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The Role of Inflammation in 
Age-Related Sarcopenia

Dalle et al Frontiers in Physiology Dec 2017



Multiple mechanisms have been proposed to be involved in 
acceleration of sarcopenia in diabetic patients 

Br J Diabetes Vasc Dis 2011;11:230-234 



*Components of sarcopenia are shown in the blue boxes.
Green arrows indicate possible bidirectional relationships, illustrating mechanisms by which sarcopenia may be 
accelerated in people with type 2 diabetes.

Potential pathways by which sarcopenia contributes to 
insulin resistance in ageing*



PATHWAYS OF ACCELERATED MUSCLE LOSS IN TYPE 
2 DIABETES

Rita Rastogi Kalyani et al. Lancet Diabetes Endocrinol. 2014 
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Diabetes, vol. 55, june 2006 

N= 485 with type 2 diabetes
N=2,133 without diabetes
Aged 70–79 years

 muscle strength test
 DEXA measurements
of body composition

= model 1+ BMI

= model 1+ BMI
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Diabetes, vol. 55, june 2006 

N= 485 with type 2 diabetes
N=2,133 without diabetes
Aged 70–79 years

 muscle strength test
 DEXA measurements
of body composition
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*P < 0.05 compared with subjects without diabetes.
†P < 0.05 compared with diabetic subjects with duration <6 years.

subjects without diabetes
diabetic subjects with duration <6 years 
diabetic subjects with duration >6 years

subjects without diabetes
diabetic subjects with A1C <8.0% 
diabetic subjects with with A1C >8.0% 

*P < 0.05 compared with subjects without diabetes. 
†P < 0.05 compared with diabetic subjects with A1C <8.0%.



N= 414 with type 2 diabetes
N= 396 without diabetes
Age= 58 ± 10 years old

 BMI
 DEXA measurements
of body composition

Patients with diabetes had 
three times higher risk of 
sarcopenia than subjects 

without diabetes

In subjects older than 60 
years, prevalence of 

sarcopenia was greater in 
both men and women with 

diabetes.

Diabetes Care 33:1497–1499, 2010

Diabetes Care. 2010 Jul;33(7):1497-9. 
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SARCOPENIA AND DIABETES: HYPERGLYCEMIA IS A
RISK FACTOR FOR AGE-ASSOCIATED MUSCLE MASS AND

FUNCTIONAL REDUCTION

Exercise and/or dietary intervention prevent the progress of sarcopenia. Blood 
glucose-lowering therapy might also prevent the progression. 

J Diabetes Investig Vol. 6 No. 6 November 2015
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135 elderly type 2 diabetic 
patients were screened

80 elderly type 2 diabetic patients

(42 males and 38 females)

Study population

Inclusion criteria :

Patients aged 65 

years or older with 

diagnosis of 

diabetes over a 

minimum 5-year 

period with HbA1c 

levels ≤8%  (30-31),

treated with oral 

glucose lowering 

drugs (metformin in 

add-on to 

sulfonylureas or 

metformin in add-on 

to dipeptidyl 

peptidase-4 

inhibitors) for at 

least 24 months 

before enrollment. 

Exclusion criteria

Patients treated with insulin or 
glucagon-like peptide-1 
analogue (GLP-1) or any 
medications influencing 
glycaemic function 
(i.e.corticosteroid), with 
clinically significant or unstable 
medical illnesses or severe 
diabetes complications, or any 
other disorders affecting 
glucose metabolism and/or 
anemia and/or pulmonary 
disease and/or cancer, or recent 
acute illness were excluded 
from the study.  They were also 
excluded from the study all 
patients with severe cognitive 
decline and/or Alzheimer 
dementia, or depression history, 
drugs or alcohol abuse or 
dependence in the last two 
years, or patients affected by 
malnutrition or who modified 
the diet, drug treatment or life 
style within the 3 months 
before the study.

DPP4-I Group

DPP4-I 
(vildagliptin 50 mg bid

o sitagliptin 100 mg/die 

o saxagliptin 5 mg/die) 

+

METFORMINA (1000 mg) 

Sulfonylureas Group

(glimepiride 2 mg/die 

o gliburide 15 mg/die 

o glipizide 10 mg/die) 

+ 
METFORMINA (1000 mg) 
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Clinical, metabolic and inflammatory characteristics 
of the study participants, according to antidiabetic therapy



Based on the findings of other studies in the literature, the relative SMM index  less than 8.87 kg/m2 for men and 6.42  kg/m2 for women was considered abnormal  

Body composition and sarcopenic indices of the study participants, 
according to antidiabetic therapy



Cross Tab Correlations among metabolic and sarcopenic indices
in all study population



Correlations between GPL-
1 AUC and

(a) SMM Index, 
(b) Handgrip strength and 

(c) Gait speed



Linear multivariate analyses with SMMI, Handgrip strength and 
Gait speed as dependent variable



