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CONTEMPORARY REVIEW

Frailty and Cardiovascular Health
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ABSTRACT: The incidence of frailty and cardiovascular disease (CVD) increases as the population ages. There is a bidirectional 
relationship between frailty and CVD, and both conditions share several risk factors and underlying biological mechanisms. 
Frailty has been established as an independent prognostic marker in patients with CVD. Moreover, its presence significantly 
influences both primary and secondary prevention strategies for adults with CVD while also posing a barrier to the inclusion of 
these patients in pivotal clinical trials and advanced cardiac interventions. This review discusses the current knowledge base 
on the relationship between frailty and CVD, how managing CVD risk factors can modify frailty, the influence of frailty on CVD 
management, and future directions for frailty detection and modification in patients with CVD.
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The number of older adults is steadily increasing. In 
2034, a significant change is predicted to occur in 
the US population: for the first time, the number 

of adults 65 years and older will outnumber children 
younger than 18 years.1 Age is the strongest single risk 
factor for the development of cardiovascular disease 
(CVD). As a result of changing demographics, a parallel 
increase in the incidence and prevalence of CVD is ex-
pected, posing a significant societal burden in terms of 
morbidity and mortality, resources, and cost. Aging is 
also a risk factor for geriatric syndromes such as frailty, 
sarcopenia, functional disability, and cognitive impair-
ment. Frailty is a state of vulnerability caused by dys-
regulation among various physiological systems, with 
multifactorial causes, leading to impaired resilience 
and subsequent failure of hemostatic mechanisms to 
cope with internal and external stressors.2 Sarcopenia 
is a loss of muscle mass and reduced muscle function 
and is often present in patients with frailty.3

These geriatric syndromes complicate and ad-
versely impact management and outcomes in older 
adults with CVD.4 Herein, we review the relationship 

between CVD and frailty, the appropriate management 
of CVD risk factors to modify frailty, the influence of 
frailty on CVD management, and future directions for 
frailty detection and modification in patients with CVD.

FRAILTY AND CVD HAVE A 
BIDIRECTIONAL RELATIONSHIP
Frailty increases vulnerability to disease, particularly 
CVD, and physiological derangements such as sarco-
penia, inflammation, and autonomic changes that pre-
dispose to disease and disability.2,5

There are 2 leading conceptual frameworks for defin-
ing frailty: the physical frailty phenotype, developed by 
Fried and colleagues, and the frailty deficit accumula-
tion index, developed by Rockwood and colleagues.2,5 
The physical phenotype identifies the presence of ≥3 
of 5 components: weight loss (>5% in past year), ex-
haustion (positive response to the question regarding 
effort required for activity), weakness (decreased grip 
strength), slowness (>6–7 seconds to walk 15 feet), 
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and low physical activity (kilocalorie spent per week: 
<383 kcal for men and <270 kcal for women).5 The 
frailty deficit accumulation index quantifies the total 
burden of age-related acquired health deficits among 
multiple domains, including cognitive, functional, mor-
bidity, social, and psychological aspects, informed by 
comprehensive geriatric assessment.2

More than 60 validated tools have been developed 
to measure frailty, with tools available for different clin-
ical scenarios (Table 1).6 While there is no single “best 
tool,” any validated measure is better than not mea-
suring frailty at all. For example, in a busy outpatient 
clinic, assessment of gait speed over a short distance 
(4 to 5 meters) is a rapid way to assess frailty, while, in 
an acute or inpatient setting, the Clinical Frailty Scale, 
which assesses how an older adult has been manag-
ing in the past 2 weeks, can be readily implemented.

The prevalence of frailty in older adults with es-
tablished CVD is higher than the general population, 
impacting up to 30% of those with coronary artery dis-
ease, 80% of those with heart failure (HF), and 74% of 
those with aortic stenosis.7 Frailty has a bidirectional 
relationship with CVD; individuals with established 
CVD are predisposed to developing frailty, and the 
presence of frailty increases the risk for faster onset of 
CVD.8 Furthermore, frailty adds complexity to the man-
agement of CVD and increases the incidence of major 
adverse cardiovascular events (MACE) and mortality, 
even in patients with less severe CVD.7,8
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FRAILTY AND CVD SHARE 
UNDERLYING BIOLOGICAL 
MECHANISMS
López-Otín et  al9 described 12 hallmarks of aging: 
genomic instability, telomere attrition, epigenetic 
alterations, loss of proteostasis, disabled macroau-
tophagy, deregulated nutrient-sensing, mitochon-
drial dysfunction, cellular senescence, stem cell 

exhaustion, altered intercellular communication, 
chronic inflammation, and dysbiosis. A few of these 
biological alterations have been associated with 
frailty and CVD, with several underlying mechanisms 
highlighted in Figure 1. However, this area remains 
underdeveloped, and further research is needed 
to determine the triggers for pathological changes. 
Highlighted below are key selected areas of ongoing 
investigation (Table 2).

Table 1.  Common Frailty Measure Scales Utilized in Individuals With Cardiovascular Diseases

Select frailty measures6 Description

Physical phenotype (Fried criteria) Unintentional weight loss (≥10 lb in the past year)
Exhaustion (positive response to questions regarding effort required for activity)
Weakness (decreased grip strength)
Slowness (>6–7 s to walk 15 ft)
Low physical activity (kcal spent per week: <383 kcal for men and <270 kcal for women)

Deficit accumulation index (Frailty Index)6 Deficit of symptoms/signs
Comorbidities
Deficits of activities of daily living
Deficits of social interaction and social support

Clinical Frailty Scale 1.	 Very fit: robust, active, energetic, and motivated. Regular exercise. They are among the fittest for their 
age.

2.	 Well: no severe disease symptoms but are less fit than category 1. They exercise or are very active 
occasionally, eg, seasonally.

3.	 Managing well: well-controlled medical problems but are not regularly active beyond routine walking.
4.	 Living with very mild frailty: previously named “vulnerable,” while not dependent on others for daily 

help, symptoms often limit activities. A common complaint is being “slowed up” and being tired during 
the day.

5.	 Living with mild frailty: more evident slowing and need help in higher-order instrumental activities 
of daily living such as finance, transportation, heavy housework, and medication management. 
Typically, mild frailty progressively impairs shopping and walking outside alone, meal preparation, and 
housekeeping.

6.	 Living with moderate frailty: need help with all outside activities and housekeeping. Inside often have 
problems with stairs, need help with bathing, and may need minimal assistance with dressing.

7.	 Living with severe frailty: completely dependent for cognitive and physical personal care. However, 
they seem stable and not at high risk of dying (within 6 mo).

8.	 Living with very severe frailty: completely dependent for personal care and approaching end of life. 
Typically, they could not recover even from minor illnesses.

9.	 Terminally ill: approaching the end of life. This category applies to people with a life expectancy of <6 
months who are not otherwise living with severe frailty. (Many terminally ill people can still exercise 
until very close to death.)

