss that occurred (shortly) before admis-
sion due to the illness, leading to hospital admission, and in prevention of additional
functional decline during hospitalization [4]. These negative effects of hospitalization
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on functional performance were already described decades ago as the ‘hazards of hos-
pitalization of the elderly’ [17].

By definition, hospital-associated disability is the development of a new disability
in activities of daily living (ADL) at hospital discharge that was not present before the
onset of the acute illness. These include disabilities regarding the six most basic ADL:
bathing, dressing, rising from bed or a chair, using the toilet, eating, and walking
across a room. It is estimated that at least 30% of hospitalized patients aged 70 years
and older develop hospital-associated disability [4, 13]. Among frail elderly patients
this is even worse as — due to the multifactorial nature of frailty — a change in health
status often leads to a cascade of negative events toward functional decline [3]. This
is based on the fact that elderly persons face age- or disease-related changes in many
(interrelated) organ systems, which precede frailty or vulnerability to stressors [3, 6,
17].

For example, changes in the musculoskeletal system may cause reduced muscle
strength, leading to immobility. Restricted mobility during a hospital stay due to bed
rest or all kinds of barriers to improving physical activity may further reduce muscle
strength, bone density and mobility, possibly leading to deconditioning, falls and frac-
tures, and/or (increased) dependency. Changes in the integumentary system and di-
gestive system may cause altered thirst and nutrition, leading to a risk of dehydration
and malnutrition. A restricted hospital diet and physical and social barriers to eating/
drinking in bed, possibly in addition to disease-associated dehydration, may increase
this risk further. Fragile skin in combination with bed rest increases the risk of pres-
sure sores and infections. Changes in the nervous system and brain may increase the
risk of cognitive impairments, and in addition, changes in the sensory system may
cause people to be confused when in a strange and isolated environment. As such,
numerous pathways related to inadequate hospital care for frail elderly are observed
in clinical practice [17]. These pathways are dependent on many different physiolog-
ical mechanisms as well as a lack of support within the hospital to administer timely
preventive activities.

Organization of Care

Therefore, a very important question for judging the quality of hospital care may be
whether frail elderly patients develop new or more severe psychological or functional
impairment, leading to (further) loss of independent functioning. Figure 2 shows that
overall, a few categories of hospital processes may be the main indicators of whether
adequate care for hospitalized frail elderly patients is being provided. These indicators
include the engaging or restricting characteristics of the physical hospital environ-
ment, (a lack of) knowledge of and attention to frailty among nurses and physicians,
tailored patient-centered care, prolonged bed rest and the use of physical constraints.
This is in contrast to encouragement of mobilization and independent performance
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Fig. 2. Interaction of patient- and hospital-related factors, causing (increased) functional impair-
ment in frail elderly inpatients. In addition to the frailty status of a patient and the severity of his or
her illnesses, hospital care processes that are not adapted to individual needs and common changes
in organ systems in frail elderly patients may cause adverse events and hospital-associated disabil-
ity (Adapted from Lafont et al. [13]).

of ADL, frailty-adapted medication management and care procedures, and high-
quality discharge planning [4, 13]. Itis assumed that hospital-acquired delirium, func-
tional decline and frailty can be prevented, delayed or treated if appropriate interven-
tions and care are provided adequately [6, 18].

Specialized Geriatric Interventions

The geriatric medicine specialty provides tailored care, with performance of a com-
prehensive geriatric assessment (CGA) as a basic principle. CGA is defined as a ‘mul-
tidimensional interdisciplinary diagnostic process focused on determining a frail el-
derly person’s medical, psychological and functional capability in order to develop a
coordinated and integrated plan for treatment and long-term follow-up’ [19, 20]. It
can be delivered either by geriatric hospital departments with specialized staff or by
specialized geriatrics teams across various hospital departments. For the first model,

Hospital Care for Frail Elders 99

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 95-106 (DOI: 10.1159/000381171)



CGA has been proven to benefit frail older patients, who are alive and living in their
home after a certain period of follow-up, and results in a shorter length of stay, fewer
readmissions, less functional decline, fewer iatrogenic complications, and possibly
more cost-effectiveness, but the benefit is less clear and more controversial for geriat-
rics teams [20-26]. For both models, a precondition for effectiveness is that CGA
should be combined with management and intervention strategies, also referred to as
geriatric evaluation and management. The basic principles of CGA and the two gen-
eral models of providing it (via departments and teams) are also represented in sev-
eral other hospital-wide interventions to improve care for hospitalized frail elderly
inpatients, e.g. the Hospital Elder Life Program and the Nurses Improving Care for

Health System Elders program [26].

The success and effectiveness of CGA and subsequent interventions are thought to
be dependent on numerous factors [19-22, 24, 26]:

o healthcare and financing systems, e.g. no fragmentation, with collaborative provi-
sion of follow-up services;

« high quality of coordination and continuity of care among healthcare professionals
and institutions, e.g. follow-up and provision of rehabilitative services;

« availability of sufficient trained professionals, i.e. a well-functioning assessment
team intensively involved in care processes;

« success of geriatrics projects in the past and the support of important actors (e.g.
managers, board of directors, medical specialists);

« perceived sense of urgency and priority for geriatric medicine among hospital staff
and adoption of geriatric care principles, e.g. modifying behaviors and adhering to
interventions;

« quality of evidence gathered from original proof-of-concept studies, e.g. sample
size and study design;

« heterogeneity among patient populations, patient targeting, complexity of inter-
ventions, study settings and evaluation methods.

With regard to these factors, there is an extreme amount of heterogeneity among
the hospital interventions targeting the frail elderly population, and there still is no
clear evidence-based practice, though these services ‘form the very heart and soul of
geriatrics’ (Cohen [27]). This causes problems in answering the who, what, where,
when, why and how questions in geriatrics management within daily practice and sci-
entific evaluation. The key for successful interventions probably lies in the answers to
primary questions like the following: Which patients need CGA? Which professionals
should be carrying out the intervention? What should CGA consist of exactly? Where
and at what moment should it be performed? What are the goals? How and with what
intensity should it be done to ensure effectiveness?

Remarkably, the importance of these factors and questions has not changed much
during the past decades. The search for how to improve hospital care for frail elderly
patients across all departments in the continuously changing and modernizing hos-
pital environment is continuing.
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Geriatric and Frailty Evaluation

CGA improves diagnostic accuracy due to the comprehensive and multidisciplinary
perspective of the evaluation, and thus, its value is not particularly questioned by
healthcare professionals, management staff or healthcare insurers. However, it is con-
sidered time consuming and costly, with the consequence that hospitals are forced to
ensure that only those patients who will really benefit from the investment and show
the added value both quantitatively and qualitatively receive CGA and indicated in-
terventions.

Patient Targeting, Screening, Risk Assessment, Case Finding, Triage, and Referral

Therefore, instruments have been developed to figure out which elderly patients
should receive additional attention and interventions to prevent hospital-acquired
complications and (further) functional deterioration [28, 29]. These include, for ex-
ample, the following:

o Identification of Seniors at Risk;

« Hospital Admission Risk Profile;

o Triage Risk Screening Tool;

 Score Hospitalier d’Evaluation du Risque de Perte d’Autonomie;

o Brief Risk Identification for Geriatric Health Tool;

« Hospital Elder Life Program screening criteria.

Screening items may include, for instance, age, physical parameters, laboratory
markers, hospitalization history, polypharmacy, geriatric conditions or co-morbidi-
ties, functional impairments and social problems. However, as for the definition for
frailty, no uniform screening instrument appropriately identifies all patients at risk
for functional decline [28]. Therefore, although screening may help to identify those
patients who need additional interventions the most, the pros and cons of instruments
should be considered when choosing an instrument.

The instruments mentioned above assess the risk of adverse events or triage for
targeting an intervention and are not explicitly used for frailty screening (e.g. Fried
phenotype [30]) or frailty assessment (e.g. Rockwood frailty index [30]). Nonetheless,
interest in targeting based on frailty is increasing among medical disciplines. Links
between frailty and other diseases are being made, and studies determining the pre-
dictive value of frailty (indices/scales) for patient outcomes are being performed more
often. It is a challenge for all medical specialties to deliver the proper multifactorial
interventions based on screening or assessments in order to meet the needs of the
changing and aging hospital patient population, in addition to geriatrics departments
and specialized geriatrics teams, which have already existed for years. The needs and
expectations of frail elderly inpatients are different from those of the general hospital
population and therefore require a different approach in hospital management and
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processes. As there are no clear frailty screening instruments, creating prospective
(Rockwood) frailty indices from patient files should be easily accomplishable, as many
important and informative data are already being gathered from patients. A medical
history can, for example, be based on the EASY-Care instrument. This is an instru-
ment that structures the first broad assessment in an easy way for a nonspecialist in
geriatrics and that is now widely used in primary and community care as a standard-
ized CGA instrument for holistic and preventive care [31].

Geriatric and Frailty Management

Although demographic, economic and epidemiological changes have been foreseen
for years and although medical innovations have strongly improved treatment pos-
sibilities, particularly for the elderly population, many developments in the healthcare
delivery system that do not fit the needs of the growing group of frail elderly patients
with multiple chronic diseases, who are coming from complex care environments,
have occurred. These developments include, for example, a reduction in length of
stay; decentralization and concentration of care, including increased specialization
and high-tech hospital care; and application of quality measures and benchmarks de-
veloped for disease-specific purposes. Hospital services not only need to innovate but
also need to take into account evidence regarding frailty and frailty-related interven-
tions while doing so.

For example, shortening of hospital length of stay increases the importance of con-
tinuation of geriatric care after hospital discharge in order to ensure optimal reha-
bilitation to the desired functional level (fig. 1). However, it is often extremely com-
plex to design efficient and effective cooperation and follow-up models for primary
care or other healthcare facilities/providers. Therefore, improving transfers from hos-
pital to home or other care facilities/providers, as already repeatedly pointed out by
researchers in geriatric interventions, remains an important recommendation for the
future. Currently, important and promising initiatives for creating care networks
arise, e.g. in the Dutch National Care for the Elderly Program, in which the value of
telemedicine and e-health for the frail elderly population with complex care needs is
also being further explored.

In addition, the current models of geriatric care supplement other medical special-
ties in the process of providing integrated care for frail elderly patients with complex
needs. In these models — which, for example, are used in oncology, trauma surgery,
emergency wards, orthopedics, and cardiology — medical skills in geriatrics and indi-
vidual training are offered to residents, but actual care provision remains dependent
on nonspecialists in geriatrics. In rapidly changing and complex hospital environ-
ments, priority setting may be different between medical specialists. Therefore, the
skills and competencies needed in geriatrics teams for collaboration and for establish-
ment of a sense of urgency about changing hospital care for the general frail elderly
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population among medical specialists are becoming increasingly important now. Be-
sides the changing competences among geriatrics specialists in advocating policies for
geriatric, preferably everybody should fundamentally rethink hospital service provi-
sion for frail elderly patients, as elderly patients account for 40-50% of all bed days,
so their care concerns almost all medical specialties. In this transition toward hospital-
wide safe and efficient care, efforts such as senior- or elder-friendly hospitals are en-
couraging systems, processes and a physical environment that are supported by elder-
friendly hospital policies, procedures and social climates [32, 33]. Another example is
the development of hospital care pathways for elderly patients, in which geriatric
medicine is more often incorporated with other medical specialties on their request,
such as in co-management models in orthopedics (hip fractures), cardiology, oncol-
ogy and emergency medicine. Educating professionals in the physiology, recognition
and adaptation of care in the domain of frailty is a first priority to improve hospital
care for elderly patients, before one can successfully implement other models of care.
An interesting example going in the direction of education is the Nurses Improving
Care for Health System Elders model.

Another trend in healthcare is continuous quality improvement; benchmarking;
and the use of quality indicators as part of hospital performance, such as the Assess-
ing Care of Vulnerable Elders quality indicators [34]. However, again, the outcomes
of such process measures are dependent on the quality indicator sets used, the setting
and the population (case mix). In addition, monitoring such routine administrative
data is valuable and can direct hospital management in the development of quality
improvement efforts, but for individual nurses and physicians, insight into the actual
effect on patients” outcomes may better stimulate adaption of care to the needs of their
patients. A growing field of interest is that of patient-reported outcome measures
(PROMs). PROMs may increasingly be gathered from and within electronic patient
records and provides valuable information for clinicians, hospital management, pa-
tients and researchers [35, 36]. If frailty indices could be prospectively generated from
electronic patient records, together with PROMS, it would be possible to provide the
ability to properly target interventions and to monitor and compare outcomes for frail
elderly patients. The challenge for the future would be to develop an appropriate, stan-
dardized, interpretable and workable set of PROMs and objectified effectiveness out-
come measures for this patient population, in which the patients’ perspectives are
truly represented. These patients may be very different from other patient groups due
to their frailty status and trajectory of rehabilitation, i.e. not limited to classical out-
comes (e.g. mortality, morbidity and functional performance) and healthcare utiliza-
tion. Satisfaction with care and wellbeing throughout a hospital stay are probably in-
creasingly important as the life expectancy for frail elderly persons decreases. This
notion of shifted weight of outcomes is still only preliminarily explored in clinical
practice and science. Additionally, shared goal setting may result in new responsive
outcome measures, though goal attainment scaling is also difficult to implement in
geriatric patients with cognitive decline.
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Research Dilemmas

In developing innovative evidence-based frailty-oriented hospital services, re-
searchers face various methodological challenges. Many difficulties exist in finding
the proper evaluation methods for this complex subject, which focuses on extreme-
ly heterogeneous patient groups, settings, interventions and research possibilities.
Therefore, innovative research methods are also needed. The classical (cluster) ran-
domized controlled trial often does not fit the complex nature of changes in our
complex hospital healthcare, which can often only be partly completely preplanned
or predicted.

Currently, the focus on process and quality-control evaluation increases when
trying to deal with the complexity of the evaluation of innovative and multicom-
ponent interventions, such as interventions to improve hospital care for frail el-
derly patients. Process evaluation may provide more detailed insight into the who,
what, where, when, why and how questions. It describes how an intervention and
study were conducted for a specific practice and for a specific targeted frail popu-
lation and thereby may aid the development, evaluation, interpretation and dis-
semination of practices. However, no standardized formats for how to perform
process evaluation exist, causing difficulties in valuing the findings within process
evaluations [37], although landmark papers on process evaluations are increas-
ingly being published.

Another trend is the performance of pragmatic studies in order to narrow the gap
between research and practice. Pragmatic studies are designed to determine whether
a program works under usual conditions, as opposed to ideal conditions in a ran-
domized controlled trial. Pragmatic measures [38], such as electronically monitored
PROMs, may be more appropriate for use in innovative intervention studies includ-
ing frail elderly patients and in complex environments such as the always-changing
dynamic hospital environment. Pragmatic measures can be monitored continuously
and thereby may facilitate the flexible evaluation of interventions, outcomes and re-
sources in addition to or instead of monitoring the fixed and limited study measures
in a static study design. These measures can be of value for researchers, policy makers
and practitioners and may eventually guide us to lean, cost-effective hospital-wide
practices for frail elderly patients, as their care will always need to be provided from
a more or less generalist approach, with a focus on setting priorities for offering
healthcare interventions. As long as the hospital-wide answer to the challenge of
frailty is lacking, reporting of purely scientific results and studies on process mea-
sures is required, in addition to access to the results of quality improvement projects,
which may not qualify for scientific publication per se. This will help us to develop
evidence-based and practice-based hospital services for frail elderly patients, which
are also necessary for the hospital to survive as the most important healthcare pro-
vider for all.

104 Bakker - Olde Rikkert

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 95-106 (DOI: 10.1159/000381171)



Concluding Remarks

The strategy for providing specialized geriatric care to hospitalized frail elderly pa-
tients currently consists of care provision either by specialized departments or by spe-
cialized teams using CGA. However, these services are insufficient to meet the needs
of all hospitalized frail elderly patients, who are increasingly becoming the core busi-
ness of many medical specialties. New innovative geriatric interventions, in which the
priorities of the patients themselves should be the main focus, should be developed
and implemented, and professionals should be educated in applying the fundamentals
of geriatric medicine to their frail elderly patients. In the evaluation of such interven-
tions, patient-reported outcomes can play a major role, in addition to the more tradi-
tional outcome measures of effectiveness, quality of care and cost-effectiveness, which
probably should be fewer and should be selected more carefully. Current develop-
ments force hospital staff to offer frailty-based practices to all frail elderly patients, for
whom the hospital stay is a short but highly intensive and crucial phase in their frail-
ty trajectories.
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Abstract

Frailty represents a state of heightened vulnerability. Mobility impairment contributes to the con-
struct of frailty and channels adverse events. While mobility disorder is universal at a high burden of
frailty, neither mobility nor balance dysfunction is sufficient to fully define frailty. Frailty represents
proximity to complex system failure, with higher-order disturbance, such as mobility and balance
disturbance, as a consequence. Impairment of mobility and balance is a common manifestation of
illness in the frail individual and is therefore a sensitive marker of acute disease, putatively also in
delirium. Clinical measurement of mobility and balance should be prioritized. Consequently, assess-
ment tools, such as the de Morton Mobility Index and the Hierarchical Assessment of Balance and
Mobility, are being explored, with the sensitivity of the latter illustrated in the acute hospital setting.
Walking with speed and under dual/multi-task conditions better differentiates healthier and frail
ambulant adults, providing a basis for screening older adults for pre-emptive interventions. Specific
mobility and balance interventions reduce falls risk. However, patients with dementia walk too fast
for their level of frailty, creating an ethical dimension to rehabilitation and risk. Overall, there is no
need for reduced mobility to reinforce the frailty stereotype; both are potentially modifiable and
amenable to intervention strategies. ©2015 S. Karger AG, Basel

“The length of his walk uniformly made the length of his writing. If shut up in the house, he did not
write at all.” - Ralph Waldo Emerson

Frailty is a syndrome that confers vulnerability on older adults. Mobility disturbance
contributes to the burden of frailty and influences the level of independence and ad-
verse events. Upright bipedalism is a uniquely human endeavor achieved only through
impressive central nervous system (CNS) integration that is commensurate with
higher-order function. The dividend of independent mobility is offset by intrinsic
threats to mobility in low-threshold frailty states in which the hazards of falls and de-
pendency are imminent. Specific transition states in mobility are most prevalent in



frail older adults, involving peripheral and central changes, with notable impacts
when cognitive deficits and/or dementia present. Dual tasks pose specific challenges
as reduced attention control emerges, and careless gait in dementia confers specific
challenges to mobility, with falls as a frequent consequence.

On the simplest level, impairment in mobility may appear to equate to the mental
construct of frailty. At the population level, immobility may indeed be associated
with submaximal levels of frailty and the implication of functional and cognitive de-
cline. With greater physical robustness, the interrelationship between frailty and mo-
bility is less clear. It is not hard to posit that at the individual level, a person who is
frail but independent may be rendered entirely dependent on the whim of decreases
in mobility. The two entities therefore have huge clinical significance in the field of
elder care. Acute geriatrics, orthogeriatrics, rehabilitation and falls clinics often rep-
resent the clash of reduced mobility and frailty with social, economic and personal
ramifications.

This chapter explores multiple themes related to balance and mobility. The levels
of frailty at which mobility is affected, the mechanistic relationship between frailty
and mobility and the syndromes and conditions that modulate this relationship are
first considered. These principles are followed by considerations of frailty and mobil-
ity within acute care of older adults, measurement of frailty and mobility and the im-
plications for rehabilitation. Some of the ethical dilemmas that arise and the attitudes
influenced by the interaction of frailty with mobility are discussed. These insights of-
fer a conceptual basis for screening, prevention and intervention strategies that lead
into chapter 12, on ‘Frailty and Rehabilitation’.

How Frailty and Mobility Relate

Falls can be understood as a black swan event in a frail adult. Difficult to predict, falls
are often subject to flawed rationalization. Adverse consequences of significant mag-
nitude follow: loss of confidence, decreased mobility, deconditioning, social with-
drawal and fear of falling can be overwhelming, even before the traumatic sequelae
are calculated. For a frail individual, a co-existent gait or balance disorder precedes
such a fall. The mechanism by which this occurs is partially inevitable, due to impaired
locomotion and the reduced adaptability of the person to falling, which is akin to
walking a tightrope without a stabilizer. It is also believed that manifestation of failure
in a complex system is represented by disturbance in higher-order function. Con-
sciousness, divided attention, and mobility are the higher-order attributes whose dys-
function is expressed as geriatric syndromes. Mobility, if serving as a marker of com-
plex system integrity, should also carry prognostic significance, such as the ability to
predict falls or mortality. Certainly, in-hospital immobility has been shown to be as-
sociated with an in-hospital mortality rate of nearly 50% compared with universal
survival and discharge for patients achieving full mobility and balance [1]. The
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improvement of mobility becomes a reasonable goal and an indicator of wider system
resumption of complex system order.

Mobility also qualifies as a higher-order function through the multi-modal and
polysensory neuronal integration of what is a definitively specialized, kinematically
exacting yet almost infinitely variable, and evolutionarily distinct function. Clearly,
disturbed mobility in a frail individual, particularly if an acute episode presents that
is not accounted for by a middle- or lower-order gait disorder, denotes complex sys-
tem failure. Thus, the approach to understanding the problem should be less through
the prism of Newton’s third law (a reduction in mobility must be due to a problem
with the apparatus of mobility, or the legs) and more through the paradigm of system
entropy, with disorder across the macrostate and notable dysfunction at the apex (the
CNS). As there is built-in redundancy within complex systems, it takes multiple defi-
cits and erosion of functional mechanisms before disorder and higher-order dysfunc-
tion are realized. Hence, increased energy from the system of management, or com-
prehensive geriatric assessment, must be invested to salvage order from disorder. It is
likely that a threshold of resilience must be breached before actualization of higher-
order dysfunction occurs in the form of the frail individual. Therefore, diminished
mobility in the frail person may be the consequence of locomotor problems or a man-
ifestation of complex system failure, with a fall representing a disruptive consequence.

There is a clear relationship between frailty and mobility: impairment in balance
and mobility is universal at high frailty burden (frailty index (FI) >0.45) and leads to
functional decline [2]. However, mobility and balance are insufficient to fully define
frailty [3], in keeping with the tenet that multiple systems are implicated in frailty.
This makes intuitive sense. Despite the limitations brought about by locomotor im-
mobility, there are potential gains made through compensation, specialization, adap-
tation and relearning that may offset mobility impairment and restore independence.
However, when mobility impairment arises in the context of frailty, then activity lim-
itation and participation restriction inevitably follow. Mobility impairment can be
seen as a canary in the mine of complex system function, with gait disturbance serving
an early warning of failure in a frail individual.

Specific Mobility Disorders and Frailty

Gait disorders are conventionally divided into higher-, middle- and lower-order dis-
turbances [4]. Higher-level gait classification unifies the phenotypic and neuroana-
tomical bases for an array of gait dyspraxias in which there are abnormalities of the
highest sensorimotor circuitry. Middle-order gait disorders represent problems in
basic sensorimotor systems from the brain to the spine, whereas lower-order disor-
ders include disturbance from below the level of the spinal cord to the effector organ.
Coupled with the hierarchy of gait disorders and their specific etiologies is a presump-
tion of increased disability and, in many instances, frailty. However, there are few data
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to specifically test this premise. Indeed, the Fried phenotype excluded Parkinson’s
disease from the original frailty phenotype studies [5]. The deficit accumulation mod-
el is inclusive of gait disorders captured as a deficit in order to derive an FI. Neverthe-
less, frailty has not been specifically described for individual mobility disorders.

The Consequences of Impaired Mobility and Frailty

As we have argued, robustness, the antithesis of frailty, may buffer against the conse-
quences of immobility. By contrast, quality-adjusted health diminishes greatly when
frailty and impaired mobility co-exist. The addition of poverty, social exclusion and/
or a lack of environmental adaptation often makes independent living untenable
when mobility is threatened. Impaired mobility may interact in a nonlinear fashion
with other functions, worsening frailty-related attributes when they were not previ-
ously apparent, e.g. during dressing or grooming. Even if care is provided within the
right setting, the direct consequences of a sessile existence, such as the risk of pressure
sores, urinary tract infections and even stigmatization, may continue. However, the
adverse consequences of frailty and diminished mobility are not inevitable, and out-
comes can be optimized.

Frailty and Mobility within Acute Care

Archetypal symptoms of acute illness are frequently missing in frail older patients.
Instead, geriatric syndromes, such as impaired mobility and balance, are the com-
monest manifestations of acute disease in this population. The etiological factors
shared across the syndromes are represented by the problems that older patients pres-
ent with: iatrogenesis (due to prescribed or over-the-counter medications or medica-
tions plus alcohol), cardiac problems, infection, metabolic problems, some other ill-
ness, or some combination of these. This is often a trap for the unwary practitioner.
Linear causality has assisted modern medicine greatly but may not apply so readily to
the outlined scenario of complex system failure. Acute mobility disturbance in a frail
patient is therefore insufficiently characterized, as are the causes. Mobility and bal-
ance impairment is therefore a sensitive, if nonspecific, indicator of acuity in frail pa-
tients. If mobility and balance represent system integrity, then their monitoring also
provides a way of tracking physiological progress and response to treatment.

What is needed is an understanding of the importance of and an openness to em-
bracing the conceptual framework for acute mobility decline without neglecting to
recognize when traditional evaluation serves us well. There are implications for both
processes of care and patient outcomes: the prioritization of mobility assessment and
the ability to conduct serial evaluation may also liberate prognostic information. Mo-
bility must be actively nurtured in each patient, elevating the status of functional
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mobility to a primary goal for the multi-disciplinary team (MDT). Accordingly, mea-
surement of mobility is paramount, with the right choice of tool for the right setting
required. We propose such tools in our consideration of clinical measures.

