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La fragilità definisce una maggiore vulnerabilità dell’individuo allo stress e comporta una limitazione delle 
attività quotidiane, dovuta alla presenza di pluripatologie, e un deterioramento della salute e dello stato 
funzionale, che predispone a esiti negativi. In particolare, si tratta di soggetti anziani con comorbilità e 
instabilità clinica, disabilità e rischio di eventi avversi, con elevata incidenza di ospedalizzazione e/o morte

Defining Frailty

A clinically recognizable state in which the ability of older people to cope with everyday or acute stressors 
is compromised by an increased vulnerability brought by age-associated declines in physiological reserve 
and function across multiple organ systems  

WHO, Geneva 2016

Prevalence of frailty varies based on the population examined; however, it is estimated to be 
10% in the population aged>60 years and 25% in the population aged>80 years

Diapositiva preparata da ANNA SOLINI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Identifying Causes of Frailty in T2DM Individuals

 Aging (≥65 years with comorbidities or cognitive-functional impairment)

Heart disease (atherosclerotic CVD or heart failure)

 Subjects prone to risk of hypoglycemia

 CKD stage 3-5; severe hepatic disease

 Severe obesity

Neurodegenerative diseasesDiapositiva preparata da ANNA SOLINI e ceduta alla Società Italiana di Diabetologia. 
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Diabetologia 2018; 61:2461-2498
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Aging T2DM Individuals
ADA Recommendation

Diabetes Care 2017; 40(Suppl 1):S99-S104

HbA1c < 7.5% in aging healthy subjects
HbA1c < 8.0% multiple comorbidities, mild-to-moderate cognitive impairment
HbA1c < 8.5% unhealthy, limited life expectancy, severe cognitive decline
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Glucose-Lowering 
Therapies in Frail Older 

Adults with Diabetes

Sinclair AJ, J Frailty Aging 2018; 7:10-20
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Monami M, Acta Diabetol 2017; 54:1101-1114

Exenatide b.i.d. Liraglutide Lixisenatide

Predictors of Response to GLP-1 RA
A Meta-Analysis and Systematic Review of RCT

Diapositiva preparata da ANNA SOLINI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



AlbiglutideLiraglutide

Monami M, Acta Diabetol 2017; 54:1101-1114

Predictors of Response to GLP-1 RA
A Meta-Analysis and Systematic Review of RCT
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Meneilly GS, Diabetes Care 2017; 40:485-493

Lixisenatide in Older T2DM Patients: 
the GEtGoal-O Randomized Trial
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Raccah D, Diabetes Metab Res Rev 2015; 31:204-211

Safety of Lixisenatide in Elderly and Very Elderly (≥75 yrs) T2DM Subjects
The GetGoal Phase III Program

A pooled analysis of 6 RCT (12 or 24 months)
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Handelsman Y, J Diabetes Complications 2019; 33:236-242

Glargine/Lixisenatide: Efficacy and Safety in Elderly T2DM Subjects 

% of pts with 
HbA1c<7.0% at week 30

% of pts achieving
composite endopoint

at week 30
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Bode BW, Am J Geriatr Pharmacother 2011; 9:423-433

Efficacy and Tolerability of Liraglutide according to Age
A pooled analysis of Phase III studies

HbA1c

BW

% at target
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Bode BW, Am J Geriatr Pharmacother 2011; 9:423-433

Side Effects of Liraglutide in Elderly T2DM Patients
% of patients experiencing hypos and other adverse events during the first 26 weeks of treatment
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Boustani MA, Diabetes Obes Metab 2016; 18:820-828

Efficacy of Dulaglutide in the Elderly

Diapositiva preparata da ANNA SOLINI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Warren M, Diabetes Obes Metab 2018; 20:2291-2297

Semaglutide in Elderly T2DM Patients
Pooled analysis of the SUSTAIN 1-5 trials 
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Loughlin AM,  Diabetes Obes Metab 2018; 20:898-909

