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Abstract

Purpose of review: The goal of the narrative review is to provide an overview of the 

epidemiology of frailty in cardiovascular disease and cardiovascular mortality and discuss 

applications of frailty in cardiovascular care of older adults.

Recent findings: Frailty is highly prevalent in older adults with cardiovascular disease and 

is a robust, independent predictor of cardiovascular death. There is a growing interest in using 

frailty to inform management of cardiovascular disease either through pre- or post-treatment 

prognostication or by delineating treatment heterogeneity in which frailty serves to distinguish 

patients with differential harms or benefits from a given therapy.

Summary: Frailty can enable more individualized treatment in older adults with cardiovascular 

disease. Future studies are needed to standardize frailty assessment across cardiovascular trials and 

enable implementation of frailty assessment in cardiovascular clinical practice.
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Introduction

Over 54 millions of Americans are aged 65 years or older, and this number is projected to 

reach 81 million in 2040.[1] Cardiovascular (CV) disease affects at least 75% of adults aged 

60–79 years and up to 90% of octogenarians,[2] and cardiovascular disease (CVD) remains 

the leading cause of death in older adults, making prevention and management of CVD of 

paramount importance for successful and healthy aging. However, many evidence-based CV 

prevention tools and treatments for primary and secondary prevention are underutilized in 

older adults because of a paucity of data regarding their benefit and safety in a medically 

complex, real-world older population. This has, perhaps inadvertently, led to the lower 

use of preventive medications in older adults out of fear of causing harm, although older 

adults, particularly those who are frail, may be the most likely to benefit.[3, 4] Subgroup 

analyses of pivotal trials that include older adults are often conducted using an arbitrary age 

cutoff of ≥65 or ≥75 years. These cutoffs however do not capture the wide heterogeneity in 

physiologic reserve and functional capacity that is present in the older adult population.

Frailty, a multisystem syndrome characterized by lack of physiologic reserve to maintain 

homeostasis in the face of a stress and increased vulnerability to adverse health outcomes,[5, 

6] has emerged as a critical marker of biological aging. When exposed to stressors (e.g., 
exacerbation of a chronic illness, acute illness, or invasive procedures), frail older adults 

are at a disproportionately higher risk of disability, hospitalization, and mortality.[6, 7] 

Initially described by geriatricians, frailty entered the vernacular of cardiologists a decade 

ago when there was an increasing interest in risk stratification of elderly patients for invasive 

procedures such as surgical or transcatheter aortic valve replacement (TAVR).[8–10] Since 

then, frailty has emerged as a an important predictor of adverse outcomes in a wide range of 

CVD.[11, 12]

The objectives of this review are to: 1) review the concept of frailty and how it is measured; 

2) summarize the epidemiology of frailty in CVD and the association between frailty and 

CV mortality; and 3) review potential applications of frailty in CV care of older adults to 

lower the risk of CVD mortality in this high risk population.

How is frailty defined and how can it be measured?

Although there are dozens of tools with which to measure frailty, two leading theories of 

frailty have emerged: the physical phenotype and the cumulative deficit approach (Figure 

1). The physical phenotype was developed by Fried and colleagues in 2001 from data 

in the Cardiovascular Health Study,[6] and measures five interrelated characteristics: slow 

walking speed, weakness, weight loss, low physical activity, and low energy. This approach 

requires measuring time to walk 12–15 feet, measuring grip strength using a dynamometer, 

and estimating weekly energy expenditure based on patient’s activity report. The presence 

of three or more of these physical deficits comprise the diagnosis of frailty. Phenotypic 
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frailty has been previously shown to be associated with a marked increase in the risk of 

all-cause and CVD mortality.[6, 13, 14] Despite its utility for assessing frailty in prospective 

studies, the physical phenotype approach may pose a challenge for implementation in high-

volume clinical practices. Additionally, while the theory intentionally distinguishes frailty 

from disability and multimorbidity,[15] it is agnostic to the contribution of mental health, 

cognitive dysfunction, and social determinants of health to the frailty syndrome.[5]

Rockwood and colleagues developed the cumulative deficit approach of frailty in the late 

1990s, based on the comprehensive geriatric assessment from the prospective Canadian 

Study of Health in Aging. This theory of frailty posits that health-related deficits are 

accumulated over a lifetime across many body systems. These deficits cover a broad range 

of systems, including comorbidities, physical function, cognitive function, nutritional status, 

mental health and others and can be counted to generate an index of frailty.[16, 17] A 

Rockwood frailty index (FI) is generally calculated by reviewing a minimum of 30 deficits, 

with indices including over 90 potential items. A higher FI has been consistently shown 

to be associated with CVD and all-cause mortality.[18],[19] While manually calculating 

a comprehensive geriatric assessment based frailty index may seem daunting in a busy 

clinical setting, there have been efforts to develop automated, electronic health record or 

claims-based frailty indices in United States- and United kingdom-based health systems that 

abstract commonly collected electronic health record data for inclusion in the frailty index.

[19–22] Because the FI can be calculated from routinely collected health care data, it has 

become a versatile tool that can be applied to existing clinical and research data, including 

clinical trials.[23–30] However, the cumulative deficit approach has been criticized as too 

inclusive and challenging to disentangle from multimorbidity and disability.

Other common tools to define frailty include the Clinical Frailty Scale (CFS), the Edmonton 

Frail Scale, the FRAIL scale, and single items such 4 meter gait speed. CFS is a semi-

quantitative tool that generates a score from 1 (very fit) to 9 (terminally ill) based on 

clinical assessment in the following domains: mobility, ability to perform activities of daily 

living and instrumental activities of daily living, physical activity level, energy level, and 

disease-specific symptoms.[31] It has been extensively studied in TAVR populations.[32] 

The Edmonton Frail Scale can be easily administered by non-geriatricians and assesses 

the following 9 domains: cognition, general health status, functional independence, social 

support, medication use, nutrition status, mood, continence, and functional performance.[33, 

34] The FRAIL scale is another simple tool that quickly ascertains a patient’s level of 

frailty as part of the clinical history. The FRAIL scale that asks five questions regarding 

fatigue, resistance, ambulation, chronic illnesses, and loss of weight as part of the patient’s 

evaluation making it advantageous as a quick screening tool in settings where direct 

measurements are not readily available.[35, 36] While it is entirely based on self-report, 

the FRAIL scale has been is predictive of six-month all-cause mortality in patients aged 80 

years or older with acute myocardial infarction, demonstrating its utility in the acute clinical 

setting.[37] While these frailty scales offer critical information in a multifaceted format, 

single measurements such as the 4-meter gait speed assessments are also feasible as a quick 

frailty screen.[36] Slow gait is a known predictor of CVD risk and mortality that also serves 

as a key marker of functional capacity.[38, 39] Each tool provides a framework in which to 

best manage patients based on their level of vulnerability.

