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Disclosures
My disclosures in 2011‐2013 noted applications to various 
Canadian government schemes to commercialize a 
version of the frailty index based on a comprehensive 
geriatric assessment, but no longer. 
We asserted copyright of the Clinical Frailty Scale, and ask 
users not to change or commercialize it.
Key methodological papers are published in the open 
access literature, incl. BMC Geriatrics and (for animal 
work) J Gerontol Biol Sci.



Expenditures Per Capita By Age Group
Figure 1

How sustainable is Medicare? The Canadian Centre for Policy Alternatives - 2012



Goals
1. To outline how frailty relates to ageing.
2. To outline how frailty challenges 

modern health care.
3. To suggest how we might better meet 

those challenges. 



Frailty as deficit accumulation: with age, most problems 
become more common

(Canadian National Population Health Survey, n= 66,580)
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Consider this formula

• Condition X is common (ish).
• Condition X is associated with age.
• As the population ages, condition X will 
become even more important.

• We must invest in better care/resources/ 
technology/interventions/training for 
condition X. 



Cost of Living vs Cost of Dying –
exclude LYOL
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People age at different rates.



Why does this matter?
Because frailty changes 
care needs, and challenges 
how modern medical care 
is organized.
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Cost of Living vs Cost of Dying –
exclude LYOL
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The argument in brief (1)
1. Ageing occurs via the subcellular accumulation 

of deficits, which scale up to represent disease.
2. Frailty represents accelerated accumulation of 

health deficits, making some people more 
vulnerable than others of the same age.

3.  When someone is frail, they are best thought 
of as a complex system close to failure, and 
not as a person with multiple diseases.



Chronological age is a common  
measure of the ageing process

13

The rate of mortality as a function of chronological 
age. (Canadian data, cohort 1900-1901). 
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The frailty index

Number of deficits in an individual
Frailty Index = ___________________________

Total number of deficits measured

e.g.  in a dataset with 50 health deficits measured, a 
person with 10 things wrong (10 deficits) has a
frailty index of 10/50 = 0.20. 
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National 
Population 
Health Survey -
Mean Frailty 
Index at each 
cycle in relation 
to age
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Deficits accumulate 
characteristically at all adult ages



Fit comparator

Case subject
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Six-month survival by FI-lab scores, in 427 
older ED patients consulted to Medicine 

OR = 2.08 (1.56-2.78), for each 
0.1 increment an age, sex 
adjusted model
Log-rank p<0.001



At any age, women accumulate more deficits than do men.
For men & women, deficit accumulation is highly correlated (r>0.95)

with mortality

Mitnitski et al. J Am Geriatr Soc, 2005;53:2184-9 
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Table 1. List of deficits used in the frailty index.

Deficits
Levels

1 Eyesight 5
2 Hearing 5
3 Help to eat 3
4 Help to dress 3
5 Ability to take care of appearance 3
6 Help to walk 3
7 Help to get in and out of bed 3
8 Help to go to the bathroom 3
9 Help to take a bath or shower 3
10 Help to use the telephone 3
11 Help to travel beyond walking distance 3
12 Help with shopping 3
13 Help to prepare own meals 3
14 Help to do housework 3
15 Ability to take medications 3
16 Ability to handle own money 3
17 Self-rated health 5
18 Troubles prevent normal activities 3
19 Lives alone 2
20 Having a cough 2
21 Feeling tired 2
22 Nose stuffed up or sneezing 2
23 High blood pressure 2
24 Heart and circulation problems 2
25 Stroke or effects of stroke 2
26 Arthritis or rheumatism 2
27 Parkinson’s disease 2
28 Eye trouble 2
29 Ear trouble 2
30 Dental problems 2
31 Chest problems 2
32 Trouble with stomach 2
33 Kidney trouble 2
34 Losing control of bladder 2
35 Losing control of bowels 2
36 Diabetes 2
37 Trouble with feet or ankles 2
38 Skin problems 2
39 Fractures 2 
40 Trouble with nerves 2

Frailty index distribution
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• Range = 0 to 0.66, mean 0.16
•The higher the Frailty Index, the more 

frail the individual 

Measuring frailty as an
index of (40) deficits



The shape of the distribution changes with age, but 
is bounded, including by an upper less than the 

theoretical maximal value of 1.0 . 
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The distribution changes from very skewed at 45-50 years to more symmetrical at old ages

Rockwood &  Mitnitski, Mech Ageing Dev, 2004;125:517-9.



The Frailty Index distribution is typical and 
consistent and does not have a ceiling effect

22
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Distribution of 
the Frailty Index
in 4 successive 
waves of the Chinese 
Longitudinal Health 
and Longevity Study;
Subjects aged 80-99  
years; n= 6664

Bennett S, et al., A limit to frailty in very old, community-dwelling 
people: A secondary analysis of the Chinese Longitudinal Health 
and Longevity Study. Age and Ageing. 2013;42:372-377. .



Evans et al., Age Ageing 2014;43(1):127-132.