Frailty and Mobility in Dementia

Frailty, cognitive impairment and impaired mobility form an unholy alliance. Frail
elderly patients with dementia walk too fast for their level of frailty [6, 7]. Potential
factors include frontal lobe disinhibition and a lack of insight into risk. The high risk
of falls in dementia may be partially explained by the loss of control of gait velocity,
gait variability, slower reaction time, reduced functional mobility and depression. It
should also be noted that mobility disturbance may be key to the diagnosis of demen-
tia subtypes, with characteristic features observed in vascular dementia (hemiparetic
gait or higher-order gait disturbance), Parkinson’s disease with dementia (festinant
gait), and Parkinson’s plus syndromes (postural instability). Gait variability suggests
a higher frailty state, an association that may be mediated by early higher-order gait
dysfunction in dementia [7]. Cognitive distraction may increase imbalance in frail
individuals [8]. It may not be realistic to promote functional mobility in patients who
are in a residential high-care setting with dementia, and indeed, in some instances, the
contrary may be required. An inverse relationship between mobility and falls has been
documented in these settings, with those requiring supervision most at risk of a fall
[9]. However, just because a patient is unable to enjoy full mobility does not preclude
the benefits of physical activity. Transfer activities involving sitting and standing may
be feasible ways of maintaining functional lower limb strength in high-care facilities,
preserving physical fitness and potentially reducing carer burden [10]. At a certain
juncture, mobility confers a direct imminent threat to personal safety (through fall
and fracture or adverse interaction with fellow man). Therefore, the issue of restraint
arises when refractory behavioral and psychiatric symptoms of dementia arise. Leav-
ing the thankfully largely historical matter of physical restraint aside, the option of
chemical restraint arises. In our experience, the risk of physical danger needs to be
weighed carefully against the imposition on autonomy and dignity. Of course, mobil-
ity from a dementia patient’s perspective is often taken to mean driving. While not
covered in this chapter, driving remains a challenging extended function in frailty, for
which the will to continue is often only rivaled by the risks that it may present.

Why Mobility Must Be Disturbed in Delirium
Patients with delirium are also frail [11]. If frail individuals who already have mobil-

ity or attentional deficits experience delirium, then it is rational that mobility will suf-
fer. There is more to this relationship than just an exaggeration of a predisposition.
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Consciousness embodies all waking thoughts. Disturbance of consciousness is inte-
gral to delirium, with every domain of human thought or behavior interrupted in (the
totality of descriptions of) delirium. By extension, there can be no expression of self-
agency, mobility included, within the sphere of consciousness that is not also impact-
ed by delirium.

Mobility and consciousness also share the pedestal of higher-order function, and
integrity is impaired during stress or illness in a frail person. However, delirium re-
mains a persistent problem. Herein, the assessment of mobility and balance offers
diagnostic and monitoring insights. It is conceivable that mobility and balance fluc-
tuate in the same way that attention wavers, and tracking both may map disease prog-
ress. Unpublished but recently presented data suggest that patients who improve
following delirium differ in mobility from those with pre-terminal delirium (see
tig. 1, 2).

Future research should focus on this area by investigating the utility of mobility
assessment in delirium.
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Score

BL  Example 1 days 1-6 Example 2 days 1-6
Recorder’s Initials EE |EE |EE |EE |EE |EE |EE |EE |EE |EE | EE | EE | EE
Date Assessed | —14 |15 [16 [17 [ 18 [19 [20 [ 15 [16 [17 |18 |19 |20
(bD)
T [ [ [ [ [ [ [ [ [ |
(MM)

BALANCE

TRANSFERS

Independent +

21 Stable ambulation 15 15

14 Stable dynamic 14
standing

10 Stable static standing 10 10 10 10

7 Stable dynamic sitting 7 7 7 7

5 Stable static sitting 5

0 Impaired static sitting 0

MOBILITY

vigorous
16 Independent
14 Independent but slow | 14 14
12 1 person standby 12 12 12 12
11 1 person minimum 11 | 11 11 11
assistance
7 1 person assist 7
3 2 person assist 3
0 Total lift 0

bed

28 Unlimited, vigorous
26 Unlimited
25 Limited >50 m, no aid
21 Unlimited, with aid 21
19 Unlimited + aid, slow 19 19 19
18 With aid >50 m 18 18
16 No aid, limited 8-50 m 16 | 16 16 16
15 With aid 8-50 m 15
14 With aid <8 m+
12 1 person standby + aid
9 1 person hands on * 9
aid
7 Lying/sitting
independently
4 Positions self in bed
0 Needs positioning in 0

Fig. 2. Mobility, transfers and balance are shown in separate cases of delirium (Examples 1 and 2) in
relation to baseline function (BL). Fluctuation in mobility and balance is observed in both cases. How-
ever, in the case where delirium resolves (Example 1), an overall improvement in mobility, to near
pre-admission level, is observed. In pre-terminal delirium (Example 2), the nadir of mobility, requiring

positioning in bed, total lift for transfers and impaired static standing, presages patient death.
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Frailty, Mobility and Age-Related Impairments

There is a consensus that age-related decline occurs across all of the specialized func-
tions that contribute to mobility at the interface of sensory systems, the CNS and neu-
romotor responses. Disturbance is compounded by specific musculoskeletal system
attenuation and contributes to a general decline in balance and mobility in older de-
cades. Both the osteoarthritis and the osteoporosis disease processes are implicated
within the frailty cycle, with the combined effect of osteopenia/osteoporosis and sar-
copenia implicated in more severe presentations of frailty in older women living in
the community [12]. Despite performance diminution with age, not all older adults
are frail or ponderous in gait, as Miyazaki Hidekichi, ‘the golden bolt’ and fastest run-
ning centenarian, would attest. Examples aside, the population’s propensity for frail-
ty and for more advanced stages of frailty increases with chronological age and is thus
significant in subpopulations over 80 years of age.

Performance-based measures and accumulation of deficits more often than not
agree on the presence of frailty but may differ in how frailty is identified. What is con-
sistent is the likelihood that early-onset chronic disease is a precursor. Chronic in-
flammation has been linked to the paradigm of aging and increased adiposity, sarco-
penia, reduced muscle strength and decreased mobility as well as elevated mortality
risk [13]. These properties are all associated with frailty, particularly in combination.
Chronic inflammation, given its antecedent influence, is an attractive and potentially
unifying pathophysiological culprit. Mobility is of particular interest, as exercise is
also an important preventative intervention against chronic inflammation.

Preliminary evidence from multi-disciplinary and multi-component (strength, en-
durance, flexibility and balance) exercise programs [14] shows a positive effect on
muscle mass and function. Increasing physical fitness and muscle protein anabolism
supports interventions even in frail (and obese) individuals. Nutrition, as an impor-
tant facet of frailty, should be optimized as part of multi-disciplinary treatments in
order to realize functional and mobility benefits [15]. The outcomes of such interven-
tions need to be carefully monitored to ensure that a protective effect against falls is
achieved while increasing mobility. The quality of the inherent balance training in
such programs - along with adherence and participation - are critical factors to con-
sider when ‘exercise’ is integral to the intervention delivered to older adults.

Frailty, Mobility and Age-Related Impairments: The Frailty Phenotype

Measurement of Frailty and Mobility

The approaches to measurement of frailty have been dealt with earlier in this book.
However, in relation to mobility, it is important to highlight the relative merits of
these measures. The Fried phenotype, while affording a glimpse of pathophysiological
mechanisms implicated in frailty itself (such as sarcopenia), does suffer from the
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inclusion of mobility items into the derivation of frailty [5]. The loading of mobility
in measurement may skew an individual’s frailty category, all other things being equal.
By contrast, the model of deficit accumulation would appear to be a robust construct
of frailty, even when items, such as mobility, are excluded [16].

A comprehensive assessment by a geriatrician is a mandatory starting point for the
assessment of frail older adults and provides a framework from which care plans can
be managed. The evaluation of the patient should span a biopsychosocial framework.
By also incorporating the problems commonly encountered in older patients, the in-
formation should then be of clinical utility. Ideally, these data should be directly trans-
ferable to frailty assessment to avoid duplication or measurement of items that are not
in and of themselves clinically informative or for which collection is considered a
burden to the frailest patients. Supplementary information may still be required to
refine understanding of a particular function of interest, such as mobility.

The association between frailty, mobility and falls risk — particularly at the upper
end of frailty states - is sufficiently clear to mandate an assessment of balance and
mobility. The Clinical Frailty Scale [17] is a useful starting point for stratifying (cat-
egorizing) presenting patients who may require further evaluation of mobility and
balance. Tools can then be selected in line with both the capacity to undertake mea-
sures of balance and functional mobility and the outcome performance desired.

For those able to stand and walk, to date, laboratory studies have provided the
strongest evidence of the type of clinical balance and mobility assessments that may
differentiate frailty in older adults. Gait speed and gait variability, and particularly
stride time variability, when walking fast over an electronic walkway compared to a
comfortable pace [7] have been consistently linked to more frail older adults, placing
them at a higher falls risk. Dual-task protocols that include cognitive distractions
while standing more greatly compromise balance control in frail individuals com-
pared to healthier older adults [8]. Thus, measures that include dual tasks and/or the
added demand of walking at changing walk speeds or walking as fast as one is able are
likely to better differentiate frailty states. Timed rapid gait; the Timed Up and Go test
with dual-task components (Cognitive and Manual); and the Functional Gait Assess-
ment, which includes a changing walk speed and specific challenges to walking abil-
ity, are more likely to differentiate frail from healthier older adults [18]. As the Func-
tional Gait Assessment correctly predicted 100% of participants who fell within
6 months of testing — a superior outcome to the other tools investigated (Time Up and
Go (83%) and Dynamic Gait Index (67%)) - this tool has potential for screening frail
older adults who are still ambulant in the community [19]. While further work with
frail older adults is indicated, this tool could provide optimal direction for pre-emp-
tive interventions.

Within the acute medical setting (hospital) and/or residential aged care facility,
tools that are sensitive to physiological states as well as a range of mobility tasks are
required. Given the mobility status of many patients, tools that monitor bed mobil-
ity and transfers from bed/chair as well as balance and walking tasks for the more
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ambulant patient are required so that lower-functioning adults can also be progres-
sively monitored. Several tools stand out in this context, with evidence of reliability
and validity for use in the acute ward setting and/or residential care setting, although
limited evidence of their ability to predict falls has been reported. The Hierarchical
Assessment of Balance and Mobility (HABAM), providing a visual analog interval
measure, has demonstrated reliability and validity for use in the acute setting [20].
Unpublished data that were recently reported support earlier research showing that
the HABAM is responsive to physiological change, allowing it to be used to track ill-
ness and recovery in acute older inpatients [1]. The de Morton Mobility Index is a
reliable and valid tool for monitoring functional mobility in a range of settings, with
demonstrated responsiveness to a change in functional mobility an older acute med-
ical population [21], although capacity to respond to changing physiological states
has not been reported. Another scale for functional mobility, or the Physical Mobil-
ity Scale, has been used in residential care facilities to reveal a nonlinear (inverse) as-
sociation with falls risk among people in these settings [9], but this tool has not been
used in the acute ward environment. Each of these measures allows individuals rang-
ing from independent to needing a level of assistance (burden of care) to be moni-
tored during a hospital stay or within home or residential care facilities.

Immobility and Reinforcement of the Frailty Stereotype

What is the conceptual support for mobility intervention in a frail individual? It is
known that frailty is not a static paradigm. Transitions to higher levels of frailty are
consistently common. Spontaneous improvements are also a reliable observation, but
just more infrequent [22]. Thus, the assumption that frailty-related decline is nonre-
coverable and therefore that frailty is nonmodifiable is incorrect, except perhaps at
the limit of frailty. In cases of improvement, a penumbra of deficit in an individual
trait, such as mobility or transfers, may be restored to the point that it becomes an
asset. Exploitation of this penumbra with an intervention can be applied to target in-
dividual, multiple and disparate functions, with a reduction in aggregate deficits or
frailty level. At the outset, the permutations of deficits, even for individuals at the
same levels of frailty, are endless. It is understandable, therefore, that multi-disciplin-
ary, multi-faceted and individualized comprehensive geriatric assessment and man-
agement are required to target this diversity of deficits, and why this approach works
is clear [14, 15]. Nowhere does this apply more clearly than for mobility. It has been
established that mobility is an important modifier of prognosis in any given frailty
state. Improved mobility, a target for geriatric management, favors stabilization or
improvement in frailty [23]. Deficits, alone or in combination, may require a selective
evidence base and educationally supported intervention(s). Thus, there is no place
for reduced mobility to reinforce the frailty stereotype if both are potentially modifi-
able. An attitude of treatment opportunity should prevail, and geriatric medicine
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would indeed be less interesting if this were not the case. The role of physiotherapy
is important, enabling functional mobility within a multi-disciplinary management
plan, whether in the acute setting or within the community. Interventions may range
from determining a safe mode of ambulation to optimizing balance and mobility to
reduce falls risk and adverse fall events. Consideration needs to be given to the mul-
tiple components of balance and mobility in conjunction with appropriate surface
and sensory system challenges as well as dual-task capacity to ensure optimal out-
comes [24].

The following questions then arise: What are the levels of frailty at which mobility
can be modified? What are the best interventions? Is there a level of frailty at which
interventions are no longer effective and therefore cannot be recommended? It is dif-
ficult to be prescriptive, but there are at least some principles that should guide the
clinician and perhaps organizations. Even at the ceiling of frailty, to the chagrin of
otherwise masterful clinicians, life span is a challenge to predict. The frailty limit, re-
garded as an FI of 2/3 [22], can be appreciated as a terminal condition in waiting.
However, the predicament is not governed by the progressive and relentless force of,
say, a cancer. Instead, the inability to withstand a stochastic event is predictable only
in as much as any random event is, which is not at all. Thus, it remains the case that
even in the upper range of frailty, where both modification of the frailty trajectory and
mobility improvement are unlikely and life expectancy is limited but unquantifiable,
interventions pertaining to mobility must be individualized in the context of the pa-
tient’s own goals.

Frailty, Mobility and the Dignity of Risk

Advanced levels of frailty are associated with an elevated background risk of adverse
events. Falls and injury are predictable consequences. Frequently, the central issue
governing the viability of discharge of a frail individual from an acute or subacute
setting is mobility impairment. If even after judicious intervention, the risk related
to poor mobility remains high, then the outcome is a tussle between autonomy and
primum non nocere. This perceived risk may be amplified by social factors such as
isolation.

The health professional team may quite reasonably determine, according to the
risk of harm to the patient, that alternatives, such as placement for mobility supervi-
sion, would be the overriding ethical consideration needed to preserve patient safety.
However, autonomy and the dignity of risk take precedence when capacity has been
clearly demonstrated. The casualty in clinical practice is frequently the dignity of risk,
and the patient’s goals in the case of independent living may be subverted. Healthcare
teams need to be able to respond to the wishes of the patient after risk evaluation,
capacity assessment, optimization and education have taken place, even when that
sits uncomfortably with the MDT. If these ethical principles are not embraced, then
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posterity may bestow the term ‘stolen generation’ on our demographic of elders who
have been placed in high-care residential facilities prematurely. Health professionals
have the right to the occasional acts of outrageous paternalistic hypocrisy when patient
autonomy equates to unbridled calamity. The exercise of professional leverage is
called for both in cases of precarious mobility with lacking capacity and when capac-
ity is present but overwhelming risk is absent.

Scope for Intervention in Disorders of Mobility and Frailty

Comprehensive geriatric assessment and MDT evaluation with multi-modal inter-
ventions are important in both hospital and community settings [14, 15]. As we have
stated, the diversity of problems that patients, even at the same magnitude of frailty,
may possess instills the need for individualized management. The contribution of
mobility and balance to the frailty state, the suggestion of shared inflammatory path-
ways and the frequently cited patient goal of (discharge-dependent) mobility make
the entities of frailty and mobility amenable to synergistic interventions [25]. Frailty
may not only modulate the response to intervention strategies but also dictate their
teasibility. In particular, the burden of treatment may be intolerable among the frail-
est frail [26]. Chapter 12 will explore the theme of ‘Frailty and Rehabilitation’ in great-
er depth.

Conclusion

Frailty represents a state of heightened vulnerability. Mobility impairment contrib-
utes to the construct of frailty and channels adverse events. While mobility disorder
is universal at a high frailty burden, neither mobility nor balance dysfunction is suf-
ficient to fully define frailty. Frailty represents proximity to complex system failure,
with higher-order disturbance, such as mobility and balance disturbance, often a con-
sequence. Mobility impairment predicts falls, frequently serving as a black swan event
in the life of a frail individual.

Patients with dementia walk too fast for their level of frailty. Conversely, reduced
gait speed and gait variability in the absence of dementia are associated with frailty.

Impairment of mobility and balance is a common manifestation of illness and is
therefore a sensitive marker of acute disease, putatively also in delirium. Measure-
ment of mobility and balance should therefore be prioritized, and assessment tools
such as the de Morton Mobility Index and the HABAM, are being explored, with the
sensitivity of the HABAM illustrated in the acute hospital setting. Walking with speed
and under dual/multi-task conditions may better differentiate healthier and frail am-
bulant adults, providing a basis for screening older adults for pre-emptive interven-
tions. Specific mobility and balance interventions have been shown to reduce falls
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risk, but their acceptability to frail patients remains unproven. The dignity of risk in

relation to discharge objectives for a frail, poorly mobile individual frequently divides
treatment teams.
Opverall, there is no need for reduced mobility to reinforce the frailty stereotype;

both are potentially modifiable, and tailored intervention strategies are paramount.
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Abstract
This chapter underscores the importance of interprofessional collaboration in the care of frail older
patients. Hospital-based care is emphasized because interprofessionalism is difficult in that setting
since the setting is constantly changing and since multiple healthcare professionals care for many
complex, very ill patients, only some of whom are frail older people. Interprofessionalism is particu-
larly important and challenging in teaching units in the acute care setting, where many health pro-
fessionals practice and learn together and team membership changes frequently. Learning is en-
hanced and interprofessionalism can enhance learning by viewing the patient as a key part of the
teaching team. While ‘best practice’ interventions have been identified for frail older adults who are
hospitalized, these interventions are not easily implemented in routine hospital care. Three interde-
pendent processes in clinical practice - representation, sense-making, and improvisation — are de-
scribed, which contribute to an understanding of how practices change when implemented in a way
that takes the local context into account and keeps person-centered care as the central consideration.
© 2015 S. Karger AG, Basel

Frail older adults are defined by their multiple, interacting medical and social prob-
lems. A range of skills is often required to meet their many complex needs and offer
meaningful care. These skills typically are shared by many team members, where ‘team’
expertise evolves through the interdependent and collaborative work of multiple, in-
terdependent disciplines. People in these disciplines need to be able to work together
to achieve the best effect. Understandably, bringing together people with different
points of view can be a challenge. Perhaps more surprisingly, the challenge is often
glossed over. One context in which interprofessionalism and care of the frail older per-



son are infrequently discussed in the literature is the acute care environment, and spe-
cifically clinical teaching units (CTUs) where learners from many disciplines could be
introduced to and learn about interprofessional collaboration. This chapter contrib-
utes conversation to that gap. We begin by introducing the CTU of an academic health
sciences center and three frail older patients in that unit. This will situate the reader in
a particular context that can be kept in mind as we develop the theoretical elements.
We then articulate the case for and some key principles of interprofessionalism (a term
that we intend to capture interprofessional collaboration in practice [IPC], education
[IPE], and research). Next, we discuss a theoretical framework of practice as a founda-
tion for interprofessionalism and draw attention to three interdependent processes
that interact as the practices of/in particular communities: (i) the development and use
of practical, locally relevant, evidence-informed practice guidelines and policies (rep-
resentation); (ii) processes of shared sense-making; and (iii) processes through which
the moment-by-moment improvisation is enacted as professionals conduct their prac-
tice in the constantly changing clinical environment. Compassionate, person-cen-
tered, interprofessional collaborative practices emerge in this interdependent web. We
argue that this triad of complex processes (representation, sense-making, and impro-
visation) constitutes the interdependent process of interprofessionalism in theory and
in practice, including practice settings that aspire to provide high-quality care for frail
older adults.

Introduction to the Clinical Teaching Unit at the University Health Center

The (fictitious) CTU at the university health center described here is a 38-bed inpa-
tient unit in an academic teaching hospital. We will shortly describe three frail older
patients who are among many other patients being cared for in the unit. Of the other
35 patients, 9 are over the age of 70 but are not considered frail, and 2 are designated
‘Alternate Level of Care’ and are awaiting nursing home placement. The remaining
24 patients are adult patients with a variety of acute conditions, such as heart and/or
renal failure; acute exacerbation of chronic lung disease; stroke; sepsis; community-
acquired pneumonia; and failure to thrive related to health issues linked to homeless-
ness, mental health issues, and/or substance abuse.

There is a medical director for this service; she is the attending physician 1 week
out of 10 but always carries administrative responsibility for medicine. Direct medical
care is provided by nine attending physicians who rotate every week, a chief resident
on the service for 1 year, one senior and two junior residents who rotate every 1-2
months, and four medical students who rotate every 4 weeks. The unit manager is a
nurse who is also responsible for two other hospital units where patients on the teach-
ing service may also be cared for. There is a unit-based charge nurse on every shift.
Registered nurses, registered practical nurses, and personal support workers work
12-hour shifts, rotating through 2 day shifts and 2 night shifts followed by 4 days off.
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Other full-time unit-based staff include unit clerks, a physiotherapist, an occupation-
al therapist, reactivation workers, a dietician, a social worker, and a respiratory thera-
pist. Part-time staff include a pharmacist, a chaplain, and the cleaning staff. Other staff
come and go and interact with patients, such as phlebotomists, x-ray technologists,
psychologists, medical consultants, porters, security personnel, patient support work-
ers, and volunteers. Visiting hours are unrestricted, and since many of the patients are
extremely ill, it is common for visitors to be present around the clock.

Each weekday, the attending physician, residents, medical students, charge nurse,
physiotherapist, occupational therapist, dietician and social worker meet for ‘bullet
rounds’. Each patient is discussed in rapid succession, and team members are expect-
ed to note barriers to discharge and to recommend a treatment plan for the day. Plans
are recorded by the charge nurse but are often not communicated to the point-of-care
nurses, and while the written record of the plan for the day is available at the nursing
station, few nurses read it, and even fewer medical or allied staff refer to it. New staff
or those who tend to be introverted often remain silent, so their contributions are eas-
ily missed. Some feel intimidated by the whole process. The unit environment feels
hectic and disorganized, though the numbers of reported incidents of medication er-
rors, falls, and injuries to patients and staff are quite low. The reader is invited to keep
this busy and somewhat unpredictable context in mind and to imagine how interpro-
fessionalism might be enacted in this unit in the context of the reader’s own experi-
ence in the management of frail older patients.

The Case for Interprofessionalism

Contemporary health services increasingly serve patients with multiple, complex
chronic illnesses, and they require interteam and interagency coordination [1]. For
older adults suffering acute illness or injury requiring hospitalization, every hour
and every staff encounter counts to achieve the best possible outcomes. In Canada,
over 50% of acute care hospital beds are occupied by seniors (persons aged 65 years
and older) on any particular day [2]. About one third of older persons admitted to
acute care are discharged at a significantly reduced level of functional ability, and
most never recover to their previous level of independence [3]. Hospital costs rise
because of complications associated with hospital care, at least some of which are
avoidable. Patients and their families/caregivers may also experience unnecessary
financial and social costs associated with recurrent admissions, loss of indepen-
dence and diminished quality of life. Frustrating gaps in care in the transitions be-
tween care sectors introduce additional risks. These multifaceted, intersecting is-
sues represent solvable problems for which the development of sustainable solu-
tions must be a top priority.

Comprehensive, interprofessional geriatric assessment and management strategies
can prevent readmission to the hospital, but challenges related to collaboration across
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multiple professions in the transition from the emergency department (ED) to inpa-
tient units and subsequent return to the community can lead to functional decline and
an increase in hospital length of stay. Prolonged wait times in busy EDs and delays
before treatment is activated are common in hospital wards and also increase risk.
Interprofessional collaboration is widely thought to be an essential feature of respon-
sive care processes that address the urgent needs of older adults in acute care settings
[4]. The complexity of health issues faced by older adults who are admitted to acute
care settings is well known and complicated by the fact that less than 50% of all older
adults are up to date on preventive health services [5]. In some settings, older adults
take an average of 19 medication doses daily and see 5 specialists and 2 primary care
physicians in four different locations each year, very little of which is reported on en-
try to a hospital setting. In the hospital, an older person admitted for a surgical pro-
cedure will see 27 different healthcare providers during the hospital stay, and less than
half will follow-up with their primary care physician [5]. A face-value argument in
favor of a comprehensive, integrated, interprofessional approach to care for frail old-
er adults, including comprehensive geriatric assessment, is justified and has been
shown to minimize these risks [6] (see also Chapter 8).

The World Health Organization [4] concluded that research over the last 50 years
shows convincing evidence that health services are optimized and health outcomes
improved through effective interprofessional collaborative practice. The same report
also acknowledged that there is sufficient evidence to draw causal inferences between
effective interprofessional education and effective collaboration in practice. At least
in developed countries, modern healthcare systems consist of complex and variably
integrated systems that deliver care in multiple sectors (e.g. acute care, rehabilitation,
primary care, home and community care, and long-term care) and that involve mul-
tiple professions and support staff. Unique disciplines and specialty practices within
a single profession have grown exponentially. Often, the theory and technical lan-
guage as well as the professional culture of different professions, and even those of
disciplines within a single profession, can be unintelligible across disciplinary borders
[7]. This is all the more challenging for frail older adults and their families. Making
sense of healthcare services with and for patients is a goal of interprofessionalism that
is often unmet.

The complexity of need is often cited to explain why it is so important that we prac-
tice collaboratively in healthcare [8, 9]. Both IPE and IPC have an overarching goal of
supporting compassionate, person-centered care, a term that we use to point to the
importance of including patients and their families as contributing members of the
healthcare team and also to the importance of relationships with and between mem-
bers of the healthcare team. The Canadian Interprofessional Health Collaborative
(CIHC) developed a well-known competency framework for collaborative practice
(2010). This framework is being widely used internationally as a guide for the develop-
ment of interprofessional curricula and interprofessional practice standards (fig. 1

[10]).
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Fig. 1. National interprofessional competency framework.

