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ABSTRACT

Mechanisms of aging predispose to cardiovascular disease (CVD), as
well as to aggregate health challenges. For older adults, CVD is likely to
exist in combination with comorbid conditions, disability, poly-
pharmacy, falling risks, and body composition changes. These other
dimensions of health result in cumulative weakening with greater
clinical complexity that confound basic precepts of CVD presentation,
prognosis, and treatments. A convenient operational tool is needed to
gauge this age-related vulnerability such that it can be integrated in
the evaluation and treatment of CVD. Frailty is a concept that is neither
disease- nor age-specific, but is used to characterize the reserve that a
person has available to tolerate stresses associated with aging, dis-
ease, and even therapy. Frailty arises from specific biological mecha-
nisms in association with cumulative physiological decrements,
psychosocial stresses, and physical impairments. Performance-based
and survey tools have been developed and tested to measure frailty.
Although different frailty tools vary in practicality, measured domains,
and precise applications, all are useful in identifying risks that

Although a precise criteria for frailty is often debated, the term
generally implies a state of vulnerability to stressors and
limited reserves to stabilize declines across multiple physio-
logic systems." A vital sign typically refers to measurements
that indicate the state of a person’s general physical condition.
As the population of older adults expands, it becomes pro-
gressively important to integrate frailty as a vital sign in older
adults to guide management and coordinate better care.
Adults who are frail are prone to developing disease, and have
worse disease outcomes and greater risks for harmful sequelae
from standard therapies. Nevertheless, the theoretical appeal
of frailty as a vital sign remains encumbered by ambiguity
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RESUME

Les mécanismes du vieillissement prédisposent aux maladies car-
diovasculaires (MCV) ainsi qu’a I'ensemble des problémes de santé.
Chez les personnes agées, il est probable que les MCV existent en
association avec des états comorbides, une incapacité, une poly-
pharmacie, des risques de chute et des changements dans la
constitution corporelle. Ces autres dimensions de la santé entrainent
une diminution cumulative d’'une complexité clinique accrue qui va a
I'encontre des préceptes fondamentaux du tableau clinique, du pro-
nostic et des traitements des MCV. Un outil efficace pratique est
nécessaire pour mesurer cette vulnérabilité liée a I'age de maniére a
ce qu'il puisse étre intégré a I'évaluation et au traitement des MCV. La
fragilité est un concept qui n’est ni lié a la maladie ni lié a I'age, mais il
est utilisé pour définir la réserve disponible de la personne pour tolérer
les stress associés au vieillissement, a la maladie, voire au traitement.
La fragilité résulte de mécanismes biologiques précis en association
avec la diminution cumulative des réserves physiologiques, le stress
psychosocial et la détérioration physique. Des outils axés sur la per-

regarding the standardization and application of the concept.
Ongoing debate about frailty as a phenotype or as deficit
accumulation further obscures its implementation in the clinic
setting.

Frailty has been prominent in the geriatric literature for
years, but recently surged as a topic for cardiovascular (CV)
clinicians and researchers (Fig. 1D.> To a large extent, the
expanding demographic of older adults is driving the need for
better benchmarks of aging than chronologic age alone. By
2030, 20% of the United States population will be older than
65 years, with higher proportions thereafter, and the subset of
adults aged 85 years and older is increasing the most rapidly.”
Incidence of frailty increases with age as does CV disease
(CVD), making their coexistence common.” Even frail in-
dividuals without known CVD are more likely to have more
CV risk factors than individuals who are not frail.” Health care
standards have evolved to place greater emphasis on “value of
care”® and patient satisfaction, yet frail patients are more likely
to experience suboptimal outcomes despite flawlessly executed
procedures and/or precisely administered medications. Amidst
these challenges, a routine, standardized measure of frailty
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commonly accrue with age. Although comparisons between frailty
tools are ongoing and sometimes even controversial, the rationale to
integrate routine use of frailty screening as part of routine care is
relatively straightforward and easy to envision. Frailty assessment
applied as a vital sign (for standard maintenance and evaluation of
new symptoms) enhances perspectives of risk, decision-making, and
opportunities for tailored CVD management.

could help guide management decisions as well as tailored
therapeutic strategies that optimize care and outcomes.