Exenatide Once-Weekly in Elderly or Renal Impaired
T2DM Subjects in USA
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Loughlin AM,  Diabetes Obes Metab 2018; 20:898-909

Occurrence of Hypoglycemia and GI Symptoms: 
Comparison between Exenatide Once-Weekly and Basal Insulin
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Heller SR, Diabetes Obes Metab 2018; 20:148-156

Treatment outcomes

Glycaemic outcomes of an Individualized treatMent aPproach for oldER vulnerable patIents: A 
randomized, controlled stUdy in type 2 diabetes Mellitus (IMPERIUM)

Strategy A: a non-sulphonylurea OAM and a glucagon-like peptide-1 receptor agonist as the first injectable

Strategy B: a sulphonylurea as the preferred OAM and insulin glargine as the first injectable
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Factors Contributing to Inpatient Hypoglycemia
in Older Adults with Diabetes

Medications: insulin, sulphonylureas, glinides, quinolones
Intensive glycemic control
Inappropriate insulin dosing and medication errors
Poor coordination of insulin administration and food delivery
Interruption of enteral nutrition or parenteral nutrition infusion
Hypoglycemia unawareness
Renal insufficiency
Liver failure
Severe illness, sepsis
Dementia
Frailty
Medical and surgical procedures
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GLP-1 RA and Hypoglycemia
Hypoglycemia is a key issue in a frail patient.

It is coupled with increased morbidity, falls and cognitive impairment

Gentilella R, Diabetes Metab Res Rev 2019; 35:e3070
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Diabetologia 2018; 61:2461-2498
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MacConell L, Diabetes Metab Syndr Obes 2012; 5:29-41

Safety and Tolerability of Exenatide in T2DM
N= 5594; 19 placebo-controlled trials
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Pfeffer MA, N Engl J Med 2015; 373:2247-2257

Lixisenatide and Hypoglycemic Episodes

*Symptomatic hypoglycemia: clinical symptoms and glucose <60 mg/dl or prompt recovery upon treatment 
**Severe symptomatic hypoglycemia: clinical symptoms and patient requiring assistance and glucose <36 mg/dl or 
prompt recovery upon treatment 

ELIXA
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Handelsman Y, J Manag Care Spec Pharm 2018; 24:S14-S29

Glycemic 
Efficacy, 

Weight Effects, 
and Safety of 
Once-Weekly 
Glucagon-Like 

Peptide-1 
Receptor 
Agonists
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Handelsman Y, J Manag Care Spec Pharm 2018; 24:S14-S29

Glycemic Efficacy, Weight 
Effects, and Safety of Once-

Weekly Glucagon-Like Peptide-
1 Receptor Agonists
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CKD: estimated GFR [eGFR] <60 ml min-1

4. Caution with GLP-1 RA in ESRD

GLP-1 RA in T2D 
with CKD

Diabetologia 2018; 61:2461-2498
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GLP-1 RA and their Use in T2DM Subjects with CKD

Drug Dose Half-life
Predominant
elimination 

route

Use in renal impairment
Mild Moderate             Severe
(≥60)             (30-60)                  (<30)

Daily GLP-1 RA/ analogues
Exenatide 5-10 µg twice

daily
2.4 h Renal/Proteolysis YES                     YES NO

Lixisenatide 10-20 µg once 
daily

3 h Renal/Proteolysis YES                     YES NO

Liraglutide 1.2-1.8 mg once 
daily

13 h Metabolised YES                     YES YES

Weekly GLP-1 RA/ analogues

Exenatide QW 2 mg once 
weekly

2.4 h Renal/Proteolysis YES                     YES                            NO

Albiglutide 30-50 mg once 
weekly

5 days Metabolised YES                     YES NO

Dulaglutide 0.75-1.5 mg once 
weekly

4.5 days Metabolised YES                     YES YES

Semaglutide 0.75-1.5 mg once 
weekly

7 days Metabolised YES                     YES YES
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Effect of Dulaglutide on Kidney Function in T2DM

