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Abstract: Frailty tends to be considered as a major risk for adverse outcomes in older persons, but some
important aspects remain matter of debate. Objectives: The purpose of this paper is to present expert's positions
on the main aspects of the frailty syndrome in the older persons. Participants: Workshop organized by
International Association of Gerontology and Geriatrics (IAGG), World Health Organization (WHO) and Société
Francaise de Gériatrie et de Gérontologie (SFGG). Results: Frailty is widely recognized as an important risk
factor for adverse health outcomes in older persons. This can be of particular value in evaluating non-disabled
older persons with chronic diseases but today no operational definition has been established. Nutritional status,
mobility, activity, strength, endurance, cognition, and mood have been proposed as markers of frailty. Another
approach calculates a multidimensional score ranging from “very fit” to “severely frail,” but it is difficult to
apply into the medical practice. Frailty appears to be secondary to multiple conditions using multiple pathways
leading to a vulnerability to a stressor. Biological (inflammation, loss of hormones), clinical (sarcopenia,
osteoporosis etc.), as well as social factors (isolation, financial situation) are involved in the vulnerability process.
In clinical practice, detection of frailty is of major interest in oncology because of the high prevalence of cancer
in older persons and the bad tolerance of the drug therapies. Presence of frailty should also be taken into account
in the definition of the cardiovascular risks in the older population. The experts of the workshop have listed the
points reached an agreement and those must to be a priority for improving understanding and use of frailty
syndrome in practice. Conclusion: Frailty in older adults is a syndrome corresponding to a vulnerability to a
stressor. Diagnostic tools have been developed but none can integrate at the same time the large spectrum of
factors and the simplicity asked by the clinical practice. An agreement with an international common definition is
necessary to develop screening and to reduce the morbidity in older persons.
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Introduction of assessing frailty in the clinical setting. The vast majority of

e . . . frail older persons are not seen by geriatricians but by primary
Frailty is widely recognized as an important risk factor for . LT .
care physicians or other specialists. The International
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Francaise de Gériatrie et de Gérontologie (SFGG), convened a
workshop in Athens, Greece, in January 2012 to map out a
strategy to articulate a clinically valid concept of frailty, begin
to develop validated screening and assessment tools, and
consider whether frailty can be used as a tool in prevention
campaigns.

Frailty: from concept to practice

The generally accepted definition of frailty, “A biological
syndrome of decreased reserve and resistance to stressors,
resulting from cumulative declines across multiple physiologic
systems and causing vulnerability to adverse outcomes” (1)
mirrors the definition of aging, although chronological age is
only one factor that predicts the risk of frailty. Susceptibility to
stressors also is influenced by biological, behavioral,
environmental, and social risk factors, with the main
consequence being an increased risk for multiple adverse health
outcomes, including disability, morbidity, falls, hospitalization,
institutionalization, and death.

Frailty, which can be considered as one form of
vulnerability, is a dynamic process, represented as a cycle
influenced by multiple endogenous and exogenous factors that
affect both the onset and trajectory over the lifetime of the
individual (2). Women are more than twice as likely to develop
the frailty syndrome as men, due to both physiologic reasons
(e.g., lower muscle mass and differences in neuroendocrine and
hormonal factors) and social/lifestyle factors such as level of
activity and caloric intake. Among older people, frailty is
further complicated by the presence of multiple other risk
factors and comorbidities.

A standardized frailty phenotype was articulated in 2001 by
Fried and colleagues based on data from the Cardiovascular
Healthy Study (1), suggesting that with very simple tests and
questions, one could identify frail individuals by the presence
of three or more of the following criteria: unintended weight
loss, self-reported exhaustion, weakness, slow walking speed,
and low physical activity. Moreover, Fried and colleagues
found that the frailty was associated with an increased risk of
death.

In 2008, Bergman et al. extended the frailty phenotype
definition using a life course approach, which incorporates
biological, social, clinical, psychological, and environmental
determinants. Bergman and colleagues' definition thus
identified seven markers of frailty — nutrition, mobility,
activity, strength, endurance, cognition, and mood (3).

These last years several definitions and assessment tools on
frailty in clinical practice and research were proposed
combining evidence derived from a systematic review of
literature along with expert opinions. There was no consensus
on a definition of frailty but there was agreement to consider
frailty as a pre-disability stage (4-6)

Establishing a definition of the frailty syndrome would
improve our understanding of the aging process as well as our
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ability to characterize the heterogeneity of health and functional
status observed in older persons. Moreover, it would help
identify a subset of vulnerable older adults at risk of
experiencing adverse outcomes. This can be of particular value
in evaluating non-disabled older persons with chronic diseases
such as cancer or cardiovascular disease, where the presence of
frailty can have important implications in treatment decision-
making and care management.

