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Frailty and Resilience as Outcome Measures in Clinical Trials
and Geriatric Care: Are we getting any closer?
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Frailty is fundamental to the science and practice of geriatric medicine and this overarching
concept resonates with all involved in the care of older patients. “Frailty” citations in
PubMed have quickly risen from the rare and exotic to nearly thousand “hits” in 2017
(Figure 1). This growth includes proliferation of frailty tools with a 2016 review identifying
67 different frailty instruments in the literaturel. Reviews?, opinion pieces® and consensus
conference reports 4 continue to provide additional perspectives.

While we can take pride in these achievements, lingering concerns suggest that the concept
of frailty is still “work in progress”. Geriatricians profess to recognizing frailty “when they
see it”, yet the precise meaning of the term, its conceptualization and even its use to describe
either a state or a process can vary between equally thoughtful and well-informed
individuals. Indeed, these issues generate confusion even among experienced clinicians.
Also, in my role as Deputy Editor for this journal | have observed that authors often fail to
provide a rationale for choosing a frailty tool or offer a conceptual framework for developing
yet another frailty instrument. Finally, the conclusion of a recent editorial that “frailty is not
ready for prime time as a full-fledged outcome measure in geriatrics research™ is the most
worrisome. The time lag from discovery to its translation into products, policy and practice
is typically measured in decades8. Therefore, failure to test the impact of interventions on
frailty could jeopardize significant progress as regards clinical frailty prevention or
modification within our lifetimes.

Avre there solutions to these challenges and do we need to complicate an already confusing
issue further through another concept — resilience — as articulated in the contributions from
Whitson et a/ and Varadhan er aP in this issue? The answer to both questions is “yes”, but
with important caveats.

Resilience is neither the converse of frailty, nor does it simply reflect its absence’. However,
as articulated by Varadhan et a/8 frailty and physical resilience are closely linked to each
other. This can be understood by studying underlying physiological principles contributing
to normal homeostatic balance in the face of intrinsic and extrinsic stressors® 10, When
confronting complex multifactorial issues, a “swiss army knife” solution whereby one seeks
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to identify one single unifying idea or screening tool to answer all relevant questions under
all conditions and in everyone is not realisticl. Similarly, silo-based approaches grounded
within one discipline or one conceptual framework will also not work. Growing evidence
indicates that in tackling frailty, resilience and related issues we must consider the human
body as a complex system8: 1213 and that ultimate solutions will require input from different
disciplines and research perspectives. Thus, it is not surprising to see that in addition to
geriatricians and gerontologists, thought leaders in frailty have also included
mathematicians!3, biostatisticians® and engineers®.

Engineers are trained as experts in the design, construction, maintenance and function of
complex systems14. Such skills can provide insights into geriatricians’ efforts to help older
adults maintain normal function and independence even when confronted with the varied
stressors that can arise upon a variable and complex background of clinical, physiologic,
biologic, behavioral and social changes seen with aging?.

In fully appreciating the remarkable complexity of the human body, it may be possible to
identify some key overarching principals from the design of a complex system that is less
complex — the Golden Gate Bridge. This graceful all-suspension bridge was designed in
1921 by an engineering team led by Joseph B Strauss. This was accomplished without
computers using slide rules, pencils and paper, yet fundamental concepts remain relevant.

Even viewed by a non-engineer, some bridge components are critical. For example, failure
of either tower or of the horizontal structure supporting the roadway would have catastrophic
consequences. Failure of either main horizontal cable carrying the full weight of the bridge
would render the bridge highly vulnerable while failure of both would cause its collapse. In
contrast, the 250 pairs of vertical suspender cables spaced 50 feet apart across both sides of
the bridge are equally important in their aggregate, yet they are individually less critical
demonstrating considerable redundancy. One could envision the loss of multiple vertical
cables without endangerment of the bridge’s integrity while there is no traffic or stress from
prevailing winds or water currents. However, rush hour traffic compounded by a major storm
could overcome the ability of this bridge, already compromised through the loss of multiple
vertical cables, to remain resilient and intact. Threats to more critical structures could
jeopardize the identity or phenotype of a bridge as a bridge (Figure 2A). As illustrated by
Varadhan et al.8, a robust system (Figure 1b8) could be transformed into one that is less fit
but still able to maintain a specific but now different phenotypic identity (Figure 1c8) with
further progression resulting in even lower fitness with loss of any phenotypic identity and
resilience (Figure 1d8). Such threats to more critical structures lead to a bridge that is still a
bridge yet has the obvious appearance of vulnerability, thus reflecting phenotypic frailty. In
contrast to such highly focused threats, more random or stochastic threats do not reflect any
particular state or phenotype, but rather provide key insights into the accumulation of such
damage and deficits taking place across the entire system (Figure 2B). Obviously, none of
these issues can really be considered in isolation from the specific external threats in the
form of traffic, wind or water currents challenging the system and thus reflected in resilience
(Figure 2C).
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In keeping with these concepts, the term “frailty” has been and continues to be widely used
as a reflection of a specific phenotype or state of increased vulnerability associated with
unintentional weight loss, sense of exhaustion, hand grip weakness, slow walking speed and
low physical activity®. Other variants of this phenotype or state likely exist, with sarcopenic
obesity involving declines in muscle mass and muscle performance in individuals who are
obese as potentially the most distinct18. In contrast to the phenotypic approach, frailty has
also been conceptualized as a process involving the accumulation of stochastic or random
deficitsl’. Not only do these approaches not compete with each other, they provide essential
and complementary insights. Moreover, frailty can have a negative impact on resilience
regardless of whether it is present as a state or a process.