Tuttle KR, Diabetes Obes Metab 2017; 19:436-441

Integrated data from 9 phase II/III trials (n=6005)

Creatinine (µmol/l)

eGFR (ml/min/1.73m2) 

UACR (mg/g)
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Dulaglutide and eGFR in People with Moderate-to-Severe CKD
The AWARD-7 Study

Tuttle KR, Lancet Diabetes Endocrinol 2018; 6:605-617

eGFR
Cystatin C

eGFR
creatinine
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The LEADER Study: Time to First Renal Event

Macroalbuminuria, Doubling of Serum Creatinine, ESRD, Renal Death

0 6 12 18 24 30 36 42 48 54

Placebo

Liraglutide

HR: 0.78
95% CI (0.67, 0.92)

P=0.003

4668
4672

4635
4643

4561
4540

4492
4428

4400
4316

4304
4196

4210
4094

4114
3990

1632
1613

454
433

Liraglutide
Placebo

Patients at risk Time from randomisation (months)

Pa
tie

nt
s w

ith
 a

n 
ev

en
t (

%
)

9340 patients 
mean FU: 3.8 yrs

Mann JFE, N Engl J Med 2017; 377:839-848
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Liraglutide and Renal Outcomes in T2DM

The prespecified secondary renal outcomes of the LEADER Study

Mann JFE, N Engl J Med 2017; 377:839-848
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Mean eGFR during the Trial According to Baseline eGFR

Mann JFE, N Engl J Med 2017; 377:839-848
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Semaglutide, 3.8%

HR, 0.64 (95% CI, 0.46; 0.88)
Events: 62 Semaglutide; 100 Placebo
P=0.005

Number of patients at risk

Semaglutide 1648 1630 1605 1580 1563 1541 1525 1518

Placebo 1649 1629 1570 1545 1518 1498 1471 1465

109

Placebo, 6.1%

The SUSTAIN-6 Study: New or Worsening Nephropathy

Marso SP, New Engl J Med 2016; 375:1834-1844

Persistent macroalbuminuria p=0.001
Persistent doubling of serum creatinine level and creatinine clearance per MDRD   p=0.48
Need for continuous renal replacement therapy   p=0.83Diapositiva preparata da ANNA SOLINI e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it


