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Few examples
Reaction Time (longer)

Cognitive Status

Nerve Conduction Velocity

Muscle Strength

Visual Acuity

Macro and Micronutrients intake

Insulin Sensitivity

Testosterone

Estrogens

IGF-1

Cytokines and APR (higher)

ROS / Antioxidants

Complexity of CV reflexes

Age
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Aging, homeostatic mechanisms, and function

Progressive decline in anatomical integrity and function

across multiple physiological systems 

Frailty as accelerated decline in anatomical integrity 
and function across multiple physiological systems 



What is Frailty?

Frailty Consensus: A Call to Action

• A medical syndrome with multiple causes and 

contributors that is characterized by diminished strength, 

endurance, and reduced physiologic function that 

increases an individual’s vulnerability for developing 

increased dependency and/or death

• Frailty can occur as the result of a range of diseases and 

medical conditions

• It is different from disability

Morley J. et al.J Am Med Dir Assoc. 2013; 14: 392–7



Toward a Better Understanding of Physiology and 

Etiology: Summary from the AGS/NIA Research 

Conference on Frailty

Waltson J. Et al.J Am Ger Soc. 2006; 54: 991–1001



FACING THE COMPLEXITY OF FRAILTY
Multiple Levels of Measure and Interaction

CNS

PNS

MUSCLES

BONE, JOINTS

ENERGY

FEEDBACK

Cognition, Motivation
Motor Control, 
Plasticity, Adaptation

NCV and Neuromusc. 
Interaction

Strength, Power, 
Structure, Motor Units, 
Intramuscular Fat,
Muscle Density

Pain, ROM, Struct. 
Changes Bone Quantity, 
Quality, 3D Structure

Cardiac Structure and 
Function, Arterial Compl,
And IMT, Exercise Toller,
VO2 max, Resp. Function, 
Nutritional Status, Anemia

Visual Acuity, Contrast, 
3-D, Proprioc, Pallestesic, 
Thermal, Sensation, Space 
Perception, Body Image

Insulin, Ghrelin, 
Leptin, IGF-1, 
Testosterone, 
Estradiol, DHEAs,
TSH, FT4, PTH,

PCR, IL-6, sIL-6R, 
TNF-alfa 

HRV, Complexity
Of CV reflexes 

?

Food Intake, VitD,
VitB12, Folate, 
B6, VitE, Album.

Self-Report

Hormones

Inflammation

Autonomic

Nutrition

Phys Activity

Ox Stress

Balance

Gait

Endurance

Dexterity

Vitality

Body 
Shape

Gait Variability,
Dynamic Posture,
Mental Loading

Complexity and 
Noise

Exhaustion, and 
Tiredness vs. 
Dyspnea

Weight, BMI,
Waist Circ., 
Kiphosis etc.

Upper Extremity
ADLs and IADLs

Emotional 
Homeostasis



Ferrucci L, Fabbri E, Walston J.Hazzard’s Geriatric Medicine and Gerontology, 7 th Edition (IN PRESS)
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Age (years)

Outcomes

Frailty

“Accelerated” Aging

“Normal” aging
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Ferrucci et al. J Endocrinol Invest 2002, modified 

Aging and Functional decline



Aging and Functional decline
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Prevalence of Major Chronic Diseases 

According to Age, Italy 
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Number of chronic diseases according to age 

(InCHIANTI Study, 1998–2000)

Fabbri E. et al. J Gerontol A Biol Sci Med Sci 2015;70:63-70



Number of Chronic Diseases at Baseline and at 9-year 

follow-up and average trajectories of multimorbidity

Fabbri E. et al. J Gerontol A Biol Sci Med Sci 2015;70:63-70

(InCHIANTI Study, 1998–2000, 2007–2009)



Trajectories of longitudinal increase in number of chronic 

diseases according to baseline values and rate of 

increase in IL-6 levels

Fabbri E. et al. J Gerontol A Biol Sci Med Sci 2015;70:63-70



Functional decline

Falls

Disability

Cognitive impairment

Instituzionalization

Death
Aging Process

Chronic Diseases

↓Functional reserve 

Age65 yrs 100 yrs

Progressive decline in anatomical 
integrity and function

of multiple physiological systems 

CHD, CHF, CVD, diabetes, COPD, 
obesity, osteoarthritis, depression, 

dementia

Interactions between age-related changes
and chronic diseases

Frailty



Prevalence of anemia according to gender,

age, and clinical setting

GIFA, ITALIA 1998
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InCHIANTI, ITALIA 1998
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Prognostic value of anemia in terms of disability and mortality in 
hospitalized geriatric patients: the CRIME study