Key Principles of Interprofessional Collaborative Practice

The 2010 CIHC framework is set against a background of quality improvement and ac-
knowledges the importance of context as well as the continuum of simple to complex
circumstances within any given context. The framework then overlays four
interprofessional competencies (role clarification, teamwork, collaborative leadership,
and interprofessional conflict resolution) on two additional competencies key to all,
namely, interprofessional communication and patient-centered care. These six compe-
tencies describe the attributes of effective team function and the characteristics required
by practitioners to be considered ‘interprofessional practice-ready’. Lingard points out
that individual and team competence are not linked in a simple, linear way [8]. She ar-
gues that (i) competent practitioners do not necessarily come together as a competent
team; (ii) a practitioner may effectively collaborate on one team, but not another; and
(iii) an incompetent practitioner may unravel one competent team, but not another. In
the enactment of these competencies by/between individual practitioners, interprofes-
sionalism becomes a complex ‘dance’ performed differently in each context and even in
multiple ways within a single context as team membership shifts over the course of the
day and as the needs of each patient are prioritized considering the needs of all of the
patients. Because of this, team principles, practices and strategies for the enactment of
interprofessionalism resist ‘universal” heuristics and instead emerge in both predictable
and unpredictable ways as we work together in real time. We will explore this idea of
the emergence of the practices of particular communities in more depth shortly.

As stated, the World Health Organization [4] concluded that evidence links effec-
tive IPC, at least in part, to effective IPE. IPE often focuses on the competencies (for
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example, [10]), which, once mastered, are likely to lead to effective collaboration. Still,
it is sometimes easy to lose sight of the patient in this. Bleakley et al. [11] argues that
IPE can also be understood as learning ‘from, with, and about patients’, where the pa-
tient is the living text. The interprofessional team becomes a resource for learners who
have a direct relationship with the patient-as-teacher, which is not mediated by a
clinical or academic teacher. Osler’s famous quote also speaks to this way of thinking:
‘... it is a safe rule to have no teaching without a patient for a text, and the best teach-
ing is that taught by the patient himself [12].

In caring for frail older adults who are hospitalized, the intent and ideology of pa-
tients-as-teachers [13] may be challenged by the ability of the patient and his/her fam-
ily to fully participate. However, engaging with frail older patients and their families
as ‘text’ is a crucial part of creating what Bleakley et al. [1] call a ‘knowledge-generating
dialogue’. In this way, the patient can literally speak for him/herself so that the intent
of collaborative, patient-centered care can be achieved. The text offered by a patient
and/or his/her caregivers that are of most interest to each team member might vary,
but each potential focus is an important part of the whole person, inclusive of physi-
cal, biological, emotional, relational, spiritual, socioeconomic, and environmental as-
pects of his/her past, current and potential future life story. We suggest that this no-
tion of ‘knowledge-generating dialogues’ is what crucially distinguishes collaboration
from other concepts of team function, such as communication, coordination or co-
operation. It is also crucial to understanding the vital role of the patient as part of not
only the care team but also the teaching team.

Work by Benner et al. [14] offers three additional principles that are helpful in
thinking about (interprofessional) practice. They call for practitioners and teams to
develop of a ‘sense of salience’, citing that since it is impossible to identify every pos-
sible contingency in clinical algorithms or care guidelines, practitioners and teams
must develop a keen ability to understand what is important. This certainly applies to
a particular patient, but it also requires a continuing sensibility to the overall context
in which care occurs. The multiple competing demands of the CTU described at the
beginning of this chapter, for example, comprise a specific risk to the provision of the
right care at the right time for frail older adults, whose urgent need for mobility may
need to compete with the equally legitimate needs of acutely ill adults in need of ur-
gent procedural interventions. We suggest that it is in this real-world context of com-
peting legitimate priorities that a deep understanding of ‘practice’ is critical to the
development of a functional approach to interprofessionalism.

The second principle that Benner et al. [14] call for is integrative thinking. Integra-
tive thinking promotes clinical intuition, in which, through continuing conversations,
practitioners draw on propositional and situational knowledge, professional judgment,
skilled know-how, and ethical comportment to anticipate the outcome of particular in-
terventions. Doctors do not prescribe analgesics, and nurses do not give these drugs just
to see what will happen; they anticipate that the particular pain that a patient is experi-
encing will be significantly less within a given time, and if it is not, adjustments to dose
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Table 1. Key competencies/characteristics of interprofessionalism

Key competencies/aptitudes of interprofessionalism

CIHC interprofessional competencies [10] Benner et al. [14]
Patient/client/family/community-centered care A sense of salience
Interprofessional communication Clinical imagination
Role clarification Moral imagination

Interprofessional conflict resolution
Team functioning
Collaborative leadership

and/or frequency or an alternate view of the patient’s condition can be considered. Ef-
fective interprofessional practices build clinical intuition, and team members rely on
each other to develop a robust, integrated approach to the generation of relevant clinical
knowledge, not only for a particular patient but also for the context in which they are
providing care for multiple patients. Integrative thinking is part of what generates the
habits and routines of a team and contributes to the development of improvisational
skills that are needed among team members to manage multiple emerging demands that
cannot be fully predicted. This emergent property of healthcare is described by Bleakley
[1] as one in which “... stability is replaced by... a permanent state of fluidity, resulting in
a complex context that carries with it high levels of uncertainty’. Emerging population
demographics and the increasing challenge of hospitalized frail older adults create some
of the most complex challenges in healthcare environments that are, themselves, inher-
ently complex. Effective and fluid collaboration among team members is essential.
Finally, Benner et al. call for the development of moral imagination, by which they
mean the ability to quickly form effective relationships and to act with compassion,
whether imparting news of a difficult diagnosis, talking about options of care, inserting
an intravenous catheter, changing ventilator tubing, doing an assessment, or interacting
with team members. Most healthcare encounters are brief; many are less than a minute,
and this is also true of many encounters between healthcare providers on a team. De-
veloping moral imagination invites a different way to conceive of the importance of
these encounters, however brief or technical they might be. Table 1 summarizes the six
CIHC competencies and adds the three additional aptitudes suggested by Benner et al.

Interprofessional Collaboration Reconsidered

Interprofessional collaboration is thought to be a phenomenon that is context specific,
meaning that there is no single right way [15]; is responsive, evolving and emergent
[16]; and involves continuous interaction and interdependence [17]. These character-
istics are consistent with ideas put forward by practice and organizational theorists such
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as Nicolini [18], Sandberg and Tsoukas [19], and Bourdieu [20]; social theorists such
as Flyvbjerg et al. [21]; and medical education and social theorists such as Hodges and
Lingard [8]. Not uncommonly, healthcare providers are taught and come to believe that
they act independently and have the ability to make unencumbered decisions through
independent cognitive and interpretive processes. Moreover, even though there is a
broad understanding that ‘best and evidence-informed practice’ must be modified to
suit individual circumstances, continued use of the ‘knowledge translation” metaphor
in healthcare suggests that we cling to the hope of stability and standardization that
make it is possible to literally translate best practice guidelines into our daily practice.
Similarly, standard interprofessional team development typically focuses on gaining
agreement on the team’s mission, vision, values and goals, understanding of roles and
the scopes of practice of each discipline (which increases understanding of each disci-
pline’s competencies and contributions but may also strengthen professional boundar-
iesand reduce collaboration), generating agreement about the rules of engagement and
carefully defining team processes. Collectively, these agreements are often known as
‘team charters’ and align with a ‘will-to-stability’ that may frustrate the ‘will-to-adapt-
ability’ required to accommodate the frequently changing circumstances of the clinical
environment [1]. Too often, as we hope that the reader has now noticed, the focus on
compassionate and person-centered care has gone missing!

The conditions under which team members must act, particularlyin acute care CTUs,
change faster than it takes particular ways of acting to become habitual or routine. Acute
care contexts in particular are plagued with frequent changes in practice occasioned by
new practice guidelines, new equipment, or new policy. Often, the sense is that one
change is barely implemented before the next one comes along. Or the next patient
comes along. Or one of the patients whom we are responsible for takes an unexpected
turn. Or a staff member calls in sick and is replaced by someone not familiar with the
caseload or the service. Or a relationship that is tenuous at best erupts into overt hostil-
ity. Or a patient falls and is injured. Or an in-service education session takes six staff off
the floor. Or there is a shift change. The imagined stability of formal, well-defined team
processes cannot take into account the degree to which the practices of any given com-
munity face frequent shifts in priorities as the moment-by-moment clinical circum-
stances emerge in ways that are not always predictable. Specific practices in a care com-
munity (such as the CTU that we described) arise and become articulated through algo-
rithms and best practice guidelines but are enacted through processes in which team
members (including patients) together make sense about what is needed and what is
possible and through processes in which team members (including patients) then nego-
tiate action on clinical decisions within the complex and changes clinical circumstances
they encounter [22]. We argue that algorithms and guidelines give us guidance about
what to do, but making sense of the way in which guidelines apply in particular circum-
stances and how we work together to enact them is a critical element of collaborative
practice and should be given equal weight when thinking about our practices. Figure 2
shows person-centered care in the intersection between all three process domains.
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To make sense of interprofessional collaboration
and compassionate, person-centred care,
we need to develop a 'thick’
understanding of practice ...

Representation

Compassionate,
collaborative,

person-
centered

Sense-making

Improvisation

Three interdependent
processes, each of
Fig. 2. The three interrelated which is very complex,

partial, critical ...

processes of practice.

Three Interdependent Processes of Practice

Practitioners simultaneously act in all three of the process domains described above.
We do not mean to imply a specific starting point or sequence, but suggest that actions
in all three domains are likely to occur simultaneously and iteratively. We do mean to
show how different ways of knowing and acting influence our collective and individ-
ual practices. This will help us to understand teamwork and interprofessionalism as
emergent contextual actions undertaken by practitioners and patients, and not as a
stable set of idealized principles. Practice theorist Theodore Schatzki [23] argues that
practices provide the ‘conditions of intelligibility’ for action; that is, the practices of
particular communities [24] explain why certain actions make sense and others do not.
These conditions define, to some extent, what can and cannot be seen, said or done
and explain why, for example, practices can be different between different units in one
hospital and between similar services in one hospital compared to another, even though
similar services rely on the same ‘best practice guidelines’ and organizational policies.
Practices — what Bourdieu [20] calls ‘habitus’, or the way in which people in particular
contexts tend to act — largely arise from the ongoing interactions between the members
of a particular community of practice, and much less from the correct translation of
science, the blind enactment of policies, or the perfect execution of strategic plans or
professional competencies designed to generate specific outcomes [25]. We do not
mean to imply that guidelines, policies and competencies are unimportant or that they
do not influence practices. It is just that approaches to changing practice must also take
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into account the importance of the processes of sense-making among interdependent
people as they negotiate and improvise their work. An important reason for taking this
more complex view is that we do not generally experience ‘perfect’ patients, with the
one problem for which these policies, competencies, or best practices were designed.

Figure 2 shows the three domains of practice that we have been discussing. Prac-
tices, including interprofessional practices, are a thoroughly social and emergent phe-
nomenon constituted by interdependent and iterative processes of representation
(such as policies and practice guidelines), sense-making (through negotiation and
reflective and reflexive practices), and improvisation (deciding how to act in the cir-
cumstances at the point and in the moments of care) [22]. In the following sections,
we briefly outline some elements that are likely to influence practice in each of these
process domains. Compassionate, person-centered care is the central focus in this
scheme. We use the term ‘person-centered care’ (as opposed to ‘patient-centered
care’) to reflect care processes and decision-making that include a broad concern for
inclusion of and respectful, knowledge-generating relationships with patients and
families and between staff (including physicians).

Processes of Representation

An outcome of the dominance of modern scientific tradition is the search for more pre-
cise, more ‘accurate’ descriptions (‘representations’) thought to come closer and closer
to a final ‘truth’, or the pre-given essence of a thing (see fig. 3). This approach values
objectivism and hypothesis-driven deductive scientific methods. Findings are repre-
sented in documents such as best practice guidelines, clinical algorithms and practice
guidelines, policies, professional regulatory guidelines, and even strategic planning;
particularly in healthcare, reliance on these methods has also resulted in the develop-
ment of ‘implementation science’ [26], such as Roger’s Diffusion of Innovation [27].
Clinically, this way of thinking includes the use of various technically based forms of
assessment, including metrics like lab values and imaging, which represent the state of
health of an organ or physiologic system. Aristotle referred to this way of thinking as
‘episteme’, from which the modern term ‘epistemology’ (scientific knowledge) is de-
rived [21]. When interprofessional teams are described in documents in terms of such
aspects as roles and responsibilities, the scope of practice, strategic plans, goals and ob-
jectives, policies and procedures, and rules of engagement, this representation of ‘team-
ness’ reflects a will-to-stability and predictability [1] and ignores the complex and
changing contexts in which team members must practice. Even so, these clinical and
team representations in practice are helpful in terms of orienting thought and activity,
establishing a sense of shared purpose and effort, and postulating ideals that teams
might strive toward. What a document cannot do is make sense of the contingent and
unique circumstances in which they are to be applied or reform itself in response to the
generation of new practice-based knowledge [28].
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Fig. 3. Processes of representation.

Processes of Sense-Making

People, and not guidelines, make sense of the representations of practice in both clinical
and team function contexts (see fig. 4). The importance of this self-evident truth is eas-
ily dismissed even though guidelines and other representations of practice are devel-
oped from questions that arise in practice. Stacey [25] draws attention to the fact that
practice and theory are not dichotomous - that is, separate entities wherein in one mo-
ment, we practice, and in another, we theorize — but rather are paradoxically two aspects
of the same phenomenon in which both are always at play. This makes sense when we
think about the difference between a novice and an experienced practitioner or between
a seasoned team and one recently formed to provide a new service. The novice practi-
tioner or new team might rely more heavily on representations initially but will soon
begin to reform theory based on experience. In the team context, interprofessional col-
laboration is supported by making explicit the processes of understanding the applica-
tion of guidelines or policies in the context of specific patients or circumstances.

The processes involved in sense-making include activities such as reflective and re-
flexive practices, discussing and coming to agreement on shared goals, collaborative
decision-making, discernment of the salient features of complex circumstances, use of
multiple ways of thinking, and the development of clinical and moral imagination [14,
22]. A feature that distinguishes collaboration from other processes, such as communi-
cation, cooperation or coordination, is the idea of knowledge-generating dialogues [1]
between team members, including patients and families. Communication transmits
information, cooperation is a relational stance for mutual benefit, and coordination is
a sequencing strategy. Collaboration consists of conversation in which new knowledge
that did not previously exist is (or could be) generated and informs further deliberation
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Fig. 4. Processes of sense-making.

and/or action in ways that no one person would have come to on his/her own. With this
understanding of collaboration, we see that not every clinical circumstance or team
function need be collaborative. It is perfectly appropriate at times to simply communi-
cate or coordinate, and most of the time, tacit agreements around cooperation are part
of the social contract of our practices. A face-value argument can be made, stating that
the work of true collaboration - or of knowledge-generating conversations — would not
be productive if applied in every situation. Complex situations in which diagnosis and
treatment options are not at all clear or in which managing challenging interpersonal
dynamics within teams or between providers and patients is difficult to get through
would benefit from a collaborative approach. Much of what we call interprofessional
collaborative practice is not true collaboration and does not need to be. The fact that
collaboration is not needed in all circumstances and that it is not generally understood
as knowledge-generating dialogues may contribute to the frequently expressed senti-
ment that it is difficult to find model collaborative practice settings where students can
experience and learn to apply what they have learned about IPC in educational settings.
The intellectual tradition that Aristotle most closely associated with sense-making
is ‘phronesis’ [21]. Aristotle thought that phronesis (practical wisdom) was the most
important of the intellectual traditions, and unlike for episteme (which translates to
the modern term ‘epistemology’) or techne (which translates to the modern terms
‘technique’ and ‘technology’), there is no modern translation of the word. However,
it is an intuitive truth that all healthcare practitioners rely on practical wisdom more
and more as they gain experience that re-forms their theory. It is the complex, inter-
acting needs of frail older patients in the hospital that are forcing us to re-think how
models of care and care plans can be used to help practitioners gain experience in
dealing with those issues, which goes beyond best or evidence-informed practice.
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Fig. 5. Processes of improvisation.

Processes of Improvisation

Representation processes expose what we believe that we ought to do in a general and
acontextual sense. Processes of Sense-making occur between people who are deeply
engaged in a given practice to understand what the next step is, given the unique cir-
cumstances in the particular situation in which they must act. Processes of improvisa-
tion are those of application (see fig. 5). This is where the rubber hits the road: where
best practice has been carefully considered in light of contingent circumstances that
we face and where we bring to bear our experience, knowledge (tacit and explicit) and
skills and, finally, take the next step. We take action, action that, in every clinical en-
counter and every team encounter, calls on us to know more than we were taught and
that we have never before experienced in quite the same way. There is, of course, a great
deal more carryover of thinking and action compared to what might be new. Thus,
there is no intent to imply that our actions are random, entirely invented, or without
the strong foundation of knowledge, skills, and attitudes. However, improvisation is
always needed: what priorities are most important, what equipment is or is not avail-
able, what state of mind the patient is in, whether other practitioners have completed
tasks that are prerequisite to the action that you must take. We almost always act with
others, and this calls on us to negotiate differences in focus, professional and personal
values, professional identity and power potential; that is, to attend to our own sense of
what needs to happen, balanced with ethical considerations, professional regulation,
and policies and guidelines. Processes of improvisation recognize the interdependence
of these and other factors that influence what decisions and action are available for us
and then help to decide what the next action to follow might be.
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Aristotle’s final two intellectual traditions, techne and metis, influence improvisa-
tion most. “Techne’ has been translated to our modern notions of technique and tech-
nology, or psychomotor skills and aptitudes. ‘Metis’ refers to something like practical
wisdom but additionally refers to a kind of ‘cunning’, such as a sense of when to per-
form an action that, in most circumstances, would not be consistent with ‘best prac-
tice’. A practitioner might, for example, rely on metis to start or stop a particular treat-
ment when he/she is still unable to quite say why he/she is making that decision, or
the ‘gut feel’ decision that all seasoned practitioners make that they sometimes find
difficult to explain to students. This is particularly relevant to managing end-stage
disease in frail older people, when what ‘ought’ to happen may be difficult to say with
any certainty.

We suggest that these three interdependent process domains are what we are doing
when we work together in a particular practice community: that is, interprofessional
collaboration in a particular practice setting. In the concluding section of this chapter,
we will return to reflect further on the context that we described at the beginning,
namely, a CTU in the acute care setting, and to explore the notion of whether or not
there is a single best practice for the interprofessional management of frail older adults
in this setting.

Summary

Over the last two decades, there has been growing evidence for specific ‘elder-friend-
ly’ interventions and models of care in single care locations within a hospital, such as
the ED [29, 30] and inpatient settings [31-33]. These studies have demonstrated both
economic and social benefits of interprofessional care, including reductions in length
of stay, readmissions and inappropriate resource utilization. Even though many suc-
cessful interventions have been identified as best practice and have good evidence to
support their development and broad implementation [34], effective interventions
are not always easily transferred from clinical studies and implemented in routine
hospital care [35]. We argue that the ‘representation’ of practice established in these
studies is only the first step. Locally relevant modifications must be made in each care
setting through local processes of sense-making and ‘improvisation’ and then re-pre-
sented as new theory derived from practice wisdom. Many traditional models of im-
plementation of care plans (typically within the nursing discipline) or geriatric con-
sultation services (typically physician-driven) may fail to engage the care team in the
collaboration (knowledge-generating dialogues) required for truly person-centered
care. Particularly in a setting with many competing demands and priorities, such as a
CTU, we speculate that practices are especially challenging to articulate and change.
The ‘reciprocal mentorship” implied by the notion of collaboration as knowledge-
generating dialogues invites interprofessionalism into the learning and practice envi-
ronment in its broadest sense. Our individual and collective experience contributes to
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the evidence informing our best practice as that ideal applies to THIS patient in
THESE particular circumstances; there is no universal magic bullet. If we genuinely
understand and accept that there is no magic bullet, we would need to completely re-
think how practices change and to take very seriously how the three interdependent
processes of practice interact every day through every encounter to build our theory/
practice paradigms. We suggest that multiple models of care intersecting in comple-
mentary ways are needed to effectively address the complex practice and education
issues, including competing priorities that get in the way of providing appropriately
responsive care for management of the urgent needs of frail older adults. The question
of whether it is best to manage hospitalized frail older adults as a cohort population is
complex and will be even more so as older adults comprise a larger and larger propor-
tion of the hospitalized population. Will it even be possible to consider older adults as
a cohort going forward? Will there be sufficient numbers of geriatricians and other
healthcare personnel skilled and interested in the management of frail older adults, or
will we need everyone to understand and manage this population, no matter where
they are located? Integrating specialized geriatrics services within general populations
seems to be a more likely strategy and will require the deep understanding of and en-
gagement with the integrated processes of practices that we have proposed.

Acknowledgments

MCEB acknowledges the support of the ‘AMS Phoenix Project: A Call to Caring’ in this work.

References

1 Bleakley A: Working in ‘teams’ in an era of liquid’ 6 Caplan GA, Williams AJ, Daly B, et al: A randomized,

healthcare: what is the use of theory? ] Interprof Care controlled trial of comprehensive geriatric assessment
2013;27:18-26. and multidisciplinary intervention after discharge of
2 CIHI Discharge Abstract Database — http://www. elderly from the emergency department-the DEED II
cihi.ca/CIHI?ext?portal/internet/EN/Quick_Stats/ study. ] Am Geriatr Soc 2004;52:1417-1423.
quick+stats/quick_stats_main?xQSType=Interactive 7 Hall P: Interprofessional teamwork: professional
Data&pageNumber=2&resultCount=10&filterType cultures as barriers. ] Interprof Care 2005;(suppl 1):
By=2&filterTopicBy=undefined&autorefresh=1# 188-196.
(Accessed July 26, 2011). 8 Hodges BD, Lingard L: The Question of Compe-
3 Covinsky KE, Eng C, Lui LY, et al: The last 2 years of tence: Reconsidering Medical Education in the 21st
life: functional trajectories of frail older people. ] Am Century. Ithaca, NY, Cornell University Press, 2012.
Geriatr Soc 2003;51:492-498. 9 Thistlewaite J: Values-Based Interprofessional Col-
4 World Health Organization: Framework for action laborative Practice: Working Together in Health
on interprofessional education and collaborative Care. Cambridge, Cambridge University Press, 2012.
practice. 2010. http://www.who.int/hrh/resources/ 10 Canadian Interprofessional Health Collaborative
framework_action/en/ (accessed May 21, 2014). (CIHC):  2010. https://www.cihc.ca/resources/
5 Institute of Medicine: Best Care at Lower Cost: The publications 9/23/20 (accessed December 12, 2012).
Path to Continuously Learning Health Care in 11 Bleakley A, Bligh J, Browne J: Medical Education for
America. Washington, DC, The National Academies the Future: Identify, Power and Location. New York,
Press, 2013. Springer, 2011.
Frailty and Interprofessional Collaboration 135

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 121-136 (DOI: 10.1159/000381204)



12

13

14

15

16

17

18

19

20

21

22

23

24

Osler W: The Hospital as a College. Aeguanimatus
and Other Addresses Chapter XVI. London, HK
Lewis, 1905.

Spencer ], Godolphin W, Karpenko N, et al: Can Pa-
tients Be Teachers? Involving Patients and Service
Users in Healthcare Professional Education. London,
The Health Foundation, 2011.

Benner P, Suthpen M, Leonard V, et al: Educating
Nurses: A Call for Radical Transformation. San
Francisco, CA, Jossey-Bass, 2010.

Health Canada: Enhancing interdisciplinary collabo-
ration in primary health care: a change process to sup-
port collaborative practice. 2006. http://www.apps.
hc-sc.gc.ca/hcs-sss/phctf-fassp.nsf/lkAttachments/7
C63B73389EA76D88525728F00667E7A/$File/05E_
SUM_EnhanceCollab.pdf (accessed June, 2007).
Lahey W, Currie R: Regulatory and medico-legal
barriers to interprofessional practice. J Interprof
Care 2005;19(suppl 1):197-223.

D’Amour D, Iabdasab I: Interprofessional Educa-
tion for Collaborative Patient-Centred Practice: An
Evolving Framework. Chapter 10. Ottawa, Canada,
Queen’s Printer, 2004.

Nicolini D: Practice Theory, Work & Organization:
An Inroduction. Oxford, Oxford University Press,
2013.

Sandberg J, Tsoukas H: Grasping the logic of prac-
tice: theorizing through practical rationality. Acad
Manage Rev 2011;36:338-360.

Bourdieu P: Outline of a Theory of Practice. Nice R
(trans). Cambridge, Cambridge University Press,
1977.

Flyvbjerg B, Landman T, Schran S: Real Social Sci-
ence: Applied Phronesis. Cambridge, Cambridge
University Press, 2013.

Briggs MCE: Complexity and the Practices of Com-
munities in Health Care: Implications for an Internal
Practice Consultant; thesis, School of Business, Uni-
versity of Hertfordshire, Hatfield, UK, 2012, p 195.
Schatzki TR: The sites of organizations. Organiza-
tional Studies 2005;26:465-484.

Gherardi S: Community of practice or practices of a
community; in Armstrong S, Fukami C (eds): Hand-
book of Management Learning, Education, and De-
velopment. London, Sage, 2009.

Dr. Marion C.E. Briggs

Northern Ontario School of Medicine
935 Ramsay Lake Road, Rm 233 HSERC
Sudbury, ON P3E 2C6 (Canada)

E-Mail mbriggs@nosm.ca

136

25

26

27

28

29

30

31

32

33

34

35

Stacey RD: Complexity and Organizational Reality:
Uncertainty and the Need to Rethink Management
After the Collapse of Investment Capitalism, ed 2.
London, Routledge, 2010.

