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Frail Elderly

modified from: Hazzard W.R.

Principles of Geriatric Medicine and Gerontology.

McGraw-Hill, 1998.

The answer is: “…think about the older, the more 
sick, the most critical and the most complicated of 

your patients.”

If the question is: who is the “frail” patient?
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The definition of frailty remains contested, but 

it can be considered as a progressive age-

related decline in physiological systems that 

results in decreased reserves of intrinsic 

capacity, which confers extreme vulnerability

to stressors and increases the risk of a range of 

adverse health outcomes.

VULNERABILITY → FRAILTY

Cesari M et al .Clin Geriatr Med 2017



VULNERABILITY → FRAILTY



VULNERABILITY → FRAILTY
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SARS-CoV-2 diagnosis       

SARS-CoV-2 death       

Median age of DEATH and DIAGNOSIS 

of SARS-CoV-2 positive subjects

SARS-CoV-2 report ISS, July 2021

Death median age  > 80 years old !



CD28null T cells is a key predictor of immune 

incompetence in the elderly

Abbe N. Vallejo, Immunological Reviews 2005

55 years

CD3+CD4+ gated

77 years

CD3+CD4+ gated

22 years

CD3+CD4+ gated



T-Cell immunity

reduction

COVID
infection

VULNERABILITY → FRAILTY

vulnerability threat coping 

capacity

Respiratory

Failure
FRAILTY 

no

FRAILTY 

Poor
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Cacciatore F & Abete P, BMC Geriatrics submitted 2021
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Johanna Quaas

86 years old

Very successfull aging!



Aging models
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aging

DISEASES



Ko FC, Clin Geriatr Med. 2011

Immobility syndrome in the elderly.

…very pathological 

aging!
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in 1984

“geriatric medicine”

begins…..



Physical

Geriatric

Multidimensional

Evaluation

Mental Social

Nutritional



One year mortality Curves for Geriatric Evaluation 

Unit (GEU) and control patients

Rubenstein LZ et al., NEJM 1984

- 30% !



Effectiveness of multidimensional geriatric evaluation

“A Systematic Review and Meta-Analysis”

Van Craen K et al., JAGS 2010



FRAILTY

Mental Social

Nutritional

ADVERSE AOUTCOMES

Disability, institutionalization, 

death

Physical
Fried L et al.

2001 

Multidimensional

FRAILTY Rockwood K et al. 

2009





List of “40” Variables 

included in the 

“Frailty index”

with related cut-point



Variance in the Slope of the Frailty Index

Searle SD et al., BMC Geriatrics 2008 

Baseline

18 month follow up

time-

related





Age-dependent deterioration is heterogeneous and is 

graded by frailty index scores. 

Howlett SE & Rockwood K, Nature Aging, 2021

Frailty index score is better 

than chronological age….
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FRAILTY

ADVERSE AOUTCOMES

Disability, institutionalization, 

death

Physical



Frailty in older adults:

evidence for a phenotype

Fried LP et al., J Gerontol 2001

Frail = 3 of the following findings 

Pre-frail = 1 or 2 of the following findings



N Engl J Med 2002:347:1068-74Persons were considered PHYSICALLY FRAIL if

they required more than 10 seconds to perform a

rapid-gait test (i.e., to walk along a 10-ft [3.0-m]

course and back as quickly as possible)

or

if they could not stand up from a seated position

in a hardback chair with their arms folded.



Timed over a short 

distance  (maximum 

15 m)

Mean gait speeds  for 

Usual = 0.58 m/s

Maximal = 0.89 m/s

Gait speed as a predictor of poor clinical outcomes

Peel NM et al., J Gerontol 2011



ADVERSE OUTCOMES

disability, health care utilization, death

- Weakness

- Slow walking speed

- Balance problems

- Impaired cognition

- Malnutrition

- Socioesonomic problems

FRAILTY

SARCOPENIA
FUNCTIONAL

DEFICITS (SPPB)

PHYSICAL FRAILTY

Frailty, Physical Frailty, Sarcopenia:

A  New Conceptual Model

Bernabei R et al., Active Ageing and Healthy Living 2014



PHYSICAL 

FRAILTY

inflammation

declines in 

physical functiondysmetabolism

gut dysbiosis

Schematic representation of the main 

pathophysiological pathways contributing 

to physical frailty

Picca A et al., Int J Mol Sci 2020



“physical”

FRAILTY 

COMORBILITY

STRENGHT MOBILITY



“physical”

FRAILTY - 1

STRENGTH 
− Lifting an object that weighs over 5 kg 

− Weakness in arms and/or legs

− Climbing stairs 

− Calf muscle circumference

− Muscle strength (grip strength)

− Muscle mass (bioimped.or DEXA) SARCOPENIA



SARCOPENIA

Hand-Grip = 3.75 kgHand-Grip = 23.7 kg

“SARCOPENIA”

Loss of skeletal muscle mass and strength that 

occurs with advancing age

associated to adverse outcomes.