Grafico1

		0		0

		4.1428571429		4.1428571429

		4.7142857143		4.7142857143

		8.1428571429		8.1428571429

		15.8571428571		15.8571428571

		16		16

		16.1428571429		16.1428571429

		16.2857142857		16.2857142857

		16.4285714286		16.4285714286

		16.5714285714		16.5714285714

		29.4285714286		29.4285714286

		30		30

		30.1428571429		30.1428571429

		31.1428571429		31.1428571429

		32		32

		34		34

		38		38

		38.2857142857		38.2857142857

		43.1428571429		43.1428571429

		43.8571428571		43.8571428571

		44.1428571429		44.1428571429

		44.2857142857		44.2857142857

		44.4285714286		44.4285714286

		44.5714285714		44.5714285714

		44.8571428571		44.8571428571

		45.1428571429		45.1428571429

		49.1428571429		49.1428571429

		52.5714285714		52.5714285714

		55		55

		55.1428571429		55.1428571429

		55.7142857143		55.7142857143

		56		56

		58.1428571429		58.1428571429

		68.1428571429		68.1428571429

		74.5714285714		74.5714285714

		78.1428571429		78.1428571429

		79.7142857143		79.7142857143

		80.1428571429		80.1428571429

		80.2857142857		80.2857142857

		80.8571428571		80.8571428571

		81		81

		81.1428571429		81.1428571429

		81.4285714286		81.4285714286

		92.1428571429		92.1428571429

		94.1428571429		94.1428571429

		106.8571428571		106.8571428571

		107.5714285714		107.5714285714

		109.1428571429		109.1428571429

		0		0

		0.1428571429		0.1428571429

		2.4285714286		2.4285714286

		10.2857142857		10.2857142857

		12.7142857143		12.7142857143

		15.7142857143		15.7142857143

		15.8571428571		15.8571428571

		16.1428571429		16.1428571429

		16.2857142857		16.2857142857

		16.4285714286		16.4285714286

		16.5714285714		16.5714285714

		16.7142857143		16.7142857143

		16.8571428571		16.8571428571

		17		17

		17.4285714286		17.4285714286

		17.8571428571		17.8571428571

		24.2857142857		24.2857142857

		27.4285714286		27.4285714286

		28		28

		28.7142857143		28.7142857143

		28.8571428571		28.8571428571

		29.8571428571		29.8571428571

		30.1428571429		30.1428571429

		30.2857142857		30.2857142857

		31.1428571429		31.1428571429

		32.8571428571		32.8571428571

		33.1428571429		33.1428571429

		39		39

		42.1428571429		42.1428571429

		43.2857142857		43.2857142857

		44.1428571429		44.1428571429

		44.4285714286		44.4285714286

		45		45

		45.2857142857		45.2857142857

		46.2857142857		46.2857142857

		46.5714285714		46.5714285714

		46.7142857143		46.7142857143

		54.1428571429		54.1428571429

		55		55

		55.1428571429		55.1428571429

		56.1428571429		56.1428571429

		56.5714285714		56.5714285714

		57.1428571429		57.1428571429

		58.1428571429		58.1428571429

		60.5714285714		60.5714285714

		61.2857142857		61.2857142857

		69		69

		78.1428571429		78.1428571429

		79.1428571429		79.1428571429

		79.8571428571		79.8571428571

		80.1428571429		80.1428571429

		80.2857142857		80.2857142857

		81.1428571429		81.1428571429

		81.4285714286		81.4285714286

		81.8571428571		81.8571428571

		83.1428571429		83.1428571429

		92.2857142857		92.2857142857



Semaglutide

Placebo

Weeks since randomisation

Patients with an event (%)

0

0.0609013398

0.1218026797

0.1827783801

0.2439783934

0.3051784066

0.6111781131

0.8559779816

0.9172157963

0.978453611

1.0398432864

1.1626226135

1.2854019407

1.3468298175

1.4082959671

1.4698388535

1.5315358862

1.5932329189

1.6550462148

1.7168595107

1.9641124989

2.025925795

2.087739091

2.149552387

2.211365683

2.2731789791

2.3350313974

2.3969622589

2.4589324416

2.5209026243

2.582872807

2.6448429897

2.7068921656

2.7691796867

2.8318688036

3.0204226564

3.0833147299

3.1462068034

3.2719909239

3.3349239162

3.3978569084

3.4607899007

3.5237228929

3.5868618177

3.6500007425

3.7136401079

3.7774059092

3.8411717104

0

0.0606428138

0.1212856277

0.1821131029

0.2430519838

0.3651534885

0.4873298561

1.5258291761

1.7092074409

1.8314596468

2.0148379113

2.0759640261

2.137090141

2.2593423468

2.3204684617

2.3815945765

2.4430284377

2.5045010096

2.5659735815

2.6274461533

2.7503912726

2.8733363918

3.0577540245

3.1807771545

3.242288732

3.3039178474

3.4271760533

3.4889233832

3.5506707131

3.6124972062

3.9216292751

3.9834557684

4.1071884029

4.2309210373

4.2927873673

4.3546536974

4.4165200275

4.4785872223

4.5406544171

4.6027216119

4.7889231076

4.913057471

4.9751652061

5.0373135611

5.0996250352

5.1619365092

5.2247016075

5.2877590249

5.3508584526

5.4139999746

5.6034244459

5.666565968

5.9193009968

5.9824848108

6.0457111156

6.109022631

6.1727207161



Sheet1

		