FRAIL scale Fatigue (“Have you felt fatigued? Most or all of the time over the past month?”): yes = 1, no = 0
Resistance (“Do you have difficulty climbing a flight of stairs?”): yes = 1, no = 0
Ambulation (“Do you have difficulty walking one block?”): yes = 1, no = 0
Illnesses (“Do you have any of these illnesses: hypertension, diabetes, cancer (other than a minor skin 
cancer), chronic lung disease, heart attack, congestive heart failure, angina, asthma, arthritis, stroke, and 
kidney disease?”): ≥5 = 1, <5 = 0
Loss of weight (“Have you lost more than 5% of your weight in the past year?”): yes = 1, no = 0
Score interpretation: prefrail: 1–2, frail: 3–5

Essential frailty toolset Anemia (<13 g/dL in men and 12 g/dL and women)
Hypoalbuminemia (<3.5 g/dL)
Lower-extremity muscle weakness defined as a time of ≥15 s or inability to complete 5 sit-to-stand 
repetitions without using arms
Cognitive impairment defined as a score of <24 on the Mini-Mental State Examination (which is highly 
unlikely if the patient is able to correctly recall 3 of 3 words after a distractive task and may obviate the 
need for further cognitive testing)
Score interpretation: scored 0 (least frail) to 5 (most frail)

Four- or 5-m gait speed Patient asked to walk a distance of 4 to 5 m at comfortable pace Slow: <0.83 m/s (>6 s)

Handgrip strength Squeeze a dynamometer as hard as possible (repeated 3 times, once with each hand and then with 
strongest hand), with the strongest value recorded (men <30 kg, women <20 kg)

Short physical performance battery •	 Standing balance test
•	 Gait-speed (4-m walk) test
•	 Strength test (as assessed by the time needed to rise from a chair 5 times)
Scored 0 to 12, lower scores (<9) indicating frailty
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Chronic inflammation and immune activation are 
marked by an imbalance between inflammatory and 
anti-inflammatory pathways, contributing to “inflam-
mageing” and frailty. Elevated inflammatory mark-
ers, including interleukin (IL) 6, tumor necrosis factor 
α (TNF-α), C-reactive protein, and chemokine ligand 
10,16, are associated with frailty (reduced hand grip 
strength, functional decline, lower muscle mass/
strength).10,16 Other inflammatory markers, such as 
IL-6, have also been associated with CVD.11 For ex-
ample, a 1-SD increase in IL-6 independently predicts 
coronary artery disease (relative risk [RR], 1.27) and 
HF events (RR, 1.72). In addition, a 1-SD higher loge 
C-reactive protein concentration is linked to an RR of 
1.63 for coronary artery disease in adults without a his-
tory of CVD.12 Notably, associations of elevated inflam-
matory markers may be confounded, as most cited 
studies are observational or part of a treatment clinical 
trial, potentially reflecting downstream consequences 
rather than activation sites.17

Cellular changes encompass mitochondrial dys-
function, characterized by reduced mitochondrial 
DNA and increased oxidative stress. It is marked 
by elevated markers such as lipoprotein phos-
pholipase A2, isoprostanes, malondialdehyde, 

8-hydroxy-20-deoxyguanosine, and a derivative of 
reactive oxygen metabolites. These factors are im-
plicated in pathological aging, disability, cardiac 
remodeling, plaque formation, neurohormonal over-
activity, decreased nitric oxide availability, endothelial 
dysfunction, and the onset of arrhythmias and HF.18 
For example, reduced skeletal muscle mitochondrial 
function is correlated with an increased risk for in-
cident CVD.13 Other cellular changes, including epi-
genetic alterations and genomic instability, including 
accumulated DNA damage, loss of repair mecha-
nisms, DNA methylation, and histone modification, 
play a role in the development of CVD (vascular 
calcification, hypertension, HF, and coronary artery 
disease). Some of these alterations are markers of 
disease progression and represent potential treat-
ment targets.19

Metabolic dysregulation can result in altered hor-
mone levels, such as low testosterone, vitamin D de-
ficiency, insulin resistance, and metabolic syndrome, 
which are prevalent in both frailty and CVD. A system-
atic review revealed a significant association between 
metabolic syndrome and frailty (odds ratio [OR], 1.82) 
in 12 640 adults.14 Importantly, complications within 
these disorders independently elevate the incidence of 

Figure 1.  Biological mechanisms common to frailty and cardiovascular disease.
CCR indicates CC chemokine receptor; CD, clusters of differentiation; CRP, C-reactive protein; CXCL, chemokine (C-X-C motif) 
ligand; IGF-1, insulin-like growth factor 1; IL, interleukin; NADPH, nicotinamide adenine dinucleotide phosphate; ROS, reactive oxygen 
species; TNF-α, tumor necrosis factor α; and TCA cycle, tricarboxylic acid cycle.
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Table 2.  Select Studies Highlighting the Shared Biology Between Frailty and CVD

Author, y Design No. Marker Outcomes

Shared biologic markers associated with cardiovascular diseases and frailty

Xu et al. (2022)10 Systematic review 
and meta-analysis

53 cross-sectional studies 
(5720 adults with frailty)

Biomarker 
leukocyte, 
lymphocytes, CRP, 
IL-6, IL-10, and 
TNF-α

The mean difference of CRP among the 
group with frailty was higher than the group 
with prefrailty (SMD, 1.104 [95% CI, 0.394–
1.813], P = 0.002) and robust group (SMD, 
1.837 [95% CI, 0.599–3.075], P = 0.004)
The levels of IL-6 were significantly higher 
in patients with frailty (SMD, 0.882 [95% CI, 
0.569–1.195], P = 0.000)
Groups with prefrailty (SMD, 0.517 [95% CI, 
0.313–0.722], P = 0.000) than in the control 
group
The level of TNF-α in the group with frailty 
was significantly higher than in the group with 
prefrailty (SMD, 0.549 [95% CI, 0.075–1.023], 
P = 0.023) and robust group (SMD, 0.561 
[95% CI, 0.046–1.076], P = 0.033)
No significant differences in the levels of 
leukocytes and IL-10

Cesari et al (2003)11 Observational 2225 (70–79 y) without 
CVD

IL-6, TNF-α, and 
CRP

IL-6 was significantly associated with:
CHD events, per IL-6 SD increase: RR, 1.27 
(95% CI, 1.10–1.48)
CHF events, per IL-6 SD increase: RR, 1.72 
(95% CI, 1.40–2.12)
TNF-α showed significant associations with:
CHD, per TNF-α SD increase: RR, 1.22 (95% 
CI, 1.04–1.43)
CHF, per TNF-α SD increase: RR, 1.59 (95% 
CI, 1.30–1.95)
CRP was significantly associated with CHF 
events, per CRP SD increase: RR, 1.48 (95% 
CI, 1.23–1.78)