Age-related  muscle modifications

Lexell J. JGMS 1995



Age-related changes 

in neuro-muscular 

function

Age-related changes 

to the systemic 

environment

Alterations in 

muscle protein 

turnover

Behavior-

mediated 

pathways

Disease-

mediated 

pathways

SARCOPENIA↑ MYOCITE LOSS ↓ REGENERATION

↑ PROTEIN-LYSIS

↓ PROTEIN-SYNTHESIS



Sarcopenia: revised European consensus on definition and diagnosis,

Age & Ageing 2018



Sarcopenia: revised European consensus on definition and diagnosis, 

Age & Ageing 2018



Model 1: Adjusted for age, gender. 

Model 2: Adjusted for age, gender, education, BMI, comorbidities, hemoglobin

SARCOPENIA and clinical events in older adults

InCHIANTI study

Bianchi L. et al. J Gerontol A Biol Sci Med Sci 2016

Disability  ≈ 3 times

Hospitalization  ≈ 1.5 times

Mortality  ≈ 2 times



3-Year Survival Prognostic Value in Older 

Hospitalized Adults with SARCOPENIA: 

The GLISTEN Study

no SARCOPENIA

SARCOPENIA
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Log-rank test

P <0.001

Months  
Bianchi L et al., J Gerontology 2020

Model 1 2 3

HR=Hazard Ratio; 

CI=confidence interval

2.24

(1.64–3.07)

1.87 

(1.35–2.59)

1.84

(1.33–2.57)

Adjusted for unadjusted
age and 

gender 

age, gender, 

SPMSQ, 

ADL lost, 

comobility



“physical”

FRAILTY - 2 

MOBILITY
− Balance tests

− Gait speed (4 or 3 meters)

− Chair stand test

− Physical Activity Scale for the Elderly (PASE) 

Short Physical 

Performance 

Battery (SPPB)



Short

Performance

Physical

Battery

(SPPB)

from 0 to 12

BALANCE test up to 4 points

GAIT SPEED test up to 4 points

CHAIR STAND test up to 4 points

Studenski S et al. J Am Geriatr Soc 2003



Presence of sarcopenia according short physical 

performance battery (SPPB) categories. 

Ishiyama  D et al., European Geriatric Medicine 2017



Main characteristics of study participants 

according to physical frailty and sarcopenia

“BIOSPHERE study”

Calvani R et al, Geroscience 2021

§ Includes hypertension, coronary artery disease, prior stroke, peripheral vascular disease, 

diabetes, chronic obstructive pulmonary disease, and osteoarthritis

aLM, appendicular lean mass; aLMBMI, appendicular lean mass adjusted by body mass index 

(BMI); SPPB, Short Physical Performance Battery

Variables

PHYSICAL FRAILTY

Yes 

(n=100)

No 

(n=100)

Age, years 77.6 ± 5.1 74.8 ± 3.9

BMI, kg/m2 30.0 ± 5.0* 27.4 ± 2.9

SPPB summary score 7.2 ± 1.2* 11.4 ± 0.8

aLM, kg 16.2 ± 3.0* 20.1 ± 4.1

aLMBMI 0.54 ± 0.11* * 0.76 ± 0.19

Number of disease conditions§ 2.3 ± 1.8 2.1 ± 1.6

Number of medications 3.6 ± 2.1 3.2 ± 2.0



Risk of Developing ADL Disability during 3- and 6-year 

follow-up according to Short Physical Performance Battery 

at different time points

All models are adjusted for age, sex, education, physical activity, smoking, alcohol use, body mass index, 

hypertension, coronary heart disease, stroke, peripheral arterial disease, diabetes, pulmonary disease, 

lower extremity osteoarthritis, depressive symptoms, and MMSE score. 

Odds ratio for SPPB for an increment of 1 point. ADL = activities of daily living; CI = confidence interval; 

OR = odds ratio.

Stenholm S et al., J Gerontol 2014



Short Physical Performance Battery and MORTALITY: 

meta-analysis

Pavasini et al. BMC Medicine 2016

Odds ratio 95% CI

0-3 vs 

10-12

Overall 3.25 2.86-3.69

≤75 years 3.54 2.81-4.46

>75 years 3.12 2.67-3.65

General population 3.27 2.86-3.75

Hospitalized 4.93 2.18-11.4

4-6 vs 

10-12

Overall 2.34 1.92-2.39

≤75 years 2.40 1.97-2.93

>75 years 2.04 1.79-2.33

General population 2.22 1.98-2.49

Hospitalized 1.94 0.85-4.41

7-9 vs. 

