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Il binomio glicemia/insulina  

è superato  

 
éédagli anni õ70,  

ma non ce ne siamo accorti.  
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Holst JJ, Physiol Rev 87: 1409ï1439, 2007 

The physiology of Glucagon-like Peptide 1 

Prohormone convertase 2 

Prohormone convertase 1/3 

Epithelial cell regeneration 

(barrier function in intestine) 

Satiety 

Å Satiety 
        (15 min; max 40 ï 90 min) 

 

Å GI transient reduction 
 

Å Insulin secretion 
INSL5, colonic L-cells 

            upregulated by CR and in germ-free mice 

            orexogenic hormone, hepatic glucose production 



2000 1960 

ôEnteroinsular  

axisõ named  

Incretin 

defined  

Discovered as 

proglucagon  

gene product  

Receptor 

cloned  

1930 1980 1970 1990 

Normalisation 

of BG in type 2 

diabetes  

GLP1 mimetics and  

analogues  

(exenatide , 

liraglutide ) 

Insulinotropic  

action of 

incretins 

confirmed  
Incretin and 

enteroinsular 

axis further 

defined  

HISTORY OF GLP-1-RA PREHISTORY  OF GLP -1 

2010 

Prevention of 

CV risk and 

death in type 2 

diabetes  

Liraglutid

e 

LEADER  

2020 2030 

PubMe

d 





GLP-1 RECEPTOR IS  EXPRESSED IN MIOCARDIOCYTES  AND VASCULAR CELLS 

Miocardiocytes  Endocardium  Endothelium  + VSMC  

Ban  K,  Circulation  117:2340, 2008  



Potential indirect cardiovascular effects of GLP -1R agonists  

Ussher JR et al. Circ Res 114:1788-1803, 2014 



Endocrine . 2017 Sep 11. doi : 10.1007/s12020 -017-1418-y. [ Epub  ahead of print]  

TYPE 2 DIABETES AND CARDIOVASCULAR PREVENTION: THE DOGMAS DISPUT ED.  
Giugliano  D, Maiorino  M, Bellastella  G, Esposito K.  
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The drugs used to reduce glucose levels in patients with 

type 2 diabetes seem important for the ultimate 

cardiovascular outcome: the combination of intensive 

glycemic control, when safely attainable, with newer 

diabetes drugs ( empagliflozin , canagliflozin , liraglutide , 

and semaglutide ) may decrease the incidence of MACE, 

nephropathy and retinopathy. Moreover, depending on the 

drug used, CV mortality and heart failure may also be 

reduced.  
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NATIVE GLP -1 HAS LIMITED CLINICAL VALUE BECAUSE OF ITS SHORT HAL F-LIFE  
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Å50%  amino acid 
homology to human GLP -1  

ÅT1/2  2.7 ï4.3 hours  

Lixisenatide 1 

GLP -1: glucagon -like peptide -1. 

1. Lyxumia . Summary of Product Characteristics; 2. Victoza . Summary of Product Characteristics; 3. Christensen et al. IDrugs  2009;12:503ð513.  

Å97%  amino acid homology 
to human GLP -1 

Å T1/2  13 hours  
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LIRAGLUTIDE  HAS MULTIPLE DIRECT EFFECTS ON 
HUMAN PHYSIOLOGY 1 

Insulin secretion 
(glucose -dependent) 
and ȁ-cell sensitivity  

Insulin synthesis  

Glucagon secretion 
(glucose -dependent)  

Pancreas 2ï4  

Liver 4  

Hepatic glucose output  
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Cardiovascular system 7,8  
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Heart rate  

1. Holst JJ et al. Trends Mol Med 2008;14:161ð168; 2. Flint A et al.  Adv Ther 2011;28:213ð226; 3. Degn K et al. Diabetes 2004;53:1187ð1194; 4. Baggio LL, Drucker DJ. Gastroenterology  2007;132:2131 2157; 5. 