Linkages Between Frailty and CVD

Frailty occurs when oxidative stress, cell senescence, and
mitochondrial damage reach a tipping point in the balance
between cellular injury and repair.” Genetics and environ-
mental stress determine the tipping point for each individ-
ual®, which is heralded by inflammation (Fig. 2).” Frailty and
CVD both arise from activated inflammatory pathways with
adverse biological effects.” As noted in the Alameda study'’,
the same risk factors that predispose to frailty (eg, obesity,
smoking, sedentary lifestyle) are also CV risk factors, because
increased allostatic load (ie, physiological consequences of
accumulated exposure to neurohormonal activation from
repeated or chronic stress) increases the risks of both.'""’
Inflammation triggers oxidation of lipoproteins and desta-
bilization of plaques, increasing risk of CV events.'”
Inflammation also promotes a catabolic state that triggers
altered patterns of gene expression and associated physio-
logical changes.'” Physiologic changes from this process in-
cludes a redistribution of amino acids from skeletal muscle to
other organs.'” The resulting loss of muscle mass and change
in muscle metabolism impairs the body’s ability to maintain
and repair itself in the face of stressors.'” The changes in
body composition are compounded by the tendencies of
inflammation and neurohormonal dysregulation to also
lessen activity and appetite, further decreasing activity.'®
Circulating inflammatory biomarker levels (high-sensitivity
C-reactive protein and interleukin-6), as well as inflamma-
tory cells (neutrophils and monocytes) are increased,'” as are
levels of downstream thrombotic markers such as factor VIII
and D-dimers in both conditions.” Inflammatory mecha-
nisms trigger other diseases as well as contribute to the
advent of frailtY, so CVD and frailty often coexist with
multimorbidity.'®

Frailty as a Contemporary CV Issue
Incorporating health priorities near the end of life have
long been a part of decision-makinﬁ for patients who un-
dergo certain cardiac procedures.w’“ However, the advent
of transcatheter aortic valve replacement (TAVR) intensified
interest in frailty more broadly. Aortic stenosis increases with
age, but for years the only option for severe aortic stenosis
was a surgical aortic valve replacement. Patents were
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formance et des outils d’enquéte ont été élaborés et testés pour
mesurer la fragilité. Bien que les différents outils de mesure de la
fragilité varient dans la pratique, les domaines mesurés et les appli-
cations précises, tous sont utiles pour déterminer les risques qui
augmentent fréquemment avec I'dge. Bien que des comparaisons
entre les outils de mesure de la fragilité soient en cours, méme s’ils
suscitent parfois la controverse, les raisons d’intégrer I'utilisation
systématique du dépistage de la fragilité dans le cadre des soins
courants sont relativement simples et faciles a concevoir. L'évaluation
de la fragilité utilisée comme signe vital (pour le maintien normal et
I'évaluation des nouveaux symptomes) améliore les perspectives du
risque, la prise de décision et les possibilités d’adaptation de la prise
en charge des MCV.

routinely screened using the ambiguous “eyeball test””? to

determine if they were sufficiently robust for the life-saving
surgery. With the advent of TAVR, frailty became a key
selection criterion for use of TAVR, and the validity,
reproducibility, and specificity of the “eyeball test” came into
question. Gradients of frailty also became relevant to select
frail patients who would most benefit.”’ Interest in frailty
was soon shared by other CV providers as a perspective with
which to better achieve personalized management with
respect to acute coronary syndromes,”*”” coronary heart
disease,”® and revascularization,””*® aortic valve replace-
ment,”**” implanted cardioverter defibrillators,”” heart fail-
ure,”"”” and medications.”” Value-based health care, shared
decision-making,”* and palliative care’ reinforced applica-
tion of frailty as a way to better conceptualize discussion of
desired outcomes.

The Frailty Phenotype vs the Frailty Index

In the geriatric literature, a single frailty tool has not
become dominant.’® However, 2 prevailing approaches to
identify frailty have evolved (ie, frailty conceptualized as a
phenotype vs frailty conceptualized as an index). A phenotype
describes a set of observable characteristics, and an index is
more of a numerical construct. The historical “eyeball test” for
frailty assesses a frailty phenotype as the observer selects from a
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Figure 1. PubMed citations for geriatrics and cardiovascular disease
from 2006 to 2015. Dodson et al.? show a proliferation of citations
linking geriatrics and cardiovascular disease, including a heavy
emphasis on the pertinence of frailty. Reproduced from Dodson et al.?
with permission from Elsevier.
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Figure 2. Pathophysiology of frailty. Walston et al. completed seminal work showing the biologic underpinnings of frailty, and the overlap with
mechanisms also pertaining to cardiovascular disease. Modified from Walston et al.® with permission from John Wiley and Sons.