Finally, how should these considerations influence investigators’ decision to select a
particular tool to measure frailty and/or resilience in the context of a clinical trial? Also,
when and how does one justify the development of yet another frailty instrument?

Surprisingly few published clinical trials have included frailty as an outcome measure and to
date none appear to have included measures of physical resilience. The LIFE study, a trial of
a structured moderate-intensity physical activity program failed to improve frailty as
measured using the SOF index, a simplified phenotypic index derived from inability to rise
from chair 5 times without use of arms, a self-reported reduced energy level and weight
loss18. In contrast, a combination of exercise and dietary restriction has been shown to result
in major improvements in physical performance, weight loss and alterations in body
composition used to define sarcopenic obesity1®. Small trials testing a combination of
testosterone and high calorie nutritional supplement20 or a goal-oriented multidisciplinary
primary care plan?! have failed to demonstrate clear improvements in various versions of the
Frailty Index, while showing encouraging trends.

In designing future trials, it may be necessary to consider the complementary strengths of
different approaches to evaluating frailty and to select those that best match the nature of the
proposed intervention and its goals (Figure 2). Tools designed to capture the existence of a
specific frailty phenotype may be most appropriate outcome measures when expecting to see
the kinds of detectable changes involving the criteria used to define that phenotype in the
first place as seen following combined exercise and dietary restriction in older obese
individuals with sarcopenic obesityl9. Fried frailty phenotype and functional performance
measures may also be especially helpful when evaluating interventions targeting
mechanisms that are somewhat more specific for this particular state?2. In contrast, benefits
of more pleiotropic interventions such exercise or geroscience-guided therapeutics targeting
multiple biological hallmarks of aging23 may be better captured using the Frailty Index.
More research is needed, but performance characteristics of tools involving continuous as
opposed to categorical measurements may need to be considered. It may also be
advantageous to routinely include more than one frailty measurement in order to capture
these complementary facets of frailty.

Few studies have combined measures of frailty and resilience in the same individuals.
Therefore, it remains to be seen whether provocative tests will be able to uncover hidden
deficits in resilience and frailty detectable only when confronted with a stressor®. An
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intriguing cross-sectional examination of 4,334 community-dwelling older adults recruited
as part of The Irish Longitudinal Study of Ageing (TILDA) by O’Connel et a[24] in this
issue, has shown an association between the frailty phenotype and decreased physiologic
resilience involving reduced blood pressure and heart recovery upon standing from the lying
position. In a previous analysis, these declines in resilience were shown to increase 2-year
risk of injurious falls[25]. There is a great need to include both frailty and resilience
measures in future longitudinal studies and clinical trials. The setting of elective surgery,
vaccination, chemotherapy and bone marrow transplantation offer especially promising
clinical situations for the study and implementation of such approaches®. Finally, there is no
doubt that existing frailty instruments may need to be refined and new ones designed.
However, all such efforts will require careful thought leading to clear goals and justification.
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Figure 1.
PubMed citations of the term “frailty” 1985-2017.
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Frailty and Resilience from the i
Perspective of a Complex Structure Potential Strengths
(Golden Gate Bridge)

“Frailty” Examples
Constructs

Capture existence of a clinically defined
and measurable phenotypic state

A. Phenotypic | Fried CHS Study Define riskfgc;tors anq mechanisms with
_Frallty Sarcopenic Obesity m»hﬂm_lm‘m 0 some specificity for given phenotype
(defined state) Measure treatment effect when a degree

of treatment specificity is involved

Perform prognostication

B. Stochastic Define cross-cutting risk factors

Frailty Rockwood Fl Index Measure treatment effects when more
(ac:lén}glgttl;)n (e.g. Ficlin,Fllab) pleiotropic interventions are studied
of deficits
Measure treatment effects when testing
geroscience-guided therapeutics
Identify “hidden” vulnerability
Orthostasis

Identify resilient mechanisms

C. Resilience | Vaccine Responses Obtain more individualized risk

(Measure of | Recovery from infection,
homeostasis in | ,rgery, anesthesia,
face of stressor) | gehydration, bedrest,
chemotherapy, trauma or Design interventions targeting resilient
BM transplant mechanisms

Design more precise interventions

Design earlier interventions

Figure2.
The Golden Gate Bridge is presented as a visual metaphor for the complementary

contributions made by different conceptual constructs to the integrity and function of a
complex system. A. Phenotypic frailty involves the existence of a specific state or phenotype
that is defined by measurable changes involving structures such as a major tower (red) or
horizontal cable (red long dash) that perform unique functions and are critical to the
existence of the overall system. B. Stochastic frailty is defined as a process whereby the
accumulation of deficits involving more redundant structures such as vertical cables (absent
or red stippled) raises system vulnerability. C. Resilience evaluates the ability of the system
to withstand expected stressors such as bridge traffic, wind and water currents (red arrows).
All of these complementary perspectives must be considered when designing a bridge or
providing care for older adults. Each approach has its strengths as regards specific questions
and further research is needed. However, phenotypic frailty is most helpful when focusing
on a specific clinical state associated with increased vulnerability and for measuring the
effects of an intervention targeting risk factors or mechanisms that are relatively specific to
that condition. Stochastic frailty may be most helpful for individual prognostication and for
evaluating interventions that are more pleiotropic or that target shared risk factors or
biological mechanisms.
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