However, there still remains no consensus on an operational
definition of frailty (7). Thus, recently a Frailty Operative
Definition Consensus Conference (FOD-CC) was convened by
the European Commission to 1) develop a definition of frailty
that would be useful in clinical practice and research, 2)
identify biomarkers of frailty, and 3) provide guidelines to
allow the early diagnosis of frailty. Using a modified Delphi
process, the expert group reached consensus on the usefulness
of defining frailty and its main dimensions, but recommended
more research before an operative definition can be established

(8).
Assessing frail older subjects

While there is consensus on the general definition of frailty,
translation into practice has been more problematic. Multiple
studies have attempted to capture and objectivize the frailty
syndrome, each one translating the frailty theory according to
somewhat different parameters, for example by clinical
judgment (9), deficit accumulation (10), or the comprehensive
geriatric assessment (11).

The model proposed by Fried and colleagues is limited by
the fact that it lacks measures of cognition and mood, which
improve the ability to predict adverse outcomes. However, this
model is relatively easy and rapid to assess, and has shown its
clinical prognostic interest in several epidemiological studies

In 2005, Rockwood et al. proposed the Canadian Study of
Health and Aging (CSHA) Clinical Frailty Scale based on a
Comprehensive Geriatric Assessment (CGA), with scores
ranging from “very fit” to “severely frail,” (12). A more
detailed evaluation quantifies health deficits in a Frailty Index
(FD). A FI based on a CGA Frailty Index (FI-CGA) consists of a
summary measure of deficit accumulation across functional,
clinical, and physiological levels. Applied to a sample of 2,740
community-dwelling adults aged 65 to 102 in Canada, the FI-
CGA estimated that 22.7% were frail, and that across all values
of the FI, higher scores significantly increased the risk of death
(13). Indeed, using an empirically derived cut-off score, the FI-
CGA identified a group of individuals with 100% mortality 19
months after the baseline assessment (14).

While the multidimensional approach of the FI-CGA more
accurately reflects the multidimensional nature of frailty it is
difficult to apply in routine clinical practice. However,
Rockwood and colleagues have suggested that deficits
accumulate in a very orderly way and that frailty can be
determined by counting up a smaller number of deficits with
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similarly robust results (15).

This model is more complete but also more complicate than
the Fried’s model and probably less specific for “frailty”.

In 2008, Ensrud et al. proposed the Study of Osteoporotic
Fractures (SOF) index of physical frailty with three
components: weight loss, weakness as measured by the
inability to rise from a chair five times without using the arms
to push off, and reduced energy as identified by answering the
question “Do you feel full of energy?” (16). Subjects with two
or three of these features were considered frail, those with one
feature were considered prefrail, and those with none of these
features were considered to be robust. Other indices have been
developed based on self-report rather than objective criteria.

Physical performance measures such as the Short
Performance Physical Battery (SPPB), which includes walking,
balance, and chair stand tests, have also been used to assess
frailty and predict negative health-related outcomes.
Consistently, other objective measures of physical function,
such as gait speed and hand grip strength, are strongly
correlated with clinical outcomes, including survival (17). A
growing body of evidence shows these instruments as able to
capture the inner foundations of the frailty status beyond the
mere evaluation of the physical status. Advantages of the
physical performance tests are that they are extensively used in
epidemiologic and clinical settings and can be performed easily
and quickly, although some instrumentation and training are
sometimes required. They represent extremely important
screening tools for the overall health status, especially in
community-dwelling and non-disabled older persons. For this
reason, they may be particularly valuable for selecting subjects
to enroll in interventional studies.

None of the aforementioned scales include social factors,
such as socio-economic status (SES) and level of education,
which also play important roles in the genesis and
pathophysiology of frailty. Indeed, social vulnerability has been
shown to correlate with frailty and mortality (18).

The usefulness of any measure of frailty depends on the
reason for which the assessment is being done. For example, an
oncologist or general surgeon may wish to evaluate frailty in a
patient to determine whether he or she can tolerate a specific
treatment or procedure. Moreover, in order to be useful, any
measure of frailty needs to be easy to apply and of immediate
understanding. Yet, since frailty is a multidimensional
syndrome and frail elders so heterogeneous, a measure that
captures such heterogeneity and the multiple phases of frailty
has been difficult to establish.

It may well be that «one size does not fit all» and that
different combination of frailty markers may be more
predictive (remembering that risk and prediction are 2 inter
related but distinct concepts (19) depending on the type of
population studied, the setting and the outcome of interest.

For use in clinical trials as an outcome measure, an
instrument should adequately respond to specific clinimetric
requirements, that are content validity, internal consistency,
criterion validity, construct validity, reproducibility,

responsiveness, floor and ceiling effects, and interpretability
(20) DeVries et al. compared 20 existing frailty instruments in
terms of their clinimetric properties, concluding that only the FI
covers all the frailty factors (21).