Stacey RD: Strategic Management and Organiza-
tional Dynamics: The Challenge of Complexity, ed 5.
Essex, Prentice Hall, 2007.

Rogers JC, Holm MB, Beach S, et al: Concordance of
four methods of disability assessment using perfor-
mance in the home as the criterion method. Arthritis
Rheum 2003;49:640-647.

Gabbay ], Le May A: Practice-Based Evidence for
Healthcare: Clinical Mindlines. New York, Rout-
ledge, 2011.

McCusker J, Cole M, Dendukuri N, et al: Delirium in
older medical inpatients and subsequent cognitive
and functional status: a prospective study. CMA]J
2001;165:575-583.

Mion LC, Palmer RM, Meldon SW, et al: Case find-
ing and referral model for emergency department el-
ders: a randomized clinical trial. Ann Emerg Med
2003;41:57-68.

Inouye SK, Bogardus ST Jr, Baker DI, et al: The Hos-
pital Elder Life Program: a model of care to prevent
cognitive and functional decline in older hospital-
ized patients. Hospital Elder Life Program. ] Am
Geriatr Soc 2000;48:1697-1706.

Landefeld CS, Palmer RM, Kresevic DM, et al: A ran-
domized trial of care in a hospital medical unit espe-
cially designed to improve the functional outcomes
of acutely ill older patients. N Engl ] Med 1995;332:
1338-1344.

Naylor MD, Brooten D, Campbell R, et al: Compre-
hensive discharge planning and home follow-up of
hospitalized elders: a randomized clinical trial.
JAMA 1999;281:613-620.

Rockwood K: Capacity, population aging and pro-
fessionalism. CMAJ 2006;174:1689, 1691.

Reuben DB: Making hospitals better places for sick
older persons. ] Am Geriatr Soc 2000;48:1728-1729.

Briggs - McElhaney

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 121-136 (DOI: 10.1159/000381204)



Evaluation and Management of Frailty

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 137-150 (DOI: 10.1159/000381229)

Frailty and Rehabilitation

lan D. Cameron? - Susan E. Kurrle®

2John Walsh Centre for Rehabilitation Research, Sydney Medical School Northern, The University of Sydney,
Kolling Institute, Royal North Shore Hospital, St Leonards, N.S.W., and PDivision of Rehabilitation and Aged
Care, Hornsby Ku-ring-gai Health Service, Hornsby, N.S.W., Australia

Abstract

Rehabilitation approaches to frailty are in the early stages of development. Frailty also shows prom-
ise as a prognostic indicator for rehabilitation programs, similar to its application in other areas of
medicine. However, care should be taken not to exclude frail older people from rehabilitation, as has
been the case at some centers for people with cognitive impairment or very severe disability. There
are clear theoretical reasons to expect that a rehabilitation approach will be effective. Some experi-
mental data are also available suggesting that rehabilitation is effective in frail and pre-frail older
people. The principles of a frailty intervention program that have been demonstrated to be clini-
cally and economically effective are as follows: first, frailty can be mitigated; second, support needs
are individually addressed; third, the interventions aim to improve physical, cognitive and social
functioning; fourth, support has to be delivered over a long time period; and finally, systems must
facilitate consistent management. Most frail older people are encouraged and supported to adhere
to their intervention plan. It is important to recognize the needs of families and/or carers and to en-
gage with them. ©2015 S. Karger AG, Basel

Older people with disabilities are frequent participants in rehabilitation programs [1],
and rehabilitation has been shown to be effective for older people with high-preva-
lence diseases or injuries [2, 3]. Most older people participating in rehabilitation pro-
grams fit the definitions of frailty [4]. Depending on the conceptualization of frailty,
it might be a temporary or permanent state. If frailty is conceptualized as a temporary
state, then rehabilitation is likely to facilitate its resolution.

The objectives of this chapter are to describe approaches to rehabilitation in frail
older people, to examine frailty as a mediating factor in establishing the rehabilitation
potential of older people, and to illustrate the components of a frailty rehabilitation
program that have been shown to be effective.



Defining Rehabilitation

Rehabilitation programs aim to restore the functional capacities of disabled individu-
als and to prevent further disability [5]. The major goal of rehabilitation programs for
older people is to assist them with managing personal activities of daily living without
the assistance of another person. If this is not possible, then their goal is to minimize
the need for external assistance through the use of adaptive techniques and equip-
ment. It is important for health care professionals who work with older people to be
able to recognize both their need for rehabilitation and their potential to benefit from
such a program.

Rehabilitation services can be provided in a wide range of settings, depending on
the patient needs and service availability. These settings include traditional inpatient
rehabilitation wards and outpatient clinics, and rehabilitation is increasingly being
provided in other settings, such as the home, acute hospital wards and high-depen-
dency units, to assist in preventing functional decline [6]. The provision of rehabilita-
tion services requires an interdisciplinary approach utilizing a wide range of health
care professionals (including nursing, medical, physiotherapy, occupational therapy,
speech pathology, social work, and psychology professionals) working together with
the patient and his or her family.

The International Classification of Functioning, Disability and Health (ICF) has
provided a conceptual framework for rehabilitation that is used extensively in the pro-
vision of rehabilitation services and can be used to define goals and targets for inter-
ventions [5].

Most older people with a recent significant disability or deterioration in a pattern
of stable disability have the potential to benefit from rehabilitation. Chronological age
per se should not be a factor in determining participation in a rehabilitation program.
The major considerations are the ability to benefit from rehabilitation and the ability
to cooperate with therapy. The prime determinants are the severity of the presenting
disability and the extent of any coexisting condition, such as frailty, that may influence
the patient’s ability to participate in a rehabilitation program.

Frailty in the Context of Rehabilitation

As described elsewhere in this book, frailty can be conceptualized in a number of
ways. Broadly, there are phenotypic and accumulated deficit models [7]. Frailty in the
context of rehabilitation is mentioned in the ICF and World Report on Disability
(page 100 and page 304 of the glossary) [8], but it is not examined in detail. This lack
of detail is not unexpected because it is a recently conceptualized condition.
Rehabilitation is currently provided to frail older people with established disabili-
ties. However, rehabilitation can theoretically be appropriate for older people who
may not be considered disabled but who are ‘pre-frail’, with the goal of improving
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body function or the ability to perform higher-intensity functional activities - for ex-
ample, activities requiring more than 3-5 metabolic equivalents of task.

A potentially important question is whether there is a steeper rate of decline in
functioning, either acutely or chronically, in frail individuals. This decline could be
important because of sub-clinical changes due to homeostatic instability. There is also
a known nonlinear relationship of functional performance and disability, defined as
restrictions in daily activities, such as mobility [9]. Therefore, frail people near the
disability threshold for basic daily self care and domestic activities are vulnerable to
decline.

Rehabilitation in frailty can be seen as broadly improvements in functioning, as
well as in areas specifically relevant to each individual older person. According to this
conceptualization, rehabilitation is potentially applicable for both older people with a
disability associated with frailty and for older people with a lesser degree of frailty as-
sociated with sub-clinical functional limitations. For example, a mildly frail or pre-
frail (using a phenotypic frailty definition) older person may not report a disability
but may be unable to achieve sufficient mobility to walk up three flights of stairs. If
the aim of the older person is to be able to walk to this extent to access a friend’s home,
this could be a goal for a rehabilitation program.

Rehabilitation is generally seen as goal-oriented and time-limited. Goals can relate
to ‘deficits’, such as impairments in mobility or the ability to bathe, low mood, or as-
pects of the frailty phenotype, such as feelings of exhaustion or a low activity level. The
approach of rehabilitation is to identify goals (i.e. deficits) that the older person pri-
oritizes so that he or she will be more likely to be adherent with the suggested inter-
ventions.

Attempts have been made to categorize rehabilitation approaches, and the World
Health Organization is working on a classification of health interventions that will
include components of rehabilitation [10]. However, this classification has not been
finalized, and no draft versions are currently available.

Because of the increasing use of the ICF in health care and planning associated
with health care, the suggested approach is to identify goals relevant to older people
with varying degrees of frailty that are consistent with the categorizations of the
ICF.

Older people may also have health conditions or limitations (that could be func-
tional, psychological or social) of which they are unaware. Therefore, an additional
approach is to perform a comprehensive geriatric assessment (CGA). CGA ‘is a pro-
cess that determines an older person’s medical, psychosocial, functional, and environ-
mental resources and problems, and it creates an overall plan for treatment and fol-
low-up’ [11].

CGA is often a component of rehabilitation programs involving older people. It
has been scientifically validated and has been shown to be effective if carefully applied
and followed up in suitable groups of older people [12]. It also can be used to guide
care planning and to generate a frailty index.
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Frailty and Potential Rehabilitation Approaches

Frailty is generally seen as a progressive state that is associated with unfavorable out-
comes, including disability, the requirement for residential care, and death. Despite
these associations, the ability to influence changes in the frailty state is of importance
to older people.

However, it is not at all clear whether frailty is a static state once it has developed.
Depending on the conceptualization of frailty, there are components that can change,
either spontaneously through the resolution of illness or injury or through an inter-
vention that might be related to health care or other factors, for example, family sup-
port. Therefore, rehabilitation approaches to frailty, pre-frailty and frailty at early
stages should be feasible.

Frailty as a ‘Risk Factor’ in Rehabilitation Programs

Frailty is being reported as a risk factor for poorer outcome in a range of health con-
ditions and with reference to specific treatments, such as cardiac surgery, colorectal
surgery [13] and chemotherapy [14]. There have been increasing reports of frailty as
a negative prognostic factor for older people participating in rehabilitation programs.
This finding has been reported with reference to hip fractures and more broadly with
reference to geriatric rehabilitation [4, 15, 16].

These reported associations are not surprising because frailty is highly correlated
with disability, as measured at the commencement of the rehabilitation program or
prior to the onset of the health condition or injury that led to the requirement for re-
habilitation. More severe disability is well known to be a negative prognostic factor
for greater improvement in functioning in rehabilitation programs. In this context,
the use of frailty as a prognostic factor may be largely acting as a surrogate for known
predictors of outcome in these programs.

Rehabilitating Frailty: Broader Empirical Research

Programs to assist older people to live independently and to recover as fully as pos-
sible after injury and illness have been described over the last half-century. These pro-
grams have had variable effectiveness, and there are many examples of such effective
programs [17, 18].

Whether these programs can be considered to be approaching frailty from a reha-
bilitation perspective is open to discussion. A review of these programs [19] has high-
lighted that none of them have explicitly measured the frailty of included participants
using an accepted definition.
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Intervention in Pre-Frailty

To the best of our knowledge, the only study that has explicitly enrolled pre-frail old-
er people was that of Drey and colleagues, who have used frailty criteria to target an
exercise program to these individuals. They have defined pre-frailty as the presence
of one or two of the five Cardiovascular Health Study criteria and have shown that
exercise has the potential to improve functional ability in these pre-frail older people
[20].

The Frailty Intervention Trial (FIT) approach, which has been used in the treat-
ment of frailty, has now been extended to pre-frailty. A randomized trial of the
treatment of pre-frailty (using the Cardiovascular Health Study criteria) has been
conducted using a multifactorial interdisciplinary intervention, incorporating
comprehensive geriatric rehabilitation [21]. The initial impressions of this trial are
that the goals of pre-frail older people are different than those of frail older people
because they experience less disability. In addition, pre-frail older people have a
substantially greater capacity for physical activity, which translates into more
strenuous exercise programs with higher-level goals with reference to community
participation.

The Frailty Intervention Trial Program

The FIT program is an interdisciplinary, multifactorial intervention developed to
ameliorate frailty. It was a component of a larger research program investigating
‘transitions’ in older people. Transitions were conceptualized as changes in the lives
of older people that could be related to health, disability, personal factors (for exam-
ple, the death of a spouse) or environmental factors (such as moving to another ac-
commodation).

Frailty in the FIT program was identified as a state of transition between indepen-
dence and disability. Frailty has a complex relationship with health conditions and
personal and environmental factors [5]. Health professionals working in rehabilita-
tion services assist older people to live as independently as possible; thus, this transi-
tional state was considered to be a potential target for intervention.

The FIT program research group was interdisciplinary, involving medicine
(geriatrics and rehabilitation), nursing, physiotherapy, psychology and health
economics professionals. Based on this background, the FIT-preferred interven-
tion involved the utilization of a range of approaches and can be seen as ‘complex’
[22].

Therefore, this research group designed a study under the hypothesis that a
multidisciplinary intervention targeting identified characteristics of frailty would
be effective in reducing frailty and improving functioning in frail older people
[23].

Frailty and Rehabilitation 141

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 137-150 (DOI: 10.1159/000381229)



Table 1. Principles of the FIT program

— Frailty can be mitigated

- Support needs to be individually tailored

- Intervention aims to improve physical, cognitive and social functioning

— Support has to be delivered over a long time period, and systems must facilitate consistent
management

— Most frail older people should be encouraged and supported to adhere to their intervention plan

- It is important to recognize the needs of families and/or carers and to engage with them

Principles for Rehabilitation in Frailty

The FIT program was developed based on six underlying principles, which are sum-
marized in table 1. First, frailty is seen as being treatable, or at least able to be miti-
gated. Second, the program to be provided needs to be individually tailored because
frailty is a condition with components that vary according to the individual, and phys-
ical, cognitive and social functioning must be considered to address the broad range
of issues that are involved. Support has to be provided over a long period of time to
achieve the desired effects. Older people require assistance with adherence, which is
likely to be difficult for them. Finally, the needs of family carers should be recognized.
They should be engaged in the program, and their needs should also be met as part of
the program.

The FIT program was conceptualized with the goal of tertiary prevention. People
who are frail are assisted to address this transitional state and avoid complications of
frailty. In particular, these complications are increased disability and the need for care,
which may cause older people to leave their homes and move to an institutional setting.

Components of the Frailty Intervention Trial Program

The FIT program first identified the components of frailty that are present in indi-
viduals. The following five components of frailty are included in the Cardiovascular
Health Study definition: unintentional weight loss, self-reported exhaustion, weak-
ness, slow walking speed, and a low level of physical activity. It is difficult to measure
some of these components in a clinical setting, particularly the physical activity level;
thus, the strategy for assessing this criterion was modified in the FIT program [23].

Previous research and clinical studies have provided a strong evidence base for the
technology of geriatric evaluation and management [12]. This technology was applied
for each person participating in the FIT program, and in addition, the components of
frailty applicable to each participant were targeted.

The lack of a cognitive dimension of the Cardiovascular Health Study definition of
frailty was seen as a limitation. As a result, cognition was carefully assessed in each
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Level of the ICF

Pattern of frailty

Common causes

Other causes

Health condition

Unstable health conditions

Infections, injuries,
cardio respiratory disease

Frequent transition between
primary care and acute hospital
care

Undernutrition*

Inability to prepare meals

Inability to purchase food
Exhaustion

Impairment of
structure/function

Psychological factors*

Depression, grief

Negative outlook

Impaired cognition

Dementia

Lack of compensatory strategies

Impaired vision/hearing

Macular degeneration,
cataracts/presbycusis

Lack of appropriate equipment/
aids/eye surgery

Activity limitation

Decreased mobility*/
decreased self-care

Impaired balance and/or
strength
Environmental barriers

Decreased cardiovascular
endurance
Fear of falling

Social barriers
Limited family contact
Environmental barriers

Participation
restriction

Lack of participation in life

roles Decreased self-efficacy

Carer stress

Interaction with support network
Low income

Physical or social isolation

Problems with services or
support systems

Environmental
contextual factors

Services not readily available
Lack of service co-ordination

* Captured in the frailty phenotype.

Adapted from Fairhall et al. [24].

Fig. 1. Important factors for assessing frail patients and the interactions between these factors.

frail person, and the intervention was tailored if cognitive impairment or dementia
was present. People with severe cognitive impairment were excluded from the FIT
program because the research group was unsure whether efficacy could be established
in this context.

The paper ‘Treating Frailty: a practical guide’ [24] includes a detailed explanation
of the FIT treatment approach. The FIT research group used the ICF to classify the
common patterns present as part of, or in association with, frailty syndrome and iden-
tified their causes, which are outlined in figure 1. In summary, the common patterns
were found to be related to health conditions, undernutrition, impaired cognition,
vision or hearing problems, psychological factors, decreased mobility and self-care, a
lack of participation in life roles, and problems with services or support systems. The
FIT group identified and documented interventions and guidelines to address the
common patterns of frailty in the clinical setting.

This group developed an assessment form, aiming to capture the data required to
identify the common patterns of frailty and to plan interventions and a similar assess-
ment form to guide the implementation of carer interventions [25].

The Frailty Intervention Trial Program: The Intervention
Details of the approach to planning interventions and to their implementations have

been described elsewhere [23]. In summary, the frailty components as defined by Fried
and colleagues, which were present in each participant, were specifically targeted. For
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all participants, additional interventions were provided or recommended based on
CGA, including the management of chronic diseases, the treatment of pain, and the
treatment of other identified syndromes or conditions, such as urinary incontinence.

The Frailty Intervention Trial Program: Information Processing

In the study evaluating the FIT program, there was a median of 10 face-to-face ses-
sions with each participant, including a median of 8 sessions providing a strength,
balance and endurance training program (the Weight-bearing Exercise for Better Bal-
ance (WEBB) program) [26]. In addition, there was a median of 4 telephone calls to
each participant and a median of 4 telephone calls to other relevant parties.

The WEBB exercise program was delivered to 93% of the participants. A dietetic
assessment and intervention were provided to 50% of the participants (and for 29%
of the participants, nutritional supplements were recommended). A medical specialist
consultation (geriatrics or rehabilitation medicine) was arranged for 24% of the par-
ticipants, and only 3% were referred to a psychologist or psychiatrist.

A very broad range of additional interventions was provided as part of the frailty
intervention, including the following (in the order of frequency, where frequency in-
cludes 20% or more of the participants): a liaison with the family, general practitioner
(GP) and/or a service provider, 77%; an intervention targeting self-selected goals for
participation in life roles, 51%; advice about footwear, 40%; modification of equip-
ment, 34%; provision of equipment, 34%; a medication-related intervention, 33%;
referral to the Aged Care Assessment Team [23], 31%; a telephone discussion with the
GP about an urgent problem, 30%; referral to community transport, 25%; referral to
a community nursing service, 23%; information on meal services, 24%; referral to an
allied health service, 20%; and referral for follow-up of health conditions, 20%.

A standardized approach was used for the interventions in the study based on the
study protocol and regular case discussions for each individual participant. In cases
in which referrals were made to other health professionals and service providers, the
treating physiotherapists provided reminders, when necessary, to ensure that the ser-
vices were provided. More details of the interventions are provided in tables 2 and 3.

The Frailty Intervention Trial Program: Adherence

Adherence to the study protocol was documented by the physiotherapist who was
primarily responsible for each participant. The global level of adherence (in the five
categories) over the 12 months of the trial was estimated by the treating physiothera-
pist based on the following of the recommended interventions.

Adherence was 0% for 16 participants (13%), including 2 who died before the in-
tervention commenced. Adherence levels of 1-25% were recorded for 34 (29%)
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Table 2. Details of interventions directly targeting the Fried criteria (not all participants met each
frailty criterion)

Fried criterion Intervention (per FIT protocol) Subjects receiving
intervention

n %
Slow walking WEBB* 111 93
Weakness
Weight loss Dietician intervention 60 50
Advice 60 50
Nutritional supplements 35 29
Others 7 6
Self-reported exhaustion Referral to psychiatrist/psychologist 4 3
Options to increase social engagement
Self-reported exhaustion Cognitive behavioral intervention
and reduced energy Working toward activity goals
expenditure Working toward participation goals 61 51
Referral to services as necessary 120 100

* Weight-bearing Exercise for Better Balance exercise program [26].

participants, with 19 (16%) having 26-50% adherence, 52 (21%) attaining 51-75%
adherence, and 25 (21%) achieving 76-100% adherence. Thus, the median overall ad-
herence ranged from 26 to 50%.

Usual Care (Control) Group

The participants in the control group received the usual care available to older resi-
dents residing in the Hornsby Ku-ring-gai area from their GPs and provision of com-
munity services as determined by the GPs or other health or care providers.

The diaries of service use that were completed by all of the participants showed that
both the usual care and intervention groups extensively used the health and care ser-
vices. During the 12 months of follow-up, 9% of the participants died, 15% were ad-
mitted to nursing care facilities on a permanent basis, and 61% were hospitalized.
Almost all of the participants utilized cleaning and housekeeping services.

Implementation of the Frailty Intervention Trial Program: Observations

Over the course of the study, the FIT group discerned different patterns of frailty and
associated issues. From a clinical perspective, the following common patterns were
observed: the ‘physically’ frail person, who is motivated and adherent to recommen-
dations for treatment; the person who is frail and is also cognitively impaired; the frail
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Table 3. Additional interventions that were delivered, some of which targeted the Fried criteria

Intervention Subjects
n %
Liaison/triage Liaison with GP, family, service provider 92 77
Call GP for acute problem 36 30
Arrange transport to hospital emergency
department for acute problem 1 9
Equipment Provide equipment 40 33
Modify equipment 40 33
Provide advice about footwear 48 40
Recommend hip protectors (provided) 28(4) 23(3)
Medications Intervention re: medications 39 33
Calcium/vitamin D 4 3
Community medication review 26 22
Other medication advice 18 15
Carer support Refer to Consultant for carer support 8 7
Refer to Carers’ Association/info pack 12 10
Link with services ~ Aged care assessment team 37 31
Community transport 30 25
Community nursing 28 23
Info on meal services (excluding meals on wheels (MOW)) 29 24
Allied health (social work, physiotherapy,
occupational therapy, hydrotherapy) 24 20
MOow 14 12
Day centers 13 11
Taxi subsidy scheme 13 11
Activities within residential care facility 12 10
Hearing services 10 8
Personal alarm 10 8
Vision Australia or optometrist 8 7
Podiatrist 8 7
Orthotics/shoes 8 7
Respite 7 6
Disability parking scheme 5 4
Continence clinic 6 5
Memory clinic 3 3
Gardening/mowing 3 3

person who is able to adhere to recommendations only to a limited extent; and the
frail person with major psychological issues related to his or herself or the carer.

As an example, a woman who is ‘physically’ frail but is motivated and adherent to
recommendations for treatment might participate in a rehabilitation program, in-
cluding a progressive exercise program, input from a dietician with regard to a more
nutritious diet, and household assistance for cleaning and shopping, in addition to
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contact with a geriatrician working with the program and a GP for rationalizing med-
ications. At the conclusion of the program, no components of frailty syndrome, as
defined by the Cardiovascular Health Study criteria, are present.

Results of the Frailty Intervention Trial Program

The FIT program was successful in achieving improvements in the primary outcomes,
which included frailty (as defined by the Fried criteria) and physical functioning (as
defined by the Short Physical Performance Battery) [27]. These results were reported
together with analyses of the outcomes according to the level of adherence with the
intervention [28].

In addition, there was a reduction in mobility-related disability in the program
participants [29]. Further, there were some improvements in the statuses of the fam-
ily carers [30].

In summary, the positive effects of the FIT program were evident after 12 months,
and although trends toward improvement were present at 3 months, they were not
statistically significant. These results support our contention and that of others [19]
that programs aiming to improve functioning in older people have to be prolonged and
moderately intensive. The number needed to treat for 12 months to reverse frailty in
one person is 6.8. In comparison to other treatments, this number is very favorable.

The FIT group analyzed differences in components of the Fried frailty criteria after
12 months in the treatment group compared with the control group. There were sta-
tistically significant improvements in gait velocity and the level of physical activity,
with a trend toward improvement in grip strength. No changes were detected in
weight loss or exhaustion between the treatment groups.

There were no differences in the secondary outcomes as a result of the FIT pro-
gram. A forthcoming publication will present incremental cost effectiveness ratios for
this intervention, showing that for severely frail older people (those with four or five
of the five Cardiovascular Health Study criteria), the FIT intervention is ‘dominant’,
meaning that it is both less costly and more effective than usual care [31].

Interpreting the Results of the Frailty Intervention Trial Program

The FIT program’s benefits became apparent at 12 months but were not evident at the
3-month follow-up. This finding shows that interventions treating frailty will most
likely need to be prolonged. Supplementary analyses showed that the participants
with higher levels of adherence to the interventions had much greater benefits after
adjusting for possible confounders.

It was noted that initial improvements in frailty occurred in both the intervention
and control groups, whereby 25% of the control participants became nonfrail by the
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3-month follow-up. A likely explanation for this finding is that these individuals were
still recovering from illness or injury when they entered the study. In the months be-
fore participating in the study, 73% of the participants had been hospitalized. It is
noteworthy, however, that after 3 months, the frailty and mobility statuses of the in-
tervention group were relatively stable, while those of the control group deteriorated.

Trials involving older people with reduced functioning who could be labeled as
‘frail’ have shown variable improvements in disability and its components. A system-
atic review of exercise interventions in frail populations has concluded that multi-
component exercise treatments for frail people are likely to be effective if they are
undertaken on a regular basis over a prolonged period of time [19]. The geriatric
evaluation and management literature has shown mixed effects with respect to the
overall benefit of exercise [12].

In the FIT trial, it was not possible to blind the participants and treating clinicians
to the intervention. The outcome assessors were blinded, but many of the participants
inadvertently disclosed their treatment statuses. The components of the frailty defini-
tion were partly self-reported and partly performance-based, while one of the prima-
ry outcomes (the Short Physical Performance Battery) was a performance-based mea-
sure that should have reduced observer bias even when the assessor was unblinded.

The lack of a control group providing nonspecific contacts with the participants
was seen as a limitation, and the trial did not reveal whether the nature of the contact
is important. It is unlikely that such contacts have specific effects on frailty and mo-
bility, but they could have affected mood, which may have influenced the exhaustion
criterion of the Cardiovascular Health Study frailty phenotype [31]. However, the
trial was pragmatic and was conducted as comparative effectiveness research for com-
paring the two options of usual care versus potential care through this program.