Ko et al. Page 3

Curr Cardiol Rep. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Prevalence of Frailty

The prevalence of frailty varies across studies and populations based on which definition of 

frailty is used and populations with specific disease states.[14] It has been estimated to range 

widely between 4–59% depending on the population studied.[13, 40] Population studies 

have demonstrated some general trends such a two-fold higher prevalence among women, 

after adjusting for age, compared to men.[6, 41] More recent data has described frailty 

prevalence among Medicare beneficiaries at 9–10%[18] and up to 45% among Veterans aged 

65 years and older.[42]

Frailty is more common in patients with CVD compared to the general population. In studies 

of older adults with coronary artery disease undergoing percutaneous coronary intervention, 

phenotypic frailty and a claims-based frailty index were present in 21% and 27% of the 

study populations, respectively.[43, 44] In a randomized controlled trial of functionally 

independent older adults hospitalized with decompensated heart failure (HF) irrespective 

of left ventricular ejection fraction, the prevalence of phenotypic frailty was 55%.[45] In a 

multicenter prospective cohort of patients with severe aortic stenosis, 25% of the patients 

undergoing surgical aortic valve replacement and 49% of those undergoing TAVR were 

estimated to have phenotypic frailty.[46] Among older adults with atrial fibrillation the 

prevalence is estimated at 14%. [47]

Bidirectional Association between Frailty and Cardiovascular Disease

CVD as a risk factor for frailty[19, 22, 48] is intuitive to clinical cardiologists – patients 

who are hospitalized with myocardial infarction, HF, and stroke can become deconditioned 

and debilitated. Frailty has also been associated with an increased incidence of CVD 

independent of traditional atherosclerotic cardiovascular disease risk factors.[49] In the 

National Health and Aging Trends Study, a prospective cohort of a national representative 

of Medicare beneficiaries aged ≥65 years, phenotypic frailty was associated with increased 

risk of newly diagnosed coronary artery disease (hazard ratio [HR] 1.35, 95% confidence 

interval [CI] 1.11–1.65), myocardial infarction (HR 1.95, 95% CI 1.31–2.90), stroke (HR 

1.71, 95% CI 1.34–2.17), and peripheral artery disease (HR 1.80, 95% CI 1.44–2.27) 

after multivariable adjustment.26 Similarly, in a prospective international cohort study of 

older adults aged 65–74 years, phenotypic frailty was associated with increased risk of 

incident CVD (HR 1.35; 95% CI 1.05–1.74).[50] These findings have been attributed to the 

overlapping mechanisms that underlie both frailty and CVD, including inflammation, insulin 

resistance, and cellular senescence.[11] Systemic inflammation is a shared pathophysiologic 

mechanism leading to frailty, changes in muscle physiology with aging, and subclinical 

CVD impacting multiple organ systems.[11] This leads to a cyclical relationship of 

worsening mobility leading to progression of CVD risk factors such as adiposity, metabolic 

syndrome, and chronic low grade inflammation. [11, 48]

Frailty and Cardiovascular Mortality

Frailty is a robust predictor of CV mortality, and the association is comparable across 

different frailty measurements (Table 1). In a prospective cohort study of community-
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dwelling ambulatory adults aged ≥65 years in France, individuals in the lowest third of 

gait speed were at higher risk of CV mortality compared to those in the highest third of 

gait speed after multivariable adjustment (HR 1.44, 95% CI 1.03–1.99).[51] Individuals 

with coronary artery disease were excluded from the analysis. The risk was higher after 

excluding individuals who were independent in ≥1 instrumental activity of daily living 

(HR 3.13, 95% CI 1.64–5.99).[51] Causes of death were adjudicated by an independent 

committee. CV death was defined as death where coronary heart disease, stroke peripheral 

vascular disease, other CV disease, or sudden death was listed as the cause. In a prospective 

cohort of community-dwelling older men in the US, phenotypic frailty was associated with 

a 2-fold increase in CV mortality in a competing risk model adjusting for non-CV death 

(subdistribution HR 1.98, 95% CI 1.45 – 2.71).[13] Cause of death was adjudicated by two 

independent investigators using death certificates and medical records.

There are several studies investigating association between the FI and CV mortality. Among 

512,723 Chinese adults from the general population aged 30–79, frailty according to the FI 

was independently associated with cause-specific mortality.[52] There was an incremental 

increase in mortality related to ischemic heart disease (HR 1.89; 95% CI 1.79–1.89) 

and cerebrovascular diseases (HR 1.84; 95% CI 1.79–1.89) with increasing FI (per 0.1 

increment). Similarly, in a community-based prospective cohort study of adults aged ≥65 

years in Italy, FI was associated with an increased risk of CV mortality by a 5% per 

0.1 increment increase at 3-years and 4% increase at 6 years (p < 0.001).[14] In a study 

of United States Veterans aged ≥65 years, higher Veterans Administration Frailty Index 

(VA-FI)[19] was associated risk of increased CV mortality among patients with and without 

CVD at the time of frailty measurement.[42] However, consistent with the national trend, 

[53] there was an overall decrease in CV mortality across all frailty statuses among Veterans 

from 2002–2014. CVD death in this observation study was defined as death where CVD was 

listed as the cause of death in the National Death Index.

In a meta-analysis of patients with prevalent CVD or at high risk of CVD enrolled in 14 

randomized clinical trials, Farooqi et al show a cumulative deficit frailty index >0.21 was 

associated with increased risk of CV mortality after adjusting for baseline comorbidities 

(HR 2.06, 95% CI 1.76–2.42).[54] The frailty index was developed using 26 deficits 

and CV risk factors were excluded. In the trials included in the meta-analysis, CV death 

included death without clear non-CV causes, death within 7 days after myocardial infarction 

or stroke, death from congestive heart failure, malignant arrhythmia or aortic aneurysm. 