set of characteristics regarded as important by that observer on
the basis of their view of the phenotype. Therefore, to
distinguish frailty more precisely the quantification of specific
domains (eg, slowness, fatigue, weakness, nutritional wasting,
and low activity) seemed consistent and logical to many.
Therefore, the validated Fried frailty phenotype, which defines
5 key domains for frailty: weakness, low energy, slowed
walking speed, decreased physrcal activity, and Werght loss
quickly garnered attention in the CV community. Fried’s
frailty score is on the basis of an integrated biological
perspective, without focus on a single aspect of decline but the
overall context of homeostasis. Fried differentiated frailty from
multimorbidity and disability, articulating that frailty predis-
posed to the other conditions, but frailty was a distinct bio-
logic syndrome.'® Those with impairment in 3 or more of the
5 domarns are frail. Some have integrated impaired cogni-
tion”” and depressron to complement the phenotype. Such
modification is arguably useful with respect to achieving
greater diagnostic and prognostic sensitivity, but also prob-
lematic with respect to the fundamental inconsistency of
assessment. In addition, the original Fried score used some
longer survey instruments that have subsequently been
modified for convenience and brevity, which threatens stan-
dardization. Nonetheless, the Fried phenotype remains
conceptually compelling to many, especially on the basis of
evolving insights regarding the role of inflammation that were
becoming widely discussed over the same period.

An alternate tool to identify frailty, attributed to Kenneth
Rockwood, conceptuahzes frailty in terms of the numeric count
of deficits.”” Rockwood conceptualizes frailty as an amalgam-
ation that includes disability and multimorbidity. He developed
the notion of a frailty index that is calculated as a ratio derived
from a large number of clinically relevant candidate variables (ie,
the number of deficits relative to the number of domains
assessed). Rockwood’s premise is that as many candidate vari-
ables as possible should be assessed, with reliability of a frailty
assessment being greater as the numbers of assessments in-
creases. Essentially, he describes aging as a stochastic framework

that links deficit accumulation to the interaction between
env1ronment and the organism.”” The speed and magmtude of
deficit”’ accumulation characterizes key aspects of aging.
Although Rockwood orrgrnally identified 92 candidate domains
to assess the frailty index, ' he then determined that as few as 30
provide sufficient resolution for effective measurement.”
Whereas such refinement was primarily intended to improve
convenience and applicability (and also to respond to criticisms
that the index was too unwieldy), it also created problematic
variability of assessment. Despite such intricacies, Rockwood
still asserts the overall value of the frailty index in terms of its
capacity to distinguish frailty more sensitively than a simple
phenotype score because it includes relatively more variables to
characterize the principle of deﬁcrt accumulation, including
disability and multimorbidity.* Despite conceptual differ-
ences, Fried and Rockwood, and the many other contributors to
this literature, similarly depict frailty as a state of increased
vulnerability, and describe consequences attributable to its
presence.

Ease of implementation and clinical utility is often consid-
ered an important distinction between the 2 dominant frailty
models. The Fried score is usually considered easier to imple-
ment in the clinic. Alternatively, Rockwood’s index is consid-
ered by many to be particularly valuable in relation to data
sets.”* Recent work in Olmstead County using the Rockwood
index, combining body mass index, 17 comorbidities, and 14
activities of daily living, supported the notron of mapping of
trajectories of frailty at the population level. ”” Furthermore, the
Rockwood index has been modified multiple times with the
rationale that its applicability can be enhanced without
undermining the basic principle and value of the assessment. "’

Alternatives to these dominant frailty scales include assess-
ment using single (performance measures like gait speed Trmed
Get up and Go,"° chair stand test,”” or hand grip strength
Such performance measures provide relatively easy screening
and assessment, which resonates with the frailty phenotype. The
prognostic utility of gait speed in community populations
provides compelling validation as a single assessment of physical
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frailty.””*”*" The continuous nature of gait speed also enables
detection of small changes (0.1 m/s) where ordinal scales might
not be as sensitive.”>” Simple performance measures other
than gait speed (eg, Timed Get up and Go, Short Physical
Performance Battery) are also easy to implement,”>*®">3
However, all these performance assessments are criticized for
lack of specificity. Deconditioning, disease, or musculoskeletal
impediments that have nothing to do with frailty might affect
their results. Numerous studies and reviews have described the
tension between frailty assessments that are parsimonious and
relatively more convenient vs assessments that entail multiple
indices (ie, relatively more difficult to perform but also relatively
more specific and reliable).

