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Objectives

At the end of this presentation, attendees will be able to:

• understand the concept of frailty and vulnerability;

• review differing conceptual frameworks for frailty and 
how to measure it; and

• review the impact of frailty on clinical outcomes.
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Shift in the Aging Curve
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Not all aging is the same. How do we risk stratify?

Frailty



What is Frailty?

Frailty is a state of increased 
vulnerability resulting from reduced 
reserve and loss of function across 
multiple systems reducing the ability 
to cope with normal or minor 
stressors.

• “Biological” vs. “Chronological” Age



Development of frailty
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Yarnall et al., 2017. New horizons in multimorbidity in older adults. Age and Ageing 2017; 46: 882–888. 
doi: 10.1093/ageing/afx150

Flowchart of the evolution of a single disease process to multimorbidity, functional 
impairment and finally frailty.



Common features of frailty…

Unintentional
weight loss

Image source: dreamstime.com

“slowing down”

Image source: freepik.com

Weakness

Image source:23rf.com

Fatigue & 
lack of energy

Image source: joshuanhook.com



Frailty in Canadians

Sources: 
1. statcan.gc.ca/pub/82-003-x/2013009/article/11864-eng.htm
2. Kehler et al, BMC Geriatrics 2017

(> 65 y.o.)



9

Frailty

Increased inflammatory cytokines (TNF-a, IL-6, IL-1B, CRP) 

Evidence of mitochondrial dysfunction

Increased levels of markers of endothelial dysfunction (ADMA)

Increased markers of Oxidative Damage

Low levels of Vitamin D

Immunosuppression and Increased risk of infection (lower 
levels of IL-12, p70, Il-23)

Increased transferrin, haptoglobin, fibrinogen

Biochemical Characteristics of Frailty

Vina et al, Mol Asp Med 2016



Frailty and Sarcopenia

• Sarcopenia is common in frailty

• Sarcopenia results from altered muscle 
metabolism, mitochondrial dysfunction,   
chronic catabolism and nutritional   
deficiency

• Mediated by inflammation (TNF-a, IL6)

• Enhanced by insult of illnesses, bedrest

• Degree of sarcopenia shown to be predictor 
of outcome
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Hanna et al, JPEN 2015
Cesari, Front Aging Neuro 2014; 6:192



• Frailty is manifested by loss of function and increased risk of 
inability to maintain homeostasis

• 67 frailty assessment instruments described in the literature
– No consensus: clinically or research
– Variable study of reliability, validity
– Data collection burden, intended use

• Most common assessments: 
– Frailty phenotype
– Deficit Accumulation (Frailty Index)
– Clinical Frailty Scale
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How is Frailty measured? 

Buta et al. 2016, Ageing Res Rev. 26: 53–61.
Viña et al, 2016, Molecular Aspects of Medicine 50; 88–108



Frailty Phenotype Model
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Source: Maxwell C. Understanding Frailty: A Nurse's Guide. The Nursing clinics of North America 
2017. DOI:10.1016/j.cnur.2017.04.003
Table modified from Fried et al., 2001. Journal of Gerontology: 2001, Vol. 56A, No. 3, M146–

M156



Frailty Phenotype  Criteria
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Fried et al, J Gerontol A Biol Sci Med Sci. 2004



Frailty – Accumulation of Deficits

Frailty Index = 
Number of deficits in an individual

Total number of potential deficits measured

e.g. in a dataset with 50 health measures, a 
person with 10 things wrong (10 deficits) has 
a frailty index of 10/50 = 0.20. 

Source: Rockwood et al, CMAJ 2011. DOI:10.1503/cmaj.101271



Frailty Index: criteria for selection of potential deficits

• Deficit must be related to 
health status

• Prevalence must increase 
with age

• Must not saturate early

• Should cover all systems

• Sequential studies should 
use same variables

16Searle et al. BMC Geriatrics 2008, 8:24



Frailty index and outcomes in seniors over the age of 70

Identification of frailty associated with worsened outcomes, 
hospitalization and mortality

Source: Rockwood et al, CMAJ 2011. DOI:10.1503/cmaj.101271



Clinical Frailty Scale
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Rockwood et al, CMAJ 173 (5): 489



Sex & Gender and Frailty

Mitnitski et al. JAGS 53:2184–2189, 2005

Women frailer than men (all ages) Frailty increases death rate in both sexes



First Nations Populations and Frailty

Walker (2017) Canadian Journal on Aging, 1-12.
Hoover et al. (2013) Health Reports, 24(9): 10–17.