Veronese et al found a similar relationship between frailty and CV mortality in a meta-

analysis of 18 cohorts with a nearly 4-fold increase in risk of CV mortality among those 

participants identified as frail (HR 3.89; 95% CI 2.40–6.34).[55]

Applications of Frailty in CVD Management

However defined, frailty may inform CVD management either through pre- or post-

treatment prognostication or risk stratification, or more directly by delineating treatment 

heterogeneity in which frailty serves to distinguish patients with differential harms or 

benefits from a given therapy.[56] It is important to note that 1) frail patients have short 

life expectancy and competing non-CV health events, which may reduce the likelihood 
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of benefit from a CV treatment; 2) frail patients are at higher risk of CV events and 

CV mortality, and therefore they may derive a larger benefit from a CV treatment; or 3) 

frail patients may benefit from a CV treatment as much as non-frail patients. Having this 

knowledge can help individualize CV management of older adults, by reducing the under-

treatment and over-treatment. Identifying patients at high risk (for example, for mortality or 

readmission) does not necessarily translate into futile care or fewer benefits from specific 

treatments. However, in selected settings where frailty identifies patients at very high risk for 

short-term mortality or treatment complications in particular, futility or at least diminished 

opportunity to benefit may be appropriately incorporated into shared decision-making.

Prognostication for TAVR

Frailty is a key predictor for functional decline after TAVR.[46, 57] The 2021 European 

Society of Cardiology guidelines recommend assessing for frailty using an objective 

measure to avoid TAVR in “high-risk patients in whom futility should be avoided.”[58] 

The guideline does not specify what frailty measure should be used and how to define 

“futility” after AVR. Medically managed severe aortic stenosis (AS) carries 1-year mortality 

of 50%.[59] In a prospective, multicenter TAVR registry in Japan, 4% of the patients had 

CFS ≥7 (i.e., completely dependent on activities of daily living), and this group had 1-year 

mortality of 44%.[32] In a prospective, single-center registry of adults aged ≥70 years 

undergoing TAVR (n=143) during 2014–2017, 23% had poor (low baseline functional status 

to moderate decline) or very poor (low baseline functional status to large decline) functional 

status trajectory during 1-year of follow-up post-TAVR with 1-year mortality rates of 25% 

and 69%, respectively.[57] These two studies suggest that there are patients, albeit small, in 

whom TAVR may be considered futile because of their exceedingly high mortality. In these 

high-risk patients, a shared-decision making is critical to reach a decision that reflects the 

wishes and values of the patient and caregivers.[60]

Frailty and Management of HF

Frailty is highly prevalent in patients with HF, ranging from 45% to 65% in patients with 

chronic stable HF with reduced ejection fraction (HFrEF) despite their relatively young age.

[25, 61] In the pooled analyses of the patients with HFrEF in the Prospective Comparison 

of ARNI [Angiotensin Receptor–Neprilysin Inhibitor] with ACEI [Angiotensin-Converting–

Enzyme Inhibitor] to Determine Impact on Global Mortality and Morbidity in Heart Failure 

(PARADIGM-HF) and Aliskiren Trial of Minimizing Outcomes in Patients With Heart 

Failure (ATMOSPHERE) trials, FI was associated with CV mortality in a dose-dependent 

manner, with the frailest patients demonstrating an adjusted sub-distribution HR 1.75 (95% 

CI 1.55–1.96) compared to the least frail patients.[61] There was no interaction between 

sacubitril/valsartan and frailty indicating that those with frailty benefited as much as those 

without frailty.[61] Similarly, in the post hoc analysis of Dapagliflozin and Prevention 

of Adverse Outcomes in Heart Failure (DAPA-HF) trial, FI ≥0.31 was associated with 

increased risk of the primary outcome, the composite of worsening HF or CV death.[62] 

There was no interaction between dapagliflozin and frailty, but the absolute risk reduction 

was greatest in patients with frailty index ≥0.31.[62]
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Supervised aerobic exercise training (ET) and cardiac rehabilitation are approved for 

patients with chronic HFrEF by the Centers for Medicare and Medicaid services and 

are recommended by the professional guidelines to improve functional status, exercise 

capacity, and quality of life.[63, 64] Frail patients may derive more benefit from supervised 

aerobic ET compared to non-frail patients. In Heart Failure: A Controlled Trial Investigating 

Outcomes of Exercise Training (HF-ACTION) trial, supervised aerobic ET did not reduce 

the risk of primary composite end point of all-cause mortality and all-cause hospitalization 

compared to usual care.[65] In the post hoc analysis of the same trial, aerobic ET was 

associated with lower risk of primary composite end point in frail patients (frailty index 

≥0.21) (HR 0.83, 95% CI 0.72–0.95) but not in non-frail patients (HR 1.04, 95% CI 0.87–

1.25).[25] The association was driven by lower risk of all-cause hospitalization in frail 

patients (HR 0.84, 95% CI 0.72–0.99). Aerobic ET did not reduce the risk of all-cause 

mortality, CV mortality or CV hospitalization, and CV mortality or HF hospitalization. In 

Rehabilitation Therapy in Older Acute Heart Failure Patients (REHAB-HF) trial, physical 

rehabilitation program improved physical function in older adults (mean age 73 years, 

55% with the Fried frailty phenotype) at 3 months following a hospitalization for acute 

decompensated HF.[45] The intervention was associated with greater benefit in frail patients 

compared to pre-frail patients. These findings suggest that ET may reduce the risk of 

frailty-related adverse outcome in HF through a non-CV mechanism.

Frailty and Stroke Prophylaxis in Atrial Fibrillation

Although the professional guidelines continue to recommend dabigatran, rivaroxaban, 

and apixaban on an equal footing,[66] apixaban is currently the most prescribed oral 

anticoagulant in the US.[67] The most important difference among the direct oral 

anticoagulants lies in their safety profile. Dabigatran and rivaroxaban increase the risk 

of gastrointestinal bleeding and do not reduce the risk of major bleeding compared to 

warfarin[68, 69] whereas apixaban does not increase the risk of gastrointestinal bleeding and 

reduces the risk of major bleeding compared to warfarin.[70] Additionally, only apixaban 

was tested against aspirin and was shown to have a comparable bleeding risk.[71] Multiple 

observational studies of older adults have shown results that are similar to the pivotal trials.

