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Outline
1. Define frailty

2. The impact of frailty on those with lung disease and the critically ill

3. What to do about frailty once identified



The original stimulus



Older recipients have the poorest survival

Yusen. J Heart Lung Transplant. 2013



But many older patients did really well. 



For transplant eligibility we use chronologic age for 
listing decisions



Age is a strong risk factor for mortality

Yusen R. J Heart Lung Transplant. 2016



Aging  degradation across systems

Progressive loss of tissue/organ/organism 
integrity 

Vulnerability to environmental challenges 

Increased risk of disease and death. 

Accumulation of aging-related diseases

Lopez-Otin, Cell. 2013



Aging and loss of complexity

Lipsitz LA. JAMA. 1992; Leszczyński. Folia Morphol. 2014



Accumulation of diseases



We use chronologic age as a surrogate for 
whole organism senescence
(senescence:  process of deterioration with age)



But, age is a poor measure of individual risk



Are there geriatric constructs that may better assess “organism 
senescence” than age?



Frailty



We use this concept already
• “They just don’t look like they’ll do well”

• “Too frail”

• “Body isn’t put together”

• “I know it when I see it” 



“A distinct biologic syndrome of 
decreasing physiologic reserve and 
increasing vulnerability to health 

stressors”

Frailty: A formal construct

Singer JP. AnnalsATS. 2016



Concepts underpinning frailty

Fried. J Gerontol A Biol Sci Med Sci. 2001



To build physical frailty measures: map concepts to constructs to 
operational measures

Constructs Operational measures

Mobility Gait speed

Physical Activity Activity monitors, survey 

Energy Exhaustion/fatigue questions

Strength Chair stands, grip strength, get up and go

Nutritional status BMI, albumin, body weight

Cognition Memory problems, diagnosed dementia

Mood Depression, anxiety 

Social support Social resources, “emptiness”

Concepts



To build cumulative deficit models: 
enumerate medical problems, laboratory and clinical test 

abnormalities
Domain Deficit Count (Y/N) (44)

Comorbidities

• Hypertension, stroke, diabetes
• Arthritis
• Parkinson’s
• Problems with: lungs, breathing, heart, stomach, kidney, feet, skin, 

thyroid, teeth

Physical

• Hospitalization
• Health, exhaustion, weakness, loss of appetite, weight loss, dizziness
• Problems with: speech, hearing, eyesight
• Falls, assistance with waking aid, hold onto furniture to prevent falls 
• Difficulties getting out of bed on own, walking, eating, bathing, dressing, 

shopping, cleaning, cooking, managing finances, managing medications
• Problems with: balance, walking, bowel, bladder

Cognition • Memory problems

Psychological • Depression, anxiety

Rockwood et al., Clin Geriatr Med 2011;27:17; Rockwood et al., Age and Ageing 
2015;44:327

Frailty Index

Not frail <0.25

Frail >0.25

Frailty Index =    # of deficits in an individual
         
               Total # of deficits measured



Operationalizing Frailty
*dozens of measures

•Clinical judgment
◦ The eyeball test
◦ Clinical frailty scale

•Physical frailty (phenotype) models
◦ Fried Frailty Phenotype
◦ Short Physical Performance Battery
◦ …and many others

•Cumulative deficits
◦ Frailty Index

Cumulative deficit

Physical frailty Clinical judgment

Adverse health
outcomes



Gold Standard

Time to complete: ~30 min
Comprehensive 

Geriatric 
Assessment



Pathobiological Changes

Neuroendocrine 
dysregulation Immune senescence Sarcopenia

Physical inactivity Nutritional deficiencies

Frailty

Disability

Mortality

Morbidity

Physiologic stressor

A definition of physical frailty
(in the 1990s and early 2000s)

Distinct underlying pathophysiology 



Cumulative molecular and cellular damage associated with aging

Stem Cell 
Exhaustion 

Altered 
intercellular 

communication

Genomic 
instability

Telomere 
attrition

Epigenetic 
alterations

Loss of 
proteostasis

Deregulated 
nutrient 
sensing

Mitochondrial 
dysfunction

Cellular 
senescence

Genetic factors Environmental factorsEpigenetic factors

Pathobiological Changes

Chronic inflammation Neuroendocrine 
dysregulation Immune senescence Adiposity Sarcopenia

Physical inactivity Nutritional deficiencies

Frailty

Disability

Mortality

Morbidity

Physiologic stressor

Advances in geroscience deeper understanding of putative pathways

From Singer, AnnalsATS 2016, Adapted from Waltson J, et al. Am Geriatr Soc. 2006. Clegg A,, et. al. Lancet. 2013, Lopez-Otin C, et al. Cell. 2013
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Fan J, et al. Lancet Public Health 2020.

N=512,723

Fried L, et al. J Gerotol A Biol Sci Med Sci 2001.

Robust

Pre-frail

Frail



Osadnik CR, et al. Eur Resp Journal 2023.