Mechanisms of frailty

There was general agreement that the core feature of frailty
is increased vulnerability to stressors due to impairments in
multiple, inter-related systems that lead to decline in
homeostatic reserve and resiliency (7). Also, as defined by
Rockwood and Mitnitski, frailty represents the accumulation of
deficits over time, leading to increased risk for adverse health
outcomes and death (22). Aging is also characterized by an
accumulation of deficits at the cellular and subcellular level.
How these deficits scale up is not yet fully understood.
However, since frailty is a multifactorial condition, it is likely
that there are multiple pathways leading to the same state.
Frailty thus may be viewed as the manifestation of a
multisystem dysfunction, implying the need of
multidimensional tools to properly detect it. The FI-CGA, for
example, provides clues about the mechanisms of frailty and
health properties of populations. One of the critiques of the FI-
CGA is that pathophysiology is not incorporated into the
model. However, a study done in mice using a murine-based FI
compared middle-aged to old rodents and showed that the FI
corresponded to the degree of shortening of cardiac myocytes
(23).

The deficit model of frailty also fits with hormonal changes
occurring with aging. An alternative to the deficit model is the
excess model, characterized by increases in interleukins,
especially IL-6, tumor necrosis factor alpha (TNF-a), C-
reactive protein (CRP), and adhesion proteins, all of which
contribute to chronic inflammation, but also with increased
levels of estrogens (24). These inflammatory markers are
significantly associated with poor physical performance and
reduced muscle strength in older persons (25), being the high
levels of estradiol associated to an increased risk of frailty in
older women, mainly if inflammation is also present
(Carcaillon L et al., 2012). These markers may thus represent
possible biomarkers of frailty as well as potential targets of
intervention (26).

Social factors play an important role in modulating the
adverse outcomes of frailty. For example, a meta-analysis of 19
published studies showed that lower childhood socioeconomic
position (SEP) was associated with reduced physical
performance in late life (27). Early childhood ill health and
adverse SES were also shown to be related to frailty among
older persons in Latin America (28). In a study utilizing
Rockwood and colleagues’ FI, non-white individuals and those
living below the poverty level tended to have higher scores
throughout life (29). Interestingly, social factors also appear to
accumulate in a manner comparable to the way that health
deficits do. Social factors thus appear to influence health
outcomes at a number of levels — biological, health behaviors
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(including diet, exercise, and smoking), availability of social
support, and access to quality healthcare. Yet despite strong
evidence linking social factors to frailty, little is known about
the interplay of molecular, clinical, and social factors, including
how social stress could be expressed through epigenetic
modulation or triggering of inflammatory processes throughout
exposure to infectious agents (30).

Allostatic load is a cumulative index of wear and tear across
multiple physiological systems involved in the body’s effort to
adapt to internal and external stressor over time. Recent
analyses indicate higher allostatic load as a function of greater
SES adversity cumulatively across the life course.

Weakness, slow walking speed, and lack of endurance are
characteristics not only of frailty but also of sarcopenia, leading
some to wonder if sarcopenia is the best determinant of
physical frailty. Sarcopenia is defined by loss of muscle mass
and muscle strength, leading to an increased risk of adverse
outcomes such as physical disability, poor quality of life, and
death. Sarcopenia may have a more clear pathophysiological
definition (being organ-specific rather than multisystemic as the
frailty syndrome). The study of sarcopenia in the context of the
frailty scenario is an extremely interesting and promising field,
especially taking into account that exercise and nutrition
interventions have shown to prevent/delay muscle decline, and
drugs specifically targeting sarcopenia are under development
31).

The identification of mechanisms associated with frailty
suggests that it may be possible to identify biomarkers that
would be useful in diagnosing frailty, predicting outcomes,
and/or monitoring the effectiveness of treatments. Biomarkers
may be useful in understanding the physical dimension of
frailty, including factors that are also related to sarcopenia, i.e.
low muscle mass and strength, (32), as well as inflammation.
Other biomarkers that have been suggested as useful in
identifying frailty or predicting outcome among frail
individuals include hemoglobin (33) and HDL-cholesterol (34)
concentrations. Multiple biomarkers of allostatic load may also
be useful in assessing risk of becoming frail (35).

Clinical relevance of frailty in older persons

Oncologists are increasingly interested in frailty because of
the aging population and the correlation between advanced age
and prevalence of cancer: 60% of cancers are diagnosed and
70% of cancer deaths occur in patients over the age of 65 years.
Moreover, advances in cancer therapy mean that many more
patients survive at least five years, and an interaction exists
between cancer treatment and the vulnerability of the patient
(characterized by multiple comorbidities and geriatric
syndromes). Thus, all of these factors need to be considered in
the management of these patients. A frail patient with a slowly
evolving cancer might not be able to tolerate aggressive
treatment without significant deterioration of his quality of life.
On the other hand, treating a frail patient with an aggressive
cancer might improve symptoms and quality of life. The
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question is whether frailty markers can help detecting
vulnerability in cancer patients (36). Studies done to this point
have been mixed on the question of whether frailty markers
predict treatment toxicity or life expectancy (37-40). It may be
that a frailty assessment specific to cancer patients is still
needed.