HRs (95% CIs) of all-cause mortality according to BMI 
for men and women aged > 65 years

Jane E Winter et al. Am J Clin Nutr 2014;99:875-890

In elderly subjects BMI 
is not an useful

parametes

OBESITY AND  OUTCOME

N= 200.00 older people



SARCOPENIC OBESITY: A NEW 
PROBLEM IN ELDERLY

SARCOPENIC OBESITY



Batsis, J. A., & Villareal, D. T. Nature Reviews Endocrinology, 14(9), 

513–537.2018

SARCOPENIC OBESITY

SARCOPENIC OBESITY



353 soggetti di età media di 69 anni

N= 353
Age  mean 69 years
 Cognitive test
 body composition
measurements.

Clinical Interventions in Aging 2018:13

Bold values indicate significant difference from the sarcopenic obesity group at p,0.05.

SARCOPENIC OBESITY  AND  OUTCOME 



N= 4,252
Aged 60–79 years
Follow-up: 11.3 years

 Anthropometric
measurements

Sarcopenic obese had the highest risk
of all-cause mortality.

JAGS 62:253–260, 2014 

SARCOPENIC OBESITY  AND  OUTCOME 



N= 1,578 of 4,888,503
older people
 BMI
 DEXA measurements
of body composition

CVD   PREVALENCE ACCORDING TO THE PRESENCE OF 
METABOLIC SYNDROME (M) AND SARCOPENIA (S). 

Sarcopenia was associated with CVD independent 
of other well-documented cardiovascular risk 

factors.

PLoS One. 2013;8(3):e60119.

SARCOPENIA  AND  OUTCOME



UNIVARIATE MODEL MULTIVARIATE MODEL*p<0.05

Fukuda et al. Cardiovasc Diabetol (2018) 17:55 

N= 716 patients with diabetes
Mean age: 65±13 years
Follow up of 2.6 years
 DEXA measurements
of body composition
 BMI

The multivariate
models included
included HDL
cholesterol,HbA1c,
eGFR, ACEIs or
ARBs, DPP4
inhibitors and
history of CVD as
covariates
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Fukuda et al. Cardiovasc Diabetol (2018) 17:55 

N= 716 patients with diabetes
Mean age: 65±13 years
Follow up of 2.6 years
 DEXA measurements
of body composition
 BMI

The multivariate
models included
included HDL
cholesterol,HbA1c,
eGFR, ACEIs or
ARBs, DPP4
inhibitors and
history of CVD as
covariates

Sarcopenic
obesity is an independent
risk factor for CVD event in 

patients with type
2 diabetes, when using A/G 

ratio or android fat mass
to determine obesity and

remained statistically 
significant after addition of
well-known cardiovascular 

risk factors.

SARCOPENIC OBESITY  AND  OUTCOME 

UNIVARIATE MODEL MULTIVARIATE MODEL*p<0.05



N= 265 pazienti con IRC

A significantly higher probability of death or cardiovascular events in the high than low 
sarcopenia score group. Kaplan–Meier analysis after propensity score matching also showed 

that patients with CKD with a high sarcopenia score had a higher probability of adverse 
events than those with a low sarcopenia score.

SARCOPENIA  AND  OUTCOME



POTENTIAL APPROVED THERAPIES IN 
SARCOPENIC OBESITY

Batsis, J. A., & Villareal, D. T. Nature Reviews Endocrinology, 14(9), 

513–537.2018

SARCOPENIC OBESITY  AND  THERAPIES 





OBESITÀ

DIABETE

SARCOPENIA

ETÀ

RIDUZIONE DEL 
LIVELLO FUNZIONALE 

E COGNITIVO 

AUMENTATO RISCHIO DI CADUTE

AUMENTATO RISCHIO DI MALATTIA 
CARDIOVASCOLARE FRAGILITÀ

AUMENTATO 
BISOGNO DI 

SALUTE

PEGGIORAMENTO DELL’ 
ASPETTATIVA E QUALITÀ 

DI VITA

DEADLY QUARTET
BAND



TAKE HOME MESSAGGES
 Finora il trattamento del diabete nel paziente anziano si è concentrato sulla

prevenzione delle complicanze croniche dovute a microangiopatia ed eventi
cardiovascolari.

 La coesistenza di sarcopenia, e/o obesità sarcopenica nei pazienti anziani con diabete,
sinergicamente peggiora gli outcome e la prognosi.

 Mantenere un normale peso corporeo nell’età geriatrica, preservando la massa magra
ed evitando anche il sottopeso.