The Emerging Risk 
Factors Collaboration, 
(2010)12

Individual participant 
meta-analysis

160 309 people without a 
history of vascular disease

Loge CRP 
concentration

RRs per 1-SD higher loge CRP concentration 
(3-fold higher) when adjusted further for 
conventional risk factors
CHD: 1.37 (95% CI, 1.27–1.48)
Ischemic stroke: 1.27 (95% CI, 1.15–1.40)
Vascular mortality: 1.55 (95% CI, 1.37–1.76)

Ashar et al (2017)13 Prospective, 
population-based 
cohort analysis

21 870 participants (20 163 
free from CVD at baseline) 
from the CHS, ARIC, and 
MESA trials

mtDNA-CN HRs for incident associated with a 1-SD 
decrease in mtDNA-CN
CHD: 1.29 (95% CI, 1.24–1.33)
Stroke: 1.11 (95% CI, 1.06–1.16)
CVD: 1.23 (95% CI, 1.19–1.26)

Jiang et al (2022)14 Systematic review 
and meta-analysis

One prospective cohort 
study and 10 cross-
sectional studies with 
12 640 participants

Metabolic syndrome Association of metabolic syndrome
Frailty (OR, 1.82 [95% CI, 1.46–2.27])
Weakness (OR, 1.35 [95% CI, 1.15–1.58])
Slow gait speed (OR, 1.80 [95% CI, 
1.51–2.14])
Weight loss (OR, 1.77 [95% CI, 1.36–2.29])
Decreased physical activity (OR, 1.87 [95% 
CI, 1.49–2.35])

Shakya et al (2022)15 Systematic review 12 studies Cardiometabolic risk 
factors among older 
adults (60 y and 
older)

Associated risk factors with increased risk 
of frailty:
Abdominal obesity (sex-specified raised waist 
circumference)
Hyperglycemia (elevated fasting blood 
glucose or glycated hemoglobin)
Multiple cardiometabolic risk factors 
(cardiometabolic syndrome and Framingham 
cardiovascular risk score)
Inconsistency seen among dyslipidemia and 
elevated BP

ARIC indicates Atherosclerosis Risk in Communities; BP, blood pressure; CHD, coronary heart disease; CHF, congestive heart failure; CHS, Cardiovascular 
Health Study; CRP, C-reactive protein; CVD, cardiovascular disease; HR, hazard ratio; IL-6, interleukin 6; MESA, Multi-Ethnic Study of Atherosclerosis; 
mtDNA-CN, mitochondrial DNA copy number; OR, odds ratio; RR, relative risk; SMD, standardized mean difference; and TNF, tumor necrosis factor.
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frailty and CVD. For instance, diabetes is associated 
with vascular dysfunction, loss of subcutaneous fat, 
increased visceral fat, reduced energy consumption, 
and altered sex hormone secretion, ultimately contrib-
uting to frailty and CVD.15

FRAILTY AS A RISK FACTOR FOR CVD
Frailty in Patients Without CVD
Frailty has been linked to a higher incidence of 
future cardiovascular events, even after account-
ing for traditional CVD risk factors. Several studies 
have highlighted the bidirectional relationship be-
tween CVD and frailty, leading to a vicious cycle. 
However, given shared pathophysiology, determin-
ing the chronological order of frailty and CVD re-
mains challenging.

In a cohort study of 5015 adults 55 years and older 
with no known CVD at baseline, over 10 years of fol-
low-up, frailty or its components (eg, abnormal knee ex-
tension strength) significantly increased the incidence 
of developing CVD by almost 1.5 times.20 Damluji et al, 
in a prospective study, demonstrated that patients with 
physical frailty were more likely to develop MACE.8 
Similarly, the Pro. V.A. (Progetto Veneto Anziani) study, 
which followed 1567 participants 65 years and older 
with nonfrailty, noted that components of frailty (low 

energy expenditure and exhaustion), were significantly 
associated with the onset of CVD, such as HF.21 These 
findings were replicated in different patient popula-
tions, including individuals with prefrailty22,23 (Table 3).

Frailty, Subclinical CVD, and 
Multimorbidity
Although studies have demonstrated an association 
between frailty and the incidence of CVD independent 
of the traditional risk factors, both frailty and prefrailty 
are also associated with multimorbidity, cognitive dys-
function, metabolic dysregulation, and other athero-
sclerotic risk factors.8,21 Older adults with frailty are 
often burdened by multimorbidity (≥2 chronic con-
ditions), with rates as high as 72%. Conversely, the 
presence of multimorbidity doubles the risk of frailty 
compared with those without multimorbidity.24

Furthermore, frailty is associated with subclinical 
cardiovascular abnormalities. These include carotid 
stenosis >75%, major ECG, and echocardiographic 
parameters such as left atrial volume, lower stroke 
volume, diastolic function, pulmonary artery pres-
sure, and autonomic dysfunction. These findings 
were present in patients without established CVD 
and may explain the subclinical progression of the 
cardiovascular process contributing to both frailty 
and clinical CVD.8,21 These processes offer valuable 

Table 3.  Frailty as a Risk Factor for CVD

Author, y Number Design Frailty tool Outcomes

Damluji et al (2021)8 4656 participants Prospective cohort study Fried frailty phenotype HRs of CVD among patients with 
frailty
MACE: 1.77 (95% CI, 1.53–2.06)
AMI: 1.95 (95% CI, 1.31–2.90)
Stroke: 1.71 (95% CI, 1.34–2.17)
PVD: 1.80 (95% CI, 1.44–2.27)
CAD: 1.35 (95% CI, 1.11–1.65)

Liu et al (2022)20 5015 aged 55 y and 
older, free of CVD

Prospective cohort study Modified Fried criteria Prefrailty and frailty were 
associated, respectively, with 1.6-
fold and 2.6-fold increased risk of 
fatal CVD in the fully adjusted model

Sergi et al (2015)21 1567 participants 
aged 65–96 y

Population-based prospective 
cohort study

Modified Fried criteria One or 2 modified Fried criterion 
had a significantly higher risk of 
CVD
Low energy expenditure, 
exhaustion, and slow gait speed 
were significantly associated with 
the onset of CVD

Veronese et al 
(2017)22

18 cohorts with a total 
of 31 343 participants

Meta-analysis/systematic review Modified Fried criteria HRs for any type of CVD in the 
group with frailty (1.70 [95% CI, 
1.18–2.45])
Prefrailty (1.23 [95% CI, 1.07–1.36])

Shrauner et al 
(2022)23

3 068 439 US 
veterans aged 65 y 
and older

Observational Frailty Index The presence of frailty was 
associated with an increased risk 
of cardiovascular mortality at every 
stage of frailty (severity dependent), 
in addition to MI and stroke

AMI indicates acute myocardial infarction; CAD, coronary artery disease; CVD, cardiovascular disease; HR, hazard ratio; MACE, major adverse cardiovascular 
event; MI, myocardial infarction; and PVD, peripheral vascular disease.
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insights into disease progression and potential op-
portunities for CVD and frailty prevention and man-
agement (Table 3).