[72–75] The favorable safety profile of apixaban is especially preferred in frail older adults 

who are at highest risk of bleeding. In a study of beneficiaries of Medicare Fee-for-Service 

aged ≥65 years, compared to warfarin, rivaroxaban was associated with increased risk 

whereas apixaban was associated with reduced risk of gastrointestinal bleeding across all 

frailty levels.[74]

Left atrial appendage occlusion (LAAO) is a second line treatment for patients at elevated 

stroke risk and who are deemed unsuitable for long-term anticoagulation.[66, 76] Medicare 

beneficiaries constitute 86% of the LAAO recipients,[77] and nearly half of them are 

considered frail.[78] Frailty is an important predictor of hospital stay >10 days (OR 3.15, 

95% CI 2.25–4.41) and 30-day mortality (OR 2.96, 95% CI 1.82–4.82) after LAAO.[78] 

We do not yet have any data on the treatment effect of LAAO in routine care population 

compared to existing therapies and heterogeneous treatment effect of LAAO by frailty 

status.
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Future Directions

There is a need to generate evidence to guide CVD management in the growing population 

of older adults with frailty. The best quality evidence would be generated from clinical 

trials adequately powered to study treatment effect in older adults with frailty, but there 

are significant challenges to conducting clinical trials focused on frail older adults. They 

are less likely to participate in clinical trials, more likely to experience treatment-related 

adverse events, and more likely to be lost to follow-up. Subgroup or post-hoc analyses 

of clinical trials to determine heterogeneity in treatment effect by frailty status are almost 

invariably underpowered to study this question. Analysis of real-world data (e.g., electronic 

health records, administrative claims data) using robust pharmacoepidemiologic methods 

may generate evidence that can guide clinical decision making in frail older adults.

Systematic implementation of frailty assessment in CV clinical practice remains a challenge. 

The clinical need for frailty assessment in terms of CVD prevention and treatment needs to 

be clearly defined to improve its acceptability and adoption among cardiologists. Given the 

presence of various frailty assessment tools, they must be validated in the target population. 

Importantly, there is a need to standardize frailty assessment across CV trials because 

frailty index composed of different items can give different frailty levels and to develop a 

cross-walk that correlates similar risk populations across different frailty measures.

Conclusion

Frailty is a multisystem syndrome that is highly prevalent in older adults with CVD and 

increases the risk of poor outcomes and CV mortality. Despite the variations in the definition 

of frailty, the currently body of literature demonstrates that CV mortality risk is significantly 

increased with frailty. Additional studies are needed to gain better mechanistic insights into 

the role of frailty in CVD in order to guide treatment decisions. Moreover, data for primary 

and secondary prevention with medical management are urgently needed as most current 

evidence for CVD prevention is derived from younger, healthier populations, leaving those 

at highest risk of CVD and CVD mortality without clear evidence to guide management.

Funding:

Dr. Ko is funded by NHLBI K23HL151903–01A1, Boston University School of Medicine Doris Duke Charitable 
Foundation’s Fund to Retain Clinician Scientists, and Boston University School of Medicine Department of 
Medicine Career Investment Award. Dr. Kramer is supported by NIH R01AG068141. Dr. Kim is supported by 
NIA R01AG062713, R01AG071809, and K24AG073527. Dr. Orkaby is supported by VA CSR&D CDA-2 award 
IK2-CX001800 and NIA R03-AG060169.

References

Papers of particular interest, published recently, have been highlighted as:

• Of importance

•• Of major importance

1. Administration for Community Living. 2020 Profile of Older Americans Accessed August 23, 2022. 
https://acl.gov/aging-and-disability-in-america/data-and-research/profile-older-americans

Ko et al. Page 8

Curr Cardiol Rep. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://acl.gov/aging-and-disability-in-america/data-and-research/profile-older-americans


2. Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, et al. Heart Disease 
and Stroke Statistics-2020 Update: A Report From the American Heart Association. Circulation 
2020;141(9):e139–e596. doi: 10.1161/cir.0000000000000757. [PubMed: 31992061] 

3. Zullo AR, Mogul A, Corsi K, Shah NR, Lee SJ, Rudolph JL, et al. Association Between Secondary 
Prevention Medication Use and Outcomes in Frail Older Adults After Acute Myocardial Infarction. 
Circ Cardiovasc Qual Outcomes 2019;12(4):e004942. doi: 10.1161/circoutcomes.118.004942. 
[PubMed: 31002274] 

4. Levy CR, Radcliff TA, Williams ET, Hutt E. Acute myocardial infarction in nursing home residents: 
adherence to treatment guidelines reduces mortality, but why is adherence so low? J Am Med Dir 
Assoc 2009;10(1):56–61. doi: 10.1016/j.jamda.2008.08.009. [PubMed: 19111854] 

5. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. Lancet 
2013;381(9868):752–62. doi: 10.1016/s0140-6736(12)62167-9. [PubMed: 23395245] 

6. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty in older adults: 
evidence for a phenotype. J Gerontol A Biol Sci Med Sci 2001;56(3):M146–56. doi: 10.1093/
gerona/56.3.m146. [PubMed: 11253156] 

7. Shamliyan T, Talley KM, Ramakrishnan R, Kane RL. Association of frailty with survival: a 
systematic literature review. Ageing Res Rev 2013;12(2):719–36. doi: 10.1016/j.arr.2012.03.001. 
[PubMed: 22426304] 

8. Green P, Woglom AE, Genereux P, Daneault B, Paradis JM, Schnell S, et al. The impact of 
frailty status on survival after transcatheter aortic valve replacement in older adults with severe 
aortic stenosis: a single-center experience. JACC Cardiovasc Interv 2012;5(9):974–81. doi: 10.1016/
j.jcin.2012.06.011. [PubMed: 22995885] 