GRAZIE   PER   L’ATTENZIONE









Shin Yu Liun et al Journal Diabetes Investigation 2018



Multiple mechanisms have been proposed to be involved in 
acceleration of sarcopenia in diabetic patients 

Br J Diabetes Vasc Dis 2011;11:230-234 



*Components of sarcopenia are shown in the blue boxes.
Green arrows indicate possible bidirectional relationships, illustrating mechanisms by which sarcopenia may be 
accelerated in people with type 2 diabetes.

Potential pathways by which sarcopenia contributes to 
insulin resistance in ageing*



PATHWAYS OF ACCELERATED MUSCLE LOSS 
IN TYPE 2 DIABETES

Rita Rastogi Kalyani et al. Lancet Diabetes Endocrinol. 2014 



Concurrent therapies for
type 2 diabete and sarcopenia
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Studies, investigating the clinical effects of DPP4-I

on sarcopenic parameters in elderly diabetics patients,

are thus far lacking.

Thus, our study aimed at investigating the DPP4-I

effect on sarcopenic parameters in elderly type

2 diabetic patients.
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135 elderly type 2 diabetic 
patients were screened

80 elderly type 2 diabetic patients

(42 males and 38 females)

Study population

Inclusion criteria :

Patients aged 65 

years or older with 

diagnosis of 

diabetes over a 

minimum 5-year 

period with HbA1c 

levels ≤8%  (30-31),

treated with oral 

glucose lowering 

drugs (metformin in 

add-on to 

sulfonylureas or 

metformin in add-on 

to dipeptidyl 

peptidase-4 

inhibitors) for at 

least 24 months 

before enrollment. 

Exclusion criteria

Patients treated with insulin or 
glucagon-like peptide-1 
analogue (GLP-1) or any 
medications influencing 
glycaemic function 
(i.e.corticosteroid), with 
clinically significant or unstable 
medical illnesses or severe 
diabetes complications, or any 
other disorders affecting 
glucose metabolism and/or 
anemia and/or pulmonary 
disease and/or cancer, or recent 
acute illness were excluded 
from the study.  They were also 
excluded from the study all 
patients with severe cognitive 
decline and/or Alzheimer 
dementia, or depression history, 
drugs or alcohol abuse or 
dependence in the last two 
years, or patients affected by 
malnutrition or who modified 
the diet, drug treatment or life 
style within the 3 months 
before the study.

DPP4-I Group

DPP4-I 
(vildagliptin 50 mg bid

o sitagliptin 100 mg/die 

o saxagliptin 5 mg/die) 

+

METFORMINA (1000 mg) 

Sulfonylureas Group

(glimepiride 2 mg/die 

o gliburide 15 mg/die 

o glipizide 10 mg/die) 

+ 
METFORMINA (1000 mg) 
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Methods

Clinical examination

Laboratory measurements (fasting plasma glucose, HbA1c, glucagon, GLP1, IL-6, TNF-a and PCR; meal test)

Body composition evaluation *

BIA 

*FFM index (FFMI), Skeletal muscle mass (SMM), and SMM index (SMMI). 

FFMIwas calculated as FFM divided by body height squared (kg/m2). 
MM was calculated using the BIAequation: 
SMM(kg)=[0.401 x (height2/resistance) + (3.825 x gender) - (0.071 x age) + 5.102

Absolute SMM was converted to an SMM index (SMMI) based on the equation established by Janssen et al. 
(SMMI = 100 × skeletal muscle mass/h2) (Kg/m2)

Based on the findings of other studies in the literature, the relative SMM index  less than 8.87 kg/m2 for men 
and 6.42  kg/m2 for women was considered abnormal  

Muscle strength evaluation Physical performance

4-m gait speed test Kern dynamometer
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Clinical, metabolic and inflammatory characteristics 
of the study participants, according to antidiabetic therapy



Based on the findings of other studies in the literature, the relative SMM index  less than 8.87 kg/m2 for men and 6.42  kg/m2 for women was considered abnormal  

Body composition and sarcopenic indices of the study participants, 
according to antidiabetic therapy



Cross Tab Correlations among metabolic, sarcopenic indices
in all patients



Correlations between GPL-
1 AUC and

(a) SMM Index, 
(b) Handgrip strength and 

(c) Gait speed



Linear multivariate analyses with SMMI, Handgrip strength and 
Gait speed as dependent variable
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CONCLUSION

The results are consistent with the hypothesis that DPP4-I 

use might have  a positive effect against the loss of muscle 

mass and its function.



Kaplan-Meier survival curve for time to drop in IADL by body composition type

NS, NO: nonsarcopenic, nonobese; 
S, NO: sarcopenic, nonobese; 
NS, O: nonsarcopenic, obese; 

S, O: sarcopenic, obese.

OBESITY RESEARCH Vol. 12 No. 12 December 2004

Sarcopenic obesity is 
independently associated

with and precedes the onset 
of IADL disability in the

Community-dwelling 
elderly.

SARCOPENIC OBESITY  AND  OUTCOME 


