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Typical Patients with CVD Have Changed Over Time 



Frailty

Disease

Lakatta EG, J Mol Cell Cardiol. 2015;83:1-13

Multimorbidity and Frailty Are Biologically Linked

Exhausted 

Functional Reserve



Oude Voshaar O, et al. BMC Med. 2021;19:29

Frailty as a Final Pathway of Multimorbidity

Prevalence of Frailty 
for Each Chronic 
Disease Cluster



Multimorbidity Among Medicare Patients

https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/Chronic-Conditions/Chartbook_Charts
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Diagnosing Frailty

Frailty 



I know frailty when I see it… 

Ed Whitlock, Age 81
Toronto Marathon
3 hr 15 min
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Frailty: Cumulative declines across multiple physiologic systems 

J Am Coll Cardiol. 2022;79:482-503



Candidate frailty measures

• Physical Function

• Gait speed

• Sit-to-Stand (STS)

• Timed up and Go (TUG)

• Grip strength

• Short Physical Performance 

Battery (SPPB)

• Inflammation (IL-6, TNFα, CRP)

• Senescence

• Mitochondrial respiration 

• Autophagy

• Muscle quantity, Muscle quality

• Cognition

• Administrative Data



Biologic Underpinnings to of Frailty

Fried LP, et al. Nat Aging. 2021;1:36-46

Physical Frailty Phenotype Low ActivityWeakness

Fatigue

Slow Gait

Weight loss



Resilience: Intrinsic Capacity to Withstand Biological Aging

Ferrucci L, et al. Circ Res. 2018;123:740-44



Resilience: Intrinsic Capacity to Withstand Biological Aging



Forman DE…Ferrucci L. J Am Coll Cardiol. 2023;82:631-47

Growing impact of biologic aging 
as resilience becomes less efficient



Hospitalization and Frailty

Gill TM, et al. JAMA. 2004;292:2115-24
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Damluji AA, et al. Am J Med 2021;134:662-71National Health and Aging Trends Study

Broader Prognostic Implications of Frailty



• Post-Hospital Syndrome

‒ Acute Illness, Pathophysiology, Procedures, 
Sedation

‒ Deconditioning, Delirium, ↓Sleep

‒ ↓Nutrition, Dehydration 

‒ Pain, Anxiety, Depression

• ↑Sarcopenia, ↑ Frailty, 

• ↓Self-care

• ↑Re-hospitalization, ↑Disability

• ↑Mortality

Hospital-related disability ~30% of acute care hospitalizations

Chen Y, et al. Int J Geriatr Psychiatry. 2022;37:10
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Gait Speed (Frailty) in Predicting Outcomes in CVD

• N= 131
• Age ≥ 70
• CABG and Valve Surgery
• Gait speed 5 m≥6s
• OR 3.1 (CI 1.2-7.5)

STS < 15

Afilalo J, et al. J Am Coll Cardiol. 2010;56:1668-76



Gait Speed Predicting Outcomes in HF

Pulignano G, et al. JACC Heart Fail. 2016;4:289-98 



Goel K…Lindman BR. J Am Heart Assoc. 2020 Sep;9(17):e017075

Do Gait Speeds 

Improve After 

Transcatheter Aortic 

Valve Replacement 

(TAVR)
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Modify Procedures
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Aging

Disease (CVD)  

Resiliency 

Multimorbidity, Frailty

Palliative 

Care

↑ Prevention

↑ Rehabilitation

↑ Prehabilitation

• Frailty is biologically entrenched; 

mitigation may not be easily achieved

• Lifelong trajectories of health and 

social disparities of care are relevant.



Summary

• Frailty: Biologically associated with CVD in older adults

• Broad clinical implications

• Cardiac rehabilitation provides an opportunity to address 
frailty as part of comprehensive cardiovascular risk 
reduction

• Modifying frailty is rarely simple as it entails fundamental 
metabolism, cellular energetics, and sufficient resilience 
in adults also contending with CVD and associated 
declines in cardiovascular reserves.