9. Stortecky S, Schoenenberger AW, Moser A, Kalesan B, Jüni P, Carrel T, et al. Evaluation of 
multidimensional geriatric assessment as a predictor of mortality and cardiovascular events after 
transcatheter aortic valve implantation. JACC Cardiovasc Interv 2012;5(5):489–96. doi: 10.1016/
j.jcin.2012.02.012. [PubMed: 22625186] 

10. Green P, Arnold SV, Cohen DJ, Kirtane AJ, Kodali SK, Brown DL, et al. Relation of frailty to 
outcomes after transcatheter aortic valve replacement (from the PARTNER trial). Am J Cardiol 
2015;116(2):264–9. doi: 10.1016/j.amjcard.2015.03.061. [PubMed: 25963221] 

11. Afilalo J, Alexander KP, Mack MJ, Maurer MS, Green P, Allen LA, et al. Frailty assessment 
in the cardiovascular care of older adults. Journal of the American College of Cardiology 
2014;63(8):747–62. doi: 10.1016/j.jacc.2013.09.070. [PubMed: 24291279] 

12. Fadah K, Hechanova A, Mukherjee D. Epidemiology, Pathophysiology, and Management 
of Coronary Artery Disease in the Elderly. Int J Angiol 2022;31(4):244–50. doi: 10.1055/
s-0042-1751234. [PubMed: 36588871] 

13. Adabag S, Vo TN, Langsetmo L, Schousboe JT, Cawthon PM, Stone KL, et al. Frailty as a Risk 
Factor for Cardiovascular Versus Noncardiovascular Mortality in Older Men: Results From the 
MrOS Sleep (Outcomes of Sleep Disorders in Older Men) Study. J Am Heart Assoc 2018;7(10). 
doi: 10.1161/jaha.118.008974.

14. Hoogendijk EO, Stenholm S, Ferrucci L, Bandinelli S, Inzitari M, Cesari M. Operationalization 
of a frailty index among older adults in the InCHIANTI study: predictive ability for all-cause 
and cardiovascular disease mortality. Aging Clin Exp Res 2020;32(6):1025–34. doi: 10.1007/
s40520-020-01478-3. [PubMed: 32006385] 

15. Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G. Untangling the concepts of disability, 
frailty, and comorbidity: implications for improved targeting and care. J Gerontol A Biol Sci Med 
Sci 2004;59(3):255–63. doi: 10.1093/gerona/59.3.m255. [PubMed: 15031310] 

16. Rockwood K, Mitnitski A. Frailty defined by deficit accumulation and geriatric medicine 
defined by frailty. Clin Geriatr Med 2011;27(1):17–26. doi: 10.1016/j.cger.2010.08.008. [PubMed: 
21093719] 

17. Jones DM, Song X, Rockwood K. Operationalizing a frailty index from a standardized 
comprehensive geriatric assessment. J Am Geriatr Soc 2004;52(11):1929–33. doi: 10.1111/
j.1532-5415.2004.52521.x. [PubMed: 15507074] 

18. Kim DH, Glynn RJ, Avorn J, Lipsitz LA, Rockwood K, Pawar A, et al. Validation of a Claims-
Based Frailty Index Against Physical Performance and Adverse Health Outcomes in the Health 

Ko et al. Page 9

Curr Cardiol Rep. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and Retirement Study. J Gerontol A Biol Sci Med Sci 2019;74(8):1271–6. doi: 10.1093/gerona/
gly197. [PubMed: 30165612] 

19. Orkaby AR, Nussbaum L, Ho YL, Gagnon D, Quach L, Ward R, et al. The Burden of Frailty 
Among U.S. Veterans and Its Association With Mortality, 2002–2012. J Gerontol A Biol Sci Med 
Sci 2019;74(8):1257–64. doi: 10.1093/gerona/gly232. [PubMed: 30307533] 

20. Clegg A, Bates C, Young J, Ryan R, Nichols L, Teale EA, et al. Development and validation of 
an electronic frailty index using routine primary care electronic health record data. Age Ageing 
2018;47(2):319. doi: 10.1093/ageing/afx001.

21. Callahan KE, Clark CJ, Edwards AF, Harwood TN, Williamson JD, Moses AW, et al. Automated 
Frailty Screening At-Scale for Pre-Operative Risk Stratification Using the Electronic Frailty Index. 
J Am Geriatr Soc 2021;69(5):1357–62. doi: 10.1111/jgs.17027. [PubMed: 33469933] 

22. Kim DH, Schneeweiss S, Glynn RJ, Lipsitz LA, Rockwood K, Avorn J. Measuring Frailty in 
Medicare Data: Development and Validation of a Claims-Based Frailty Index. J Gerontol A Biol 
Sci Med Sci 2018;73(7):980–7. doi: 10.1093/gerona/glx229. [PubMed: 29244057] 

23. Warwick J, Falaschetti E, Rockwood K, Mitnitski A, Thijs L, Beckett N, et al. No evidence 
that frailty modifies the positive impact of antihypertensive treatment in very elderly people: an 
investigation of the impact of frailty upon treatment effect in the HYpertension in the Very Elderly 
Trial (HYVET) study, a double-blind, placebo-controlled study of antihypertensives in people 
with hypertension aged 80 and over. BMC Med 2015;13:78. doi: 10.1186/s12916-015-0328-1. 
[PubMed: 25880068] 

24. Pajewski NM, Williamson JD, Applegate WB, Berlowitz DR, Bolin LP, Chertow GM, et al. 
Characterizing Frailty Status in the Systolic Blood Pressure Intervention Trial. J Gerontol A Biol 
Sci Med Sci 2016;71(5):649–55. doi: 10.1093/gerona/glv228. [PubMed: 26755682] 

25. Pandey A, Segar MW, Singh S, Reeves G, O’Connor C, Pina I, et al. Frailty Status 
Modifies the Efficacy of Exercise Training Among Patients With Chronic Heart Failure 
and Reduced Ejection Fraction: An Analysis From the HF-ACTION Trial. Circulation 
2022:101161circulationaha122059983. doi: 10.1161/circulationaha.122.059983.