Advancing the Concept of the Vital Sign

Guidelines acknowledge the importance of patient-centred
approaches with consideration of frailty.”* However, frailty’s
multiple dimensions and dynamic nature are likely to make a
single classification elusive. The variety of tools illustrates spectrum
of vulnerability that can be classified, and frailty is associated with
worse prognosis across all assessment methods. In fact, there might
never be a gold standard, but use of any tool is better than omission
of this perspective. Therefore, the selection of a specific scale or
performance measure might depend on the intended purpose. An
analogy might be the various formulas for calculation of the esti-
mated glomerular filtration rate; the Cockroft-Gault equation and
the Modification of Diet in Renal Disease equations are different,
but each provides classification of renal function beyond serum
creatinine.”” Just as estimated glomerular filtration rate calcula-
tions vary but achieve similar value, frailty screens also vary, but
each advances classification beyond age alone.

Because of the need for brevity in the clinical setting and
befitting of a vital sign, comprehensive frailty assessments are
unlikely to be adopted. One consideration to achieve an optimal
balance between feasibility and specificity of assessment is to have
a 2-tiered approach to frailty assessment. Simple proxies of frailty
on the basis of gait speed, Clinical Frail Scale,”® or Fatigue,
Resistance (ability to climb 1 flight of stairs), Ambulation (ability
to walk 1 block), Illnesses (greater than 5), Loss of Weight (> 5%)
(FRAIL) score’” do not provide specificity of more comprehensive
assessments, but they do provide a standardized minimum
assessment that is sensitive for impairment and realistic. Just as
with the Patient Health Questionnaire-2 (PHQ-2)* for depres-
sion, abnormal responses can lead to further investigation. The
standardization of the assessment should also be encouraged
within each care environment on the basis of local preferences.

Frailty is also a dynamic concept. Just as renal function is
assessed recurrently as a dynamic function that can change over
time, a repeated measure of frailty performed at intervals can be
used to identify new changes in a vital status. If adopted as a vital
sign, widely and serially assessed frailty indicators would provide
valuable normative perspectives such that even small changes
could prompt investigation.”” Patients identified as prefrail are
atrisk for future functional decline and development of incident
CVD.® Thus, longitudinal assessments could better detect
early stages of frailty to better focus on prevention.

Future Directions
Classifying frail patients in clinical research and practice
will advance our ability to best care for these patients. An
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abundant literature reflects a surge of candidate tools, on the
basis of the frailty phenotype or the frailty index, and many
variations on these tailored to different clinical contexts.”’
It is beyond the scope of this brief account to review this
literature, but rather to highlight its magnitude and sense of
importance. Even as methodological issues remain, frailty
testing might prompt discussions about aging, vulnerability,
and adverse outcomes, inviting patients to discuss priorities
and preferences. Likewise, frailty assessment might provide a
critical opportunity to modify procedures, medications, and
the process of care to optimize outcomes and efficacies of
care. The progression from frailty to disability and death
might also be modifiable if identified early (Fig. 3).°° Pre-
habilitation before surgery,”” and rehabilitation”® after sur-
gery enable focused attention of strength, and modifications
of the environment. With the underuse of cardiac rehabil-
itation specifically in those at greatest risk, other home-
based interventions are needed.””’” Interventions such as
caloric restriction and metformin target the metabolic
drivers of aging.”"”” Protein supplements replenish critical
nutritional deficits.”” Other interventions early in the pro-
cess, guided by telomeres or biomarkers, are future visions
yet to be realized but might maximize quality of life in later
years.

Conclusions

Because most older adults are not frail, age is less important
than age-related vulnerability in the older population. While a
precise definition and single tool to identify frailty remains
elusive, the identification of age-related vulnerability in the
routine care of older adults must proceed. Frailty evaluation
can be achieved using many different tools, each with
distinctive attributes, but similar utility to gauge dimensions
of health in older populations distinct from disease. Such
assessment is particularly relevant for older CV patients with
heterogeneity of aging and multimorbidity. Including frailey
as a contemporary vital sign can help evaluate baseline health
of older adults, inform the implications of disease manage-
ment, and optimize strategies to preserve independence.