10-12

Overall 1.50 1.32-1.71

≤75 years 1.65 1.27-2.16

>75 years 1.38 1.22-1.57

General population 1.48 1.32-1.65

Hospitalized 1.23 0.53-2.85



Corso

Fragilità e stato nutrizionale

La fragilità fisica nel soggetto anziano: 

etiopatogenesi e significato clinico

Il ruolo dello stato nutrizionale

- Vulnerability

- Multidimensional frailty

- Physical frailty

- Nutritional frailty

- Physical & Nutritional frailty



FRAILTY

Nutritional

ADVERSE AOUTCOMES

Disability, institutionalization, 

death

Multidimensional

FRAILTY



NUTRITIONAL

FRAILTY !





Body-mass index and mortality in a 

prospective cohort of U.S. adult

Calle EE et al., NEJM 1999

“U” shape





“Reverve”  epidemiology

in the elderly

“CATABOLIC” 

SYNDROME

low 

BLOOD PRESSURE

low  CHOLESTEROL low BODY MASS INDEX

FRAILTY

Curcio F et al.,. Aging Clin Exp Res 2018



Changes in Food Intake Over Life Span
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Briefel RR, et al. Am J Clin Nutr.1995;62(suppl):1072S-1080S.

The third National Health and Nutrition Examination Survey (NHANES III) was conducted to assess the 

health and nutritional status of the US population.

A decrease in over 1000 calories per day for males and females



“Social” and “psychological” factors influencing 

food intake in older persons

Bales CW & Ritchie CS, Annu Rev. Nutr.2002

Depression Lack of social 

support



Food includes of macro- and micro-nutrients.

Macro-nutrients include carbohydrates , lipids and proteins. They 

are affected by digestion and represent the principal source of 

energy.

Micro-nutrients include vitamins and so-called 

essential minerals; they are unaffected by the 

digestion or absorption and is essential to life 

processes (for example, of enzymatic reactions)

Macro- and Micronutrients.



Low serum “micronutrient” concentrations predict

frailty among older women living in the community

Semba RD et al., Journal of Gerontology 2006

Number of nutrient deficiencies

Number of nutrient 

deficiencies on the 

incidence of “FRAILTY”

HR 1.12; 95% CI 1.12-1-20 

p< 0.01



Nutritional

Frailty

Antropometric measurements 70.23%

- unintentional weight loss 

- body mass index (BMI) 

- calf circumference

- waist circumference

- skeletal Muscle Index (SMI)

Laboratory measurements 8.33%

- serum albumin concentration

Other nutritional measurements 21.42%

- poor appetite

- reduced feeding

- Mini Nutritional Assessment (MNA),

All nutritional items extracted from 

different frailty tools 

Zupo R et al., Ageing Res Rev 2021





Abete P et al.,. ACER 2017

Frailty is inversely related to Mini nutritional 

Assessment (MNA) in the elderly
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Mini Nutritional Assessment  (MNA) and  SARCOPENIA 

in older adults outpatients

*p < 0.05 for <17 vs 17–23.5 and 24
Abete P et al., Nutrition in Clinical Practice 2018
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NUTRITIONAL FRAILTY 

and 8-year cause mortality in older adults.

The Salus in Apulia Study

Zupo R et al., JIM 2021

Two or more of the following:

- low BMI

- low SMI

- high SODIUM intake

- low POTASSIUM intake

- low IRON intake

HR=1.39; 95% CI 1.05-1.83

“not-nutritional” frail

“nutritional” frail
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NUTRITIONAL and PHYSICAL FRAILTY  

and 8-year cause mortality in older adults.

The Salus in Apulia Study

Zupo R et al., JIM 2021

HR=2.41; 95% CI 1.41-3.79

“not-nutritional” and “physical” frail

“nutritional” and “physical”  frail

Nutritional frailty

+

Physical frailty

(Fried’s phenotype)



Overlap among nutritional frailty, sarcopenia, and 

physical frailty. 

Nutritional Frailty

Zupo R et al., Ageing Res Rev 2021

Sarcopenia Physical frailty

In black, the potentially modifiable factors

In red, the non modifiable/hardly modifiable factors



Take home messages

- Vulnerability (age-related reduction of intrinsic capacity to

defend against stressorr) represents the trigger to precipitate

into clinical frailty.

- Frailty is characterized by four domains (physical, mental,

nutritional and social) and is actuallty defined multidimensional

frailty.

- Physical frailty is its main component, characterized by

sarcopenia and functional deficits and associated to several

adverse events .

- Nutritional frailty is a very important domain of frailty and

determined by several factors including depression and lack of

social support.

- Finally, physical and nutritional frailty are synergistic in

determining a poor prognosis in frail elderly patient.