Frailty patterns over age groups in general Canadian 
population. Canadian Community Health Survey, as 
published by Hoover et al. (2013)

Frailty categories across age groups in First Nations 
people living on-reserve and in northern First Nations 
communities



Frailty is a risk factor for poor surgical outcomes
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1) Lin et al., 2016. Frailty and post-operative outcomes in older surgical patients: a systematic review. BMC 
Geriatrics (2016) 16:157. DOI 10.1186/s12877-016-0329-8.
2) Lin et al., 2018. Frailty and anesthesia – risks during and post-surgery. Local Reg Anesth. 2018; 11: 61–73. doi: 
10.2147/LRA.S142996

• Association between frailty & 
increased mortality (30 days, 90 days 
& one year follow-up), post-operative 
complications and length of stay.1

• Figure2: 
• Importance of frailty in surgical 

patients has gained recognition 
in the last 5 years as seen by 
increase in publications.

• In contrast, studies on frailty 
intervention remain low in 
number.



Frailty linked to poor health outcomes in COPD

22Kennedy et al; Ann Am Thorac Soc Vol 16, No 2, pp 217–224, Feb 2019, DOI: 10.1513/AnnalsATS.201803-175OC  



Frailty in ICU: Prevalence

23Muscedere et al, ICM 2017; 43: 1105



Impact of frailty on mortality in critically ill patients
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(> 6 Months)

Muscedere et al, ICM 2017; 43: 1105
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Frailty… 

• Interventions that improve outcomes
• Problem with current evidence for decision making
• Need for a new approach



Current evidence for how to improve outcomes 
or mitigate frailty …

Image source: graphicsfactory.com

Image source: www.csum.edu

Image source: Shutterstock

Image source: dumielauxepices.net

Image source: ghostwritermummy.co.uk

Activity and Exercise

Adequate Nutrition 

Vaccination

Appropriate Medication Prescription

Reduction of social isolation



However….

Care providers and decision makers often face difficult decisions when caring for
older adults living with frailty because high quality evidence for decision making is 
often lacking.

Evidence is lacking because:
• The frail/those with comorbidities are often excluded from studies
• Studies enrolling older adults rarely consider differential impact of frailty
• Few studies specifically focused on vulnerable populations

Applicability of evidence from general overall Canadian population?
• Similar risks/benefits?
• Different approaches needed for implementation and sustainability?



In addition: Problem with use of current evidence for frailty 
decision making

• Studies to date have used a variety of population descriptors, 
frailty measurements or no objective measures of frailty

• Outcomes reported vary with many not being patient centered 
or health system outcomes

• Limited interpretability, comparability and aggregation 
possibilities for studies

• Reduced ability for valid study to study comparisons or 
generalizability/applicability.



Care of older adults – Paradigm change
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Disease-centred 
paradigm 

Patient-centred & 
Function-centred 

paradigm



Future state of frailty care
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Integrated care – Individualized 
patient-centred care

Older adults
(fit) 

Older adults
(mild/moderate frailty) 

Older adults
(severe/very severe frailty) 

Older adults
(pre-frail) 

Comprehensive 
Assessment

• Medications
• Medical issues
• Physical capabilities
• Functional capabilities
• Psychological capabilities
• Social Factors
• Environmental Factors

Frailty 
Case 

Finding



Conclusions – take home messages

• Frailty is common, increases with increasing age but is not an 
inevitable consequence of aging

• Frailty can be detected and measured using readily available 
validated tools.

• Frailty is associated with poor outcomes in all care settings and is 
associated with poor outcomes from medical interventions.

• Better evidence to inform decision making in regards to frailty is 
urgently required.
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Questions?

John.Muscedere@kingstonhsc.ca
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Our conceptual framework

Systematic assessment of frailty within 
the Canadian healthcare system

Specific evidence for frailty care