LIFESTYLE, BEHAVIOR, AND SOCIAL 
INTERVENTIONS MAY REDUCE 
FRAILTY
A key strategy for reducing the incidence of both 
frailty and CVD is the management of known risk 
factors. As described, there is an overlap between 
risk factors for frailty and CVD, and modification of 
CVD may offer an additional benefit of reducing the 
risk of frailty. An example of how optimal cardiovas-
cular health can prevent frailty is the impact of the 
American Heart Association (AHA’s) Life’s Simple 7 
(LS7), which has recently been updated to include 
sleep as Life’s Essential 8 (LE8).25 LS7 included 4 
lifestyle interventions (physical activity, weight man-
agement, diet, and smoking cessation) along with 
glucose, lipids, and blood pressure (BP) manage-
ment, resulting in 7 metrics contributing to the LS7 
score. In addition to lowering CVD risk, optimization 
of LS7 has been associated with reduced risk of 
frailty among age groups.26 Data for LE8 are not yet 
available but are expected to show similar associa-
tions. A 2016 cohort study of older adults found that 
participants with ≥3 LS7 optimal metrics had a lower 
incidence of frailty (hazard ratio [HR], 0.63 [95% CI, 
0.39–0.99]).27 In addition, studies suggest that op-
timal LS7 scores in midlife could lower the risk of 
frailty in later life.26

Physical Activity
Regular exercise and physical activity improve cardio-
vascular outcomes, and structured physical activity 
programs are associated with preserving mobility.28 
In overweight/obese adults aged 45 to 76 years with 
diabetes who were randomized to reduced caloric in-
take and increased physical activity (>175 min/week) 
to induce weight loss, a decrease in CVD events was 
observed, with the greatest benefit among those with 
lower frailty levels. Furthermore, CVD incidence was in-
versely related to baseline Frailty Index (FI), with relative 
benefit for individuals in the first FI tertile and no benefit 
among those in the third FI tertile.29 Although physical 
activity remains the only proven strategy for preventing 
and reversing frailty. Early intervention might be key to 
optimal outcomes (reduced progression of frailty and 
CVD).2,29

Diet and Obesity
Diet and obesity are modifiable risk factors for CVD 
and also offer the potential to modify frailty risk. An 

abnormal body mass index and suboptimal nutrition 
are associated with a higher risk of frailty.2 On the 
other hand, despite heterogeneity, a meta-analysis of 
9 observational studies in certain countries showed 
that healthy dietary patterns (high in fruits, vegetables, 
and whole grains) were associated with lower odds of 
frailty.30 Furthermore, an inverse dose–response re-
lationship of diet quality with prefrailty and frailty, as 
seen in 9861 initially healthy men (60 years and older).31 
Another study demonstrated that adherence to the 
Mediterranean diet was associated with a 0.004 to 
0.005 unit per year slower progression of frailty.32

A key challenge in frailty prevention is the mainte-
nance of both a healthy weight and the prevention of 
sarcopenia. A sole focus on weight loss to reduce CVD 
could worsen frailty through loss of muscle mass.33 
Therefore, strategies should focus on lowering adipos-
ity while increasing muscle strength.

Substance Use
Substance use can increase the risk of frailty through 
several mechanisms. Substances such as alcohol and 
cocaine can result in direct brain toxicity. Substance 
use disorders are associated with suboptimal nutrition, 
poverty, reduced access to health care, and social 
isolation, which are associated with the development 
of frailty.34 Chronic use of substances such as opioids 
and amphetamines is associated with cognitive impair-
ments on neuropsychological testing, which may be 
related to oxidative stress.35 Furthermore, smoking is 
also a risk factor for the progression of frailty. Hence, 
providing assistance and implementing substance 
cessation programs could present an avenue to miti-
gate frailty and reduce the risk of CVD.

Mental Health
Anxiety, depression, and chronic mental health con-
ditions share a bidirectional relationship with frailty. 
The UK Biobank recruited 500 000 adults aged 37 
to 73 years, followed for 12.2 years, and found that 
those experiencing mental disorders such as anxi-
ety, bipolar disorders, and depression showed a 
propensity for elevated frailty scores.36 In addition, 
ELSA (English Longitudinal Study of Aging) found 
that social isolation is associated with both incident 
CVD and frailty.37 The contribution of mental health to 
both frailty and CVD risk in older adults is an ongoing 
area of investigation.

Socioeconomic Status
Lower socioeconomic status is associated with poorer 
health outcomes and accelerated aging. A systematic 
review of studies that included populations from high-
income countries found an overall weighted prevalence 
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of frailty of 10.7% (95% CI, 10.5–10.9).38 SHARE (Study 
on Health, Aging, and Retirement in Europe) and the 
World Health Organization’s (WHO) SAGE (Study on 
Global Aging and Adult Health) both found that lower 
educational attainment and socioeconomic status 
were associated with increased prevalence of frailty.39

Another study investigating the incidence of frailty 
following myocardial infarction (MI) found that par-
ticipants from lower socioeconomic groups were at 
a higher risk of developing frailty (OR, 2.29 [95% CI, 
1.41–3.73]).40

INFLUENCE OF FRAILTY ON CVD 
PREVENTION AND TREATMENT
Many of the evidence-based CVD prevention tools and 
treatments for primary and secondary prevention are 
underutilized in older adults because of a paucity of 
data regarding their benefits and safety in this medi-
cally complex population. Moreover, major risk calcu-
lators such as the Framingham Risk Score, Reynold 
Risk, and QRISK-3 have maximum age cutoffs of 
79 years, 80 years, and 84 years, respectively.

Incorporating the impact of frailty in CVD prevention 
may address the challenges of both aging physiology 
and competing risks when assessing CVD risk in older 
adults who may be the most likely to benefit from pre-
ventive strategies (Figure 2).

Lipid Reduction
Hyperlipidemia is associated with frailty, and observa-
tional data have shown an association between higher 
serum remnant cholesterol and higher FI scores.41 
Guideline recommendations for secondary preven-
tion in older adults are generally similar to those for 
younger adults. However, there are considerable gaps 
in guidelines for lipid-lowering therapies in primary pre-
vention, particularly in those older than 75 years, leav-
ing management strategies largely to individualized, 
patient-specific considerations.42 While large observa-
tional studies have shown that lipid-lowering therapy 
benefits older adults, the current body of randomized 
controlled trials (RCTs) is limited.43 A meta-analysis 
from the Cholesterol Treatment Trialists’ Collaboration, 
comprising 28 major statin trials and nearly 186 000 
participants, found that statin therapy reduced vascu-
lar events and mortality, with attenuation of the ben-
efit of statins for primary prevention in adults 75 years 
and older due to limited enrollment in this age group.44 
A meta-analysis of JUPITER (Justification for the Use 
of Statins in Primary Prevention: An Intervention Trial 
Evaluating Rosuvastatin) and the HOPE-3 (Heart 
Outcomes Prevention Evaluation-3) trial demonstrated 
that rosuvastatin was superior to placebo for patients 
70 years and older for preventing atherosclerotic 