Prevalence:

o COPD: Ranges from 9–64%, depending on disease severity and assessment method. Higher prevalence with severe airflow 
limitation and frequent exacerbations.

o ILD: Ranges from 12–55%. Associated with dyspnea severity, reduced muscle mass, and higher hospitalization rates.

o Lung Transplant: Up to 58% of candidates and is linked to higher waitlist mortality and post-transplant complications.

Patient perspectives:

o Need for greater awareness of concurrent lung disease and frailty. Patients felt overlooked and judged

o Increased attention for social support, social networks, “safety nets” to provide services in home or remote from hospital



Osadnik CR, et al. Eur Resp Journal 2023. Sridhar M, et al. Annals ATS. 2025

COPD
• Frailty increases risk of acute exacerbations, mechanical ventilation, longer hospital stays, and readmission
• Associated with sarcopenia, fatigue, falls, and reduced physical activity.
• Higher levels of anxiety, depression, social isolation, and reduced illness acceptance.
• Frail COPD patients have up to four times higher mortality risk, even accounting for disease severity and comorbidities.
• COPD may cause worse frailty and frailty may worsen COPD (shared mechanism?)
ILD
• Two-fold increase in hospital admissions and prolonged hospital stay.
• Worse HRQL, symptom burden
Lung Transplant
• Waitlist and post-transplant mortality
• Worse functioning, disability, HRQL
• Frailty after transplant  worse functioning, HRQL, CLAD, and death
Pulmonary hypertension
• Worse dyspnea, HRQL, functional status
• Increased risk of hospitalization



Frailty in the ICU
Meta analysis of 10 studies, >3000 adults

Increased risk of delirium, worse HRQL and functional status

Muscadere, J, et al. Intensive Care Med. 2017
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Frailty is treatable

•28 RCTs of 4857 adults age ≥ 60 across the world

•Physical Frailty (FFP, SPPB, other performance-based measures)

•At least 3 exercises, both aerobic and strength,  1-7x/wk (most 2-3x) for avg of 12 wks

•Outcomes: frailty, gait speed, strength, timed get up and go



Frailty is treatable, esp in hospitalized patients



So, just prescribe pulmonary rehabilitation for all?

• Improves physical frailty markers (e.g., gait speed, sit-to-
stand performance).

• Reduces symptom burden (dyspnea, fatigue), improves 
quality of life, and decreases hospitalizations.

• Larger benefits seen in frail patients compared to non-frail 
participants.

Maddocks M, et al. Thorax. 2016Maddocks M, et al. AnnalsATS. 2023



The “frailty rehabilitation” paradox 

People with lung disease + frailty:
• ↓ likely to initiate PR if referred
• ↑ likely to not complete PR if initiated
• Hold ↑ negative self-perception
• Hold ↑ negative perception of exercise-based services

But, across frailty interventions 30-40% don’t improve

But, across frailty interventions 30-40% don’t improve



Comprehensive 
Geriatric 

Assessment

Not all frailty is the same



Failure to address prevalent domains –> less effective intervention

Comprehensive 
Geriatric 

Assessment



Interventions should target frailty mechanisms  
 

+/-



Cumulative molecular and cellular damage associated with aging

Stem Cell 
Exhaustion 

Altered 
intercellular 

communication

Genomic 
instability

Telomere 
attrition

Epigenetic 
alterations

Loss of 
proteostasis

Deregulated 
nutrient 
sensing

Mitochondrial 
dysfunction

Cellular 
senescence

Genetic factors Environmental factorsEpigenetic factors

Pathobiological Changes

Chronic inflammation Neuroendocrine 
dysregulation Immune senescence Adiposity Sarcopenia

Physical inactivity Nutritional deficiencies

Frailty

Disability

Mortality

Morbidity

Physiologic stressor

From Singer, AnnalsATS 2016, Adapted from Waltson J, et al. Am Geriatr Soc. 2006. Clegg A,, et. al. Lancet. 2013, Lopez-Otin C, et al. Cell. 2013

Many putative pathways respond to exercise +/- nutrition
(resistance training is important) 



Why might exercise +/- nutrition not work in all?
Exercise and diet require behavior change

• Delirium



Why might exercise +/- nutrition not work in all?
Exercise and diet require behavior change

New behaviors are hard +
• Cognitive limitations 
• Psychological impairments: depression, anxiety, maladaptive   

response to aversive symptoms, PTSD
• Not confident about exercising at home
• Not a priority (esp if already not feeling well)
• Not convinced benefits are worth it
• Time commitment
• Other responsibilities



XFIT: an eXercise-based Frailty Intervention in lung Transplantation
(targets frailty mechanisms + barriers to behavior change)



A rose by any other name: frailty interventions in critical care
Critical care <-> Geriatrics

PICS Clinics



What to do about frailty today?
•Consider it as a co-factor

•Treating frailty can improve fixed respiratory limitations

•Refer to pulmonary rehabilitation, noting frailty paradox. 

•Exercise: multicomponent, progressive, includes resistance training
• Align with patients’ and caregivers’ motivations and goals
• Acknowledge and address aversive symptoms

•Nutrition

•Consider and address delirium, depression, psychological trauma

•For ICU recovery, link to outpatient PICS clinic, physical therapy

•For older patients, link with geriatricians with transition to home



Summary
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