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An evolutionary biologist presented work on long-lived 
drosophila flies. A demographer asked what the very old 
flies looked like. “Oh, their wings fall off,”  

Policies and therapies that increase humans’ length of life 
but entail profound disability (analogous to wings falling 
off) would be unacceptable in human society  Verbrugge, 2005 

Flies without wings 
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Life Expectancy and Health 
 Life expectancy vs healthy life expectancy 

or disability free life expectancy 
 Does increasing life expectancy necessarily 

lead to increased HEALTHY life 
expectancy 

 Demographers: data is ambivalent 
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Demographic and 
Epidemiological transitions 

In fact: 
  in developed and developing countries 

–  ↑ life expectancy AND ↑ Chronic Disease 

 Complex relationship 
–  Chronic disease determines how we age 
–  Aging population contributes to increasing prevalence of 

chronic disease 
»  Longer exposure to risk factors 
»  We live longer with chronic disease 

 Aging and chronic disease: greatest challenge to health 
care system sustainability 
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The Challenge of Frailty 
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2nd International Working Meeting on Frailty and Aging 
Montreal March 2006 
 Frailty General Agreement 
 Core feature of frailty is increased vulnerability to 

stressors due to impairments in multiple, inter-related 
systems that lead to decline in homeostatic “reserve” 
and resiliency  

 The main consequence is an increased risk for multiple 
adverse health-related outcomes  
–  disability, morbidity, falls, hospitalisation, institutionalisation, 

death 
 a syndrome encountered in older persons with diverse 

predisposing, precipitating, enabling and reinforcing 
factors 

 Frailty and disability: while related and with overlap, 
are distinct concepts 



Survival According to Frailty Status 
Cardiovascular Health Study 

Months After Study Entry 
Fried et al, J. Gerontology Med Sci, 2001 
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Frailty: a Complex Syndrome of Increased 
Vulnerability: a Complex Etiology 
Life Course Approach 
  An integrative approach that includes the biological, 

social, clinical (including cognitive), psychological 
and environmental determinants which interact across 
a person’s lifespan and which may promote healthy 
ageing and either delay or promote the emergence of 
frailty 

–  The contribution of early life factors jointly with later life 
factors to identify risk and protective processes 

–  Integrate biological and social risk processes rather than 
draw false dichotomies 
    Adapted from: Ben-Shlomo Y, Kuh D. Int J Epidemiol 2002 
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Frailty: a proposed research and 
clinical entity 

 Progressively dissociated from disability 
 Models 

–  Demographic and mathematical 
–  Ageing 
–  Genetic 
–  Primary pathways 
–  Concurrent dysfunction of multiple biological systems 
–  Combined bio-medical/psychosocial 

 30 criteria for identifying frailty or predicting 
frailty 

Hogan DB, et al. Aging Clin Exp Research. 2003 
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Biological, Psychological, 
Social, societal modifiers/
assets and deficits 

Frailty: a Complex Syndrome of Increased Vulnerability 
Complex problems require complex solutions 

Prevent/Delay Frailty 
Health Promotion and Prevention 

Delay Onset Delay/Prevent  
adverse outcomes, care 

FRAILTY 

Age 

Life-course 
Determinants:  
Biological  
(including genetic) 
Psychological 
Social, Societal 
Environment 

Chronic 
Disease 

Decline in 
physiologic 
reserve  

Adverse outcomes 
• Disability 
• Morbidity 
• Hospitalization 
• Institutionalization 
• Death 

 Candidate 
markers 

• Nutrition 
• Mobility 
• Activity 
• Strength 
• Endurance 
• Cognition 
• Mood 
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Proposed Intrinsic Components  
of the Frailty Syndrome adapted from Studenski 
 Strength 
 Balance 
 Motor processing 
 Cognition 
 Mood 
 Metabolism 
 Nutrition 
 Endurance 
 Physical activity 
 Mobility 
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Frailty: Key Issues 
What is the difference, if any, between frailty 
and aging?  

 Many of the attributes of frailty also apply to aging 
 Some degree of functional impairment/vulnerability 

inevitable with very old age 
Deiana L et al. Aging 1999;  Gondo Y et al. J of Gerontol: Med Sci 2006 

 An arbitrarily defined point on a continuum of 
increased vulnerability with age 

Bergman H, Ferrucci, L, Guralnik J, Hogan D, Hummel S, Karunananthan S, Wolfson C 
J Gerontol: Med Sci: 2007 
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Frailty Key Issues 
Relationship with Chronic Disease 

 Is frailty a manifestation diagnosed and 
undiagnosed chronic disease? 

  a secondary condition rather than an 
underlying state? 



Frailty markers 

True Frailty 
Underlying Biological Dysregulation  

Disease Depression 
Obesity 

Aging 

Adapted from Jack Guralnick 



Biological and psychosocial exposures across the life course in 
relation to frailty and its adverse outcomes 

Adult  
SES 

CAD 
Hypertension 

Dementia 
Diabetes 

Depression 
Osteoarthritis 

FRAILTY (vulnerability)   

Adverse outcomes 
Disability 
Morbidity 

Hospitalization 
Premature Death 

Prevention 

Accessibility 
medical/social services 

Social interaction and 
support 

Increasing age  

Environment 
Smoking 
Nutrition 
Exercise 

Other 

Growth in utero 

Genetic APO-E 

Childhood  
SES 

Early Life 
Experience 

Education 

“personal” resources, 
personality, etc. 

“Risk factors” for frailty 
(Adapted from Ben-Shlomo, Kuh, 
2002) 



“I had come to an entirely 
erroneous conclusion, which 
shows my dear Watson, how 
dangerous it always is to 
reason from insufficient data.” 

Sherlock Holmes in “The speckled band”
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Can Systems Biology Capture the 
complexity 

 Link genetic, molecular, cell biology in animal and human 
studies with population studies, clinical research, social and 
environmental research 

 Integrate the complexity of aging, chronic disease and 
frailty 
–  the common and/or distinct  biological mechanisms 
–  Identify the distinct biological processes of frailty 

»  Genetic; O2 stress; inflammation; vascular damage; protein catabolism 

 From a prevention/health promotion perspective, identify 
the target of personalized medicine 
–  The aging process/longevity 
–  Frailty 
–  Chronic disease 
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Aging 
Frailty (vulnerability) 

A  Transformative Approach 

Impairments 
Chronic 

Diseases 

Changes: 
molecular 
cellular 
physiological 

Functional 
limitations 

Disabilities 

An integrative approach to the question of aging and chronic illnesses 
A “bench to bedside to function and back” interaction 