Adverse events were minor and responded to a change in the prescribed exercise
intervention. Skilled physiotherapists were utilized to tailor and deliver the interven-
tions. Drop-outs were not due to adverse events but were rather related to the par-
ticipants’ beliefs or to major changes in their health conditions.

There are limitations to the generalizability of this approach because the study was
conducted in a relatively affluent country with well-developed health and care ser-
vices for older people. Further, a specific clinical team with considerable experience
and knowledge of the locally available aged care services was utilized. However, it
should be feasible to generalize the intervention to other situations and contexts with
similar health and care services. This moderate intensity intervention could be pro-
vided as a program through an aged care health service. It costs about a quarter of the
amount of the program currently administered by the Australian government, which
was designed to assist a similar group of older people with the transition from the
hospital to the home or nursing care facility [32].

In the group studied, it was difficult to distinguish ‘frailty’ from ‘disability’ because
these two states coexisted in almost all of the participants. While improvements in
frailty were seen, there were also improvements in mobility disability. The changes in
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frailty and mobility were similar in magnitude and represented medium effect sizes.
In this study, the changes in frailty and mobility appeared to be closely linked.

This study has shown that treating frailty in older people is a realistic therapeutic
goal. Ideally, a multi-center study with a larger sample size should be conducted to
confirm and extend the findings of this study. Future studies should also consider
follow-ups beyond the end of the intervention period. The findings of the FIT pro-
gram of frailty rehabilitation need to be replicated in similar populations of frail old-
er people who live in other settings, particularly communities with different health
and care systems. The costs of this tertiary frailty prevention program also need to be
assessed in more detail.

Conclusion

Rehabilitation approaches to frailty are in the early stages of development. However,
there are clear theoretical reasons to expect that a rehabilitation approach will be ef-
fective. In addition, some experimental data are available suggesting that rehabilita-
tion is effective in frail and pre-frail older people.

Frailty shows promise as a prognostic indicator for rehabilitation programs in a
similar manner to its application in other areas of medicine. However, care should be
taken not to exclude frail older people from rehabilitation, as has been the case at some
centers for people with cognitive impairment or very severe disability.

References

1 Australasian Rehabilitation Outcomes Centre: 6 Landefeld CS, Palmer RM, Kresevic DM, Fortinsky

AROC Ambulatory National Report. January 2012 - RH, Kowal J: A randomized trial of care in a hospital
December 2012. Australasian Faculty of Rehabilita- medical unit especially designed to improve the
tion Medicine and University of Wollongong, 2012. functional outcomes of acutely ill older patients.

2 Halbert J, Crotty M, Whitehead C, Cameron I, Kur- N Engl ] Med 1995;332:1338-1344.
rle S, Graham S, et al: Multi-disciplinary rehabilita- 7 Morley JE, Vellas B, van Kan GA, Anker SD, Bauer
tion after hip fracture is associated with improved JM, Bernabei R, et al: Frailty consensus: a call to ac-
outcome: a systematic review. ] Rehabil Med 2007; tion. ] Am Med Dir Assoc 2013;14:392-397.
39:507-512. 8 World Health Organization (WHO): World Report

3 Pollock A, Baer G, Campbell P, Choo PL, Forster A, on Disability. Geneva, WHO, 2011.

Morris J, et al: Physical rehabilitation approaches 9 Buchner DM, Larson EB, Wagner EH, Koepsell TD,
for the recovery of function and mobility follow- de Lateur BJ: Evidence for a non-linear relationship
ing stroke. Cochrane Database Syst Rev 2014;4: between leg strength and gait speed. Age Ageing
CD001920. 1996;25:386-391.

4 Singh I, Gallacher J, Davis K, Johansen A, Eeles E, 10 World Health Organization (WHO): The Interna-
Hubbard RE: Predictors of adverse outcomes on an tional Classification of Health Interventions. http://
acute geriatric rehabilitation ward. Age Ageing 2012; www.who.int/classifications/ichi/en/ (accessed May
41:242-246. 24,2014).

5 World Health Organization (WHO): The Interna- 11 Stuck AE, Iliffe S: Comprehensive geriatric assess-
tional Classification of Functioning, Disability and ment for older adults. BMJ 2011;343:d6799.

Health. Geneva, WHO, 2001.

Frailty and Rehabilitation 149

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 137-150 (DOI: 10.1159/000381229)



12

13

14

15

16

17

18

19

20

21

Stuck AE, Siu AL, Wieland GD, Adams J, Rubenstein
LZ: Comprehensive geriatric assessment: a meta-
analysis of controlled trials. Lancet 1993;342:1032-
1036.

Robinson TN, Wu DS, Pointer L, Dunn CL, Cleve-
land JC Jr, Moss M: Simple frailty score predicts
postoperative complications across surgical special-
ties. Am J Surg 2013;206:544-550.

Aaldriks AA, Giltay EJ, le Cessie S, van der Geest LG,
Portielje JE, Tanis BC, et al: Prognostic value of geri-
atric assessment in older patients with advanced
breast cancer receiving chemotherapy. Breast 2013;
22:753-760.

Kawryshanker S, Raymond W, Ingram K, Inderjeeth
CA: Effect of frailty on functional gain, resource util-
isation, and discharge destination: an observational
prospective study in a GEM ward. Curr Gerontol
Geriatr Res 2014;2014:357857.

Krishnan M, Beck S, Havelock W, Eeles E, Hubbard
RE, Johansen A: Predicting outcome after hip frac-
ture: using a frailty index to integrate comprehensive
geriatric assessment results. Age Ageing 2014;43:
122-126.

Collaborative systematic review of the randomised
trials of organised inpatient (stroke unit) care after
stroke. Stroke Unit Trialists’ Collaboration. BMJ
1997;314:1151-1159.

Beswick AD, Rees K, Dieppe P, Ayis S, Gooberman-
Hill R, Horwood J, et al: Complex interventions to
improve physical function and maintain indepen-
dent living in elderly people: a systematic review and
meta-analysis. Lancet 2008;371:725-735.

Theou O, Stathokostas L, Roland KP, Jakobi JM, Pat-
terson C, Vandervoort AA, et al: The effectiveness of
exercise interventions for the management of frailty:
a systematic review. ] Aging Res 2011;2011:569194.
Drey M, Zech A, Freiberger E, Bertsch T, Uter W,
Sieber CC, et al: Effects of strength training versus
power training on physical performance in prefrail
community-dwelling older adults. Gerontology
2012;58:197-204.

Pre-FIT: the effects of an interdisciplinary multifac-
torial intervention versus usual care on pre-frailty
and mobility function in pre frail older people. Tri-
al ID: ACTRN12613000043730. Australian New
Zealand Clinical Trials Registry, 2013. https://www.
anzctr.org.au/Trial/Registration/TrialReview.
aspx?id=363480 (accessed May 24, 2014).

Prof. lan D. Cameron
John Walsh Centre for Rehabilitation Research, Sydney Medical School Northern
Kolling Institute of Medical Research, Royal North Shore Hospital

St Leonards, NSW 2065 (Australia)
E-Mail ian.cameron@sydney.edu.au

150

22

23

24

25

26

27

28

29

30

31

32

Craig P, Dieppe P, Macintyre S, Michie S, Nazareth
I, Petticrew M, et al: Developing and evaluating com-
plex interventions: the new Medical Research Coun-
cil guidance. BMJ 2008;337:a1655.

Fairhall N, Aggar C, Kurrle SE, Sherrington C, Lord
S, Lockwood K, et al: Frailty Intervention Trial (FIT).
BMC Geriatr 2008;8:27.

Fairhall N, Langron C, Sherrington C, Lord SR, Kur-
rle SE, Lockwood K, et al: Treating frailty-a practical
guide. BMC Med 2011;9:83.

Cameron ID, Aggar C, Robinson AL, Kurrle SE: As-
sessing and helping carers of older people. BMJ 2011;
343:d5202.

Weight-bearing Exercise for Better Balance (WEBB).
http://www.webb.org.au/ (accessed May 24, 2014).
Guralnik JM, Simonsick EM, Ferrucci L, Glynn R],
Berkman LF, Blazer DG, et al: A short physical per-
formance battery assessing lower extremity function:
association with self-reported disability and predic-
tion of mortality and nursing home admission. J
Gerontol 1994;49:M85-M94.

Cameron ID, Fairhall N, Langron C, Lockwood K,
Monaghan N, Aggar C, et al: A multifactorial inter-
disciplinary intervention reduces frailty in older
people: randomized trial. BMC Med 2013;11:65.
Fairhall N, Sherrington C, Kurrle SE, Lord SR, Lock-
wood K, Cameron ID: Effect of a multifactorial inter-
disciplinary intervention on mobility-related dis-
ability in frail older people: randomised controlled
trial. BMC Med 2012;10:120.

Aggar C, Ronaldson S, Cameron ID: Reactions to
caregiving during an intervention targeting frailty in
community living older people. BMC Geriatr 2012;
12:66.

Fairhall N, Sherrington C, Kurrle SE, Lord SR, Lock-
wood K, Howard K, et al: Economic evaluation of a
multi-factorial, interdisciplinary intervention versus
usual care to reduce frailty in frail older people. ] Am
Med Dir Assoc 2015;16:41-48.

Hall CJ, Peel NM, Comans TA, Gray LC, Scuffham
PA: Can post-acute care programmes for older peo-
ple reduce overall costs in the health system? A case
study using the Australian Transition Care Pro-
gramme. Health Soc Care Community 2012;20:97-
102.

Cameron - Kurrle

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 137-150 (DOI: 10.1159/000381229)



Evaluation and Management of Frailty

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 151-160 (DOI: 10.1159/000381232)

End of Life Care in Frailty

Paige Moorhouse - Katalin Koller « Laurie Mallery

Dalhousie University, Halifax, N.S., Canada

Abstract

The increasing prevalence of frailty within the aging population poses challenges to current models
of chronic disease management and end-of-life care delivery. As frailty progresses, individuals face
an increasing frequency of acute health issues requiring medical attention. The ability of health care
systems to recognize and respond to acute health issues in frail patients using a holistic understand-
ing of health and prognosis will play a central role in ensuring their effective and appropriate care,
including that at the end of their lives. This chapter reviews the history of palliative care and the ele-
ments of frailty that require the modification of current models of palliative care. In addition, tools
and models for recognition of end of life in frailty and considerations for symptom management are
introduced. ©2015 S. Karger AG, Basel

To deliver effective end-of-life care when frailty is present, the paradigms of tradi-
tional palliative care need modification to address important differences between
younger and older individuals. In contrast to younger cancer patients, who typically
have predominant single-system diseases, the majority of frail older adults die with
complex interacting chronic medical illnesses and symptoms [1]. To appreciate the
unique challenges that frailty poses to optimal end-of-life care, it is first useful to un-
derstand the history and evolution of modern palliative care paradigms. Palliative care
began in the 1960s with the hospice movement, which was spearheaded in the United
Kingdom by Dame Cicely Saunders and her American protégé, Florence Wald. Fol-
lowing her studies of philosophy at Oxford, Dame Saunders became a Red Cross
nurse during World War II. When she worked at St. Thomas” Hospital, she observed
that many health care providers were uncomfortable with death and were reluctant to
provide relief for what she termed ‘total pain’ - the culmination of physical, emotion-
al, social and spiritual distress. In her letters, Dame Saunders described her concern
for patients who were not informed of their prognosis and for those who experienced
profound suffering at the end of life.



‘It seems inevitable that a backlash to such blind optimism would arise... the power of belief in
the cult of cure was so strong that it denied the very existence of dying patients as a class of people.
Deaths, if they occurred, were aberrations; in the cult of cure people did not die, they coded’ [2].

Her acknowledgment of death as a life stage through which we all travel was later
captured by her choice of St. Christopher’s (the patron saint of travelers) as the name
of the first hospice mission in 1967 after she became a physician. Today, hospice care
includes inpatient and home care services for those who are nearing the end of life and
are often in the last 6 months of life. Following Dame Saunders’ revolutionary work
and the establishment of hospice care, palliative care was developed as a medical sub-
specialty. Palliative care is an umbrella term that refers to medical care for serious ill-
nesses, focusing on symptom relief, emotional and psychosocial support, optimiza-
tion of quality of life, and end-of-life planning. It can be provided to any patient re-
gardless of the prognosis or disease state. In contrast to end-of-life care, palliative care
can be delivered concurrently with treatment directed at a cure. As the population
ages, progressive chronic conditions, such as obstructive lung disease and dementia,
will equally require timely palliative interventions [3]. However, when multiple health
issues culminate in frailty, standard models of palliative care can present challenges
to optimal care at the end of life. Therefore, at this moment in time, we face similar
challenges to those that were identified by Dame Saunders in the 1960s.

Challenges to Optimal End-of-Life Care Delivery in Frailty

The first challenge to the delivery of optimal end-of-life care in frailty is the single-
system illness model, which is the basis for the delivery of much of specialized medi-
cine, including palliative care [4]. When frailty is present, the model of addressing
‘one thing at once’ often leads to an inadequate understanding of the interaction be-
tween chronic illnesses and their effects on quality of life. For example, effective guide-
lines and models for end-of-life care for chronic obstructive lung disease have been
developed, but the applicability of such guidelines is challenged when there are mul-
tiple, competing causes of symptoms and mortality [5]. Further, clinical practice
guidelines designed for specific diseases are often based on studies that did not enroll
frail older adults. As such, some of the recommended treatments may be ineffective,
too difficult to manage, or intolerable due to adverse effects. Similarly, the single sys-
tem disease model often compounds the complexity of frailty because each issue is
addressed with a specialty-based focus, which results in multiple specialized assess-
ments and recommendations with little attention to the high-level integration of the
results of such assessments [4]. The Achilles heel of the single-system illness model is
the related challenge of recognizing end of life in frail patients. Although frailty has
been robustly associated with poor health outcomes across populations and clinical
settings, it has yet to be measured as part of routine care in most clinical settings. The
working definitions and measurement tools for frailty are reviewed elsewhere in this
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book, and there is disagreement as to the optimal measure to use for care planning.
Regardless of how frailty is defined or measured, it is associated with vulnerability to
poor health outcomes that matter to patients, including mortality, morbidity, length
of hospital stay, functional decline, adverse drug reactions and falls [6-11].

In the absence of the routine identification and measurement of frailty, many frail
patients with advanced and incurable diseases receive highly aggressive interventions
that have little chance of success and result in prolonged suffering before death [4, 12].
By its very nature, frailty is associated with heterogeneity and uncertainty in terms of
future health. Significantly, clinicians identify uncertainty in prognosis as an impedi-
ment to effective communication with patients [13]. However, universal truths re-
lated to frailty, including its evident progression and its association with the end of
life in cases of severe frailty, underscore the important role of careful care planning.

Clinicians have several tools at their disposal to aid in the recognition of approach-
ing end of life in frailty, ranging from quick screening tools to more in-depth assess-
ments. In addition to screening tools for frailty, a useful rapid screen is the following
‘surprise’ question for clinician self-reflection: “Would you be surprised if this patient
died within the next year?’ [14]. This question is a powerful antidote to the reluctance
of clinicians to estimate life expectancy by instead asking them to acknowledge that
there is a risk of death. An answer to this ‘surprise’ question indicating that death
would not be unexpected or a ‘surprise” highlights an opportunity for the clinician to
carefully review the care plan and to acknowledge the diminishing role of interven-
tions designed to reduce long-term risk, such as preventative health measures.

A more detailed assessment of the drivers of frailty can be completed using compre-
hensive geriatric assessment [15], which is a well-studied and validated methodology
whereby clinicians assess the overall health of patients by determining details (and tra-
jectory of change) in the domains of cognition, mood, motivation, mobility, activities
of daily living, social circumstances, co-morbidities and medications. When using com-
prehensive geriatric assessment in populations in which cognitive impairment and
functional dependence are common, gathering history from a collateral source helps
clinicians to develop a more complete understanding of the health picture. Beyond im-
proving a clinician’s understanding of a patient’s overall health, the experience of his-
tory-taking from a collateral source in relation to the patient’s day-to-day functioning
and cognition can be an important part of building rapport with the patient’s caregiver
and validating their experience. Here again, Dame Saunders quietly developed a strat-
egy in which the understanding of the patient’s story becomes part of the treatment:

‘All [work] should stem from respect for the patient and very close attention to his distress. It
means really looking at him, learning what this kind of pain is like, what these symptoms are like,
and from this knowledge finding out how best to relieve them. We have to learn what it feels like
to be so ill, to be leaving life and its activity, to know that your faculties are failing, that you are part-
ing from loves and responsibilities. We have to learn how to feel “with” patients without feeling
“like” them if we are to give the kind of listening and steady support that they need to find their own
way through’ [16].
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While Dame Saunders originally intended to apply this decree to patients, those
who are frail become increasingly reliant upon others, and involvement of the care-
givers of patients ensures a feasible and informed approach to care planning. Armed
with a 360-degree snapshot of a patient’s baseline cognition, function and mobility
and how he or she has changed over time, a clinician can recognize markers of severe
frailty that may include the following [17]:

+ dependence on others for hands-on assistance with basic activities of daily living;
« severe-stage dementia;

« profound social isolation or the lack of an available or reliable caregiver; and

« anew inability to ambulate without the assistance of another person.

When severe frailty is present, several features of the patient history can be helpful
in identifying poor prognosis [4]. These include the following: a gradual and unrelent-
ing decline in physical and cognitive functioning, unexplained weight loss and an in-
creasing frequency of acute health crises associated with incomplete functional recov-
ery. These features present an opportunity for the clinician to consider that the end
of life may be approaching. The third challenge to the delivery of optimal end-of-life
care in frailty is the high prevalence of cognitive impairment among severely frail
older adults. Although cognitive impairment is an important driver of frailty, demen-
tia remains an under-diagnosed entity in community and institutional settings [18,
19]. Notably, advanced dementia has a mortality risk comparable to most cancers and
is associated with considerable morbidity, including increased risks of delirium dur-
ing hospitalization and functional decline following hospitalization [20, 21].

Although caregivers may be aware of memory issues, they are often uninformed
about the degree, scope, and implications of cognitive impairment as they relate to
future health and treatment choices [22]. Therefore, diagnosing dementia presents an
important opportunity to optimally engage patients and/or their caregivers in the care
planning process, to anticipate common health crises that occur in advanced demen-
tia, such as pneumonia and hip fracture, and to contextualize all health care planning
decisions within the framework of a progressive, incurable disease.

The presence and degree of frailty have important implications for decision mak-
ing in dementia. For example, for patient with dementia and frailty, the presence of
chronic health issues associated with acute exacerbations and shortened life expec-
tancy, such as chronic obstructive lung disease or congestive heart failure, provide an
opportunity to develop a crisis care plan that balances baseline quality of life (the qual-
ity of life enjoyed prior to the exacerbation) with the inherent risks of incomplete cog-
nitive and functional recovery associated with hospitalization or aggressive medical
interventions. When dementia is present, care planning must always consider the
possible impact of treatment on cognition, including the risks of worsening cognition
due to the incomplete recovery of delirium, intensification of behavioral issues, and
institutionalization. Further, the successful treatment of curable health issues will in-
crease the likelihood of survival to progress through the stages of dementia - an out-
come that may not be acceptable to all patients.
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The fourth challenge to optimal end-of-life care in frailty is the paralyzing effect of
uncertainty. The heterogeneity of the patient experience and that of the phenotype of
frailty are associated with considerable prognostic uncertainty. Clinicians admit that
uncertainty in prognosis often leads to aversion to discussing the implications of frail-
ty [13, 23]. However, a better understanding of frailty is a critical first step because
patients and families have indicated that the degree to which their expectations are
aligned with the natural history of a disease plays a key role in their satisfaction and
comfort with end-of-life care [24]. Further, although clinicians may be reluctant to
develop and present their clinical opinions, most patients and families appreciate
guidance and recommendations that are based on evidence as well as clinical judg-
ment [25]. Clinicians must develop comfort with the complexity and uncertainty that
comes with frailty at the end of life and acknowledge that some outcomes may be un-
predictable. Nevertheless, because of the phenomenology and natural history of frail-
ty, some certainties can be communicated. For example, frail older adults are more at
risk for transition to end of life compared to older adults who are healthy. Similarly,
although the timing and nature will vary, all frail older adults can expect to experience
a ‘health crisis’ - an acute worsening of health due to the exacerbation of an existing
health issue or the development of a new health issue that requires medical attention
[26]. Finally, health crises in frailty commonly result in functional or cognitive decline
with incomplete recovery, a possibility that increases with more advanced frailty [4].
Notably, a history of prior incomplete functional and/or cognitive recovery can be
used to help patients and caregivers understand the implications of future health cri-
ses. These three certainties of frailty — the shortened life expectancy, the inevitable
decline in health, and the potential for worsening health following acute illness - in-
dicate that as severely frail older adults transition to the end of life, they can expect to
experience a gradual decline in overall health, typically punctuated by episodes of
acute decline and incomplete recovery. With this in mind, baseline quality of life
prior to the health crisis can clarify the risk/benefit tradeofts of medical and surgical
interventions.

Symptom Management in Frailty

As frailty progresses, the indication for a palliative focus increases. Symptom relief
and optimizing quality of life remain the backbone of palliation because symptom
burden is often high in the presence of significant frailty. Comorbidities can com-
pound symptom severity and often require an approach that balances medication
benefits with adverse effects in a population in which treatments may be ineffective
or poorly tolerated. For example, effective pain relief may be limited by the sedative
or cognitive side effects of a medication, and the behavioral problems of dementia
may be unresponsive to pharmacological and nonpharmacological therapies [27].
Further, symptom assessment can be difficult due to communication barriers related
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to dementia. These challenges must be addressed to avoid the under- and over-treat-
ment of symptoms, particularly pain.

With palliative care in the presence of frailty, the geriatric paradigm ‘start low and
go slow’ should be followed by ‘but go!” to underscore the need to effectively reach
therapeutic targets, when possible, so that under-treatment is avoided. Periodic med-
ication reviews can ensure that medications are being used to optimize quality of life,
rather than to endorse medications that are unlikely to provide benefit at the end of
life. In addition to updating symptom burden, medication reviews should make rec-
ommendations to discontinue ineffective or unnecessary medications, minimize po-
tential drug interactions, and manage the total medication burden [28]. It may also be
prudent to stop medications that are causing symptoms. For example, discontinuing
an angiotensin-converting enzyme inhibitor in a patient with elevated seated systolic
blood pressure, but with orthostasis and falls, can be viewed as a focus on symptom
control rather than on trying to achieve cardioprotection, particularly in the setting
oflimited life expectancy. Other symptoms commonly encountered in dementia, such
as dysphagia and behavioral problems, also need to be carefully managed using strat-
egies that consider the effect of each treatment on quality of life. This recommenda-
tion is particularly important in the presence of symptoms such as gastroparesis or
dysphagia, which are commonly encountered in patients with advanced dementia
[29].

Pain may be under-assessed and under-treated in older patients, particularly in the
setting of dementia [29]. Clinicians should strive to take a full symptom inventory,
even when verbal communication is hindered. Nonverbal pain scales and collateral
symptom history from a reliable informant can help with this process and with symp-
tom monitoring once treatment has commenced [30]. Pain should always be consid-
ered when confronting the emergence or intensification of behavioral symptoms [31].

Opioids remain a cornerstone treatment for pain and dyspnea. When using opi-
oids, vigilant monitoring of cognitive effects and bowel function is essential. A routine
bowel regimen should commence concurrently and be adjusted accordingly. Optimi-
zation of nonopioid analgesics can assist in reducing the total daily opioid dose re-
quired to reach the therapeutic target. Acetaminophen, used regularly throughout the
day within dosing guidelines, is generally regarded as a first-line pain medication in
older adults before nonsteroidal anti-inflammatory drugs, which have potential renal,
cardiac and gastrointestinal side effects.

Adjunctive analgesic modalities can play supportive roles in symptom control for
frail patients, helping to limit higher doses of medication. When an nonsteroidal anti-
inflammatory drug is being considered, the regulated use of a topical preparation may
reduce systemic effects [29], although efficacy is modest, and systemic side effects are
still possible. With judicious monitoring to ensure tolerance, anticonvulsants and an-
tidepressants, particularly tricyclic antidepressants, may be trialed to treat neuropath-
ic pain [29]. Nonpharmacologic strategies, such as massage therapy, acupuncture,
hydrotherapy and hot and cold packs, may also provide pain relief [32].
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The clinical and pharmacokinetic correlates of frailty also merit consideration when
palliation of gastrointestinal symptoms is required. As with other symptoms, medica-
tion reviews can identify medications that are at least partly responsible. For example,
drugs that can cause constipation, such as iron supplements and calcium, may be cul-
prits. In the nonfrail population, nausea can be treated with antinauseant medications
that target specific emetic pathways. In frail patients, potential adverse effects herald a
need for extra caution. For example, steroids may be used to treat nausea but may be
associated with intolerable insomnia, anxiety or delirium in frail patients. Dopamine
antagonists, such as haloperidol and other neuroleptic medications, may unmask or
exacerbate parkinsonism, although the potential extrapyramidal symptoms vary based
on each drug’s receptor activity. Anticholinergic medications, such as dimenhydrinate,
can worsen cognition. Nonpharmacologic environmental modifications may be useful
in the management of nausea. Examples include avoiding strong odors, offering small,
attractive meals and providing cool, carbonated beverages.

It is also important to address emotional symptoms when providing comprehen-
sive palliative care. Anxiety and impaired mood can directly impact pain control [33].
Consultation with allied health care providers, including social workers and spiritual
care providers, can help patients and families to manage physiosocial stressors using
a comprehensive palliative care plan.

What Is Needed to Move Health Care Providers and Systems Forward in the
Provision of End-of-Life Care in Frailty?

Similar to the experience of Dame Saunders in the 1960s, our current health care sys-
tem is at a crossroads at which the ability to question and remediate routines of care
that hamper the spiritual and comfortable deaths of frail older adults will determine
whether and to what degree our system is able to respond and evolve.