Normal Aging

Vulnerable Agiﬁg

Pre-Frail

————am—

Frail

Disability

Time (Allostatic Load) mmmmmms)

Figure 3. The age-frailty continuum. Abellan van Kan et al. showed the
important opportunities for intervention, such that prefrailty and frailty
might be modified. Adapted from Abellan van Kan et al.°® with
permission from Springer. © 2008 The Journal of Nutrition, Health
and Aging.



1086

Funding Sources

Dr Forman is supported in part by NIA grant P30

AGO024827 and VA Office of Rehabilitation Research and
Development grant F0834-R.

Disclosures

The authors have no conflicts of interest to disclose.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evidence
for a phenotype. ] Gerontol A Biol Sci Med Sci 2001;56:M146-56.

. Dodson JA, Matlock DD, Forman DE. Geriatric cardiology: an emerging

discipline. Can ] Cardiol 2016;32:1056-64.

. Ortman JM, Velkoff VA, Hogan H. An aging nation: the older popu-

lation in teh United States. 2014. Available at: https://www.census.gov/
prod/2014pubs/p25-1140.pdf. Accessed July 18, 2016.

. Afilalo J, Karunananthan S, Eisenberg MJ, Alexander KP, Bergman H.

Role of frailty in patients with cardiovascular disease. Am ] Cardiol
2009;103:1616-21.

. Ramsay SE, Arianayagam DS, Whincup PH, et al. Cardiovascular risk

profile and frailty in a population-based study of older British men. Heart
2015;101:616-22.

. Lee TH. Putting the value framework to work. N Engl ] Med 2010;363:

2481-3.

. Walston J, McBurnie MA, Newman A, et al. Frailty and activation of the

inflammation and coagulation systems with and without clinical
comorbidities: results from the Cardiovascular Health Study. Arch Intern

Med 2002;162:2333-41.

. Seo AY, Leeuwenburgh C. The role of genome instability in frailty:

mitochondria versus nucleus. Nestle Nutr Inst Workshop Ser 2015;83:
19-27.

. Walston J, Hadley EC, Ferrucci L, et al. Research agenda for frailty in

older adults: toward a better understanding of physiology and etiology:
summary from the American Geriatrics Society/National Institute on
Aging Research Conference on Frailty in Older Adults. ] Am Geriatr Soc
2006;54:991-1001.

Strawbridge WJ, Shema SJ, Balfour JL, Higby HR, Kaplan GA. Ante-
cedents of frailty over three decades in an older cohort. ] Gerontol B

Psychol Sci Soc Sci 1998;53:59-16.

Gruenewald TL, Seeman TE, Karlamangla AS, Sarkisian CA. Allostatic
load and frailty in older adults. ] Am Geriatr Soc 2009;57:1525-31.

Hansson GK. Inflammation, atherosclerosis, and coronary artery disease.

N Engl J] Med 2005;352:1685-95.

Fedarko NS. The biology of aging and frailty. Clin Geriatr Med 2011;27:
27-37.

Chevalier S, Gougeon R, Nayar K, Morais JA. Frailty amplifies the effects
of aging on protein metabolism: role of protein intake. Am J Clin Nutr
2003;78:422-9.

Wu G. Amino acids: metabolism, functions, and nutrition. Amino Acids

2009;37:1-17.

Ahmed N, Mandel R, Fain MJ. Frailty: an emerging geriatric syndrome.
Am ] Med 2007;120:748-53.

Cesari M, Penninx BW, Pahor M, et al. Inflammatory markers and
physical performance in older persons: the Inchianti study. ] Gerontol A

Biol Sci Med Sci 2004;59:242-8.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Canadian Journal of Cardiology
Volume 32 2016

Newman AB, Boudreau RM, Naydeck BL, Fried LF, Harris TB.
A physiologic index of comorbidity: relationship to mortality and
disability. ] Gerontol A Biol Sci Med Sci 2008;63:603-9.

Kramer DB, Buxton AE, Zimetbaum PJ. Time for a change—a new
approach to ICD replacement. N Engl ] Med 2012;366:291-3.

Dunlay SM, Park SJ, Joyce LD, et al. Frailty and outcomes after im-
plantation of left ventricular assist device as destination therapy. ] Heart

Lung Transplant 2014;33:359-65.

Mack MJ. Risk scores for predicting outcomes in valvular heart disease:
how useful? Curr Cardiol Rep 2011;13:107-12.

Jain R, Duval S, Adabag S. How accurate is the eyeball test? A com-
parison of physician’s subjective assessment versus statistical methods in
estimating mortality risk after cardiac surgery. Circ Cardiovasc Qual
Outcomes 2014;7:151-6.