CVD.45 Furthermore, despite the few published studies 
for the role of lipid-lowering therapies in older adults 
with frailty, at least one observational study suggests 
similar or greater benefits of statins for mortality and 
MACE prevention in those with frailty.46

Limitations in current data to guide statin use have 
partly been attributed to the heterogeneity of patient 
ages and geriatric complexities such as multimorbidity, 
frailty, cognitive decline, polypharmacy, and falls. Thus 
far, statin therapy has not been shown to have adverse 
impacts on physical function and frailty in this popu-
lation. However, 2 ongoing RCTs, STAREE (Statins in 
Reducing Events in the Elderly) and the PREVENTABLE 
(Pragmatic Evaluation of Events and Benefits of Lipid 
Lowering in Older Adults) trials, seek to fill the gaps in 
CVD prevention in older adults.25

Glucose Control
Diabetes increases the risk of physical disability and 
loss of functional independence.47 The presence of 
both diabetes and frailty increases mortality and risk 
of CVD. A recent study of participants from the UK 
Biobank found that the presence of prediabetes and 
frailty increased the risk of developing diabetes (HR, 
1.73 [95% CI, 1.55–1.92]) and mortality (HR, 1.81 [95% 
CI, 1.51–2.16]).48 Evidence suggests that tight glyce-
mic control in older adults with frailty is associated 
with increased CVD events, frailty, cognitive impair-
ment, mortality, and functional impairment through 
complications such as falls and hip fractures.49 In ad-
dition, established diabetes interventions for improving 
CVD outcomes may not produce the same effects in 
older adults with frailty. In this context, the American 
Diabetes Association (ADA) recommends a glycated 
hemoglobin of <7.5% in older adults who are function-
ally intact and are without multimorbidity or life-limiting 
illness and avoidance of pharmacologic agents that 
cause significant hypoglycemia older adults.50 The 
ADA also recommends the evaluation of geriatric syn-
dromes that may impair self-management of diabetes 
and quality of life.

The advent of new pharmacologic agents such 
as sodium-glucose cotransporter 2 inhibitors and 
glucagon-like peptide-1 receptor agonists in diabetes 
management is promising for promoting cardiovascu-
lar health and healthy vascular aging.25,51 Furthermore, 
sodium-glucose cotransporter 2 inhibitors and met-
formin have antiaging properties that may offer sup-
plementary benefits to simply glycemic control in older 
adults.25 The DPPOS (Diabetes Prevention Program 
Outcomes Study) found that intensive lifestyle modi-
fication reduced 10-year frailty risk.52 A subanalysis of 
the Look AHEAD (Action for Health in Diabetes) study 
found that metformin therapy was associated with 
slower progression of frailty.53 While these emerging 
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data are intriguing, the impact of diabetes treatments 
on frailty and aging remains inconclusive.

BP Reduction
Hypertension is one of the most common chronic dis-
eases, prevalent in up to 80% of older adults, particu-
larly among those with frailty.54 Elevated BP leads to 
arterial stiffness and risk of developing chronic con-
ditions such as chronic kidney disease, CVD, and 
dementia, all of which increase the risk of frailty. Age-
related vascular changes leading to arterial stiffness 
are the major underlying causes of elevated systolic BP 
and lower diastolic BP, leading to the progression of 
wider pulse pressure over time. Age-related alterations 
in BP have been shown to significantly increase the 
risk of major CVD events and all-cause mortality.55 The 
2017 American College of Cardiology (ACC) guidelines 
recommend a target systolic BP of <130/80 mm Hg 
for most adults 65 years and older.56 Meanwhile, the 
European Society of Cardiology and the European 
Society of Hypertension guidelines recommend 

systolic BP and diastolic BP targets between 130 to 
139 mm Hg and 70 to 79 mm Hg, respectively.57

Multiple RCTs have demonstrated that improved 
BP control, even to a systolic BP ≤120 mm Hg, in older 
adults has benefits for mitigating CVD risk and cog-
nitive impairment.25 However, prospective RCTs such 
as SPRINT (Systolic Blood Pressure Intervention Trial), 
HYVET (Hypertension in the Very Elderly Trial), and 
the more recent STEP (Strategy of Blood Pressure 
Intervention in the Elderly Hypertensive Patients) trial 
have not adequately accounted for older adults with 
frailty, cognitive impairment, and multiple comorbid-
ities.58 A post hoc analysis of SPRINT in which the 
SPRINT 36-item FI was applied, participants with frailty 
(n=2560; mean age, 69 years) had a higher prevalence 
of prior CVD at baseline. The study found no signifi-
cant differences in adverse outcomes between inten-
sive or standard BP control among participants with 
frailty.59 Another post hoc analysis from SPRINT used 
mediation analysis to explore the effect of incident 
nonfatal MACE or serious adverse events on the rela-
tionship between BP treatment intensity and mortality 

Figure 2.  Interplay between cardiovascular risk factor management and frailty: mutual influences on health outcomes.
ACS indicates acute coronary syndrome; AF, atrial fibrillation; CABG, coronary artery bypass graft; DAPT, dual antiplatelet therapy; 
GDMT, guideline-directed medical therapy; HF, heart failure; HbA1c, glycated hemoglobin; MACE, major adverse cardiovascular 
events; NOAC, non–vitamin K oral anticoagulant; PCI, percutaneous coronary intervention; SAE, serious adverse event; and VHD, 
valvular heart disease.
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outcomes. Key findings included a higher frequency 
of serious adverse events than the incidence of MACE 
and higher noncardiovascular mortality, mostly pro-
nounced in those 80 years and older.60 This analysis 
adds to a limited collection of literature on the impact 
of frailty on BP management in older adults and the 
importance of focusing on important occurrences after 
the event. Yet, it is worth noting that individuals with 
frailty have typically been excluded from clinical trials 
and, when included, may not represent patients with 
the most frailty, such as those living in nursing homes. 
Therefore, a definitive BP target for patients with CVD 
and frailty is undecided.

Cardiovascular Management
The ACC/AHA guidelines recommend that low-dose 
aspirin not be administered on a routine basis for the 
primary prevention of CVD in adults 70 years and older 
due to the risk of bleeding outweighing the benefit.61

Given the importance of frailty as a consideration 
in pharmacotherapy for CVD prevention, a subgroup 
analysis of patients stratified by frailty status using the 
adapted Fried FI was also conducted in the ASPREE 
(Aspirin in Reducing Events in the Elderly) trial. Among 
participants characterized as not having frailty, pre-
frailty, and frailty, there was a trend toward aspirin 
improving disability-free survival in individuals with 
prefrailty; however, this was statistically inconclusive.62 
Aspirin for the prevention of frailty has also been evalu-
ated in observational studies showing an independent 
inverse association between regular long-term aspirin 
use and frailty.63 A more recent post hoc analysis of 
the ASPREE trial found no difference in incident frailty 
among participants randomized to aspirin versus pla-
cebo.64 These findings suggest that more work needs 
to be done in evaluating the potential antiaging effects 
of aspirin.