		X-Values		Semaglutide		Placebo

		0		0

		4.1428571429		0.0609013398

		4.7142857143		0.1218026797

		8.1428571429		0.1827783801

		15.8571428571		0.2439783934

		16		0.3051784066

		16.1428571429		0.6111781131

		16.2857142857		0.8559779816

		16.4285714286		0.9172157963

		16.5714285714		0.978453611

		29.4285714286		1.0398432864

		30		1.1626226135

		30.1428571429		1.2854019407

		31.1428571429		1.3468298175

		32		1.4082959671

		34		1.4698388535

		38		1.5315358862

		38.2857142857		1.5932329189

		43.1428571429		1.6550462148

		43.8571428571		1.7168595107

		44.1428571429		1.9641124989

		44.2857142857		2.025925795

		44.4285714286		2.087739091

		44.5714285714		2.149552387

		44.8571428571		2.211365683

		45.1428571429		2.2731789791

		49.1428571429		2.3350313974

		52.5714285714		2.3969622589

		55		2.4589324416

		55.1428571429		2.5209026243

		55.7142857143		2.582872807

		56		2.6448429897

		58.1428571429		2.7068921656

		68.1428571429		2.7691796867

		74.5714285714		2.8318688036

		78.1428571429		3.0204226564

		79.7142857143		3.0833147299

		80.1428571429		3.1462068034

		80.2857142857		3.2719909239

		80.8571428571		3.3349239162

		81		3.3978569084

		81.1428571429		3.4607899007

		81.4285714286		3.5237228929

		92.1428571429		3.5868618177

		94.1428571429		3.6500007425

		106.8571428571		3.7136401079

		107.5714285714		3.7774059092

		109.1428571429		3.8411717104

		0				0

		0.1428571429				0.0606428138

		2.4285714286				0.1212856277

		10.2857142857				0.1821131029

		12.7142857143				0.2430519838

		15.7142857143				0.3651534885

		15.8571428571				0.4873298561

		16.1428571429				1.5258291761

		16.2857142857				1.7092074409

		16.4285714286				1.8314596468

		16.5714285714				2.0148379113

		16.7142857143				2.0759640261

		16.8571428571				2.137090141

		17				2.2593423468

		17.4285714286				2.3204684617

		17.8571428571				2.3815945765

		24.2857142857				2.4430284377

		27.4285714286				2.5045010096

		28				2.5659735815

		28.7142857143				2.6274461533

		28.8571428571				2.7503912726

		29.8571428571				2.8733363918

		30.1428571429				3.0577540245

		30.2857142857				3.1807771545

		31.1428571429				3.242288732

		32.8571428571				3.3039178474

		33.1428571429				3.4271760533

		39				3.4889233832

		42.1428571429				3.5506707131

		43.2857142857				3.6124972062

		44.1428571429				3.9216292751

		44.4285714286				3.9834557684

		45				4.1071884029

		45.2857142857				4.2309210373

		46.2857142857				4.2927873673

		46.5714285714				4.3546536974

		46.7142857143				4.4165200275

		54.1428571429				4.4785872223

		55				4.5406544171

		55.1428571429				4.6027216119

		56.1428571429				4.7889231076

		56.5714285714				4.913057471

		57.1428571429				4.9751652061

		58.1428571429				5.0373135611

		60.5714285714				5.0996250352

		61.2857142857				5.1619365092

		69				5.2247016075

		78.1428571429				5.2877590249

		79.1428571429				5.3508584526

		79.8571428571				5.4139999746

		80.1428571429				5.6034244459

		80.2857142857				5.666565968

		81.1428571429				5.9193009968

		81.4285714286				5.9824848108

		81.8571428571				6.0457111156

		83.1428571429				6.109022631

		92.2857142857				6.1727207161







Dulaglutide and Renal Outcomes in T2DM.
An Exploratory Analysis of the Rewind Trial

Gerstein HC, Lancet 2019 June 7; doi: 10.1016/S0140-6736(19)31150-X. 