Similarly, frailty needs to also be taken into account in the
treatment of older patients with cardiometabolic diseases, a
cluster of abnormalities that increase the risk of cardiovascular
disease, chronic kidney disease, and type 2 diabetes.
Cardiometabolic diseases and frailty are linked because they
often co-exist in a patient and share common biological
pathways, including chronic inflammation and insulin
resistance. For example, the presence of frailty in patients with
chronic kidney disease has shown to increase the risk of
mortality (41); similarly, functional deficits of frailty increase
the risk of mortality from a myocardial infarction (42). Frailty,
along with comorbidity and quality of life, has also been shown
to be an important risk factor for adverse outcomes following
percutaneous revascularization (43). Among patients
undergoing cardiac surgery, frailty has been shown to be better
identify older subjects at risk of negative health-related events
even better than scales traditionally adopted (44). Walking
speed as a simple measure of frailty in these patients (45) has
also been demonstrated to predict all-cause and cardiovascular
mortality (46), even better than body mass index or measures of
sarcopenia (47).

The therapeutic implications of these findings are not yet
sufficiently clear. Frailty per se may be difficult to reverse;
however, there have been some studies to suggest that early
intervention may prevent the development of frailty. For
example, in healthy older people, the angiotensin-converting-
enzyme (ACE) inhibitor perindopril was shown to improve
walking distance (48), higher protein consumption is associated
with a lower risk of frailty (49), and resistance exercise has
been shown effective in treating sarcopenia and osteoporosis,
two conditions that contribute to the frailty syndrome (50). In
addition, in the LIFE-P study, physical exercise was shown to
alter SPPB score over 10 years among non-disabled
community-dwelling sedentary persons at risk for disability
based on SPPB scores <9 (51).

Conclusions

Our understanding of frailty has markedly improved over the
last five years, yet there are many issues yet to be resolved.
Speakers and observers at the conference reached agreement on
a number of issues relevant to developing a research strategy
that would move the field forward within the next five years by
defining frailty markers and developing instruments that would
be useful in various clinical settings. Ultimately, these tools
will be relevant if they accompany effective health promotion,
prevention, treatment, rehabilitation, and care interventions.

Agreement was reached on the following points:

e Although the mechanisms underlying frailty remain elusive,
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it is still possible and necessary to develop clinically useful
instruments.

* Early identification of frailty can lead to interventions to
prevent worsening or reverse this condition components.

e Criteria to identify frail subjects and monitor frailty
modifications are necessary to support the design of
intervention trials.

e Identification of frailty is necessary for the planning of
health care services. A single measure of frailty, such as gait
speed or hand grip strength, while easy to apply in a clinical
setting and correlated with clinical outcome, may be
insufficient to capture the full multidimensional
manifestations of the frailty syndrome. Nonetheless, simple
measures of physical performance may represent a practical,
clinically applicable, and widely understandable starting
point for clinical assessment of frailty.

e From a public health point of view, it may be helpful to
identify frail individuals, targeting them with interventions
to reverse the condition or ameliorate their loss of
functionality.

¢ Steps must be taken to ensure that frailty does not become an
instrument to deny treatment or project a negative image on
older people that could lead to stigmatization.

* Input from patients and their families should be incorporated
into the planning and execution of studies.

Priorities for the coming years that were identified at the
conference include:

» Establishing an internationally accepted definition of frailty
that will convince practitioners to consider frailty in their
patients.

e Developing a screening tool for frailty that can be
administered quickly and easily by general practitioners,
nurses, pharmacists, home health providers, social workers,
and other health care workers. A positive screen would
indicate the need of comprehensive geriatric assessment and
design of tailored interventions.

e Linking the frailty screening tool to other risk assessment
tools in order to reflect the entire spectrum of risks that
affect health outcomes.

e Identifying biomarkers of frailty to improve screening,
diagnosis, and prognosis of frailty in older individuals.

* Developing a tool to assess social frailty in order to add
predictive power to any frailty assessment, particularly
among persons who also possess physical frailty markers.

* Conducting longitudinal studies on the predictive capacity of
frailty in different populations and settings and for different
outcomes of interest.

¢ Conducting intervention studies aimed at delaying the onset
of frailty or the onset of adverse outcomes.

e Conducting studies aimed at determining the public health
costs of frailty

* Developing international collaborations to expedite research
in this field and reach agreement in the currently
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controversial issues of frailty.
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