Rodes-Cabau ], Mok M. Working toward a frailty index in transcatheter
aortic valve replacement: a major move away from the “eyeball test”.
JACC Cardiovasc Interv 2012;5:982-3.

Sanchis J, Nunez E, Ruiz V, et al. Usefulness of clinical data and bio-
markers for the identification of frailty after acute coronary syndromes.

Can J Cardiol 2015;31:1462-8.

Matsuzawa Y, Konishi M, Akiyama E, et al. Association between gait
speed as a measure of frailty and risk of cardiovascular events after

myocardial infarction. ] Am Coll Cardiol 2013;61:1964-72.

Purser JL, Kuchibhatla MN, Fillenbaum GG, et al. Identifying frailty in
hospitalized older adults with significant coronary artery disease. ] Am
Geriatr Soc 2006;54:1674-81.

Singh M, Rihal CS, Lennon RJ, et al. Influence of frailty and health
status on outcomes in patients with coronary disease undergoing percu-
taneous revascularization. Circ Cardiovasc Qual Outcomes 2011;4:

496-502.

Afilalo J, Kim S, O’Brien S, et al. Gait speed and operative mortality
following cardiac surgery: a report from the Society of Thoracic Surgeons

adult cardiac surgery database. STS Gait. JAMA Cardiol 2016;1:314-21.

Alfredsson J, Stebbins A, Brennan JM, et al. Gait speed predicts 30-day
mortality after transcatheter aortic valve replacement: results from the
Society of Thoracic Surgeons/American College of Cardiology trans-
catheter valve therapy registry. Circulation 2016;133:1351-9.

Green AR, Leff B, Wang Y, et al. Geriatric conditions in patients un-
dergoing defibrillator implantation for prevention of sudden cardiac
death: prevalence and impact on mortality. Circ Cardiovasc Qual Out-
comes 2016;9:23-30.

Lupon J, Gonzalez B, Santacugenia S, et al. Prognostic implication of
frailty and depressive symptoms in an outpatient population with heart

failure. Rev Esp Cardiol 2008;61:835-42.

Khan H, Kalogeropoulos AP, Georgiopoulou VV, et al. Frailty and risk
for heart failure in older adults: the Health, Aging, and Body Compo-
sition study. Am Heart ] 2013;166:887-94.

Lefebvre MC, St-Onge M, Glazer-Cavanagh M, et al. The effect of
bleeding risk and frailty status on anticoagulation patterns in octoge-
narians with atrial fibrillation: the FRAIL-AF study. Can ] Cardiol
2016;32:169-76.

Case SM, O’Leary ], Kim N, Tinetti ME, Fried TR. Older adults’
recognition of trade-offs in health care decision-making. ] Am Geriatr Soc

2015;63:1658-62.


http://refhub.elsevier.com/S0828-282X(16)30127-1/sref1
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref1
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref2
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref2
https://www.census.gov/prod/2014pubs/p25-1140.pdf
https://www.census.gov/prod/2014pubs/p25-1140.pdf
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref4
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref4
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref4
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref5
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref5
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref5
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref6
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref6
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref7
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref7
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref7
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref7
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref8
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref8
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref8
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref9
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref9
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref9
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref9
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref9
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref10
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref10
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref10
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref11
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref11
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref12
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref12
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref13
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref13
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref14
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref14
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref14
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref15
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref15
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref16
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref16
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref17
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref17
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref17
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref18
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref18
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref18
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref19
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref19
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref19
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref20
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref20
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref20
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref21
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref21
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref22
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref22
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref22
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref22
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref23
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref23
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref23
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref24
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref24
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref24
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref25
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref25
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref25
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref26
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref26
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref26
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref27
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref27
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref27
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref27
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref28
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref28
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref28
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref29
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref29
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref29
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref29
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref30
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref30
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref30
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref30
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref31
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref31
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref31
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref32
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref32
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref32
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref33
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref33
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref33
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref33
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref34
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref34
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref34

Forman and Alexander
Frailty and Cardiovascular Disease

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Farcet A, de Decker L, Pauly V, et al. Frailty markers and treatment
decisions in patients seen in oncogeriatric clinics: results from the ASRO

pilot study. PLoS One 2016;11:¢0149732.