N=9901, mean eGFR 76.9 ml/min/1.73m2, mean FU 5.4 yrs
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Pharmacokinetics and Tolerability of Semaglutide
in People with Hepatic Impairment

Ensen L, Diabetes Obes Metab 2018;20:998-1005

Influence of the individual Child-Pug parameters
on the primary endpoint AUOC 0-∞ and Cmax
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Effect of Liraglutide on Liver Fat and Function 
in Obese Patients with NAFLD

Khoo J, Diabetes Obes Metab 2017; 19:1814-1817

Changes in 
parameters

DE group P value LI group P value P between
groups

ALT (units/L) -42±46 <0.001 -34±27 0.001 0.52

AST (units/L) -23±24 0.006 -18±15 0.002 0.53

LFF (%) -8.9±13.4 0.03 -7.2±7.1 0.008 0.70

Liver stiffness (kPa) -0.21±0.19 0.001 -0.26±0.29 0.003 0.54
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 Peripheral and brain inflammation and insulin resistance are closely linked to Alzheimer’s disease (AD) and 
Parkinson’s disease (PD).

 Several antidiabetic drugs seem promising in ensuring a certain degree of neuroprotection.

 Glucagon-like peptide-1 analogues have shown beneficial actions in experimental models and promising 
results in recent clinical trials in AD and PD.

 Recent advances have established key roles of GIP signaling in the neurophysiology, namely, neuronal 
survival, neurotransmission, maintenance, and neurogenesis.

 GIP analogs, acting as GIPR agonists, demonstrate a broad-based neuroprotective activity in preclinical 
models of AD, PD, and stroke, with unprecedented ability to act in the advanced stages of disease.

 Modulating the GIP signaling through GIPR agonism represents a unique therapeutic approach to provide 
both symptomatic benefits along with halting disease progression.

 Entry of incretin mimetics, Exendin-4, liraglutide, and lixisenatide into clinical trials for AD and PD suggests 
that introduction of GIP analogs and co-agonists into clinic could be closer than anticipated.

GLP-1 analogues and Neuro-Degenerative Diseases
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Neuroproctective Effects of GLP-1A in AD e PD

Batista AF, CNS Drugs 2019; 33:209-223
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Exenatide once weekly  in Parkinson Disease

Athauda D, Lancet 2017; 390:1664-1673

ANCOVA comparing decline in DaTscan binding
between placebo and exenatideChanges in MDS-UPDRS part 3 scores
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ClinicalTrials.gov ID: Rationale Duration

NCT03659682 Phase II study with semaglutide in patients with idiopathic PD 48 months

NCT03456687 Phase I study with exenatide once weekly vs Placebo 12 months

NCT02953665 Phase II study to explore safety and efficacy of liraglutide in PD -

NCT03439943 Phase II study with lixisenatide in patients with early PD 12 months

NCT03672604 Phase I study to explore safety and efficacy of NLY01*
in healthy volunteers -

NCT01174810 Phase II study to explore efficacy of exenatide vs placebo in 45 patients
with moderate PD   

12 months
CLOSED

NCT01971242 Double-blind, Phase II study with exenatide 2 mg once‐weekly vs placebo  
in 62 patients with PD 

48 weeks
CLOSED

Clinical Trials in PD

*NLY01: powerful long-acting GLP-1 analogue able to  mainly act at the central level.

ClinicalTrials.gov ID: Rationale Duration

NCT01255163 Pilot phase II study with exenatide vs placebo in 57 patients with AD CLOSED

NCT01843075 Efficacy of liraglutide once daily in patients with AD-linked moderate 
dementia (206 planned participants) 12 months

NCT01469351 Efficacy of  liraglutide once daily vs placebo in 38 patients with 
early/moderate AD (randomized, double-blind)

26 weeks
CLOSED

Clinical Trials in AD

Modified from  Batista AF, CNS Drugs 2019; 33.209-223
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