26. Butt JH, Dewan P, Merkely B, Belohlávek J, Drożdż J, Kitakaze M, et al. Efficacy and Safety of 
Dapagliflozin According to Frailty in Heart Failure With Reduced Ejection Fraction : A Post Hoc 
Analysis of the DAPA-HF Trial. Ann Intern Med 2022;175(6):820–30. doi: 10.7326/m21-4776. 
[PubMed: 35467935] 

27. Butt JH, Jhund PS, Belohlávek J, de Boer RA, Chiang CE, Desai AS, et al. Efficacy and Safety of 
Dapagliflozin According to Frailty in Patients with Heart Failure: A Prespecified Analysis of the 
DELIVER Trial. Circulation 2022. doi: 10.1161/circulationaha.122.061754.

28. Wilkinson C, Wu J, Searle SD, Todd O, Hall M, Kunadian V, et al. Clinical outcomes in patients 
with atrial fibrillation and frailty: insights from the ENGAGE AF-TIMI 48 trial. BMC Med 
2020;18(1):401. doi: 10.1186/s12916-020-01870-w. [PubMed: 33357217] 

29. Sanders NA, Supiano MA, Lewis EF, Liu J, Claggett B, Pfeffer MA, et al. The frailty syndrome 
and outcomes in the TOPCAT trial. Eur J Heart Fail 2018;20(11):1570–7. doi: 10.1002/ejhf.1308. 
[PubMed: 30225878] 

30. White HD, Westerhout CM, Alexander KP, Roe MT, Winters KJ, Cyr DD, et al. Frailty is 
associated with worse outcomes in non-ST-segment elevation acute coronary syndromes: Insights 
from the TaRgeted platelet Inhibition to cLarify the Optimal strateGy to medicallY manage Acute 
Coronary Syndromes (TRILOGY ACS) trial. Eur Heart J Acute Cardiovasc Care 2016;5(3):231–
42. doi: 10.1177/2048872615581502. [PubMed: 25897147] 

31. Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell I, et al. A global 
clinical measure of fitness and frailty in elderly people. CMAJ 2005;173(5):489–95. doi: 10.1503/
cmaj.050051. [PubMed: 16129869] 

32. Shimura T, Yamamoto M, Kano S, Kagase A, Kodama A, Koyama Y, et al. Impact of the 
Clinical Frailty Scale on Outcomes After Transcatheter Aortic Valve Replacement. Circulation 
2017;135(21):2013–24. doi: 10.1161/circulationaha.116.025630. [PubMed: 28302751] 

33. Rolfson DB, Majumdar SR, Tsuyuki RT, Tahir A, Rockwood K. Validity and reliability of the 
Edmonton Frail Scale. Age Ageing 2006;35(5):526–9. doi: 10.1093/ageing/afl041. [PubMed: 
16757522] 

Ko et al. Page 10

Curr Cardiol Rep. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



34. Perna S, Francis MD, Bologna C, Moncaglieri F, Riva A, Morazzoni P, et al. Performance 
of Edmonton Frail Scale on frailty assessment: its association with multi-dimensional geriatric 
conditions assessed with specific screening tools. BMC Geriatr 2017;17(1):2. doi: 10.1186/
s12877-016-0382-3. [PubMed: 28049443] 

35. Chung K, Wilkinson C, Veerasamy M, Kunadian V. Frailty Scores and Their Utility in Older 
Patients with Cardiovascular Disease. Interv Cardiol 2021;16:e05. doi: 10.15420/icr.2020.18. 
[PubMed: 33897831] 

36. Abellan van Kan G, Rolland Y, Bergman H, Morley JE, Kritchevsky SB, Vellas B. The I.A.N.A 
Task Force on frailty assessment of older people in clinical practice. J Nutr Health Aging 
2008;12(1):29–37. doi: 10.1007/bf02982161. [PubMed: 18165842] 

37. Alegre O, Formiga F, López-Palop R, Marín F, Vidán MT, Martínez-Sellés M, et al. An Easy 
Assessment of Frailty at Baseline Independently Predicts Prognosis in Very Elderly Patients 
With Acute Coronary Syndromes. J Am Med Dir Assoc 2018;19(4):296–303. doi: 10.1016/
j.jamda.2017.10.007. [PubMed: 29153753] 

38. Rasmussen LJH, Caspi A, Ambler A, Broadbent JM, Cohen HJ, d’Arbeloff T, et al. Association 
of Neurocognitive and Physical Function With Gait Speed in Midlife. JAMA Netw Open 
2019;2(10):e1913123. doi: 10.1001/jamanetworkopen.2019.13123. [PubMed: 31603488] 

39. Orkaby AR, James K, Leuchtenburg J, Solooki E, Gaziano JM, Driver JA. Taking prevention to 
the next step: implementation of a brief, sustainable frailty assessment in a cardiology clinic. BMJ 
Open Qual 2021;10(1). doi: 10.1136/bmjoq-2020-001140.

40. Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of frailty in community-
dwelling older persons: a systematic review. J Am Geriatr Soc 2012;60(8):1487–92. doi: 10.1111/
j.1532-5415.2012.04054.x. [PubMed: 22881367] 

41. Brunner EJ, Shipley MJ, Ahmadi-Abhari S, Valencia Hernandez C, Abell JG, Singh-Manoux A, 
et al. Midlife contributors to socioeconomic differences in frailty during later life: a prospective 
cohort study. Lancet Public Health 2018;3(7):e313–e22. doi: 10.1016/s2468-2667(18)30079-3. 
[PubMed: 29908857] 

42. •• Shrauner W, Lord EM, Nguyen XT, Song RJ, Galloway A, Gagnon DR, et al. Frailty and 
cardiovascular mortality in more than 3 million US Veterans. Eur Heart J 2022;43(8):818–26. 
doi: 10.1093/eurheartj/ehab850. [PubMed: 34907422] Findings from this study show that frailty is 
independently associated with CV mortality.