Rodriguez-Manas L, Feart C, Mann G, et al. Searching for an operational
definition of frailty: a delphi method-based consensus statement: the
frailty operative definition-consensus conference project. ] Gerontol A
Biol Sci Med Sci 2013;68:62-7.

Rothman MD, Leo-Summers L, Gill TM. Prognostic significance of
potential frailty criteria. ] Am Geriatr Soc 2008;56:2211-6.

Almeida OP, Hankey GJ, Yeap BB, et al. Depression, frailty, and all-
cause mortality: a cohort study of men older than 75 years. ] Am Med
Dir Assoc 2015;16:296-300.

Rockwood K, Mitnitski A. Frailty in relation to the accumulation of
deficits. ] Gerontol A Biol Sci Med Sci 2007;62:722-7.

Mitnitski A, Rockwood K. Aging as a process of deficit accumulation: its
utility and origin. Interdiscip Top Gerontol 2015;40:85-98.

Mitnitski AB, Mogilner AJ, Rockwood K. Accumulation of deficits as a
proxy measure of aging. ScientificWorldJournal 2001;1:323-36.

Song X, Mitnitski A, Rockwood K. Prevalence and 10-year outcomes of
frailty in older adults in relation to deficit accumulation. J Am Geriatr

Soc 2010;58:681-7.

Fried LP, Ferrucci L, Darer ], Williamson JD, Anderson G. Untangling
the concepts of disability, frailty, and comorbidity: implications for
improved targeting and care. ] Gerontol A Biol Sci Med Sci 2004;59:
255-63.

Whitson HE, Purser JL, Cohen HJ. Frailty thy name is... Phrailty?
J Gerontol A Biol Sci Med Sci 2007;62:728-30.

Chamberlain AM, Finney Rutten L], Manemann SM, et al. Frailty tra-
jectories in an elderly population-based cohort. ] Am Geriatr Soc

2016;64:285-92.

Podsiadlo D, Richardson S. The timed “up & go™: a test of basic func-
tional mobility for frail elderly persons. ] Am Geriatr Soc 1991;39:142-8.

Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of
lower body strength in community-residing older adults. Res Q Exerc

Sport 1999;70:113-9.

Rantanen T, Volpato S, Ferrucci L, et al. Handgrip strength and cause-
specific and total mortality in older disabled women: exploring the

mechanism. ] Am Geriatr Soc 2003;51:636-41.

Afilalo ], Eisenberg MJ, Morin JF, et al. Gait speed as an incremental
predictor of mortality and major morbidity in elderly patients undergoing

cardiac surgery. ] Am Coll Cardiol 2010;56:1668-76.

Chen MA. Frailty and cardiovascular disease: potential role of gait speed
in surgical risk stratification in older adults. J Geriatr Cardiol 2015;12:
44-56.

Cesari M, Gambassi G, van Kan GA, Vellas B. The frailty phenotype and
the frailty index: different instruments for different purposes. Age Ageing
2014;43:10-2.

Studenski S, Perera S, Patel K, et al. Gait speed and survival in older
adults. JAMA 2011;305:50-8.

Guralnik JM, Simonsick EM, Ferrucci L, et al. A short physical perfor-
mance battery assessing lower extremity function: association with self-
reported disability and prediction of mortality and nursing home

admission. ] Gerontol 1994;49:M85-94.

Amsterdam EA, Wenger NK, Brindis RG, et al. 2014 AHA/ACC
guideline for the management of patients with non-ST-elevation acute

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

1087

coronary syndromes: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines [erratum

in 2014;64:2713-4]. ] Am Coll Cardiol 2014;64:e139-228.

Levey AS, Inker LA, Coresh J. GFR estimation: from physiology to
public health. Am J Kidney Dis 2014;63:820-34.

Rockwood K, Song X, MacKnight C, et al. A global clinical measure of
fitness and frailty in elderly people. CMA]J 2005;173:489-95.

Abellan van Kan G, Rolland YM, Mortley JE, Vellas B. Frailty: toward a
clinical definition. ] Am Med Dir Assoc 2008;9:71-2.

Kroenke K, Spitzer RL, Williams JB. The Patient Health Questionnaire-
2: validity of a two-item depression screener. Med Care 2003;41:
1284-92.

Gill TM, Gahbauer EA, Allore HG, Han L. Transitions between frailty
states among community-living older persons. Arch Intern Med

2006;166:418-23.

