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Ilich et al, C urrent Gerontology and Geriatrics Research 2016

Age-related changes in bone, muscle and fat tissues

Sarcopenia is a term 
that denotes the 
decline in muscle 

mass and strength 
that occurs with 

healthy aging

Rosenberg,
Am J Clin Nutr 1989
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appendicular FFM (Kg)/h (mt) 2

Baumgartner et al, 1998

total FFM (Kg)/body weight (kg)
Janssen et al, 2002



age-related shift to 
the slower MyHC I 

isoform would reduce 
single-fiber force

production, 
contractile velocity, 

and power output 
(product of force 

and velocity),

Studies included in 
the quantitative 
synthesis (N = 27)



Chen J et al, Int J Mol Sciences 2021

Increase  in collagen content  

in skeletal muscle tissue with aging 



fibrosis

miosteatosis

Barbat - Artigas, Rolland Y, Zamboni M, Aubertin Leheudre ,  2012

Zoico et al, 2013 

Inter and intramuscular Fat 



Impaired  vasodilatory  response 
to adenosine and acetylcoline

Thichening  of capillary  
basement membrane

Decreased capillary  tortuosity

Decreased capillary  function  

LCFR: local capillary  to fiber  ratio



Avan A. Sayer  et al 2024; 10:68

Key milestones in the development of a Sarcopenia definition

Working definition: Sarcopenia
is a syndrome characterized by 
a progressive and generalized 
loss of skeletal muscle mass 
and strength with a risk of 
adverse outcomes such as 

physical disability .. 

EWGSOP  Age and Ageing, 2010

Despite not yet a universally 
accepted clinical definition 

International Classification of 
Diseases, 10th Revision (ICD10), 

code for sarcopeniawas assigned 
in 2016

J Cachexia, Sarcopeniaand 
Muscle 2016



PROBABLE

SARCOPENIA

DEFINITE

SARCOPENIA

SEVERE

SARCOPENIA

LOW MUSCLE 

STRENGTH

LOW MUSCLE 

QUANTITY/

QUALITY

LOW PHYSICAL

PERFORMANCE

Age Ageing 2019



Low muscle mass 10/11

Low muscle strength: 6/11

Low gait  speed 5/11

Stuck et al
Journal of Cachexia, Sarcopenia and Muscle 2023



Pitfalls in the measurement of muscle mass: 
a need for a reference standard

Journal of Cachexia, Sarcopenia and Muscle, Volume: 9:269 - 278 



Evans W and  Cawthon P,  Calcif  Tissue, 2023

D3creatine (D3Cr) dilution method measures the 
total body creatine pool 

about 98% of the body creatine pool is 
sequestered in the sarcomere

muscle has no capacity for creatine synthesis ; 
creatine is synthesized in the  liver and kidney and 

transported into sarcomere

The method uses an oral tracer dose (30, 
15 and 2 mg for adults, children, or 

infants) of deuterated creatine . It is 
100% bioavailable and after entering the 
circulation, D3Cr is actively transported 

into all skeletal muscle cells.
Creatine is turned over through 

irreversible (in vivo) isomerization to 
creatinine which is rapidly excreted at a 

constant rate of about 1.7%/d. 
The D3 -Cr dilution test is based on the 
ingestion of an oral solution ofD3 -Cr by

a fasting patient followed by measurement 
of both labelled and total creatine and 
creatinine by liquid chromatography 
coupled with mass spectrometry  in urine 
before and four days after ingestion

Muscle mass represents only about 50% of LBM. The light 
blue represents ôresidualõ non-muscle LBM consisting of body 
water, fbrotic , connective, visceral tissue, and smooth muscle. 



Avan A. Sayer  et al 2024

Different cutoff used by the different definitions of Sarcopenia, using at least one of three 
parameters: lean mass, muscle strength and physical performance .



Overall prevalence of Sarcopenia across nine different 
diagnostic criteria in chronological order

Chiu WC et al., Experimental  Gerontology  2025

1760 participants aged 65 ð99 y
BIA, grip strength, gait speed, chair stands test



Age Ageing 2019



Zoico et al , JAGS, 2026

Key points
Our findings indicate that the
EWGSOP2 algorithm is a reliable
instrument even for hospitalized older
patients .
Our results show that each step of the
EWGSOP2 algorithm improves
predictive validity .
SARC-F and muscle strength may be
useful indicators for adverse clinical
outcomes when body composition data
are unavailable in hospitalized older
patients .
Why does this paper matter?