The Palliative and Therapeutic Harmonization (PATH) program is one example
of a transdisciplinary approach to frailty that advances the recognition of and re-
sponse to terminal frailty through standardized assessment and treatment protocols
that align goals of care with prognosis. This program includes a three-step process
with the following aims:

(1) to enhance the capacities of health care teams and individuals for producing an
organized and coherent picture of health status based on the understanding of each
person’s cognition, mobility, function, social situation, and health conditions;

(2) to foster information exchange between patients/families and health care work-
ers to improve the collective appreciation of health status and prognosis based on un-
derlying health conditions; and

(3) to empower patients/families and health care workers to consider present and
future health status, as well as the holistic vulnerability associated with frailty, when
making medical and personal care decisions.
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These three steps aim to remedy many of the obstacles described above that com-
monly take place when attempting to provide good palliative care to older adults who
are frail. The first step, identifying frailty, makes use of a frailty screen or standardized
assessment to define functional, cognitive, and health statuses. Identifying a collat-
eral historian and documenting their perception of functional and cognitive abilities
is an essential part of this process. Understanding frailty burden allows health profes-
sionals to anticipate the impact of each condition and its proposed treatment on over-
all health.

The second step in the PATH model calls for methodical communication as a dis-
tinct and essential process to help patients and/or families understand that frailty short-
ens life, worsens over time and is associated with vulnerability to negative health out-
comes. Communication is completed using semi-structured interviews that review each
health issue and its expected worsening. For example, if Alzheimer-type dementia is
present, the current stage and typical progression of the illness is described, usually to
the substitute decision-maker. This communication process improves the understand-
ing of the patient’s health and allows individuals to make health care decisions that ap-
propriately consider the background of frailty. This step is compatible with available
evidence that shows that giving detailed information to patients or their substitute de-
cision-makers can significantly change the types of decisions that are made [34].

The guided information exchange in the second step of PATH aims to help indi-
viduals understand that complex medical treatments that work well for healthier in-
dividuals may have a different risk-benefit trade-off in those who are frail because
there may be fewer years of life to experience treatment benefits should they occur and
greater risks. Decision-making discussions focus less on calculating life expectancy
and more significantly on how to make immediate treatment decisions (such as
whether to pursue surgery for symptomatic aortic stenosis) and how to deal with
health crises that will inevitably occur, such as future episodes of pneumonia, hip frac-
ture, or worsening health. The intended outcome is not to impose rigid directives into
the dynamic process of frailty, but rather to allow those patients who are severely or
very severely frail to avoid treatments or interventions that are inconsistent with the
goals of care. This process also readies health professionals to deal with future crises
through better care planning.

The use of the PATH process improves appropriateness of care, with one study
demonstrating that its application resulted in a 75% reduction in the demand for in-
terventional treatments for significantly frail patients [26]. Controlling for age, those
with higher baseline frailty were more likely to decline scheduled interventions (odds
ratio (OR) = 3.41, 95% confidence interval (CI) = 1.39-8.38). Similarly, those with
later-stage dementia (according to the Functional Assessment Staging Tool score)
[61] more commonly declined previously scheduled interventions (OR = 1.66, 95%
CI = 1.05-2.65) compared to those with earlier-stage or no dementia.

The PATH program has also developed several clinical practice guidelines that
consider frailty for common chronic health conditions, such as diabetes, hypertension,
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and hyperlipidemia [35]. These guidelines provide guidance on how to liberalize
treatment targets to balance risk and benefit and present new standards for treating
older adults who are frail.

Conclusion

After forging more holistic and compassionate end-of-life care strategies for patients
with cancer, Dame Cicely Saunders died of cancer in 2005 at the age of 87 at St. Chris-
topher’s Hospice. Even in her death, Dame Saunders provides a powerful example and
message. The discipline of geriatric medicine has much to learn and much to teach
with regard to recognizing end of life due to frailty. Only then can patients and their
families be empowered to experience the very kind of death that we would hope to
experience ourselves.
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Frailty and Organization of Health and
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Academic Unit of Elderly Care and Rehabilitation, University of Leeds, Leeds, UK

Abstract
In this chapter, we consider how health and social care can best be organized for older people with
frailty. We will consider the merits of routine frailty identification, including risk stratification meth-
ods, to inform the provision of evidence-based treatment and holistic, goal-oriented care. We will
also consider how best to place older people with frailty at the heart of health and social care systems
so that the complex challenges associated with this vulnerable group are addressed.

© 2015 S. Karger AG, Basel

Older people with frailty are majority users of many health and social care services [1].
Older people, and particularly those with frailty, account for the majority of hospital
bed days and adult social care spending in higher-income countries [2]. However,
modern health care systems are mostly organized around single-system illnesses more
typically found in younger people, rather than in older people with frailty [3]. Frail
older people are vulnerable to major changes in health following minor illness, result-
ing in the common presentations of mobility impairment, delirium and falls. These
symptoms, although the consequence of an acute medical illness, may not be per-
ceived as such, and pejorative terms such as ‘acopia’ have been used. Resources, clin-
ical priorities and research funding are frequently skewed away from older people
with frailty and toward single-system conditions of young and middle-aged people
[2]. Health and social care systems organized in this way might be considered as in-
herently ageist. This view is supported by surveys of clinicians, managers and older

people [2].



In secondary care, sub-optimal care processes and hospital environments are evi-
denced by high rates of unintended harms such as in-patient falls and delirium. The
failure to design health care systems to meet the needs of frail older people holds true
even in primary care, which is traditionally considered to offer a more person-cen-
tered, holistic approach because decision support tools are largely designed for single
long-term conditions. This approach works well for people of any age who have a
single condition but does not work well for people with frailty.

Internationally, health care systems need to be reconfigured to meet the needs of
older people with frailty. Integrated pathways are required to coordinate the care of
older people with frailty, from primary care, to pre-hospital care, to the emergency
department (ED), through secondary care and intermediate care to home. Well-de-
signed pathways of care should also integrate social services and the third sector to
ensure that the care needs of older people are fully met and to help to direct older
people with frailty to appropriate services.

Integrated Care

Integrated care is an approach that seeks to improve the quality of care for individual
patients, service users and carers by ensuring that services are well coordinated around
their needs [4]. Many definitions of integrated care have been developed, but a unify-
ing view has been proposed by an alliance of over one hundred nongovernmental or-
ganizations that represent service users in the UK (National Voices). The definition
is laudably simple: ‘Care that is person-centred and co-ordinated’. Three levels of in-
tegration have been described: macro (between organizations), meso (within organi-
zations) and micro (individual care processes). Although the integration research lit-
erature has largely been predicated on the needs of people with multiple long-term
conditions, all three levels of integration apply equally well to older people with frail-
ty. This is because people with frailty frequently need to move between services and
organizations and thus are particularly susceptible to the effects of the multiple assess-
ments, delays and simple abandonment that are the characteristics of poor integra-
tion. Integrated care is achieved successfully only when the user’s perspective is the
organizing principle of service delivery [4]. Success requires overcoming barriers be-
tween primary and secondary care, physical and mental health, and health and social
care to ensure that high-quality care is provided.

Successful models of integrated care that deliver improved quality of care for frail
older people, with better outcomes and lower costs, have been identified internation-
ally [4-6]. A range of lessons has been identified to guide the establishment of inte-
grated care systems (table 1) [7]. Key themes that characterize successful systems in-
clude robust primary care teams at the center of the delivery system; information as a
platform for guiding improvement, including electronic clinical information systems;
and an approach that builds from the bottom up as well as from the top down,
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Table 1. Important lessons about what is required at the local level to develop integrated care path-
ways

(1) Find a common cause with partners and be prepared to share sovereignty

(2) Develop a shared narrative to explain why integrated care matters

(3) Develop a persuasive vision to describe what integrated care will achieve

(4) Establish shared leadership

(5) Create time and space to develop understanding and new ways of working

(6) Identify services and user groups for which the potential benefits from integrated care are

greatest
(7) Build integrated care from the bottom up as well as from the top down
(8) Pool resources to enable commissioners and integrated teams to use resources
flexibly
(9) Innovate in the use of commissioning, contracting and payment mechanisms and use of the
independent sector
(10) Recognize that there is no ‘best way’ of integrated care
(11) Support and empower users to take more control over their health and wellbeing
(12) Share information about users with the support of appropriate information
governance
(13) Use the workforce effectively and be open to innovations in the skill mix and staff
substitution
(14) Set specific objectives and measure and evaluate progress toward these objectives
(15) Berealistic about the costs of integrated care
(16) Act on all of these lessons together as part of a coherent strategy

including a single point of access and a single assessment process [5, 7]. One impor-
tant guiding principle of integrated care is that there must be consideration of initial
cost outlays for staff and support systems, new service funding and start-up costs be-
fore longer-term savings are realized [8].

Frailty Identification as a Guide for Integrated Care

A key principle of integrated care is to identify services and user groups for which the
potential benefits from an integrated approach are greatest. There are several possible
approaches that are relevant to people with frailty.

Risk Stratification

Risk stratification is a familiar concept in clinical medicine that is used to identify sub-
groups of patients with an index disease who have distinctive characteristics that im-
pact either the outcomes of the underlying disease or the benefit/harm ratio of an
intended treatment. Examples include selection of patients for cardiovascular preven-
tion treatments or the staging process commonly applied for cancer treatments. Risk
stratification is applied slightly differently in the situation of frailty; it is essentially
used to distinguish older people who are frail (or degrees of frailty) from people who
are not frail. In a sense, this forms a ‘diagnosis’ of frailty, but current clinically available
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tools lack the relevant level of specificity required for accurate clinical diagnosis. Some
approaches to the identification of frailty, and particularly the generation of a frailty
index score based on the cumulative deficit approach (Chapters 6 and 7), hold prom-
ise for identification and severity grading of frailty. If this is in fact the case, frailty
diagnosis and risk stratification will become the same process.

Three broad methods for stratifying risk in older people in different health care
environments are available: an age-based approach, use of validated risk stratification
tools and an approach based on identification of frailty.

Age-Based Approach

The most straightforward method of risk stratification for older people is on the basis
of age. Aging is a continuous life-course process. There is no biological rationale to
distinguish the ‘over 65s” from the ‘under 65s’. This distinction, although commonly
made, is sociological and relates to choices taken by developed countries in construct-
ing employment and social care policies. Unfortunately, distinguishing on the basis
of age, or ageism, has been common in health and social care. This might be accept-
able if the outcomes of treating older people were inferior to those of treating young-
er people, but there is now considerable evidence that this is not so, with the proviso
that groups with similar physiological function are compared.

Despite these reservations, age-defined separation for acute secondary care ser-
vices has attracted some interest because ‘old-older’ people who need emergency care
in the hospital are more likely to be frail. Hence, old-age cutoffs have been a popular
approach to organize the separation of acutely ill older people between acute internal
medicine and geriatric medicine services. This is referred to as an age-related geriatric
service, and the main benefit of this approach is that it is a simple, quick and unam-
biguous method to stream patients at point of entry into acute care. However, it is
undoubtedly crude, with proportions of fit and frail patients misplaced in both de-
partments.

Age-defined cutoffs are also commonly used in primary care, such as for screening
programs. However, the fitness spectrum of such age-defined populations is consid-
erable, such that some included people will be unsuitable for intervention and some
excluded people will be biologically fit for their years and potentially denied beneficial
interventions. These types of age-defined clinical decisions sustain or propagate age-
ism within a health service because they provide an official justification for health care
selection based on age and not on need.

Risk Stratification Tools

Several validated tools have been developed to identify and stratify people at increased
risk of adverse outcomes. Examples of tools based on predictive modeling techniques
include the Combined Predictive Model [9], the Patients at Risk of Rehospitalisation
tool [9] and the Johns Hopkins Adjusted Clinical Groups model [10]. These tools usu-
ally use data on service use during the preceding 12 months to predict service use over
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the forthcoming 12 months. The tools are very heavily weighted toward predicting
secondary care utilization (the main cost driver), and therefore, they try to predict a
relatively rare event, i.e. hospital admissions within the source population. The preci-
sion is modest, and typically only around 1/3 of predicted ‘high-risk’ patients subse-
quently appear high risk [11]. Additionally, because these tools are rather crude, they
often identify high resource users who are outside the target population, such as
younger people with rare conditions, maternity cases and active cancer patients.
Moreover, because these tools focus on long-term conditions, people with frailty but
no long-term condition may be missed.

Although used commonly in Europe and North America, evidence for successful
interventions based on risk stratification is lacking, particularly for interventions in
older people, and expectations of what can be achieved through the use of risk strati-
fication tools may be overly optimistic [12].

Routine Identification of Frailty

To facilitate the provision of goal-directed, holistic, evidence-based care, a 2013 inter-
national consensus report recommended the routine identification of frailty in people
aged 70 years and over [13]. The current reference standard for identifying frailty in
clinical care is comprehensive geriatric assessment (CGA) [3]. CGA has been central
to good practice in elderly care medicine since the inception of specialist services for
older people. It involves systems of care that can coordinate inputs from several pro-
fessional disciplines. The process is effective both in identifying older people with
frailty and in improving their outcomes, with the proviso that the assessment is linked
to targeted intervention [14]. The main limitation of CGA is that it is a resource-in-
tensive process in terms of both the time and the personnel required. The use of sim-
ple instruments for identifying frailty as part of routine care has been actively pursued.
Additionally, the utility of existing clinical datasets to identify frailty, especially in
primary care, is particularly attractive.

Simple Instruments and Questionnaires for Identifying Frailty

A range of simple instruments to identify frailty are available, but there is considerable
variability in diagnostic accuracy. Table 2 summarizes the performance of a range of
simple instruments to identify frailty compared to a reference-standard phenotype
model. Slow gait speed appears to be the most accurate indicator for identifying frailty
when compared to other simple metrics. A gait speed less than 0.8 m/s has good sen-
sitivity (0.99) and reasonable specificity (0.64) when compared to a reference-standard
phenotype model, and its measurement could be a useful test that can be performed in
a range of settings to identify frailty. The presence of slow gait speed could be used to
help to guide the delivery of interventions to improve outcomes and to help to inform
the selection of older people for treatment with medications and invasive procedures.
However, the relatively high proportion of false-positive results means that only
around one in four people identified will be frail compared to a reference standard.
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Table 2. Diagnostic accuracy of simple instruments for identifying frailty

Test (units) Cutoff Reference Sensitivity Specificity Positive  Negative Likelihood Likelihood
standard predictive predictive ratio ratio

value value (positive) (negative)
Gait speed (over 75 years) (m/s) <0.7 Phenotype model 0.92 0.69 0.41 0.97 2.98 0.10
Gait speed (over 75 years) (m/s) <0.8 Phenotype model 0.99 0.52 0.33 0.99 2.09 0.01
Gait speed (over 75 years) (m/s) <0.9 Phenotype model 1.00 0.44 0.30 1.00 1.78 0.00
Gait speed (m/s) <0.7 Phenotype model 0.93 0.77 0.35 0.98 4.19 0.09
Gait speed (m/s) <0.8 Phenotype model 0.99 0.64 0.26 0.99 2.80 0.01
Gait speed (m/s) <0.9 Phenotype model 1.00 0.56 0.22 1.00 2.28 0.00
PRISMA 7 >3 Phenotype model 0.83 0.83 0.40 0.97 5.00 0.20
Timed up-and-go test (s) >10 Phenotype model 0.93 0.62 0.16 0.99 243 0.11
Timed up-and-go test (s) >20 Phenotype model 0.06 1.00 1.00 0.96 N/A 0.94
Self-reported health <6 Phenotype model 0.83 0.72 0.29 0.97 3.00 0.23
GP assessment Yes/no Phenotype model 0.67 0.76 0.28 0.94 2.86 0.43
Polypharmacy >5 medications Phenotype model 0.67 0.72 0.24 0.94 2.40 0.46
Groningen frailty indicator >4 Phenotype model 0.58 0.72 0.22 0.93 2.10 0.58

Gait speed is usually measured in m/s and has been recorded over distances ranging from 2.4 to 6 m in research studies.

The PRISMA 7 tool is a seven-item questionnaire for identifying disability that has been used in frailty studies and is suitable for postal
completion. A score of >3 is considered to indicate frailty.

The timed up-and-go test measures, in seconds, the time taken to stand up from a standard chair, walk a distance of 3 m, turn, walk back
to the chair and sit down.

Self-rated health was assessed with the question ‘How would you rate your health on a scale of 0--10?". A cut-off of <6 was used to define
frailty.

The clinical judgment of a general practitioner (GP) involves a GP’s clinical assessment and categorization as frail or not frail.
Polypharmacy is defined as the prescription of five or more medications.

Identification of Frailty Using Routinely Collected Primary Care Data

The Rockwood frailty index identifies frailty on the basis of the accumulation of a range
of deficits, which are multiple patient characteristics, including clinical signs, symp-
toms and disease states [15]. Electronic health records use clinical codes to categorize
and log multiple patient characteristics, including symptoms, signs, laboratory test re-
sults, diseases, disabilities and information about social circumstances. These records
therefore provide a potentially simple yet powerful mechanism for identifying cumula-
tive deficits to recognize and characterize frailty as part of routine care. Identification
of frail older people using routinely collected data from electronic primary care data-
base records would have considerable clinical merit, as it would be the basis for a par-
adigm shift in the care of frail older people toward more appropriate goal-directed care.
Essentially, it would open up frailty management to the same opportunities afforded
to other long-term conditions: that is, case finding, individualized care planning and
multidisciplinary team reviews. The care content would be centered around promoting
exercise, medication reviews, social networks, home adaptations, carer support and
nutritional support. These care components, targeted at the modifiable aspects of frail-
ty, are currently delivered sporadically rather than systematically. A validated primary
care electronic frailty index would promote a shift from the currently prevalent reactive
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approach to frailty to a more proactive primary care model. Additionally, as the data
are collected routinely, there would be no resource implications involved in generating
a frailty index using electronic health records. Research has shown that this approach
is feasible, although it is dependent on the quality of coded data [16].

Potential Benefits of Routine Frailty Identification in Different Settings

Routine identification of frailty would have considerable practical benefits, including
the delivery of evidence-based interventions to improve outcomes and to direct im-
proved integrated pathways of care. The benefits would potentially be applicable in a
range of health and social care settings and support better care for individuals, better
health for populations and lower costs.

Primary Care

Practical Benefits

Frail older people, and particularly those with cognitive impairment, need more time
for the provision and assimilation of information, especially in clinical settings. They
are likely to have complex care needs with multiple, interacting clinical problems. The
routine identification of frailty could have simple, practical benefits, such as an in-
crease in the length of time for routine primary care consultations.

Medication Review

Certain medications are associated with adverse outcomes in frail older people and
should be avoided where possible (e.g. tricyclic antidepressants in dementia, long-
acting benzodiazepines, long-acting sulfonylureas). Conversely, some medications
are inappropriately omitted (e.g. angiotensin-converting enzyme inhibitors in chron-
ic heart failure, proton pump inhibitors in severe gastro-esophageal reflux disease,
antihypertensive treatments). Screening tools to detect potentially inappropriate
medications and potential prescribing omissions for frail older people include the
Beers criteria [17] and the STOPP/START checklist [18]. Routine identification of
frailty would enable targeted evidence-based medication reviews in primary care that
are based on these validated screening tools.

Provision of Evidence-Based Interventions

There is emerging evidence that targeted home-based or group-based exercise inter-
ventions may improve outcomes for frail older people, but further research is required
to determine whether equivalent benefit is achieved across the frailty spectrum [19,
20]. There is emerging evidence that nutritional supplementation for those with evi-
dence of undernutrition and that vitamin D supplements for those who are deficient
may improve outcomes [13]. The identification of frailty as part of routine care would
enable the selection of patients for these interventions.
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Provision of Goal-Oriented Patient Care

To date, measurement of quality of care has usually focused on preventive and dis-
ease-specific care processes. Similarly, outcome measurement has typically ad-
dressed disease-specific short- and long-term indicators [21]. Disease-specific pro-
cesses and outcomes are less relevant for older people with frailty, who frequently
have multiple co-existing conditions and different personal priorities. An alterna-
tive approach to providing better care for older people with frailty is to identify a
patient’s individual health goals across a range of dimensions [21]. For example, a
frail older person with hypertension, heart failure and diabetes may not see tradi-
tional outcomes of disease activity, such as blood pressure or glycated hemoglobin
control, as relevant. Instead, a more meaningful, goal-oriented outcome may be to
get out of a chair and walk to the toilet independently, without fear of dizziness or
falling. Achieving this outcome is the purpose of the three stages of care planning
[22].

Under the guidance of a person trained in care planning, the patient is encouraged
to describe their ‘narrative’. This is an important component, as it frames the pa-
tient’s objectives in their own terms and promotes a strong therapeutic relationship
between the patient and the care planner [22]. A period of reflection should then take
place before the final stage of agreeing on the care plan. Correctly conducted, care
planning results in profound patient engagement and highly individualized care
plans that can embed preventative care strategies. Time and skill are required for suc-
cessful completion. The National Health Service in England has signaled the critical
role of care planning for ‘vulnerable’ people (this is a broad population group that
includes people with frailty) and is specifically reorganizing primary care to incorpo-
rate this approach.

A goal-oriented approach has a number of advantages over the conventional ap-
proach and may enable a sense of greater control and greater ability to self-manage
multiple, interacting conditions. Discussions are patient centered and are structured
around individually desired health states. A focus on outcomes that span conditions
and alignment toward common goals simplifies decision making for frail older peo-
ple. Articulation of the relative importance and prioritization of health states is en-
couraged. Agreed-on steps can be taken to achieve these goals and monitor progress
toward achievement.

A goal-oriented approach to the care of frail older people could enable effective
shared decision making to identify the treatment strategies that are most likely to
achieve patient-prioritized outcomes. Goal-oriented care for frail older people could
facilitate a more holistic approach that values quality of life above the traditional, less
meaningful disease centered approach to care. By identifying outcomes that are pa-
tient focused and meaningful, a goal-oriented approach would potentially have the
additional benefit of improving the self-management of multiple, interacting condi-
tions by older people with frailty.
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Palliative Care

Frailty has been identified as the most common condition leading to death in commu-
nity-dwelling older people [23]. However, it is not currently usual practice to begin ad-
vance care planning or to discuss end-of-life care for people with severe frailty in a
timely way, which more often takes place for people with, for example, severe heart fail-
ure or terminal cancer. Identification and severity grading of frailty would enable ap-
propriate discussions of advanced care planning, including planning the involvement
of palliative care services for those with advanced frailty who are nearing the end of life.

Pre-Hospital Care

Although emergency medical service providers are well placed to identify unmet
needs among frail older people, there is a paucity of research on pre-hospital care in-
terventions [24]. One trial of a referral service for older people who call an ambulance
after a fall but who are not taken to the hospital reported reduced rates of falls and
improved clinical outcomes [25]. Routine identification of frailty may help to guide
the development of pre-hospital care pathways for frail older people.

Emergency Department and Acute Medical Unit

Older people with frailty who are discharged from the ED are at greater risk of ad-
verse outcomes, including subsequent hospitalization, care home admission and
death [26]. Recognition that improved pathways of care are required for older people
with frailty who visit EDs has led to the development of novel services. Interface ge-
riatrics is the concept of rapid assessment, treatment and discharge for older people
in crisis who visit an ED or acute medical unit. This concept usually incorporates the
principle of ‘discharge to assess’, which is based on the premise that the unfamiliar
environment of a hospital is a poor location to assess the capabilities of an older per-
son with frailty. In 2011, a systematic review identified no clear evidence that the in-
terface geriatrics model of care improves outcomes, including mortality, readmis-
sions and long-term care admission, although the conclusions were limited by the
very small number (n = 5) of included trials [27]. More recent evidence has demon-
strated that the development of an emergency frailty unit in the ED may be associ-
ated with increased discharge rates and reduced readmissions [28]. Additionally,
there is evidence that the establishment of an acute frailty admission unit that incor-
porates a discharge-to-assess model of care can significantly reduce the length of
hospital stay with an associated reduction in mortality, without the need for extra
hospital resources [29].

Acute Medical Care

Older people with frailty who receive inpatient comprehensive geriatric assessment in
specialist elderly care wards are more likely to return home, are less likely to have cog-
nitive or functional decline and have lower inpatient mortality rates than those who
receive care in general medical wards [30]. Although this is the usual model of care in
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some countries, including the UK, itis not an international standard. Geriatrician-led,
ward-based, specialist elderly care should become the international standard of care
for frail older people, and routine identification of frailty could help to guide the tri-
age of older people to specialist elderly care wards.

Surgical Care

Older patients with fragility fractures in orthopedic wards are usually frail and often
have complex comorbidity, cognitive impairment and a risk of developing delirium
[31]. This has led to the establishment of the orthogeriatric model of care, in which
the role of the orthogeriatrician is to address the complex needs of frail older people
to ensure that they receive the same high standards of care that are attained on spe-
cialist elderly care wards. In the UK, specialist orthogeriatrician assessment is the
usual model of care and is part of the UK hip fracture best practice tariff, which is a
financial incentive to deliver high-quality care.

Frail older people are at greater risk of adverse outcomes following surgery, includ-
ing post-operative complications, mortality, length of stay and discharge to long-term
care residence [32]. Specialist assessment of frail older people at risk of adverse surgi-
cal outcomes is associated with improved outcomes, including lower rates of delirium,
pressure sores and immobility [33]. The routine identification of frailty would help to
guide the selection and pre-operative care of frail older people undergoing surgery.

Intermediate Care Services

There has been sustained international interest in developing novel services for older
people in the virtual space between primary and secondary care. The main stimulus
has been the steady rise in emergency admissions of older people against a backdrop
of declining bed numbers. These competing trends have been resolved by significant
reductions in length of stay, but at the potential expense of many older people leaving
the hospital while incompletely recovered.

