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Frailty and Ageing:
How did we get here?
Where are we going?
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Learning Objectives

1. Describe the history of frailty and measuring aging

2. Explain the relationship between frailty and health outcomes

3. Describe the uses of frailty and areas of uncertainty

4. Describe opportunities for deepening our understanding of 

frailty and aging
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Three Things We Believe About Ageing:

1. We can measure it

2. It has prognostic value

3. It has decision-making value



Can We Measure Frailty?



Nascher, Ignatz Leo. Geriatrics. 1914.



Hollingsworth, Hashizume, Jablon. Yale J Biol Med 1965.

Comfort. Lancet 1969



Early Debates about Frailty

• “The frail elderly are individuals, over 65 years of age, dependent on 
others for activities of daily living, and often in institutional care.”1

• “Patients most likely to benefit from geriatric care are likely to be frail, 
which implies increased susceptibility to adverse health events, 
increased need for health care to maintain physical and mental 
functioning, and high likelihood of needing long-term care.”2

• “…there is now an appreciation that many manifestations of frailty 
are observed in conditions where a metabolic balance seems to be 
impaired; for example, cytokines are overexpressed in immune 
disorders, in inflammatory states, and in debilitating conditions and 
hormonal mediators are deficient…”3

• “In fact, no rigorous explanation has been advanced. Frailty lacks a 
conceptual framework.”4

1. Woodhouse KW et al. Q J Med. 1988;68(255):505-506.
2. Winograd CH. J Am Geriatr Soc. 1991;39(9 Pt 2):25S-35S.
3. Hamerman D. Ann Intern Med. 1999;130(11):945-950.
4. WM 2nd. J Am Geriatr Soc. 1993;41(9):1004-1008.



Defining Frailty

“Frailty is a state of increased vulnerability to poor resolution of homeostasis 
after a stressor event, which increases the risk of poor outcomes…”

Clegg A, Young J, Iliffe S, et al. Lancet. 2013;381(9868):752-762.



Defining Frailty

“Frailty is a state of increased vulnerability to poor resolution of homeostasis 
after a stressor event, which increases the risk of poor outcomes…”

Clegg A, Young J, Iliffe S, et al. Lancet. 2013;381(9868):752-762.

Ministry of Health Definition of Frailty:

Frailty is a dynamic and evolving state of health which involves the gradual 
loss of physiological in-built reserves leading to losses in one or more 
domains of human function (physical, cognitive, psychological and/or social) 
and increases the vulnerability of older adults to adverse health-related 
outcomes.

Frailty can be prevented, reversed, or delayed in the early stages and 
managed in the later stages, through early detection and interventions to 
optimise functional ability, activity participation and quality of life.



The Two Frailties

Physical Frailty Deficit Accumulation Frailty

Fried et al. J Gerontol A Biol Sci Med Sci. 
2001;56(3):M146-M156.

Mitnitski AB, Mogilner AJ, Rockwood K. 
ScientificWorldJournal. 2001;1:323-336.



Frailty and Aging Biology

• Close relationship between inflammation and frailty1

• Frailty associated with mtDNA copy number and mitochondrial 
function with activity2,3

• Associations between frailty and ‘biological age’
• Epigenetic Age Acceleration4

• Proteome Age5

1. Ferrucci L, Fabbri E. Nat Rev Cardiol. 2018;15(9):505-522.
2. Ashar FN et al. J Mol Med (Berl). 2015;93(2):177-186.
3. Lewsey SC et al. JCI Insight. 2020;5(20):e141246.
4. McCrory C et al. J Gerontol A Biol Sci Med Sci. 2021;76(5):741-749.
5. Argentieri MA et al. Nat Med. 2024;30(9):2450-2460





An Incomplete List of Frailty Instruments

Physical Frailty

• Fried Frailty Phenotype

• Study of Osteoporotic Fractures

• Short Physical Performance Battery

• Gait Speed

• Timed Up And Go

• Chair Rises

• Grip Strength

Deficit Accumulation Frailty

• Rockwood Frailty Index

• Kihon Checklist

• Veterans Affairs Frailty Index

• NHS England eFI

• Atrium Health eFI

• Kim Claims-Based Frailty Index

Other
• Edmonton Frailty Scale
• Groningen Frailty Indicator
• Tilburg Frailty Indicator
• Vulnerable Elder Survey-13
• PRIMSA-7
• FRAIL Scale
• Clinical Frailty Scale

Specialty-Specific

• Risk Analysis Index (surgery)

• Essential Frailty Toolset (AVR)

• G-8 (chemotherapy for solid 
tumors)

• Myeloma Frailty Score (MM)

• Liver Frailty Index (ESLD)



The Clinical Frailty Scale



https://efrailty.hsl.harvard.edu/



Does Frailty Have Prognostic Value?



Frailty and Surgery

• Meta-analyses differ in association between frailty & surgical 
outcomes based on specialty/procedure

• May be variability in meta-analysis methods/quality

• In general, frailty tied to greater risk of perioperative mortality 
and surgical complications1

1. George EL, Hall DE, Youk A, et al. JAMA Surg. 2021;156(1):e205152.



Hospital Medicine

• Multiple instruments had high 
sensitivity but low specificity for 
mortality, ADL worsening, and falls1  

• Frailty index from admission CGA was 
associated with mortality and LOS2

• A 31-item laboratory + vital signs frailty 
measure was associated with mortality, 
LOS, ICU transfer, and nursing home 
placement3

1. Oviedo-Briones M, et al. J Cachexia Sarcopenia Muscle. 2022;13(3):1487-1501.
2. Evans SJ, Sayers M, Mitnitski A, Rockwood K. Age Ageing. 2014;43(1):127-132.
3. Ysea-Hill O, Gomez CJ, Mansour N, et al. J Am Geriatr Soc. 2022;70(11):3163-3175.