These data could be helpful in finding a
good operational definition for
Sarcopenia, also in populations of
hospitalized frail and disabled older
subjects .
Finding a good operational definition for
Sarcopenia could be made easier by
these data, particularly in populations of
older hospitalized frail patients

Length of hospitalization: median of days 
Group 1. NON-SARC: 11 days

Group 2. NON -DYNAP: 12 days
Group 3. DYNAP and confirmed Sarcopenia: 13  

European Working Group on Sarcopenia in Older People Algorithm: Step - by- Step Relation 
With Length of Hospitalization



Age and Ageing, 2018



Prevalenza di Sarcopenia  in reparto di geriatria 
utilizzando la definizione del EWGSOP 

Rossi et  al,  2014 



Diagnosis, prevalence, and clinical impact of sarcopenia in COPD: a systematic review 
and meta-analysis

Journal of Cachexia, Sarcopenia and Muscle 2020; 11: 1164 ð1176

23  studies 
(70% cross -sectional) 

from Europe (10), 
Asia (9), and North 
and South America 
(4) involving 9637 
participants aged Ó40 
years were included 

(69.5% men)



Prevalence of sarcopenia, low muscle mass, low handgrip strength, 
and slow gait speed by gender and HF

Konishi et al European Journal of Preventive Cardiology, 2021

A= B +C and or D

multicentre prospective cohort study: 942 consecutive older (age >_65 years) hospitalized patients: 475 
with HFpEF (age 81± 7 years, 48.8% men) and 467 with HFrEF (ejection fraction 



Trajectories of prevalence of sarcopenia in pre - and 
post -onset period in patients with stroke

15.8%      29.5%    51.6%

35 studies

Inoue et al, 2022



Incident sarcopenia in hospital 

%

GLISTEN Study Data



Mechanisms 
implicated in the 
pathogenesis of 

sarcopenia

Robinson S et al, Am J Clin Nutr  2023
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Healthy Young 
28 Days Inactivity
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10 Days Inactivity

Aging Inpatients
3 Days 

Hospitalization

Approx
0.5 kg

Approx
1 kg

Approx
1 kg

Kortebein et al  j Gerontology 2007

Bed rest and immobility





SARCOPENIA

Inadequate intake of
protein

(e.g. anorexia of aging)

Anabolic resistance
(e.g. insulin resistance ,  

high splanchnic
extraction , immobility )   

Greater need for protein
( e.g. inflammatory disease)

H ABC Study . 2008

AJCN

Am J Clin Nutr   2004

http://www.ajcn.org/


Anabolic resistance following bed rest in young and older adult volunteers: 
Relationships with changes in muscle mass

Biolo G et al, Clinical Nutrition, 2017

Effects of two-week bed rest on post -prandial protein kinetics, assessed during absorption of a standard readyto -use 
oral nutritional supplement, through stable -labeled isotope amino acid D5Phe, diluted in water, given as single oral load.

Effect of 14 -d bed rest on anabolic resistance of 
young and older adults. Variation of the index of 

anabolic resistance (AUC D4Tyr/AUC D5Phe), 
before (baseline) and

at the end of 14 -d bed rest, in healthy young and 
older adults , as assessed after 6 -h meal test .



Mankhong S et al, Cells 2020

fundamental aging mechanisms that contribute to sarcopenia 



Perandini LA, 2018, Barberi L 2015,  Dumont  N 2015

Satellite cells
 and Aging 

child 
(8 months)

Verdijk L.B. et al., AGE 2014



Sousa-Victor, P. and Muñoz -Cánoves, P, Mol. Asp. Med. 2016

Determinants of muscle stem cells decline with aging

Intrinsic changes 

Extrinsic changes 



human satellite cells from geriatric 
individuals (75 years) compared to young 

(25 years)

P. Sousa-Victor, et al., Nature 2014

Intrinsic  changes and
satellite cells decline

p16INK4a



Muscle myostatin  protein  and gene expression

McKay BR,  et  al 2012

9 older  males 
Age 70 ±4 yr

9 young controls  
Age 21 ±3 yr

Acute bout  
of intense unilateral   

muscle loading

Vastus  lateralis
 biopsies

Extrinsic  changes and 
satellite cells decline



Mankhong S et al, Cells 2020

fundamental aging mechanisms that contribute to sarcopenia 



Barbieri L et al 2013  Perandini LA et al, 2018

Inflammation  and muscle satellite cells  

impaired  
in muscle aging



* Irisin, BAIBA, FGF-21, Mtrn-like, IL-6, myostatin, follistatin, myonectin, BMP-7 