Antiplatelet therapy remains the cornerstone of sec-
ondary prevention, providing absolute risk reduction in 
cardiovascular events in older adults who have expe-
rienced a prior CVD event. Despite this, there remains 
concern regarding increased risk of disabling or fatal 
bleeding, which might be more pronounced in adults 
with frailty. Furthermore, the choice of agent, duration, 
and combination of antiplatelet agents in older adults 
can be challenging due to lack of consensus, espe-
cially in individuals with frailty. Despite that, clopidogrel 
and prasugrel seem to be associated with favorable 
clinical outcomes among older adults (older than 
75 years) with coronary syndromes.65

The duration of antiplatelet therapy has also been 
an important consideration in older adults. Overall, 
the landmark DAPT (Dual Antiplatelet Therapy) trial 
resulted in fewer ischemic events with a higher rate 
of bleeding in patients randomized to 30 months of 

DAPT versus aspirin only after 12 months of DAPT. 
Bleeding events increased by age in stratified anal-
yses, which factors considerably into the DAPT 
score for assessing the utility of prolonged DAPT.66 
Adding to the argument for shorter-duration DAPT, 
a meta-analysis of nearly 6000 participants showed 
that shorter DAPT (3–6 months versus 12 months) 
may not increase the risk of ischemic events but 
does result in favorable bleeding outcomes in adults 
65 years and older.67 Furthermore, in a post hoc 
analysis of outcomes in the DAPT trial among partic-
ipants with frailty, there was an overall higher num-
ber of ischemic events, and frailty was associated 
with a higher bleeding risk among those receiving 
extended-duration DAPT. However, these findings 
were limited due to limited sample size. In light of 
these data, there has been greater emphasis on the 
effects of de-escalating DAPT by both potency and 
duration for secondary prevention in older adults. 
The approach to antiplatelet therapy for secondary 
prevention in older adults requires individualization 
as the literature remains limited on the efficacy of 
different agents in the context of aging physiology, 
leading to variations in platelet reactivity, bleeding 
risk, functional status, and frailty.68

FRAILTY INFLUENCES OUTCOMES 
FROM CVD INTERVENTIONS AND 
TREATMENTS
Just as frailty influences cardiovascular risk factors, 
it can also affect the management and outcomes of 
CVDs. In the following sections, we examine the im-
pact of frailty on therapeutic (pharmacological and in-
terventional) outcomes among common CVDs.

Valvular Heart Disease
The prevalence of valvular heart disease (VHD) rises 
proportionately with age. Specifically, VHD is diag-
nosed in 0.7% of individuals younger than 45 years 
and escalates to 13.3% in those older than 75 years.69 
VHD leads to significant hemodynamic changes, af-
fecting both longevity and the occurrence of MACE, 
even among those with moderate or moderate to se-
vere VHD.70 For example, severe symptomatic aortic 
stenosis is most common among the very old and is 
a strong predictor of mortality risk in this population. 
Moreover, the presence of moderate or severe mitral 
regurgitation in older patients with geriatric syndromes 
is also associated with worse intermediate and long-
term mortality.71

Frailty is prevalent in older adults with VHD, with es-
timates as high as 68% of older adults.70 In addition to 
this high prevalence, the cumulative impact of frailty 
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on VHD is compounded by its association with other 
adverse clinical outcomes, including higher rates of 
medication intolerance, complications of transcatheter 
or surgical aortic valve replacement, and in-hospital 
mortality, as well as progression of cognitive decline, 
disability, falls, and loss of independence.70

While frailty results in worse outcomes in patients 
with VHD disease, VHD can also influence the burden of 
frailty and other geriatric risks over time. The presence 
of multiple chronic conditions, a frequent finding in pa-
tients with VHD, leads to the introduction of several con-
current medications, which has long been associated 
with an increased risk of frailty, falls, and worsening cog-
nitive impairment, further complicating risks.72 To ad-
dress these complexities, individualized care informed 
by geriatric principles may reduce the risk of frailty when 
managing patients with VHD. Due to the recognition 
that various therapeutic interventions in patients with 
frailty living with VHD can result in adverse effects (eg, 
direct oral anticoagulants increasing the risk of bleed-
ing in patients with frailty), frailty should be incorporated 
into the assessment of patients with VHD. Frailty can 
worsen VHD outcomes, and efforts to address and pre-
vent frailty syndrome in the setting remain critical.

In a study investigating the effects of percutane-
ous mitral valve repair in patients with HF, frailty was 
assessed using Fried criteria (weight loss, weakness, 
exhaustion, slowness, and low activity). Among the 
initially identified participants with frailty, comprising 
45.7% with a mean age of 78 ± 9 years, it was observed 
that after undergoing percutaneous mitral valve repair, 
the prevalence of frailty significantly decreased to 
28.7% during follow-up. This reduction encompassed 
improvements in frailty domains such as slowness, ex-
haustion, and inactivity.73 Similarly, in patients under-
going transcatheter aortic valve replacement, frailty is 
strongly associated with time in hospital and mortality, 
as seen in Danish patients who underwent transcath-
eter aortic valve replacement.74 On the other hand, 
aortic valve replacement either surgically or percutane-
ously demonstrated improvement in patient-reported 
quality of life, depression, angina, and frailty following 
repair.75 Therefore, evaluating frailty is a reasonable 
step during preprocedural assessments and consid-
eration for intervention. Exploring whether lowering the 
threshold for valve repair in the prefrailty stage, rather 
than waiting until frailty fully develops, is also a crucial 
aspect that warrants exploration in future trials.

Revascularization
Frailty status can impact access to invasive care, 
short-term risk related to revascularization procedures 
such as percutaneous coronary intervention (PCI) and 
coronary artery bypass graft (CABG) surgery, and sub-
sequent clinical and quality-of-life outcomes.

Percutaneous Coronary Intervention

Frailty is common among patients 75 years and older 
admitted with acute MI (AMI), with estimates ranging 
from 19% to 66%.76 Patients with frailty who have AMI 
are less likely to undergo PCI and CABG than patients 
without frailty, and frailty is associated with increased 
mortality, major bleeding, and stroke in this popula-
tion.76 Even among older adults undergoing PCI for 
stable ischemic heart disease, the presence of frailty 
predicts adverse outcomes. Given these risks, older 
patients with frailty consistently have lower revascu-
larization rates than their counterparts without frailty.76 
This is despite the fact that patients with frailty who 
have AMI still appear to glean an immediate in-hospital 
survival benefit from revascularization in observational 
studies.76 RCTs in older adults with non–ST-segment–
elevation MI have suffered from slow recruitment and 
demonstrated conflicting results, though the totality of 
evidence appears to lean in favor of an invasive strategy 
in many older adult patients without a clear increase in 
bleeding risk compared with a conservative strategy.77 
A more recent trial, specifically in older patients with 
frailty who have non–ST-segment–elevation MI, failed 
to demonstrate an increase in the number of days alive 
out of hospital with a routine invasive strategy, though 
the trial had a limited sample size and several limita-
tions.78 For example, 40% of patients in the invasive 
arm did not undergo revascularization, only 32% re-
ceived complete revascularization, and 10% of patients 
in the conservative arm ultimately crossed over to un-
dergo revascularization. Thus, no firm conclusions 
can be made regarding the relative treatment effect of 
an invasive strategy in older adults with frailty to date. 
The SENIOR-RITA (British Heart Foundation Older 
Patients With Non-ST Segment Elevation Myocardial 
Infarction Randomized Interventional Treatment Trial; 
NCT03052036) is currently enrolling 2300 patients 
75 years and older with non–ST-segment–elevation MI 
and randomizing participants to an invasive or nonin-
vasive strategy and will hopefully shed further light on 
this important clinical question.