Sergi G, Veronese N, Fontana L, et al. Pre-frailty and risk of cardio-
vascular disease in elderly men and women: the pro.V.A. Study. ] Am
Coll Cardiol 2015;65:976-83.

Theou O, Brothers TD, Mitnitski A, Rockwood K. Operationalization of
frailty using eight commonly used scales and comparison of their ability
to predict all-cause mortality. ] Am Geriatr Soc 2013;61:1537-51.

Mijnarends DM, Schols JM, Meijers JM, et al. Instruments to assess
sarcopenia and physical frailty in older people living in a community
(care) setting: similarities and discrepancies. ] Am Med Dir Assoc
2015;16:301-8.

Malmstrom TK, Miller DK, Morley JE. A comparison of four frailty
models. ] Am Geriatr Soc 2014;62:721-6.

Kenig ], Zychiewicz B, Olszewska U, Barczynski M, Nowak W. Six
screening instruments for frailty in older patients qualified for emergency
abdominal surgery. Arch Gerontol Geriatr 2015;61:437-42.

Joseph B, Zangbar B, Pandit V, et al. Emergency general surgery in the
elderly: too old or too frail? ] Am Coll Surg 2016;222:805-13.

Abellan van Kan G, Rolland Y, Bergman H, et al. The LAN.A Task
Force on frailty assessment of older people in clinical practice. ] Nutr

Health Aging 2008;12:29-37.

Stammers AN, Kehler DS, Afilalo ], et al. Protocol for the PREHAB
study-Pre-operative Rehabilitation for reduction of Hospitalization After
coronary Bypass and valvular surgery: a randomised controlled trial. BMJ
Open 2015;5:¢00725.

Schopfer DW, Forman DE. Cardiac rehabilitation in older adults. Can J
Cardiol 2016;32:1088-96.

Duncan P, Richards L, Wallace D, et al. A randomized, controlled pilot
study of a home-based exercise program for individuals with mild and

moderate stroke. Stroke 1998;29:2055-60.

McDermott MM, Guralnik JM, Criqui MH, et al. Home-based walking
exercise in peripheral artery disease: 12-month follow-up of the goals

randomized trial. ] Am Heart Assoc 2014;3:¢000711.

Bibas L, Levi M, Bendayan M, et al. Therapeutic interventions for frail
elderly patients: part I. Published randomized trials. Prog Cardiovasc Dis
2014;57:134-43.

Finkel T. The metabolic regulation of aging. Nat Med 2015;21:1416-23.

Longo VD, Antebi A, Bartke A, et al. Interventions to slow aging in
humans: Are we ready? Aging Cell 2015;14:497-510.


http://refhub.elsevier.com/S0828-282X(16)30127-1/sref35
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref35
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref35
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref36
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref36
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref36
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref36
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref37
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref37
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref38
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref38
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref38
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref39
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref39
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref40
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref40
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref41
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref41
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref42
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref42
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref42
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref43
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref43
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref43
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref43
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref44
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref44
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref44
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref45
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref45
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref45
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref46
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref46
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref47
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref47
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref47
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref48
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref48
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref48
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref49
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref49
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref49
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref50
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref50
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref50
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref51
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref51
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref51
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref52
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref52
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref53
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref53
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref53
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref53
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref54
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref54
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref54
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref54
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref54
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref55
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref55
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref56
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref56
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref57
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref57
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref58
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref58
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref58
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref59
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref59
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref59
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref60
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref60
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref60
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref61
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref61
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref61
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref62
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref62
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref62
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref62
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref63
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref63
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref64
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref64
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref64
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref65
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref65
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref66
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref66
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref66
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref67
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref67
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref67
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref67
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref68
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref68
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref69
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref69
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref69
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref70
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref70
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref70
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref71
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref71
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref71
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref72
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref73
http://refhub.elsevier.com/S0828-282X(16)30127-1/sref73

	Frailty: A Vital Sign for Older Adults With Cardiovascular Disease
	Linkages Between Frailty and CVD
	Frailty as a Contemporary CV Issue
	The Frailty Phenotype vs the Frailty Index
	Advancing the Concept of the Vital Sign
	Future Directions
	Conclusions
	Funding Sources
	Disclosures
	References