Horowitz M et al. Diabetes Res Clin  Pract 2012;97:258 266; 6. Niswender  K et al. Diabetes Obes Metab 2013;15:42 54; 7. Fonseca V et al. Diabetes 2010;59(Suppl 1):A79 (296-OR); 8. Meier JJ et al. Nat Rev 

Endocrinol  2012;8:728ð742 



Marso SP et al. N Engl J Med 2016;375:311ς322  

Presented at ADA, June 13, 2016 
Published in NEJM, June 13, 2016 



Baseline characteristics  
(mean ±  SD unless stated) 

*Heart failure includes New York Heart Association class I, II and III  

BMI: body mass index; HbA1c: glycated hemoglobin; SD: standard deviation 

Marso SP et al. N Engl J Med 2016;375:311ï322  
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*Heart failure includes New York Heart Association class I, II and III  

BMI: body mass index; HbA1c: glycated hemoglobin; SD: standard deviation 

Marso SP et al. N Engl J Med 2016;375:311ï322  

ANZIANI e/o FRAGILI  

Chhetri  JK et Al.  

The prevalence  and incidence  of frailty  in pre -

diabetic  and diabetic  community -dwelling  older  

population . 

BMC Geriatr  17:47,2017  

20% di diabetici anziani sono fragili  



Heterogeneity in health status among patients with diabetes, based on data from the Health 

and Retirement Study of people over age 50. People with known diabetes were assigned to 

one of four mutually exclusive categories.  

A Very Healthy group with no comorbidities; A Healthy Intermediate group with 

comorbidities constrained to osteoarthritis and hypertension, and with no functional 

impairments; A group for whom intensive diabetes management would be Difficult to 

Implement and/or any one of the following: mild cognitive impairment, poor vision, two or 

more minor functional due to multiple comorbidities impairments; and a group with 

Uncertain Benefit from intensive diabetes management due to having the poorest health 

status, with one or more of the following: moderate -to-severe cognitive impairment, two or 

more major functional dependencies, and/or residence in a long -term nursing facility.  

As the Health and Retirement Study is a U.S. population -based survey, the y-axis estimates the 

total number of people in the U.S. over age 50 with diabetes in each category.  

J.B. Halter et Al.  

Diabetes. 2014 Aug; 63(8): 2578 ð2589.  



N Engl  J Med. 2016 Jul 28;375(4):311-22. 

 

L IRAGLUTIDE  AND  CARDIOVASCULAR  OUTCOMES  IN  TYPE 2 DIABETES .               LEADER CLINICAL TRIAL  
Marso SP, Daniels GH, Brown-Frandsen K, Kristensen  P, Mann JF, Nauck MA, Nissen SE, Pocock S, Poulter  NR, Ravn LS, Steinberg WM, Stockner  M, 

Zinman B, Bergenstal  RM, Buse JB; LEADER Steering Committee; LEADER Trial Investigators. Collaborators (2255)  

 

BACKGROUND:  

The cardiovascular effect of liraglutide , a glucagon -like peptide 1 analogue, when added to standard care in patients with type 2 diabetes, 

remains unknown.  

METHODS:  

In this double -blind trial, we randomly assigned patients with type 2 diabetes and high cardiovascular risk to receive liraglutide  or placebo. 

The primary composite outcome in the time -to-event analysis was the first occurrence of death from cardiovascular causes, nonfat al myocardial 

infarction, or nonfatal stroke. The primary hypothesis was that liraglutide  would be noninferior  to placebo with regard to the primary outcome, 

with a margin of 1.30 for the upper boundary of the 95% confidence interval of the hazard ratio. No adjustments for multiplic ity  were 

performed for the prespecified  exploratory outcomes.  