Coronary Artery Bypass Graft

Patients with frailty undergoing CABG will have a longer 
hospital stay, leading to a higher risk of developing dis-
ability, subsequent hospitalization, and mortality.79 In a 
registry of 500 older individuals (mean age, 71 years) 
undergoing urgent CABG for AMI, 60% qualified as 
having prefrailty and 14% as having frailty based on 
the Essential Frailty Toolset (EFT), and those who had 
frailty had a 3-fold increase in all-cause mortality.80 In 
a study of 13 554 US veterans who underwent CABG 
from 2016 to 2020, frailty identified an increased risk of 
mortality even among those younger than 60 years.81 
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This study raises the issue of what age should trigger 
a frailty assessment, as frailty, while more common in 
older adults, is independent of age. Finally, while frailty 
is frequently cited as an exclusion criterion for CABG 
surgery, it remains unknown whether opting for a less-
invasive treatment strategy in populations with frailty, 
such as PCI, improves the poor short- and long-term 
outcomes observed in those undergoing surgery.

Heart Failure
Clinical guidelines for the management of HF do not 
provide specific recommendations for the use of 
medical therapy in the frail. This is due to the lack of 
RCTs designed to evaluate the efficacy and safety of 
pharmacological therapies in individuals with frailty. 
However, post hoc and prespecified subgroup analy-
ses from key clinical trials of HF have provided data on 
the effects of pharmacological interventions in these 
individuals. However, the data must be interpreted 
in the context of the inclusion and exclusion criteria 
applied in the trials (ie, patients with HF enrolled in 
clinical trials are typically younger and healthier than 
individuals with HF in the general population). These 
findings collectively challenge the common reluc-
tance of clinicians to introduce new pharmacological 
therapies to patients who are perceived to have frailty 
because of doubts about the benefit of treatments 
and concerns about treatment intolerance and ad-
verse events.82

In PARAGON-HF (Prospective Comparison of ARNI 
with ARB Global Outcomes in HF With Preserved 
Ejection Fraction), sacubitril-valsartan, compared with 
valsartan, did not significantly reduce the risk of the 
primary outcome, which was a composite of total HF 
hospitalizations and cardiovascular death. Interestingly, 
there seemed to be a greater reduction in the primary 
outcome and HF hospitalizations with sacubitril/valsar-
tan with increasing frailty, with no increased adverse 
events, irrespective of frailty class.83 Similarly, in the 
DAPA-HF (Dapagliflozin and Prevention of Adverse 
Outcomes in Heart Failure) and DELIVER (Dapagliflozin 
Evaluation to Improve the Lives of Patients With 
Preserved Ejection Fraction Heart Failure) trials, da-
pagliflozin, compared with placebo, substantially re-
duced the risk of worsening HF events, cardiovascular 
death, all-cause death, improved symptoms, physical 
function, and quality of life, regardless of frailty status 
in patients with reduced and preserved ejection frac-
tion.84 Importantly, among all frailty classes, there was 
an absolute reduction in clinical events and improve-
ments, with a favorable safety profile.84 Finally, in the 
TOPCAT (Treatment of Preserved Cardiac Function 
Heart Failure With an Aldosterone Antagonist) study, 
spironolactone showed beneficial clinical outcomes, 
including the composite of cardiovascular death, HF 

hospitalization, and aborted cardiac arrest, that were 
not modified by frailty status.85

Primary prophylactic implantable cardioverter–
defibrillator (ICD) reduces the risk of sudden cardiac 
death in patients with HF with reduced ejection frac-
tion. However, whether the benefit remains evident in 
patients with frailty remains interesting. This was ex-
amined in a post hoc analysis of SCD-HeFT (Sudden 
Cardiac Death in Heart Failure Trial). It was found that 
baseline frailty modified the efficacy of ICD therapy, 
such that a significant mortality benefit was observed 
among participants with a low frailty burden. However, 
older patients with higher frailty burden experienced 
no reduction in the risk of all-cause mortality with ICD, 
which might be related to the advanced HF status and 
comorbidity burden, to which the risk of mortality might 
not be reduced through ICD.86 According to the 2022 
AHA/ACC/Heart Failure Society of America guideline, 
“for patients whose comorbidities or frailty limit survival 
with good functional capacity to <1 year, ICD is not in-
dicated.” However, there is a lack of recommendations 
for patients with a survival of >1 year but with varying 
frailty status.87

Atrial Fibrillation
Frailty is highly prevalent among older adults with 
atrial fibrillation (AF) and is associated with increased 
rates of mortality, stroke, and persistent or permanent 
AF.88 Despite this, the 2014 AHA/ACC/Heart Rhythm 
Society guidelines and their 2019 update do not explic-
itly address frailty.89 The 2020 ESC guidelines briefly 
address patients with older age and frailty, emphasiz-
ing that these patients benefit from oral anticoagulants 
and rate or rhythm control options offered to younger 
or more robust patients.90 In the years since these 
guidelines were published, a robust body of practice-
guiding research has grown about anticoagulation for 
patients with AF and frailty, while fewer studies have 
investigated rhythm and rate control in this population.

Anticoagulation

The decision for anticoagulation is challenging in adults 
with frailty due to increased risk of both stroke and bleed-
ing. Studies have demonstrated that the net benefit of 
oral anticoagulants remains similar among frailty and 
fall-risk statuses, with stroke-protective benefits improv-
ing mortality and outweighing the risk of hemorrhage.91 
Compared with warfarin, rivaroxaban, and dabigatran, 
apixaban has the most favorable outcomes, specifi-
cally in terms of reduced bleeding risk.92 Moreover, in 
certain patients not deemed suitable for full-dose oral 
anticoagulation, the ELDERCARE-AF (Edoxaban Low-
Dose for Elder Care Atrial Fibrillation Patients) RCT com-
pared low-dose edoxaban (15 mg daily) with placebo in 



J Am Heart Assoc. 2024;13:e031736. DOI: 10.1161/JAHA.123.031736� 13

James et al� Frailty and CVD

Japanese patients with nonvalvular AF and age older 
than 80 years. Among these patients, 40.9% were frail, 
and the use of edoxaban showed a significant reduc-
tion in thromboembolic events without a significantly 
increased incidence of major bleeding.93

However, in patients already established on war-
farin, switching to a direct oral anticoagulant was as-
sociated with increased adverse events, including a 
higher bleeding risk (HR, 1.69 [95% CI, 1.23–2.32]), as 
demonstrated in the FRAIL-AF (Frail Atrial Fibrillation) 
RCT.94 Therefore, while direct oral anticoagulants may 
be preferred for patients with AF and frailty who are 
anticoagulant-naïve, switching patients already tak-
ing stable therapeutic doses of warfarin may do more 
harm than good.