43. Damluji AA, Huang J, Bandeen-Roche K, Forman DE, Gerstenblith G, Moscucci M, et al. 
Frailty Among Older Adults With Acute Myocardial Infarction and Outcomes From Percutaneous 
Coronary Interventions. J Am Heart Assoc 2019;8(17):e013686. doi: 10.1161/jaha.119.013686. 
[PubMed: 31475601] 

44. Singh M, Rihal CS, Lennon RJ, Spertus JA, Nair KS, Roger VL. Influence of frailty and health 
status on outcomes in patients with coronary disease undergoing percutaneous revascularization. 
Circ Cardiovasc Qual Outcomes 2011;4(5):496–502. doi: 10.1161/circoutcomes.111.961375. 
[PubMed: 21878670] 

45. Kitzman DW, Whellan DJ, Duncan P, Pastva AM, Mentz RJ, Reeves GR, et al. Physical 
Rehabilitation for Older Patients Hospitalized for Heart Failure. N Engl J Med 2021;385(3):203–
16. doi: 10.1056/NEJMoa2026141. [PubMed: 33999544] 

46. Afilalo J, Lauck S, Kim DH, Lefèvre T, Piazza N, Lachapelle K, et al. Frailty in Older 
Adults Undergoing Aortic Valve Replacement: The FRAILTY-AVR Study. J Am Coll Cardiol 
2017;70(6):689–700. doi: 10.1016/j.jacc.2017.06.024. [PubMed: 28693934] 

47. Saczynski JS, Sanghai SR, Kiefe CI, Lessard D, Marino F, Waring ME, et al. Geriatric Elements 
and Oral Anticoagulant Prescribing in Older Atrial Fibrillation Patients: SAGE-AF. J Am Geriatr 
Soc 2020;68(1):147–54. doi: 10.1111/jgs.16178. [PubMed: 31574165] 

48. Ijaz N, Buta B, Xue QL, Mohess DT, Bushan A, Tran H, et al. Interventions for Frailty Among 
Older Adults With Cardiovascular Disease: JACC State-of-the-Art Review. J Am Coll Cardiol 
2022;79(5):482–503. doi: 10.1016/j.jacc.2021.11.029. [PubMed: 35115105] 

49. Walston J, McBurnie MA, Newman A, Tracy RP, Kop WJ, Hirsch CH, 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(20):2333–41. doi: 10.1001/
archinte.162.20.2333. [PubMed: 12418947] 

Ko et al. Page 11

Curr Cardiol Rep. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



50. Veronese N, Sigeirsdottir K, Eiriksdottir G, Marques EA, Chalhoub D, Phillips CL, et al. 
Frailty and Risk of Cardiovascular Diseases in Older Persons: The Age, Gene/Environment 
Susceptibility-Reykjavik Study. Rejuvenation Res 2017;20(6):517–24. doi: 10.1089/rej.2016.1905. 
[PubMed: 28602121] 

51. Dumurgier J, Elbaz A, Ducimetière P, Tavernier B, Alpérovitch A, Tzourio C. Slow walking 
speed and cardiovascular death in well functioning older adults: prospective cohort study. Bmj 
2009;339:b4460. doi: 10.1136/bmj.b4460. [PubMed: 19903980] 

52. Fan J, Yu C, Guo Y, Bian Z, Sun Z, Yang L, et al. Frailty index and all-cause and cause-specific 
mortality in Chinese adults: a prospective cohort study. Lancet Public Health 2020;5(12):e650–
e60. doi: 10.1016/s2468-2667(20)30113-4. [PubMed: 33271078] 

53. Roth GA, Dwyer-Lindgren L, Bertozzi-Villa A, Stubbs RW, Morozoff C, Naghavi M, et al. 
Trends and Patterns of Geographic Variation in Cardiovascular Mortality Among US Counties, 
1980–2014. Jama 2017;317(19):1976–92. doi: 10.1001/jama.2017.4150. [PubMed: 28510678] 

54. Farooqi MAM, Gerstein H, Yusuf S, Leong DP. Accumulation of Deficits as a Key Risk Factor for 
Cardiovascular Morbidity and Mortality: A Pooled Analysis of 154 000 Individuals. J Am Heart 
Assoc 2020;9(3):e014686. doi: 10.1161/jaha.119.014686. [PubMed: 31986990] 

55. Veronese N, Cereda E, Stubbs B, Solmi M, Luchini C, Manzato E, et al. Risk of cardiovascular 
disease morbidity and mortality in frail and pre-frail older adults: Results from a meta-
analysis and exploratory meta-regression analysis. Ageing Res Rev 2017;35:63–73. doi: 10.1016/
j.arr.2017.01.003. [PubMed: 28143778] 

56. Yeh RW, Kramer DB. Decision Tools to Improve Personalized Care in Cardiovascular Disease: 
Moving the Art of Medicine Toward Science. Circulation 2017;135(12):1097–100. doi: 10.1161/
circulationaha.116.024247. [PubMed: 28320801] 

57. Kim DH, Afilalo J, Shi SM, Popma JJ, Khabbaz KR, Laham RJ, et al. Evaluation of 
Changes in Functional Status in the Year After Aortic Valve Replacement. JAMA Intern Med 
2019;179(3):383–91. doi: 10.1001/jamainternmed.2018.6738. [PubMed: 30715097] 

58. Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, Bauersachs J, et al. 2021 ESC/EACTS 
Guidelines for the management of valvular heart disease. Eur Heart J 2021. doi: 10.1093/eurheartj/
ehab395.

59. Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG, et al. Transcatheter aortic-
valve implantation for aortic stenosis in patients who cannot undergo surgery. N Engl J Med 
2010;363(17):1597–607. doi: 10.1056/NEJMoa1008232. [PubMed: 20961243] 

60. Bavaria JE, Tommaso CL, Brindis RG, Carroll JD, Deeb GM, Feldman TE, et al. 2018 
AATS/ACC/SCAI/STS Expert Consensus Systems of Care Document: Operator and Institutional 
Recommendations and Requirements for Transcatheter Aortic Valve Replacement. Journal of the 
American College of Cardiology 2019;73(3):340–74. doi: 10.1016/j.jacc.2018.07.002. [PubMed: 
30031107] 

61. Dewan P, Jackson A, Jhund PS, Shen L, Ferreira JP, Petrie MC, et al. The prevalence 
and importance of frailty in heart failure with reduced ejection fraction - an analysis of 
PARADIGM-HF and ATMOSPHERE. Eur J Heart Fail 2020;22(11):2123–33. doi: 10.1002/
ejhf.1832. [PubMed: 32353205] 