Conventional community services provide care support but aim to maintain, and
not improve, function. The generic term ‘intermediate care” has been used to describe
these services, which essentially provide community-based support and rehabilitation
care. Confusion has occurred because of the apparently disparate range of service
models and the associated nomenclature (e.g. crisis/rapid response teams, virtual
wards, early discharge services, re-ablement services). It is easier to understand that
there is bed-based intermediate care (e.g. community hospitals) and home-based in-
termediate care (e.g. hospital-at-home) and that both types may have the separate
functions of ‘step-up’ care (admission avoidance) and ‘step-down’ care (early dis-
charge). The evidence base for intermediate care services is patchy. There is reason-
able effectiveness evidence for community hospitals and hospital-at-home (for chron-
ic obstructive pulmonary disease and stroke, and less so for older people with frailty),
possible increased harms of nurse-led units and expensive care for care home-based
rehabilitation [34].
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Social Services
Older people with frailty are the main users of adult social care services in developed
countries [2]. Routine identification of frailty would facilitate the direction of frail
older people to appropriate services and would help to guide pathways of care.
Hospitalized frail older people who have recovered from their acute medical illness
can spend many days or weeks in the hospital, waiting for the arrangement of social
care support at home. Planning for hospital discharge should begin at admission, and
methods to identify frailty as part of routine care could facilitate discharge planning by
identifying those who are more likely to need increased social care or rehabilitation.

Improving the Organization of Health and Social Care for Older People with Frailty

The priorities of care for older people with frailty should be to prevent acute health
crises, to manage exacerbations of chronic disease and to support independent living
at home. This requires collaboration between health and social care providers to de-
velop integrated care pathways that deliver a comprehensive set of services. Pathways
should span primary and secondary care, intermediate care and social services.

Older people with frailty, and particularly those with cognitive impairment and
dementia, are at their most vulnerable when they present to the hospital with an acute
illness. The development of integrated care pathways for frailty should ensure that
systems exist for sharing information at critical points in the patient’s journey.

Detection of frailty should be an essential part of assessment of older people. Fail-
ure to detect frailty potentially exposes patients to interventions that may not be
beneficial and that indeed could be harmful. Conversely, excluding fit older people,
on the basis of age alone, from interventions from which they may benefit is unac-
ceptable [3]. Identification of slow gait speed is a simple test that can be performed
in a range of locations to detect frailty and could be used to guide the delivery of
evidence-based care to frail older people. However, this measurement has staff re-
source implications and may be inaccurate. The identification of frailty using exist-
ing clinical data to construct a frailty index on the basis of the cumulative deficit
model is attractive. This approach would enable positive identification and severity
grading of frailty. This would have considerable clinical merit because it would be
the basis for a paradigm shift in the care of frail older people toward a more goal-
directed model of care.
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Abstract
Consideration of ethical and legal themes relating to frailty must engage with the concern that
frailty is a pejorative concept that validates and reinforces the disadvantage and vulnerability of ag-
ing adults. In this chapter, we consider whether a greater focus on frailty may indeed be part of the
solution to the disadvantages that aging adults face in achieving equality and maintaining their
autonomy within systems that have used their frailty to deny them equality and autonomy. First, by
examining equality both as an ethical norm and as a requirement for protections against discrimina-
tion, we raise questions about the grounds on which health providers and health systems can be
required to give equal concern and respect to the needs of frail older persons. Second, we explore
autonomy and identify the tension between meaningful self-determination and prevailing ethical
and legal norms associated with informed choice. Third, we argue that a proper understanding of
frailty is essential within both of these themes; it respects equality by enabling health providers and
systems to identify and address the distinct care needs of aging adults and helps to align informed
choice theory with appropriate processes for decision-making about those needs.

© 2015 S. Karger AG, Basel

The purpose of this chapter is to identify known ethical and legal themes in health
care within the framework of frailty and to identify related unresolved questions.
Given that the frailty epidemic is an emerging phenomenon, ethical/legal questions
with specific relevance to those who are frail remain insufficiently examined. Even less
examined is the extent to which use of “frailty’ as a pejorative label, predisposing old-
er adults to paternalism, negative stereotypes and discrimination [1], can coexist and
be reconciled with the unifying and advancing understanding of frailty as a complex
health syndrome that is central to providing appropriate care and support to millions
of aging people.



To focus this discussion, we have considered frailty as a vulnerable state in order
to identify and explore two key areas where ethics and law clearly intersect: (1) equal-
ity, understood both as a relevant ethical norm and as a requirement for legal protec-
tions against discrimination when equality is denied, ignored or simply not recog-
nized, and (2) autonomy and the tension that arises between meaningful self-deter-
mination in health care and the legally mandated and prevailing ethical norms
associated with ‘informed choice’.

Equality

One of the universal functions of equality law is to protect people against discrimina-
tion based on age and other personal characteristics. Older people unquestionably
and routinely face discrimination because of their age, including in the health care
system [2-4]. Often, age-based discrimination intersects with other prohibited
grounds of discrimination, including disability, sex (or gender), race, national or eth-
nic origin, aboriginal status, religion, and sexual orientation [4].

At the center of their vulnerability to discrimination is the frequency with which
older persons are treated on the basis of stereotypes or in ways that reinforce stereo-
types. A pervasive element of these stereotypes is the assumption that older persons
are, by virtue of being old, also frail, weak, needy, and lacking or diminished in
capacity or potential. By extension, they are understood to require less or be less de-
serving of goods, services, benefits and opportunities than others. This broader and
intrinsic devaluation of old age by society at large is commonly understood as ‘age-
ism’ [5]. Of significance to this chapter is that evolving conceptions of ageism over
the last several decades suggest that ageism, understood historically to focus on all
older adults, has been more recently reserved for application to frail and disabled el-
ders. Moreover, issues of ageism have moved from primarily moral discussions to the
arena of legal obligation through legislative enactments focused on age discrimina-
tion [5].

In this context, the concern is that characterizing frailty as a biophysical attribute
and using it as the basis for clinical decision-making provides validation and objectiv-
ity to ageism [6]. Within health care, for example, a diagnosis of relative frailty may
be applied deterministically to provide justification for limiting, withholding or deny-
ing certain kinds of care and for exposing older persons to greater loss of their au-
tonomy in clinical decision-making than they may already typically face. More broad-
ly, a diagnosis of ‘being frail” could expose diagnosed persons to broader and perhaps
more intractable discrimination, beyond the health and social care systems in their
homes, social networks and communities.

In broad strokes, the concern is that the ‘medicalization’ of frailty will reinforce the
socially constructed nature of ageism inside and outside health care [7]. This concern
runs in the same direction as critiques of a medicalized understanding of disability
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and the role that it can play in preventing attention to the social construction of
disability and legitimizing clinical approaches that can reinforce stereotypes and un-
dermine autonomy by, for example, subsuming neurological differences within the
concept of mental illness [8-10].

Conversely, the premise of numerous chapters in this book is that frailty must be
understood and taken into account because frailty — or its absence - is critical to un-
derstanding care that benefits older adults [11]. In this view, clarifying a person’s place
on a ‘frailty spectrum’ helps to ensure that older persons are informed, diagnosed and
treated in ‘correspondence’ with their actual ‘needs, circumstances and capacities’, the
concept used in Canadian constitutional law to distinguish between valid differentia-
tions on the basis of age (or other grounds of discrimination) and differentiations that
stereotype [12]. In health care, differentiating between the needs of patients based on
their relative frailty may avoid differentiation on the basis of age and mitigate age-
based discrimination. In the United Kingdom, where denial of care based on age alone
is explicitly prohibited, it is argued that health care must come to terms with frailty to
prevent efforts to address the different and varied needs of older patients from being
understood and characterized as age discrimination [13]. Moreover, since substantive
equality means affirmative action in response to disadvantage as well as avoidance of
negative discrimination, true equality requires more than avoidance of the pejorative
connotation of frailty. It also requires recognition, understanding and responsiveness
to frailty. As argued in the introductory chapter of this book, there is nothing about
frailty that is made better by not talking about it.

Equality means more than protection from discrimination. It can be seen as a
fundamental aim or consequence of justice and is understood as the fair, equitable
and appropriate treatment owed to persons (e.g. equal political rights and access to
equal public services such as health care) [14]. Whether or not there is an enforce-
able legal right to this broader equality, it operates as an ethical and political norm
[14, 15] and calls on governments and health care systems to ensure a defensible
measure of equality of access to needed care, including for vulnerable populations
[16]. Older adults, because of the equal value of the lives that they have to live, de-
serve responsive and proportionate attention to their particular health care needs
[17]. In the language of Canadian equality law, equality of older persons requires
that their needs be given ‘equal concern and respect’ in health care, as elsewhere
[18]. The feasibility of these commitments is typically questioned out of fear that the
consumption of health care by the ‘grey tsunami’ will make health care systems so-
cially unaffordable and unable to meet the needs of other demographics. The re-
sponse from an equality perspective often includes a mounting of the barricades
against any hint of age-based rationing.

Polarized debate overlooks the evidence suggesting that population aging plays a
small part in the growth of health care spending [19, 20]. What does matter is how the
health care system responds to need; here, it is relevant that health systems tend to
provide older adults with too much or too little care [21]. On the one hand, they excel
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at providing conventional illness-specific interventions, with insufficient regard for
the higher risk and the lower potential benefits for older persons. On the other hand,
they struggle to provide older adults with integrated and continuous programs of care
and chronic disease management that are responsive to older adults’ complex needs.
The reconfiguration required is complex. It goes well beyond what can be accom-
plished by health care practitioners. Broad changes to how resources are allocated at
every scale of decision-making; how providers are educated, compensated and sup-
ported in their roles; how aging adults and their families are supported; and how sys-
tems of health and social care designed to fix or ameliorate specific problems are
needed to understand and address a totality of continuing, escalating and interacting
health and social needs.

Nevertheless, by systematically and comprehensively seeking a better understand-
ing of frailty and its significance to the real needs of patients, health care practitioners
play an influential role in establishing defensible clinical approaches to care as well as
requisite accompanying rehabilitative and social supports. A change in health care
practice can contribute to a foundation on which to reconfigure broader system
changes.

Those changes must be pursued with due concern for how fair health care deci-
sions are made in the face of finite resources. This is especially pertinent for those
older adults who are especially vulnerable to ageism-based discrimination. A lack of
clarity about the needs, circumstances and capacity of older adults or the presence
of idiosyncratic care practices increase the possibility that the decisions will be made
through legal channels that tend to push toward binary choices, rather than through
reflective deliberation by the broad spectrum of stakeholders who should be influ-
encing health care and health policy. A useful alternative framework, and one that
is gaining international attention as a dominant decision-making paradigm in oth-
er realms of health care [22], is the ‘accountability for reasonableness framework’
conceptualized by Daniels and Sabin [16]. In this view, in order to achieve fair and
justifiable limits for health care spending, fair processes for priority setting are a
necessary condition for establishing and sustaining the legitimacy of system-wide
decisions [16, 23]. Process elements that could contribute to legitimate decision-
making relevant to frailty include explicit priority setting, transparent deliberation,
input beyond that of medical experts and outcome measures that matter to patients
[16].

Autonomy and Informed Choice

A key and universal ethical principle for those who influence health care is to facilitate
choices that maximize benefit and minimize harm on behalf of patients and members
of the public [14]. Choices about benefits and harms must be offered with meaningful
consideration for both personal autonomy and the values and preferences of those af-
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fected. ‘Autonomy’ refers simply to the ‘rule of self’, which is free from interferences
and is a central value in Western health care [14, 24]. It assumes that we, as autono-
mous individuals, are able to act intentionally, with understanding and without con-
trolling interferences. At the patient encounter, respect for autonomy is predomi-
nantly operationalized through care providers’ obligation to enable others to act on
their own understanding of their own best interest when making health care decisions
(14, 24].

Whether arising from philosophical, medical or legal perspectives, this obligation
translates into five commonly accepted elements of informed choice, or, in the lan-
guage of law in Canada and other countries, informed consent [14, 25]. These include
preconditions of patient voluntariness (an absence of coercion or undue influence);
capacity (the ability to understand information relevant to a decision and to reason-
ably appreciate the foreseeable consequences); understanding (comprehension of all
pertinent information); the disclosure element (provision of all pertinent informa-
tion); and finally, authorization of a choice by the patient.

Respecting the autonomy of patients through the informed choice process is often
nuanced and complicated, but it is a professional obligation that practitioners should
take very seriously. Whereas informed choice provides the doorway into the patient
relationship, its absence results in serious ethical and legal breaches. From an ethical
perspective, this absence may be the result of paternalistic influences (possibly even
motivated by good intentions and other ethical obligations such as beneficence), or
worse, it may be suggestive of disregard for patients’ values or rights to self-determi-
nation. Whatever the motivation, from a legal perspective, it is civilly actionable. For
example, it is actionable in Canada as battery and in Australia as trespass [25, 26].
Treatment without valid informed choice can also be prosecuted criminally as as-
sault.

Ethical and legal considerations play out in a number of ways with respect to the
elements introduced above. As noted, valid informed choice implies that the choice
be authorized by someone who has the capacity to make decisions based on his or her
ability to understand material information as well as the foreseeable consequences of
the decision. Where a patient lacks capacity, the law typically requires that informed
choice be sought from a capable person who has legal authority to decide on behalf of
the patient. In Canada and many other countries, patients are assumed to have capac-
ity unless they are determined to be incapable under the applicable legal test.

Informed choice must be voluntary; duress or coercion, including undue influ-
ence by clinicians regarding what may be best for patients, is not genuine choice. It
must also be authorized by a patient (or a substitute decision-maker) who has been
adequately informed of the risks that are material to the choice between undergoing
and not undergoing the proposed treatment or between alternative treatments. This
places a duty on the treating clinician to disclose all material risks. The duty to dis-
close enables informed patient decision-making where bodily integrity and self-de-
termination are at stake. In consequence, the scope of the duty is broad. Its breadth
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is determined by the patient’s need to know, not by the views of the health care pro-
vider. Disclosure must therefore address all of the information on the likelihood of
predicted clinical outcomes and the gravity of associated risks that a reasonable pa-
tient would regard as material. In addition, it must address the risks that the health
care provider knows or ought to know the patient would regard as material when
these are beyond or different from the risks that a reasonable patient would regard
as material.

Integral to disclosure of material information is its understanding by patients. It is
important to recognize that the capacity to understand information and actual under-
standing achieved through effective disclosure are distinct elements of informed
choice. A person may indeed have the capacity or ability to understand information
relevant to alternative choices but may be left without actual understanding of that
information after its inadequate disclosure and explanation. For example, technical
jargon or unfamiliar language may impede patients’ understanding of information
that is material to their choice. Actual understanding requires that information be
disclosed in a manner that is meaningful to those who are making the choices. There-
fore, health providers are also obliged to ensure that material information and risk
associated with alternative choices are understood by patients.

When disclosure is found to be inadequate (and this includes a failure to meet the
test of patient understanding) and resulting in patient harm, the responsible provider
can be liable. In Canada and, similarly, in Australia, this liability would be dealt with
under the law of negligence. Here, the patient must show that he or she suffered harm
in consequence of the choice that he or she made and that a reasonable patient given
adequate disclosure would have made a different treatment choice.

This legal and ethical framework, painted here in very broad strokes, has a range
of implications for the care and treatment of those who are frail. Most obviously, like
other patients, they are entitled to have the same control over their health care that
informed choice is intended to give to all capable patients. Indeed, if what the authors
of this book say about the importance of frailty to the clinical need and capacity of
those who are relatively frail is accurate, true fidelity to the concept of informed choice
and its underlying value of autonomy creates an imperative for a better understand-
ing of frailty and its relationship to health care decision-making [15]. The alternative
is decision-making that is materially uniformed. Likewise, as our knowledge of frailty
and its relevance to the care and treatment of older adults expands and our ability to
apply that knowledge through dependable diagnostic tools increases, it will become
increasingly clear that informed decision-making by older adults requires disclosure
and understanding of their relative position on the fitness-to-frailty spectrum. In oth-
er words, if the duty of disclosure is taken seriously, frailty and its relevance to spe-
cific treatment options become necessary and critical considerations for clinical deci-
sion-making.

However, a range of systemic obstacles stand in the way of providers aiming to in-
tegrate frailty into their efforts to respect the right of frail patients to fully informed
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choice. Here, we discuss three: the role that standards of practice can play to divert
attention from choice, the relative unavailability of research evidence applicable to
frail patients, and the gaps between the process and theory of informed choice and the
reality of frail older adults.

For the first of these, the pressure to follow standards of practice, whether or not
they reflect the best interests of frail patients, causes normalization of aggressive and
life-advancing treatment alternatives for adults of advanced age. Increasingly accept-
ed as standard practices, these treatments serve to undermine meaningful choice by
mobilizing hope about interventions that are often accompanied with questionable
gains while, at the same time, failing to account for risks associated with both the con-
dition and the procedures themselves [27]. According to Shim and coworkers [27],
‘understandings of the mandate to treat at ever-older ages contribute, pragmatically,
to the elimination of any significant deliberation about whether or not to treat’. In-
stead, ‘standard practice replaces choice’, a danger that is reinforced by the reality that
options for older adults experiencing frailty are not so clear [28]. The result can be
harm to individuals who are provided treatment options without sufficient consider-
ation of the risk arising from frailty. Coronary artery bypass surgery provides a strik-
ing example, illustrating high risks of adverse outcomes in frail patients, most of
whom will either die (15%) or become catastrophically disabled (50%) following sur-
gery [29, 30].

The second systemic barrier to integrating frailty into informed choice is the rela-
tive unavailability of research evidence that is readily applicable to frail patients. A
number of earlier chapters present current best evidence associated with evaluating
and managing frailty in a variety of health services and social contexts, yet it is fair to
suggest that health research related to frailty is still a nascent frontier. The void in
medical evidence available to adequately inform health care for those who are frail
creates a conundrum, particularly for clinicians who face the legal imperative to dis-
close current best evidence to facilitate informed decision-making. For instance, old-
er adults, and especially those who lack capacity, are systematically excluded from
research trials; this is highly problematic, considering that older adults are known to
suffer the greatest collective health burdens [31]. Health interventions to address
chronic diseases in older adults are likely to have different outcomes for those who are
frail versus those who are not frail [32]. Adding to this conundrum is difficulty in even
advancing the research agenda to be suitably appropriate for frail older adults. Not
surprisingly, comorbidity, exhaustion and respondent burden are identified as con-
tributing to the high attrition rates of frail research participants [28].

Over the past decade, international stakeholder and large expert workgroups have
examined emerging research challenges [32], attempted to address research dispari-
ties and challenged the assumption that frail older adults would not tolerate or ben-
efit from research [28, 31, 32]. Numerous strategies to augment research validity for
frail patients continue to emerge, including the development of relevant research
guidelines; improvements to recruitment, such as eligibility screening, inclusion
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criteria, and increasing conventional sample sizes to account for attrition; and expan-
sion of outcome measures to include proxy and quality-of-life measures in addition
to objective biomedical outcomes and validation of novel secondary outcomes.

In the meantime, the need for large-scale trials and interventions that meaning-
fully include the needs of older adults remains urgent. Without their inclusion, cur-
rent best evidence does not sufficiently reflect pertinent outcomes or risks. It follows,
then, that for the purposes of informed decision-making, health outcomes associated
with research interventions and trials that do not include the participation of frail
older adults, or even adults with comorbidities, should only be judiciously extended
to those who are frail, if indeed these outcomes are extended at all [28].

This brings us to the third systemic barrier: the gap between the logic of the process
and theory of informed choice and the complex reality of the situation of frail patients.
Understanding the frailty of older adults can clearly have implications for the imple-
mentation of the process of informed choice for older adults. It is well recognized that
older patients are among those for whom the gap between the theory and the reality
of informed choice is likely to be significant. In keeping with earlier references to age-
ism, frail older adults are particularly vulnerable to paternalistic health care, which
assumes a diminished ability to understand and to make decisions in the face of com-
plex information options. Taken to an extreme, these attitudes can result in mistaken
conclusions about the capacity of older adults. Short of that, there is the risk that old-
er adults will not be given a full explanation of all of the information to which they are
entitled to fully assess their clinical options or adequate assistance in understanding
that information.

Considering frailty as a diagnostic characterization or clinical condition could ac-
centuate these problems by giving validation to or rationalizing the assumption that
frail older adults lack the capacity to fully adhere to the concept of informed choice.
This risk is even greater if the diagnostic criteria for frailty emphasize diminished au-
tonomy (i.e. cognitive functioning or physical dependency) that is more susceptible
to deterministic application. Therefore, the wider use of frailty as a diagnostic char-
acterization will give additional urgency to implementation of the range of positive
actions that can be taken to address and mitigate the challenges that older adults face
in exercising the right of informed choice in substance as well as in form. One of these
actions is education for providers, patients, family members, health administrators
and policy-makers. Another is a more deliberate and organized approach to the wid-
er implementation of the concept of assisted or supported decision-making for older
patients [33]. Another, which is closely related, is the development and implementa-
tion of measures to improve the ways in which information is shared with and ex-
plained to older adults and to give older adults and their family members better deci-
sion-making support. Such measures would not only guard against the risk of frailty
being equated with incapacity; they would also respond to the reality that the elderly
frail often do have diminished ability to effectively exercise their rights precisely when
the volume and complexity of information relevant to their health is likely to be high.
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In this regard, taking frailty seriously as a significant variable in caring for older
adults could support the call of ethicists for a reconsideration of our understanding of
self-determination in health care. Given the value placed on autonomy in Western
culture, it is not difficult to appreciate why self-determination is a dominant and high-
ly privileged principle. However, recent ethics discourse suggests that autonomy, as it
is traditionally understood and applied in health care, is problematic [34, 35]. Illness,
by its very nature, tends to make patients dependent on the care and good will of oth-
ers and reduces patients’ power to exercise autonomy [34]. As a state of increased vul-
nerability, frailty likewise connotes dependency, a circumstance that does not lend
itself to autonomous agency. Consequently, there is a need to consider a more rela-
tional conception of autonomy, one that recognizes dependency as well as the influ-
ences that exist for patients within their care relationships [35]. This may have pro-
found implications for how we think about and operationalize informed choice in this
context. At the very least, it suggests the need for expectations, institutional structures
and processes that advance assisted or supported decision-making as the norm.

More, and not less, attention to frailty may be needed to close the gaps between
informed choice theory and the reality for aging adults. Frailty, as explored in this
book, could be the integrating concept that allows a different kind of informed choice,
one that is an inclusive, comprehensive and manageable process. Currently, the the-
ory of informed choice plays out similarly to the ways in which health care interven-
tions are applied; choices are often offered in relation to ‘one condition at a time’.
Other chapters in this book attest to the importance of considering the constellation
of factors that contribute simultaneously to frailty (i.e. the totality of issues), rather
than incremental and discrete health care needs. Older adults are more likely to have
multiple chronic conditions that call not only for specific treatment of specific ill-
nesses by specific providers but also for the continuing management of their chronic
conditions by multidisciplinary teams working throughout the subsectors of the
health and social care systems.

Just as health care systems struggle to coordinate and integrate programs of care,
they struggle to efficiently and effectively align these programs with the informed
choice process. The result can be informed choice on aspects of care or treatment that
does not account for the relationship of that care or treatment to the larger context of
the patient’s clinical condition or continuing program of care. The informed choice
process can become a burden to patients, family members and providers, as it is ap-
plied to each and every event in the patient’s course of treatment as if each were a dis-
tinct health care event, rather than part of a continuous process of care.

These dynamics may call for a reconfiguration of the informed choice process to bet-
ter align it with the health condition of older adults and the health care choices that they
typically face. Understanding frailty as a distinct clinical condition, as explored in this
book, suggests a need for such a reconfiguration while, at the same time, providing guid-
ance on how that might be accomplished. This understanding demonstrates that the
complex and multifaceted needs of many older adults are the result not only of the on-
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set of the multiple distinct illnesses of age but also of a common underlying condition
that explains the interaction and effect of other conditions and the options for their
amelioration. This understanding of frailty also provides guidance on how informed
choice can be reconfigured by showing how it can be integrated and organized into pro-
grams of health and social care that have therapeutic coherence and unity based on their
concern with the relative frailty of patients.

Concluding Thoughts

Consideration of ethical and legal issues relating to frailty must engage with the con-
cern that frailty is a pejorative concept that validates and reinforces the disadvantages
and vulnerability of aging adults. From this perspective, we offer a counterintuitive
conclusion: that a greater focus on frailty may be part of the solution to the disadvan-
tages that aging adults face in achieving equality and maintaining their autonomy
within systems that have used their frailty to deny them equality and autonomy.

To foster equality, a properly informed and applied understanding of frailty can
be one of the keys to ensuring that health and social systems not only do not use age
as a reason for denying care but also are fully responsive to the distinct care needs of
aging adults. In the realm of autonomy, this kind of focus on frailty can help to align
informed choice process and theory with the real and typically different health and
social needs of aging citizens. In both of these sentences, the operative word is ‘can’.
What matters is not only how we understand frailty but also how we apply that un-
derstanding to ensure that it advances equality, autonomy and justice for aging citi-
zens.

Unanswered Questions

The chapters in this book represent insights about frailty and its management, rang-
ing from examination of biophysical and clinical advances to considerations for pri-
mary, hospital and continuing care, and further to the complexities of organizational,
policy and social contexts that influence the lived experience of those who are frail.
Each of these themes has the potential to raise many important ethical and legal ques-
tions, and especially normative questions that arise when choices have to be made
about what ought to happen within particular contexts and among competing values.
While we chose to focus on only a couple of themes at the intersection of ethics and
law, our reflections identify further key unanswered questions regarding frailty with-
in these themes:

(1) Will the diagnosis and treatment of frailty as a distinct clinical and social con-
dition expose older adults to discrimination on the basis of age? Will it help to protect
them from age-based discrimination?
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(2) Are the recognition of frailty as a distinct clinical diagnosis and the use of frail-
ty as a basis for decision-making in health and social services likely to exacerbate or
ameliorate the vulnerability of older adults?