RESULTS:  

A total of 9340 patients underwent randomization. The median follow -up was 3.8 years. The primary outcome occurred in significan tly fewer 

patients in the liraglutide  group (608 of 4668 patients [13.0%]) than in the placebo group (694 of 4672 [14.9%]) (hazard ratio, 0.87; 95% 

confidence interval [CI], 0.78 to 0.97; P<0.001 for noninferiority ; P=0.01 for superiority). Fewer patients died from cardiovascular causes in the 

liraglutide  group (219 patients [4.7%]) than in the placebo group (278 [6.0%]) (hazard ratio, 0.78; 95% CI, 0.66 to 0.93; P=0.007). The r ate of 

death from any cause was lower in the liraglutide  group (381 patients [8.2%]) than in the placebo group (447 [9.6%]) (hazard ratio, 0.85; 95% 

CI, 0.74 to 0.97; P=0.02). The rates of nonfatal myocardial infarction, nonfatal stroke, and hospitalization for heart failur e were nonsignificantly  

lower in the liraglutide  group than in the placebo group. The most common adverse events leading to the discontinuation of liraglutide  were 

gastrointestinal events. The incidence of pancreatitis was nonsignificantly  lower in the liraglutide  group than in the placebo group.  

CONCLUSIONS:  

In the time -to-event analysis, the rate of the first occurrence of death from cardiovascular causes, nonfatal myocardial infarct ion, or 

nonfatal stroke among patients with type 2 diabetes mellitus was lower with liraglutide  than with placebo.  

(Funded by Novo Nordisk and the National Institutes of Health; LEADER ClinicalTrials.gov number, NCT01179048.).  



Severe hypoglycemia over time 

Full analysis set. Mean number of severe hypoglycemic episodes. Number of events analyzed using a 

negative binomial regression model using a log link and the logarithm of the observation time (100 years) 

as offset. Treatment, sex, region and antidiabetic therapy at baseline included as fixed effects and age at 

baseline included as covariates 

CI: confidence interval 

Presented at the American Diabetes Association 77th Scientific Sessions, Session 1-AC-SY13. June 11 2017, San Diego, CA, USA  



Primary outcome 
CV death, non-fatal myocardial infarction or non-fatal stroke 

The cumulative incidences were estimated with the use of the KaplanïMeier method, and the hazard 

ratios with the use of the Cox proportional-hazards regression model. The data analyses are truncated at 

54 months, because less than 10% of the patients had an observation time beyond 54 months 

CI: confidence interval; CV: cardiovascular; HR: hazard ratio 

Marso SP et al. N Engl J Med 2016;375:311ï322  



Marso SP et al. N Engl J Med 2016;375:311ï322  
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Mann JFE et al, N Eng J Med 2017; August 377:839-848 

- 22% - 26% 



Mann JFE et al, N Eng J Med 2017; August 377:839-848 









 

JAMA 2017 Oct  17;318(15):1460-1470. 

 

Effect  of Oral  Semaglutide  Compared  With Placebo and Subcutaneous  Semaglutide  on 

Glycemic  Control in Patients  With Type  2 Diabetes : A Randomized  Clinical  Trial . 

 

Davies M , Pieber  TR, Hartoft -Nielsen ML , Hansen OKH , Jabbour  S, Rosenstock  J. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Davies M[Author]&cauthor=true&cauthor_uid=29049653
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COMPLEMENTARY ACTIONS OF BASAL INSULIN AND A GLP -1 RA TARGET 
THE UNDERLYING PATHOPHYSIOLOGY OF TYPE 2 DIABETES  

BRAIN  
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SKELETAL MUSCLE  

Decreased energy intake 

Increased satiety 

GLP -1 RA 

Glucose-dependent insulin  

and glucagon secretion  

Insulin synthesis 

GLP -1 RA 

Inhibits gastric emptying  GLP -1 RA 

Inhibition of hepatic  
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GLP -1 RA 

Insulin receptor  

activation 

Basal insulin  

Increased glucose disposal Basal insulin  

Basal insulin  Inhibition of hepatic  

glucose production  

GLP-1 RA, glucagon-like peptide -1 receptor agonist  

1. Baggio & Drucker. Gastroenterol  2007;132:2131ð57; 2. Niswender. Postgrad Med 2011;123:27ð37 
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