62. Efficacy and Safety of Dapagliflozin According to Frailty in Heart Failure With Reduced Ejection 
Fraction. Ann Intern Med. 2022;175(6):820–30. doi: 10.7326/m21-4776 %m 35467935. [PubMed: 
35467935] 

63. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, et al. 2022 
AHA/ACC/HFSA Guideline for the Management of Heart Failure: A Report of the 
American College of Cardiology/American Heart Association Joint Committee on Clinical 
Practice Guidelines. Circulation 2022;145(18):e895–e1032. doi: 10.1161/CIR.0000000000001063. 
[PubMed: 35363499] 

64. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, et al. 2021 ESC 
Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur Heart J 
2021;42(36):3599–726. doi: 10.1093/eurheartj/ehab368. [PubMed: 34447992] 

65. O’Connor CM, Whellan DJ, Lee KL, Keteyian SJ, Cooper LS, Ellis SJ, et al. Efficacy and safety of 
exercise training in patients with chronic heart failure: HF-ACTION randomized controlled trial. 
Jama 2009;301(14):1439–50. doi: 10.1001/jama.2009.454. [PubMed: 19351941] 

Ko et al. Page 12

Curr Cardiol Rep. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



66. January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland JC, Jr., et al. 2019 
AHA/ACC/HRS Focused Update of the 2014 AHA/ACC/HRS Guideline for the Management 
of Patients With Atrial Fibrillation. Circulation 2019:Cir0000000000000665. doi: 10.1161/
cir.0000000000000665.

67. Ko D, Lin KJ, Bessette LG, Lee SB, Walkey AJ, Cheng S, et al. Trends in Use of Oral 
Anticoagulants in Older Adults with Newly Diagnosed Atrial Fibrillation, 2010–2020. JAMA 
Netw Open 2022. In press.

68. Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, et al. Rivaroxaban versus 
Warfarin in Nonvalvular Atrial Fibrillation. N Engl J Med 2011;365(10):883–91. doi: 10.1056/
NEJMoa1009638. [PubMed: 21830957] 

69. Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, et al. Dabigatran versus 
Warfarin in Patients with Atrial Fibrillation. N Engl J Med 2009;361(12):1139–51. doi: 10.1056/
NEJMoa0905561. [PubMed: 19717844] 

70. Granger CB, Alexander JH, McMurray JJV, Lopes RD, Hylek EM, Hanna M, et al. Apixaban 
versus Warfarin in Patients with Atrial Fibrillation. N Engl J Med 2011;365(11):981–92. doi: 
10.1056/NEJMoa1107039. [PubMed: 21870978] 

71. Connolly SJ, Eikelboom J, Joyner C, Diener H-C, Hart R, Golitsyn S, et al. Apixaban in Patients 
with Atrial Fibrillation. N Engl J Med 2011;364(9):806–17. doi: 10.1056/NEJMoa1007432. 
[PubMed: 21309657] 

72. Lip GYH, Keshishian A, Li X, Hamilton M, Masseria C, Gupta K, et al. Effectiveness and Safety 
of Oral Anticoagulants Among Nonvalvular Atrial Fibrillation Patients. Stroke 2018;49(12):2933–
44. doi: 10.1161/strokeaha.118.020232. [PubMed: 30571400] 

73. Lip GYH, Keshishian AV, Zhang Y, Kang A, Dhamane AD, Luo X, et al. Oral Anticoagulants 
for Nonvalvular Atrial Fibrillation in Patients With High Risk of Gastrointestinal Bleeding. 
JAMA Netw Open 2021;4(8):e2120064. doi: 10.1001/jamanetworkopen.2021.20064. [PubMed: 
34398204] 

74. •• Kim DH, Pawar A, Gagne JJ, Bessette LG, Lee H, Glynn RJ, et al. Frailty and Clinical 
Outcomes of Direct Oral Anticoagulants Versus Warfarin in Older Adults With Atrial Fibrillation : 
A Cohort Study. Ann Intern Med 2021. doi: 10.7326/m20-7141.Findings from this show that the 
net clinical benefit of various oral anticoagulants may differ by frailty level.

75. Ray WA, Chung CP, Stein CM, Smalley W, Zimmerman E, Dupont WD, et al. Association of 
Rivaroxaban vs Apixaban With Major Ischemic or Hemorrhagic Events in Patients With Atrial 
Fibrillation. Jama 2021;326(23):2395–404. doi: 10.1001/jama.2021.21222. [PubMed: 34932078] 

76. Centers for Medicare & Medicaid Services. Percutaneous Left Atrial Appendage (LAA) 
Closure Therapy. Decision Memo Available at: https://www.cms.gov/medicare-coverage-database/
view/ncacal-decision-memo.aspx?proposed=N&NCAId=281&bc=AAAAAAAAQAAA&%20. 
Accessed October 5, 2021.

77. Darden D, Duong T, Du C, Munir MB, Han FT, Reeves R, et al. Sex Differences in Procedural 
Outcomes Among Patients Undergoing Left Atrial Appendage Occlusion: Insights From the 
NCDR LAAO Registry. JAMA Cardiol 2021. doi: 10.1001/jamacardio.2021.3021.

78. Wang A, Ferro EG, Song Y, Xu J, Sun T, Yeh RW, et al. Frailty in patients undergoing 
percutaneous left atrial appendage closure. Heart Rhythm 2022. doi: 10.1016/j.hrthm.2022.01.007.

Ko et al. Page 13

Curr Cardiol Rep. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?proposed=N&NCAId=281&bc=AAAAAAAAQAAA&%20
https://www.cms.gov/medicare-coverage-database/view/ncacal-decision-memo.aspx?proposed=N&NCAId=281&bc=AAAAAAAAQAAA&%20


Figure 1. Two Approaches to Identifying Frailty.
In this figure we describe two leading theories of frailty: the physical phenotype or 

phenotypic frailty and the cumulative deficit frailty. The phenotypic frailty uses five direct 

measurements of physical characteristic: weight loss, energy level, physical activity, walking 

speed, and muscle strength. The cumulative deficit approach measures health-related deficits 

in a broad range of systems including morbidity, physical function, nutrition, cognition, 

mental health, and geriatric syndromes.
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