Frailty in the Community

Fried et al. J Gerontol A Biol Sci Med Sci. 
2001;56(3):M146-M156.

Mitnitski AB, Song X, Rockwood K. J Gerontol A Biol Sci 
Med Sci. 2004;59(6):M627-M632.



Frailty in the Community

• Frailty is associated with increased risk of falls1

• Frailty and pre-frailty associated with transition to nursing 
home2

• Review of 5 meta-analyses found consistent association 
between frailty & all-cause mortality3

1. Yang ZC, Lin H, Jiang GH, et al. J Nutr Health Aging. 2023;27(6):487-595.
2. Kojima G. J Geriatr Phys Ther. 2018;41(1):42-48.
3. Ekram ARMS, Woods RL, Britt C, et al. J Frailty Aging. 2021;10(4):320-326.



Frailty and Social Vulnerability

Hanlon P, Wightman H, Politis M, et al. Lancet Healthy Longev. 2024;5(3):e214-e226.



Identifying areas of vulnerability (sometimes) outside of the 

body

Significantly associated with mortality & functional 

limitations1,2,3

Little consensus on domains or instruments, but common 

themes:4,5

1. Personal resources: education, income, wealth, housing

2. Mental state: mental health, locus of control, purpose

3. Social connection: marital status, children, social 

participation

Social Frailty & Social Vulnerability

1. Shah SJ, et al. PNAS. 2023;120(7):e2209414120.
2. Li X, et al. Aging Clin Exp Res. 2023;35(7):1417-1428.
3. Goto T, et al. Sci Rep. 2024;14(1):3410.
4. Bunt S, et al. Eur J Ageing. 2017;14(3):323-334.
5. Montayre J, et al. Gerontologist. 2024;64(10):gnae114.



Does Frailty Have Decision-Making 
Value?



Frailty and Surgery

Varley PR, Buchanan D, Bilderback A, et al. JAMA Surg. 2023;158(5):475-483.



Frailty and Hypertension

Wang Z, Du X, Hua C, et al. Circulation. 2023;148(7):565-574.



Managing Frailty

• The evidence is strongest for comprehensive geriatric 
assessment1

• Low-strength evidence for physical activity & nutritional 
interventions2

1. Macdonald SH, Travers J, Shé ÉN, et al. PLoS One. 2020;15(2):e0228821.
2. Kim DH, Rockwood K. N Engl J Med. 2024;391(6):538-548.



Management is multi-component:1,2,3

• Exercise

• Resistance training
• Group exercise

• Nutrition

• Weight loss
• Protein-calorie
• Micronutrients

• Polypharmacy/Deprescribing

Managing Frailty

1. Dent E, et al. J Nutr Health Aging. 2019;23(9):771-787.
2. Apóstolo J, et al. JBI Database System Rev Implement Rep. 

2018;16(1):140-232.
3. Kim DH, Rockwood K. N Engl J Med. 2024;391(6):538-548.



Managing Frailty

Kim and Rockwood. NEJM 2024; 391(6):538-548



Related Ideas:
Biological Age and Intrinsic Capacity



Biological Age Measures

Horvath S. Genome Biol. 
2013;14(10):R115.

Argentieri MA, Xiao S, Bennett D, et 
al. Nat Med. 2024;30(9):2450-2460

Bontempi D, Zalay O, Bitterman DS, et al. 
Lancet Digit Health. 2025;7(6):100870.



Intrinsic Capacity

Beard et al. Lancet 2016; 387(10033): 2145-2154. 
WHO. World Report on Ageing and Health. 2015.



Intrinsic Capacity - ICOPE

WHO. Integrated care for older people (ICOPE). 2E. 2024.



ICOPE App



Gaps and Opportunities



Gaps and Opportunities: Measurement

• New Techniques/Data
• Machine learning
• Unstructured EHR data

• Linking frailty and aging biology
• Establishing causal links with biology of 

aging
• Phenotypes of frailty rooted in aging biology

• Replace current frailty definitions with 
those rooted in aging biology?



Gaps and Opportunities: Prognostication

• Implementing frailty in health systems
• Remote assessments of frailty
• Electronic frailty indices
• Frailty screening by non-geriatricians
• Comprehensive Geriatric Assessment

• Calibrating frailty assessments to risk
• Mortality
• Hospitalization
• Institutionalization
• Functional Independence



Gaps and Opportunities: Implementation

• High-Stress Settings: 

• Low-Stress Settings:
• Frailty and treatment targets: hypertension, 

diabetes, heart failure
• Frailty and cancer screening

• Treating frailty

• Cost-Effectiveness

What to do?Implementation

Solid Organ TransplantationSurgery

Hospital MedicineOncology

Intensive CareCardiology



Conclusions

1. Frailty is the most prominent of many efforts to measure aging

2. What frailty does well
• Research phenotype of aging
• Risk-stratification of older adults
• Decision-making before very stressful events (e.g. surgery)

3. Where we need more data
• Harmonizing frailty assessment & tying it to physiology
• Frailty and less-stressful events (e.g. starting a new medication)
• How to manage frailty itself
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