Comprehensive 
Geriatric 

Assessment Form

© Geriatric Medicine Research



0 10 20 30 40 50 60 70
0

0.2

0.4

0.6

0.8

1

A frailty index based on a Comprehensive 
Geriatric Assessment (FI-CGA) better 

stratifies 70-month survival than does age

Age FI-CGA

70

80

90

100

0.1

0.2

0.3

0.40.5

Survival time (months)

S
ur

vi
va

l p
ro

ba
bi

lit
y

0 10 20 30 40 50 60 70
0

0.2

0.4

0.6

0.8

1

Rockwood, Rockwood, Mitnitski, J Am Geriatric Soc 2010;58:318-323



0 10 20 30 40 50 60 70
0

0.2

0.4

0.6

0.8

1

A Frailty Index based on a Comprehensive 
Geriatric Assessment identifies a group at 

the highest risk of dying (some of whom live 18 months).
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5-year transitions between different states 
of health (empty circles), replicated 5 years 

later (solid circles)*

Legend:
Empty circles: CSHA-1  CSHA-2
Solid circles:   CSHA-2  CSHA-3

Goodness of fit
r = 0.99

Number of deficits

0 5 10
0

0.1

0.2

0 5 10
0

0.1

0.2

0 5 10
0

0.1

0.2

0 5 10
0

0.1

0.2

0 5 10
0

0.1

0.2

0 5 10
0

0.1

0.2

0 5 10
0

0.1

0.2

0 5 10
0

0.1

0.2

0 5 10
0

0.1

0.2

0.3

0 5 10
0

0.1

0.2

0.3

0 5 10
0

0.1

0.2

0.3

0.3

0.3

Th
e 

tra
ns

iti
on

 p
ro

ba
bi

lit
ie

s

0 5 10
0

0.1

0.2

0 5 10
0

0.1

0.2

0 5 10
0

0.1

0.2

0 5 10
0

0.1

0.2

0 5 10
0

0.1

0.2

0 5 10
0

0.1

0.2

0 5 10
0

0.1

0.2

0 5 10
0

0.1

0.2

0 5 10
0

0.1

0.2

0.3

0 5 10
0

0.1

0.2

0.3

0 5 10
0

0.1

0.2

0.3

0.3

0.3

Th
e 

tra
ns

iti
on

 p
ro

ba
bi

lit
ie

s

n=0 n=1 n=2 n=3

n=7n=6n=5n=4

n=8 n=9 n=10

)1(
!
)( )(

nd
n

k

nk Pe
k
nP  

The model

 *Mitnitski, Bao, Rockwood., Mech Ageing Dev 2006, 127;490-493



Individuals show many 
trajectories in accumulation 

health deficits
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Frailty and National Income
Mean FI and Gross Domestic Product (GDP)

R= -0.8; p<0.001
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The argument in brief (1)
1. Ageing occurs via the subcellular

accumulation of deficits, which scale up to 
represent disease.

2. Frailty represents accelerated accumulation of 
health deficits, making some people more 
vulnerable than others of the same age.

3. When someone is frail, they are best thought 
of as a complex system close to failure, and 
not as a person with multiple diseases.



The argument in brief (2)
4. Frail older adults challenge health care systems, by 
the complexity of their having many, interacting 
health and  social problems.

5. Health care has benefitted greatly from sub‐
specialization. People with one thing wrong still do.

6. For the frail older patient  that time has passed; we 
must innovate to address their needs.

(The orderly behaviour of the frailty index offers a 
means of bridging basic science & clinical studies.)
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Young adult mice
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Six-month survival by FI-combined 
scores, in 427 older Emergency Dept 

patients consulted to Medicine 

Age, sex adjusted 
OR = 2.45 (1.77-3.38), for 
each 0.1 





Relationship between the number of 
drugs prescribed to an older adult and 
the chance of an adverse drug reaction

Carbonin P et al.  J Am Geriatr Soc 1991;39:1093.



Learning from other 
complex systems 

applications



The team conference



Stratifying frailty based on a CGA: data 
in a standard PGY‐1 IM, hx & pe



What is added by a Comprehensive 
Geriatric Assessment 



Which patient is the more frail?
Which patient is the more acutely ill?



Measuring mobility: 
the HABAM
 The Hierarchy of Balance and Mobility

 In bed-mobility

• Cannot move off pressure points
• Moves side to side
• Can push to sit up
• Can swing legs over the side of the bed

MacKnight & Rockwood Age Ageing 1995;24:126-30
MacKnight & Rockwood J Clin Epidemiol 2000;53:1242-
1247
Rockwood  et al. J Am Geriatr Soc, 2008;56:1213-1217.



Hierarchical 
Assessment of 

Balance and Mobility:
embracing complexity 

through pattern recognition 
in a state variable

Rockwood et al., J Am Geriatr
Soc, 2008;56:1213-1217



Mean value of first 14‐day HABAM 
scores by discharge disposition 
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List of Frailty:
1. Very Fit

2. Well

3. Managing Well

4. Vulnerable

5. Mildly Frail

6. Moderately Frail

7. Severely Frail

8. Very Severely Frail

9. Terminally ill

1. Canadian Study on Health and Aging
2. K Rockwood et al. A global clinical measure of fitness 
and frailty in elderly people. CMAJ 2005; 173:489-495



Risk of death within 30 days in 
relation to HABAM scores 

• Absolute risk of death if:
– mobility & balance was no worse (same/ 

better) in the first 48 hours:           4%
– mobility only was worse in the first 48 hours:         

8%
– mobility & balance was worse in the first 48 

hours:                                  74%



The argument in brief (2)
5. Frail older adults challenge health care 

systems, by having multiple, interacting health 
and social problems.

6. When our system was designed, the median 
age of the population was 27 year; single organ 
system illness was the norm.

7. Health care has benefitted greatly from sub-
specialization. People with one thing wrong still 
do.

8. For the frail older patient that time has 
passed;we must innovate, or lose Medicare.
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Collerton et al., 
Mech Ageing Dev 
2012;133(6):



National 
Population 
Health Survey -
Mean Frailty 
Index at each 
cycle in relation 
to age
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Rockwood et al., CMAJ 2011;183(8)E487-94

Deficits accumulate 
characteristically at all adult ages



New drugs and new interventions 
drive costs; both are heavily used by 

older adults, to unclear benefit

*