Despite this evidence, patients with frailty remain 
less likely to be prescribed oral anticoagulants among 
health care settings, with frailty and falls cited as the 
most common reasons for anticoagulant nonprescrip-
tion.95 In summary, based on the evidence and the 
2023 Beer list recommendation, and in the context of 
shared decision-making, clinicians should avoid pre-
scribing warfarin and rivaroxaban. Instead, they should 
consider apixaban or a low dose in anticoagulant-naïve 
patients with frailty.

Rate and Rhythm Control

In recent years, in part driven by EAST-AFNET 4 (Early 
Treatment of Atrial Fibrillation for Stroke Prevention 
Trial) (which did not measure frailty), early rhythm con-
trol has gained favor over rhythm control alone.96 While 
few have investigated rate and rhythm control in pa-
tients with AF and frailty, current evidence suggests 
that rate and rhythm control strategies are underuti-
lized in this population.97

Current evidence to support rhythm control in pa-
tients with AF and frailty is mixed, and patients with 
frailty are more likely to have persistent or permanent 
AF.98 A large retrospective study using Korean data 
found that early rhythm control is associated with 
improved outcomes across frailty levels without in-
creased risk of complications, but the degree of bene-
fit attenuates with increasing frailty.99 In the same data 
set, ablation was not associated with clinical benefit 
in patients with frailty and age 75 years and older but 
was associated with reduced risk of death and a com-
posite of death, HF admission, stroke, and cardiac 
arrest among patients without frailty in the same age 
group.100 Similarly, cardioversion was less effective in 
maintaining sinus rhythm at 6 months for patients with 
frailty compared with patients without frailty in a 2017 
prospective cohort study at a Polish academic medical 
center.101

While these data suggest patients with frailty may 
be less likely to benefit from procedural rhythm control 

strategies, there is little evidence to guide medical 
antiarrhythmic therapy in those with AF and frailty. 
Amiodarone is a common choice given frequent con-
traindications to other agents in this population; how-
ever, due to severe long-term toxicities, the 2023 Beers 
Criteria recommends avoiding amiodarone as first-line 
therapy for patients without HF or substantial left ven-
tricular hypertrophy and for patients with permanent 
AF or severe or recently decompensated HF.102

Despite the mixed evidence, an attempt at early 
rhythm control should be considered for patients with 
frailty and new AF, given the potential adverse ef-
fects of long-term rate control therapy. Patients with 
frailty are more susceptible to bradycardia and atrio-
ventricular block from β-blockers and calcium chan-
nel blockers.103 Moreover, Beers Criteria specifically 
recommends avoiding digoxin as the first line for rate 
control of AF and avoiding dosages >0.125 mg/d.102 
Given these limitations, a lenient heart rate goal (eg, 
<110 beats per minute) should be considered over a 
strict target (eg, <80 beats per minute), despite the rela-
tively young population and lack of frailty measurement 
in the RACE II (Rate Control Efficacy in Permanent Atrial 
Fibrillation: a Comparison Between Lenient Versus 
Strict Rate Control II) trial.104 The impact of frailty on 
benefits, risks, selection, and dosage of rate control 
agents in older patients with AF is understudied and 
remains a key area for future research.

FUTURE DIRECTIONS
Frailty has become an additional vital sign in caring for 
and studying older patients with CVD. However, signifi-
cant challenges in studying frailty remain due to a lack 
of consensus on the definition and numerous instru-
ments used in practice, resulting in inconsistency and 
irreproducibility of some of these studies. An effective 
frailty assessment tool should be reliable, consistent, 
reproducible, and universally accepted, much like the 
gold-standard instruments to measure other chronic 
conditions in practice (eg, diabetes). The EFT shows 
premise in this aspect, but its application has been 
mostly restricted to clinical trials in patients with VHD.70 
Studies incorporating frailty may rely on simpler tools 
that capture a single aspect of physical frailty, such as 
walking speed and grip strength, though more com-
prehensive assessments may be needed in practice. 
Future research should emphasize the holistic ap-
proach to studying the broader risks of frailty syndrome 
and, in parallel, studying frailty as an outcome measure 
in patients with CVD that is potentially modifiable.

There is a pressing need to explore whether frailty 
is reversible in patients with CVD. While some data hint 
at the possibility of reversing frailty,6,105 their implica-
tions on CVD progression remain unknown.6 To better 
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understand the interaction of frailty with CVD risk, 
future trials in older adults should use a well-defined 
frailty assessment tool that can be used universally in 
other domains of cardiovascular illness.106 Although 
frailty and CVD are closely interlinked, the direct causal 
relationships need further study. It is important to con-
sider that frailty could just be a phenotypic expression 
of pathologic aging due to higher underlying oxidative 
stress that also influences the development of CVD. 
Nevertheless, recent research points to mechanis-
tic causes of frailty, such as inflammation, metabolic 
imbalance, and coagulation disorders, observed in 
patients with CVD onset. The roles of biomarkers, im-
aging, and pharmacotherapeutics will be the next fron-
tiers in the study of older patients with frailty to uniquely 
address mechanistic pathways that concomitantly in-
fluence the development and progression of CVD.

Not surprisingly, the inclusion of frailty in the risk 
assessment of older adults undergoing cardiovascu-
lar procedures improves the predictive performance 
of existing risk stratification tools. The most recent 
version of the CathPCI Registry model for predicting 
in-hospital mortality risk following PCI included frailty 
as one of the strongest predictors of risk in the final 
full model.107 Similarly, functional mobility as a proxy 
for frailty status was the strongest predictor in models 
predicting 30-day readmission risk and 6-month mor-
tality among older adults (75 years and older) admit-
ted with AMI.108 In response to the predictive value of 
frailty status and other geriatric syndromes, a recent 
expert panel proposed their inclusion as a key pillar of 

risk in older adults being considered for cardiovascular 
intervention.109 The authors propose a comprehensive 
geriatric risk assessment in patients being considered 
for invasive cardiovascular procedures that includes an 
assessment of frailty using one of the many validated 
measurement tools before synthesizing the informa-
tion gleaned from that assessment with the Geriatric 
Heart Team to arrive at a shared person-centered de-
cision.110 A key future area of investigation will center 
around the impact of routine implementation of frailty 
assessments and interventions to modify frailty in pa-
tients with ischemic heart disease.

Finally, an ounce of prevention is worth a pound of 
cure. In this context, there is a need to study patients 
with prefrailty in midlife to see whether interventions 
that can improve physical function and reduce frailty 
can delay or prevent the development of frailty in later 
life when the risk of CVD is highest6 (Figure 3).
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