Brombo G., Volpato S,  et al. Geriatric Care 2016;2: 5803



Anemia and Geriatrics Syndromes
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Anemia and Decline in Physical Performance

among Older Persons
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Penninx B et al. Am J Med. 2003;115:104-10
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Anemia and Recovery from ADL Disability

in Older Hospitalized Patients

Maraldi C, Volpato S et al. J Am Geriatr Soc. 2006;54:632-6

5675 patients aged 65 and older with ADL disabity

Adjusted for age, sex, education, smoking, marital status, cognitive status, BMI, albumin, cholesterol, creatinine clearance,

stroke, CVD, CHF, COPD, pneumonia, Parkinson’s disease, depression, cancer, hip fracture, Charlson Comorbidity Index, 

number of impaired ADL at  admission



Likelihood to remain independent at 12 months 

in relation to anemia severity

Brombo G., Volpato S,  et al. Geriatric Care 2016;2: 5803



JAMA 2012;307:182–192

JAMA 2012;307:199–200
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Threshold for Clinical Detection

Basic Metabolic and Signalling Processes

Homeostatic Mechanisms

Threshold for Disability

SINGLE DISEASE
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Basic Metabolic and Signalling Processes

Homeostatic Mechanisms

Threshold for Disability

Threshold for Clinical Detection

FRAILTY AND COMORBIDITY



Frailty Consensus:

Examples of Well-Validated Frailty Models

• Cardiovascular Health Study

• Study of Osteoporotic Fractures

• Deficit Model

• FRAIL – International Academy of Nutrition and Aging

• SHARE-FI

• Vulnerable Elder Survey

• Tilburg Frailty Index

• Groningen Frailty Indicator

Morley J. et al.J Am Med Dir Assoc. 2013; 14: 392–7
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Prevalence of identifying factors for frailty in 

definitions and screening tools

Sternberg et al. JAGS 2011;59:2129-38



Lower Extremity 

performance test



Guralnik et al. N Engl J Med 1995;332:556-561
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Short Physical Performance Battery e Length of 
hospital stay in older geriatric patients

Model 1 Model 2 Model 3

β coef.(SE) p β coef.(SE) p β coef.(SE) p

SBBP

0-4 (n.25) reference* - reference* - reference* -

5-7 (n.37) -2.2 (1.5) 0.151 -1.9(1.6) .240 -1.3 (1.4) .359

8-12 (n.28) -3.9 (1.4) 0.005 -3.2(1.4) .026 -2.5 (1.2) .036

†SBBPscore

continuous

-0.72 (0.21) .001 -0.62(0.22) .005 -0.54 (0.20) .007

Model 1: adjusted for age and gender

Model 2: adjusted for age, gender, and Cumulative Illness Rating Scale (number of severe ratings) 

Model 3: adjusted for age, gender, Cumulative Illness Rating Scale (number of severe ratings), and BADL 
disability at admission

Volpato et al. J Gerontol Med Sci 2008;63:1393-8



Model 2: adjusted for age, gender, education,  CIRS, ADL summary scale 2 weeks before 
hospital admission, ADL summary scale at discharge, MMSE score at hospital admission

SPPB Categories Outcome Model 1 Model 2

% OR (95% C.I.) OR (95% C.I.)

0-4 (n. 16) 75.0 3.72 (1.52-9.08) 5.38 (1.82-15.9)

5-7 (n. 27) 65.4 2.95 (1.38-6.28) 2.63 (1.16-6.01)

8-12 (n. 44) 52.3 1.0 - 1.0 -

†SBBP (continous) 0.87 (0.78-0.97) 0.86 (0.75-0.98)

Risk of New Hospitalization or Death During the 
Follow-Up According to SPPB Score at Discharge 

Discrete-time survival analysis  with logistic regression

Volpato et al. J Gerontol Med Sci 2011;66A:89-96



Gait Speed and Survival in Older Adults: 
Pooled analysis of 9 cohort studies

Studensky S. et al. JAMA. 2011;305(1):50-58



Gait Speed and Survival in Older Adults: 
Pooled analysis of 9 cohort studies

Studensky S. et al. JAMA. 2011;305(1):50-58





Conclusions

• Frailty and multimorbidity are common conditions in 

older people

• Frailty and multimorbidity have a negative sinergistic 

effect increasing the risk for several negative 

outocomes

• Several Frailty models have been validated and 

proposed, but the utilization in clinical practice may be 

difficult

• Simple performance-based test of physical function 

may be used to identify older people at high risk of 

health status deterioration