(3) Will increased representation of frail older adults in research protocols serve to
ameliorate the injustice of their current under-representation, or will it create other
ethical concerns related to respecting their welfare by mitigating exposure to undue
physical hardship or impositions on personal autonomy?

(4) Does a shift to new paradigms for diagnosing and managing frailty depend on
a broader shift from autonomy to relational autonomy? Should it involve a parallel
shift from ‘substitute’ to ‘supported’ decision-making?

(5) What changes to the legal framework for professional practice, to the organiza-
tion of funding, and to the delivery of health and social services can or must be made
to facilitate or enable improved diagnosis and treatment and management of frailty?

(6) How is frailty relevant to (or related to) our understanding of the capacity of
older adults to make decisions for themselves? Does our evolving understanding of
frailty, its dynamics and its consequences have implications for our understanding
and evaluation of the capacity of older adults?

Acknowledgments

This chapter evolved from a Nova Scotia Health Research Foundation capacity-building grant. The
authors gratefully acknowledge Dr. Stephen Birch for contributions to early discussions as well as
research assistance from Emma Baasch, Karen MacNeil and Lyndsay Foisey.

References

1 Richardson S, Karunananthan S, Bergman H: I may 7 Hall M: Old age (or, do we need a critical theory of

be frail but i ain’t no failure. Can Geriatr ] 2011;14: law and aging?) Windsor Review of Legal and Social
24-28. Issues 2014;1.

2 Ontario Human Rights Commission: A Time for Ac- 8 Bickenbach JE, Chatterji S, Badley EM, Ustiin TB:
tion: Advancing Human Rights for Older Ontarians. Models of disablement, universalism and the inter-
Toronto, Ontario Human Rights Commission, 2001. national classification of impairments, disabilities

3 van Heuvel WJA, van Santvoort MM: Experienced and handicaps. Soc Sci Med 1999;48:1173-1187.
discrimination amongst European old citizens. Eur ] 9 Kaiser HA: Canadian mental health law: the slow
Ageing 2011;8:291-299. process of redirecting the ship of state. Health Law ]

4 Law Commission of Ontario: A Framework for the 2009;17:139-194.

Law as it Affects Older Adults: Advancing Substan- 10 Carver PJ: Mental health law in Canada; in Downie
tive Equality for Older Persons through Law, Policy ], Caulfield T, Flood C (eds): Canadian Health Law
and Practice. Toronto, Law Commission of Ontario, and Policy, ed 3. Toronto, LexisNexis Canada Inc.,
2012. 2007, pp 399-436.

5 Cohen ES: The complex nature of ageism: whatisit? 11 Mallery LH, Moorhouse P: Respecting frailty. ] Med
Who does it? Who perceives it? Gerontologist 2001; Ethics 2011;37:126-128.

41:576-577. 12 Law v. Canada (Minister of Employment and Immi-

6 Special Senate Committee on Aging: Canada’s Aging gration) 1999, 1 SCR 497.

Population: Seizing the Opportunity. Ottawa, Spe-
cial Senate Committee on Aging, 2009.

184 McNally - Lahey

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 174-185 (DOI: 10.1159/000381235)



13

14

15

16

17

18

19

20

21

22

23

24

25

Romero-Ortuno R, O’Shea D: Fitness and frailty: op-
posite ends of a challenging continuum! Will the end
of age discrimination make frailty assessments an
imperative? Age Ageing 2013;42:270-280.
Beauchamp TL, Childress JF: Principles of Biomedi-
cal Ethics, ed 7. New York, Oxford University Press,
2013.

Asada Y: Health Inequality: Morality and Measure-
ment. Toronto, University of Toronto Press, 2007.
Daniels N, Sabin JE: Setting Limits Fairly: Learning
to Share Resources for Health, ed 2. Oxford: Oxford
University Press, 2008.

Giordano S: Respect for equality and the treatment
of the elderly: declarations of human rights and age-
based rationing. Camb Q Healthc Ethics 2005;14:
83-92.

Alon-Shenker P: The unequal right to equality: to-
wards a dignified lives approach to age discrimina-
tion. Can J Law Jurisprudence 2012;25:243-282.
Dormont B, Grignon M, Huber H: Health expendi-
ture growth: reassessing the threat of aging. Health
Econ 2006;15:947-963.

Canadian Institute of Health Information: Health
Care in Canada, 2011: A Focus on Seniors. Ottawa,
Canadian Institute for Health Information, 2011.
Rockwood K: An unsuitable old age: the paradoxes
of elder care. CMAJ 2005;173:1500-1501.

Martin DK, Giacomini M, Singer P: Fairness, ac-
countability for reasonableness, and the views of pri-
ority setting decision-makers. Health Policy 2002;61:
279-290.

Daniels N: Accountability for reasonableness: estab-
lishing a fair process for priority setting is easier than
agreeing on principles. BMJ 2000;321:1300-1301.
Entwistle VA, Carter SM, Cribb A, McCaffery K:
Supporting patient autonomy: the importance of cli-
nician-patient relationships. ] Gen Intern Med 2010;
25:741-745.

Peppin P: Informed consent; in Downie J, Caulfield
T, Flood C (eds): Canadian Health Law and Policy,
ed 4. Markham, Ontario, LexisNexis Canada Inc.,
2011, pp 153-194.

Mary McNally

Faculties of Dentistry and Medicine, Dalhousie University

PO Box 15000, 5981 University Avenue
Halifax, NS B3H 4R2 (Canada)
E-Mail mary.mcnally@dal.ca

Frailty’s Place in Ethics and Law

26

27

28

29

30

31

32

33

34

35

Richards P: General principles of consent to medical
treatment; in White B, McDonald F, Willmot L (eds):
Health Law in Australia. Pyrmont, N.S.W., Lawbook
Co./Thomson Reuters, 2010, pp 93-111.

Shim JK, Russ AJ, Kaufman SR: Risk, life extension
and the pursuit of medical possibility. Sociol Health
Illn 2006;28:479-502.

Ferrucci L, Guralnik JM, Studenski S, Fried LP, Cut-
ler GB Jr, Walston JD; Interventions on Frailty
Working Group: Designing randomized, controlled
trials aimed at preventing or delaying functional de-
cline and disability in frail, older persons: a consen-
sus report. ] Am Geriatr Soc 2004;52:625-634.

Lee DH, Buth KJ, Martin BJ, Yip AM, Hirsch GM:
Frail patients are at increased risk for mortality and
prolonged institutional care after cardiac surgery.
Circulation 2010;121:973-978.

Afilalo ], Mottillo S, Eisenberg M]J, Alexander KP,
Noiseux N, Perrault LP, Morin JF, Langlois Y, Oha-
yon SM, Monette J, Boivin JF, Shahian DM, Berg-
man H: Addition of frailty and disability to cardiac
surgery risk scores identifies elderly patients at high
risk of mortality or major morbidity. Circ Cardio-
vasc Qual Outcomes 2012;5:222-228.

Herrara AP, Snipes SA, King DW, Torres-Vigil 1,
Goldberg DS, Weinberg AD: Disparate inclusion of
older adults in clinical trials: priorities and opportu-
nities for policy and practice change. Am J Public
Health 2010;100:S105-S112.

Bergman H, Ferrucci L, Guralnik J, Hogan DB,
Hummel S, Karunananthan S, Wolfson C: Frailty: an
emerging research and clinical paradigm - issues
and controversies. ] Gerontol 2007;62A:731-737.
Hall M: Mental capacity in the (civil) law: capacity,
autonomy, and vulnerability. McGill Law Journal
2012;58:61-94.

Sherwin S: The Politics of Women’s Health: Explor-
ing Agency and Autonomy. Philadelphia, PA, Tem-
ple University Press, 1998.

Agich GJ: Dependence and Autonomy in Old Age:
An Ethical Framework for Long-Term Care. Cam-
bridge, Cambridge University Press, 2003.

185

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 174-185 (DOI: 10.1159/000381235)



Social Aspects of Frailty

Theou O, Rockwood K (eds): Frailty in Aging. Biological, Clinical and Social Implications.
Interdiscipl Top Gerontol Geriatr. Basel, Karger, 2015, vol 41, pp 186-195 (DOI: 10.1159/000381236)

Frailty and Social Vulnerability
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Abstract

Both intrinsic and extrinsic factors contribute to health. Intrinsic factors are familiar topics in health
research and include medical conditions, medications, genetics and frailty, while extrinsic factors
stem from social and physical environments. This chapter builds on others in this volume, in which
a deficit accumulation approach to frailty has been described. The concept of social vulnerability is
presented. Social vulnerability stems from the accumulation of multiple and varied social problems
and has bidirectional importance as a risk factor for poor health outcomes and as a pragmatic con-
sideration for health care provision and planning. Importantly, the social factors that contribute to
overall social vulnerability come into play at different levels of influence (individual, family and
friends, peer groups, institutions and society at large). A social ecology perspective is discussed as a
useful framework for considering social vulnerability, as it allows for attention to each of these levels
of influence. Tying together what we currently understand about frailty (in medical and basic science
models) and social vulnerability, the scaling potential of deficit accumulation is discussed, given that
deficit accumulation can be understood to occur at many levels, from the (sub-)cellular level to tis-
sues, organisms/complex systems and societies. ©2015 S. Karger AG, Basel

Many factors contribute to health; this concept will no doubt be abundantly clear to
readers of this book. In order to make sense of such masses of influences, it is useful
to consider the distinction between intrinsic and extrinsic contributors to health. In-
trinsic factors include such considerations as medical conditions, medications, genet-
ics and frailty itself, representing impaired repair mechanisms. Extrinsic contributors
are factors external to an individual, stemming from social and physical environ-
ments. Some factors are in a gray area, with relevance to both categories. For example,
socioeconomic (extrinsic) factors contribute to smoking and dietary intake, both of
which might be construed as intrinsic contributors to health. Nevertheless, the dis-
tinction is a useful one to make and allows study of the role of how each realm is im-
portant for health and health outcomes.

It is noncontroversial that health has important social determinants. These include
socioeconomic status (SES) (e.g. educational attainment, occupation, income and



wealth or deprivation); social relationships and support from family and friends
(which can be instrumental, as in hands-on help, or emotional) [1, 2]; engagement in
group activities in one’s community [3, 4]; mastery (feelings of control over life cir-
cumstances) [5]; and contextual factors relating to our neighborhoods, communities
and societies [6, 7]. Some of these factors are relevant on the individual level, while
others relate to connections between people and are thus properties of the relation-
ships themselves. One particularity of the literature on social factors that might be
relevant to health is that it is situated in a number of distinct disciplines and academ-
ic traditions. The terminology can thus be confusing; encountering similar terms may
give a false sense of common ground when, in fact, different things are meant, and
different terms may be used to represent what is in fact the same concept [8].

Traditionally, each social factor is studied ‘one at a time’, which has the benefit of
keeping things simple and attributing (supposedly) ‘independent’ influence to each
variable on its own. Studies show, for example, that living alone is associated with worse
health outcomes; that volunteering is great for one’s health; and that people who live in
a neighborhood with low rates of crime, graffiti, and higher levels of trust (e.g. no ‘pay
before you pump’ rules at the gas station) enjoy better health [9-11]. However, social
circumstances are undoubtedly complex, and such ‘one at a time’ models, even when
adjusting for confounding variables using statistical methods, run the risk of misclas-
sifying risk and missing the point. Consider two older women who live alone. One is
very isolated, rarely leaving home and receiving no regular visitors. Were she to become
ill or fall, she might not be found for days. The other, although she lives alone, regu-
larly socializes with a wide network of friends and family and engages in regular activi-
ties outside the home. If something were to happen to her, someone would notice much
more quickly. Thus, although these two women both live alone and may be alike in
many of the ways that research studies might usually take into account (age, health sta-
tus, and even SES for the sake of argument), their social circumstances are very different.

Another way to think about social circumstances in relation to health is by using
the concept of social vulnerability (SV) and the related idea of social reserve. SV cap-
tures the degree to which a person’s overall social situation leaves him or her suscep-
tible to further insults (either health-related or social). Considered as the inverse, so-
cial reserve is the degree of resilience that a well-connected and supportive social
situation might impart. Ideally, capturing SV in an inclusive way serves to unify dif-
ferent domains of social factors that might influence health while capturing a holistic
picture of the social factors that are at play for a given individual.

Social Vulnerability and Its Measurement

How can multiple social variables, with different levels of influence (on the individu-
al-to-group continuum) be taken into account all at once? Here, a deficit accumula-
tion approach provides a useful way forward. SV can be operationalized and
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measured as an index of social problems, or ‘deficits’, such that the more social deficits
one has, the more vulnerability to adverse outcomes one has. Viewed in this way, the
Social Vulnerability Index (SVI) approach is akin to the frailty index, which has been
introduced earlier in this volume. Social variables representing many different do-
mains are included (e.g. SES, living situation, social supports, social engagement, and
neighborhood context); for a maximally holistic view, even domains that are tradi-
tionally viewed as part of other disciplines can be considered, such as socially relevant
functional abilities (here, we can think of telephone use and the ability to mobilize
outside one’s home) and psychological characteristics (including a sense of mastery
or control over one’s circumstances and self-efficacy or self-esteem). Each variable is
coded such that absence of the potential deficit is given a 0 (e.g. lives with others) and
presence of the deficit is a 1 (e.g. lives alone). Intermediate values can be applied for
ordered response categories, such as frequent social engagement at least once per
week (0), occasional social engagement (0.5), and no social engagement (1). Points are
summed across variables, and the total is divided by the total number of variables con-
sidered. For example, a person who has 3 of 30 social deficits would have SVI = 0.1,
and someone with 12 of 30 would have SVI = 0.4 [12].

Experience with the SVI to date has shown that SV tends to increase with age [12].
Interestingly, despite this average tendency, aging does not just bring an inevitable
march toward worsening social circumstances; there is also room for stabilization and
even improvement. While we tend to think of women as being more socially con-
nected than men, women have higher levels of SV on average [12]. The reasons for
this are not clear, but analysis of the domains that contribute to SV suggests that
women are most vulnerable in their living situation and in widowhood, even though
they greatly compensate with stronger ties to friends and the broader community
[13]. Notably, whereas the frailty index commonly records a ‘zero state’ (defined as
the absence of any of the defining physical, functional or health deficits), in studies to
date, no one has had zero SV [12, 14].

Outcomes of Social Vulnerability

SV predicts health outcomes, independent of age, sex and frailty. For example, SV has
been associated with increased cognitive decline (measured as a clinically meaningful
decline in cognitive test performance), with each additional social deficit being asso-
ciated with a 3% increased odds of cognitive decline. Dividing a group into three SVI
levels (high, medium and low), individuals with high SV had a 36% increased odds of
experiencing cognitive decline compared with those with low SV [15]. Increasing SV
was associated with a greater risk of mortality in two independent samples of older
Canadians. For each additional social deficit contributing to overall SV, mortality in-
creased by 5-8%. This study also identified a meaningful survival gradient across the
levels of SV [12]. Perhaps most strikingly, considering only older people with no
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evident health deficits (those whose frailty index scores equaled zero), older people
with high SV had 2.5 times the risk of five-year mortality, representing an absolute
increase in mortality of 20% [14].

Context Matters

Given the broad definition of social circumstances and contributors to SV, it stands
to reason that context, or the neighborhoods and societies in which we live, matters.
One way to examine this potential effect is to compare neighborhoods and communi-
ties within the same country, such as by postal code linkage to census data and aggre-
gate measures of neighborhood SES or deprivation. Doing so has contributed to the
social ecology model of SV presented here. For example, in the English Longitudinal
Study on Ageing, frailty was associated with neighborhood deprivation, such that
people living in more deprived neighborhoods had higher levels of frailty on average,
independent of individual SES [16]. Notably, as in so many other studies of social de-
terminants of health, this was a gradient effect, rather than a threshold effect: it did
not just apply to those in the poorest neighborhoods or to the most frail. Replication
across countries, with attention to relevant differences in social conditions, is another
means of taking context into account. The association between SV and mortality has
also been replicated in the Survey of Health, Ageing and Retirement in Europe
(SHARE), with interesting differences identified according to the social welfare mod-
el; SV predicted mortality in the Mediterranean and Continental welfare models, but
not in the Nordic welfare model [17]. Another analysis of SHARE found that average
levels of frailty across Europe were correlated with national economic indicators, such
as gross domestic product [18].

Clinical Relevance of Social Vulnerability

SV has dual (and bidirectional) relevance to clinical care; in the first instance, as out-
lined above, it is a risk factor for poor outcomes. Pragmatically, social circumstances
also have important consequences for planning home supports for frail older people
and for discharge planning to facilitate the transition from hospital to home. Consid-
eration of social circumstances, including living situation, marital status, education
and occupational background, the presence of caregivers, caregiver strain and burn-
out, housing type and accessibility, the availability of formal home supports, and
whether there is a ‘care gap’ or need for further supports, is integral to comprehensive
geriatric assessment and key to care planning [19].

The ecological framework approach to SV can also be used to inform clinicians in
cases of ‘social admissions’ or social presentations to acute care. Social admissions are
unfortunately often viewed in derogatory terms, with terminology in the literature
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varying from ‘acopia’ (nominally from the Latin, as in absence of coping) to ‘bed-
blocker’, ‘GOMER’ (‘Get Out of My Emergency Room’), and ‘home care impossible’
[20-22]. Although the existing literature is limited, these are vulnerable patients with
high rates of poor outcomes who deserve a careful and considerate workup and ap-
proach. For example, one UK study found that a diagnosis of ‘acopia’ was associated
with high levels of frailty and a 22% in-hospital mortality rate; this finding highlights
both problems with professionalism when value judgments are assigned to patients
(as in, ‘she is only a social admission’) and poor diagnostic perspicuity. Underlying
medical contributions were frequently present; only 6% of patients so labeled actu-
ally had no acute medical issues identified after a proper workup [23]. Among 253
patients in a Swiss study of patients triaged in the emergency department as ‘home
care impossible’, ‘undertriaging’ (assigning patients with nonspecific symptoms to
lower-acuity triage categories than their actual condition would warrant) was identi-
tied in 26% of cases, and acute medical problems were eventually identified in 51%
[21]. This points to a broader problem of frail older adults being undertriaged in
emergency department settings when presenting symptoms are not recognized as sig-
nals of underlying serious illness [24].

Often, then, what seems to be a ‘social problem’ on the surface has underlying
acute and serious medical causes that will be missed without a proper workup. In ad-
dition, social factors are themselves complex. A structured approach to this complex-
ity and to the multiple levels of influence by which social factors can act is key to
providing good clinical care. A social ecology framework provides a useful approach
to considering potential contributing social factors at each of the levels of the mul-
tiple nested spheres of influence (fig. 1). Consideration should be given to patient
factors (e.g. unrecognized illness; pain; cognitive decline; behavioral and psycholog-
ical symptoms of dementia; psychiatric conditions; polypharmacy), family and infor-
mal caregiver factors (e.g. caregiver stress, safety, financial considerations, the home
living environment, a lack of a viable ‘back-up plan’ in case the caregiver becomes ill
or is unavailable), peer group factors (e.g. formal or informal engagement or lack
thereof in community social activities), institutional factors (e.g. the availability of
home care services, respite care or other home supports that may or may not match
care requirements), and societal and policy factors (e.g. government policies to sup-
port caregivers, the presence of a generally supportive and socially cohesive commu-
nity, the accessibility and suitability of the built environment and to the age-friend-
liness of communities).

The Scaling Problem

Generally speaking, the deficit accumulation approach has a number of advantages.
It allows simultaneous consideration of a large number of variables that may or may
not individually influence health but that may be important when taken as a whole. It
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Fig. 1. Individuals are embedded in a nested social structure; a social ecology perspective provides
a framework for considering social influences at each level. Adapted from [13].

also avoids problems that can be encountered in traditional statistical models regard-
ing assumptions of parameter independence in the absence of multiple collinearity.
Index variables allow us to capture a graded continuum of risk, rather than collapsing
risk into an arbitrary number of risk categories [12]. Specific to the consideration of
SV, an advantage of a deficit accumulation approach is that it allows consideration of
numerous social factors from multiple domains (e.g. living situation, social supports,
social engagement, mastery, SES). As outlined above for the example of social admis-
sions to the hospital, a social ecology framework allows us to consider which aspects
of SV are active at various levels of influence and also how interventions might be
targeted at important elements or domains of SV.

Another great advantage of a deficit accumulation approach, which is attractive on
both theoretical and practical levels, is scaling. Readers will have seen examples of
deficit accumulation at the sub-cellular level earlier in this book. Deficits can also ac-
cumulate at the tissue level and at the level of systems (as with individual people or
animals, which are effectively complex systems). Of particular relevance to the present
discussion, deficits can also accumulate at levels higher than individuals, or at the so-
cial level, pertaining to social environments and circumstances (fig. 2).
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Fig. 2. Deficit accumulation can be scaled from the (sub-)cellular level to tissues, complex systems
or organisms and societies as a whole.

Questions That Remain

Is Deficit Accumulation a One-Way Street?

Deficits accumulate as people age, and as these deficits accumulate, people become
more frail and thus more prone to adverse outcomes. However, it is likely that bad
things (deficits) may not be the only things that accrue (or indeed stay static or im-
prove) with aging. It is possible to see that protective assets may also accumulate, stay
static, or decline with age. One key methodological and conceptual question that re-
mains is this: is the presence of an asset the same as the absence of a deficit? It seems
intuitive that having assets and not having deficits is not the same thing; for example,
being in a supportive relationship isn’t the same as not suffering domestic abuse.
While the deficit accumulation model has allowed us to capture a gradient of SV, a
model that also allows for explicit consideration of assets may improve the descriptive
utility. This would allow us to address such questions as ‘Might having assets cancel
out having deficits?’ (this has been seen, for example, in the case of education and
midlife exercise cancelling out, at least in part, the increased risk of late-life dementia
of the ApoE4 haplotype) [25, 26]. Recent attempts to add a ‘protection index’ to the
Frailty Indexare ofinterest [27]. The choice of items as ‘external’ protection (education,
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exercise) overlaps with SV, leaving open the question of whether these are best coded
as assets or deficits. Another key question will be to investigate transitions in health
using models that allow for improvement as well as for decline.

Queuing Theory and Accumulation

Deficit accumulation is a balance between arrival (or challenge) and wait time (time
taken to be processed or repaired). In the mathematical modeling of frailty and re-
serve, we can usefully apply queuing theory. Queuing theory aims to describe systems
in which items (e.g. people lining up in a shop) accumulate in a queue. It is based on
Little’s law, which states that the average number of items in a queuing system (L)
equals the average arrival rate (\) multiplied by the average waiting time of an item in
the system, or W. This can be expressed as L =X W [28, 29]. Queuing theory has been
applied in many diverse fields, from communications systems (wait times in tele-
phone call center service queues may be an example that we all love to hate) to com-
puter architecture and organizational management.

Recently, Mitnitski et al. have reformulated Little’s law so that L equals the number
of deficits accumulated, A is the stresses or challenges to the system (which can be in-
trinsic or extrinsic) and Wis the recovery time (the time taken to ‘process’ or deal with
the challenge so that it does not ‘stick’ to become a lasting contribution to the number
of deficits L) [30]. When processing or recovery times are fast, most people will have
few (or no) deficits; this is what we observe at younger ages. As recovery times slow,
the distribution will gradually shift in favor of the accumulation of deficits (which will
happen in an age-related fashion as recovery time lengthens). Recovery time is there-
fore proportional to the average number of deficits that an individual possesses. Aver-
age recovery time increases with age, even if we assume a constant intensity of the
‘arrival’ or of stressors or deficits in the environment (both intrinsic and extrinsic).
Recovery time thus becomes the key factor to understand. Based on prior analyses,
recovery time seems to increase exponentially with age, along with the observed num-
ber of deficits that ‘stick’ [30]. As recovery time lengthens, it is harder to process, clear
or deflect deficits, and they will tend to accumulate; this is indeed what we observe (on
average) with aging.

Why does recovery time lengthen with age? This may have to do with various
mechanisms on a whole spectrum from biochemical (e.g. repair mechanisms for
DNA and chromosomal damage) to cellular and tissue changes (e.g. elasticity of cell
fibers and electrical conductivity potentials); factors relating to immunity, inflamma-
tion and hormonal axis factors; and also organ system influences (e.g. loss of redun-
dancy as cells die or become less functional; at the tissue level, we have many more
nephrons than we need until too many are damaged, in which case kidney dysfunc-
tion develops) [31]. Importantly, extrinsic factors such as the social environments in
which people live are also likely to impact both the arrival of deficits in the queue and
the organism’s recovery time and capabilities; this is an important area for further
enquiry.
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What to Do About Social Vulnerability: Clinical and Policy Applications

Identifying the problem will take us only so far. There is clearly a great need to be able
to understand the importance of SV for health care and care planning and to be able
to intervene to improve people’s circumstances and their health. We must move to-
ward a clearer understanding of SV and its assessment in clinical care settings. For-
malizing clinical approaches to SV is clearly an area for further work.

A structured approach to SV and its contributors, such as the social ecology frame-
work discussed above, presents a way forward for considering potential interventions
at each level of influence. This includes addressing patient factors (e.g. improving
educational opportunities across the life course, assisting with access to available pen-
sion and insurance supports, identifying and managing contributing medical issues),
family and informal caregiver factors (e.g. supporting caregivers to minimize stress,
providing supports in the home living environment), peer group factors (e.g. creating
opportunities for both formal and informal engagement in the broader community,
such as by supporting programming for older adults by community groups and pro-
viding accessible transportation options and common space in communal living fa-
cilities), institutional factors (e.g. policy support for accessible and comprehensive
home care services and respite care), and societal and policy factors (e.g. government
policies to support caregivers, attention to accessibility in the built environment and
to the age-friendliness of communities) [19].

Understanding how deficits accumulate and scale from cells to tissues, systems and
societies presents us with both a fascinating scientific challenge and a way forward for
considering the complexities of health, health care and social care. Much is known,
but there is clearly more work to be done.
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