® MYOKINES INVOLVED IN THERMOGENESIS *

® Energy expenditure

¬ Total/visceral fat

Insulin resistance

Leptin resistance
® Lipid oxidation 

Macrophage 
Recruitment
¬ M1/M2
¬ CD3+
¬ CD8+

Lymphocyte activation

Inflammation

Obesity

white

Aging

brite
® UCP 1

¬ Myostatin

® Muscle cell
differentiation 

and growth

® 

® 

SEX STEROIDS

® Physical activity Weight gain

sarcopenia

¬ Fatty infiltration  

¬ Inflammation ¬ Leptin

¬ TNF-alpha

¬ IL-6

® Adiponectin

¬ MCP-1

¬ FFA

MYOKINES INVOLVED 
IN MUSCLE-MUSCLE 

CROSSTALK * * 

* * IGF-1, myonectin, LIF, IL-6, IL-7, IL-15, musclin, follistatin, decorin, myostatin

Zamboni et al, 2022

Adipocyte dysfunction



Age 80 years,
BMI 26 Kg/ m²

Age  79 years
BMI 35.2 Kg/ m²

Thigh  intermuscular  fat  in elderly  subjects  
 with  different  BMI values

Age-related  changes in ectopic  fat  deposition  
in skeletal  muscle

Zoico E et al . J Gerontol  2009 

IL -6 IL -6 mRNA SAT

p<0.05

Muscle 
biopsy

SAT 
biopsy



HFD and Muscle Lipotoxicity  

10 weeks LFD or HFD
Young rats  (6-m) or old rats  (25 -m)

Myosteatosis



Different experimental conditions to obtained conditioned 
medium from different models of stressed 3T3 -L1 adipocytes to 

treat C2C12 myocytes 

Zoico  et al, 2023

Medium from 
adult  

adipocytes

Medium from 
aged 

adipocytes

Culture 
medium

Differentiation  
medium

Proliferation  
medium

Maintenance  medium changed 
every  2 days

PID10 insulin 
resistant

PID10 H2O2

PID10 
control

Medium from 
insulin resistant ,
H2O2 treated
and control 
adipocytes
at  PID 10

white
cross talk adipocyte - myocyte  in vitro



Treatment of C2C12 myocytes  with conditioned  medium 
from 3T3L1 adipocytes   in different  experimental  

conditioned  medium

Treatment with 50% of medium from:

- Mature adipocytes  (PID10)
- H2O2 treated  adipocytes  (PID10 H2O2)
- Insulin  resistant  adipocytes  (PID 10 IR)
- Aged adipocytes  (PID18)

Zoico  et al, 2023

Proliferation  medium Induction  medium Treatment Treatment

CM from adipocytes

white
cross talk adipocyte - myocyte  in vitro



MUSCLE DIFFERENTIATION

morphological analysis of of C2C12 myocytes treated with 
conditioned medium from 3T3L1 adipocytes

Index of the formation 
of miotubes  and of the 
differentiation  capacity  
of mioblasts

Reduction of the fusion 
index of miotubes  after 
treatment with CM 
from aged adipocytes , 
from insulin resistant  
and H2O2 treated  
adipocytes

Zoico  et al, 2023

whitecross talk adipocyte - myocyte  in vitro



Morphological analysis of  myotubes diameter of myocites
treated with conditioned medium of 3T3L1 adipocytes

Images of C2C12 in 
ematossilin / eosin for 
determination  of myotubes 
diameter

Mean diameter  of 
myotubes treated  with CM 
of aged, H2O2 and insulin 
resistant  adipocytes  

Zoico  et al, 2023

cross talk adipocyte - myocyte  in vitro
white



MYOSTATIN
Gene expression and Western blot analysis

Increased  gene 
expression  in myocites  
treated  with CM from 
aged or stressed  
adipocytes

Increased  myostatin  
protein  expression  in 
myocites  treated  with 
CM from aged and H2O2 
treated  adipocytes

MIOSTATI
NA

Zoico  et al, 2023

white
cross talk adipocyte - myocyte  in vitro



Diabetes  2009

Myostatin protein  in skeletal  
muscle and plasma in lean and 

obese subjects

4 lean, 5 obese and morbid  9 obese subjects : Muscle biopsies 



Muscle-Organ Crosstalk: 
The Emerging Roles of Myokines

Severinsen MC, and  Pedersen  BK, Endoc Rev 2020



Prevalence of Sarcopenia and Osteoporosis by age and gender
in community -dwelling older adult

Laurent MR, Maturitas , 2022



Interconnection  between  muscle and bone: common pathway



Chen S et al, 2024

Metanalisi di 66 Studi. n = 64404, age range 46.6-93 anni

Osteosarcopenia a 
syndrome that 
describes the 

co-existence of 
osteoporosis and 
sarcopenia, two 

conditions 
associated with 

ageing


