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Liraglutide e rischio cardiovascolare:
dal diabete all’obesità

TOPICS

- Rischio cardiovascolare nel diabete e nell’obesità

- Liraglutide: meccanismi d’azione

- Liraglutide e rischio cardiovascolare nel paziente con diabete tipo 2

- Liraglutide nella terapia dell’obesità
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Increasing BMI contributes to death and disability 

GBD 2015 Obesity Collaborators N Engl J Med 2017;377:13–27
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Disability-adjusted life-years in 2015

Musculoskeletal disorders Cardiovascular diseases Cancers Chronic kidney disease Diabetes mellitus

CVD, related to a high BMI, 
accounted for 2.7 million 

deaths 

34% of DALYs were the 
result of CVD in people 

with obesity



Pulmonary disease
abnormal function
obstructive sleep apnea
hypoventilation syndrome

Nonalcoholic fatty liver 
disease
steatosis
steatohepatitis
cirrhosis

Coronary heart disease
     Diabetes
     Dyslipidemia
     Hypertension

Gynecologic abnormalities
abnormal menses
infertility
polycystic ovarian syndrome

Osteoarthritis

Skin

Gall bladder disease

Cancer
breast, uterus, cervix
colon, esophagus, pancreas
kidney, prostate

Phlebitis
venous stasis

Gout

Medical Complications of Obesity
Idiopathic intracranial 
hypertension

Stroke

Cataracts

Severe pancreatitis



Caleyachetty R et l. Am Coll Cardiol 2017;70:1429-37



Caleyachetty R et l. Am Coll Cardiol 2017;70:1429-37





NEJM 2013;369:145-154 

Control group (N. 2575 with T2DM): Standard diabetes support and education.

Intervention group (N. 2570 with T2DM): Intensive lifestyle interventiom



NEJM 2013;369:145-154 



Lancet Endocrinol 2016;4:913-921 
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Gut-brain
hormonal
interactions



Merchenthaler et al. J Comp Neurol 1999;403:261–80
Baggio, Drucker. Gastroenterology 2007;132:2131–57
Ducker, Nauck. Lancet 2006;368:1696–705

What is GLP-1?

• GLP-1 is a peptide 
comprised of 31 amino 
acids

• Member of incretin family
• Secreted predominantly 

from L-cells in the gut, but 
also the brain (nucleus 
tractus solitarius)

t½=1.5–2 min

Enzymatic degradation by DPP-4

Human endogenous GLP-1

LysLys

HisHis AlaAla ThrThr ThrThr SerSerPhePheGluGlu GlyGly
AspAsp

ValVal

SerSer

SerSerTyrTyrLeuLeuGluGluGlyGlyAlaAlaAlaAla GlnGlnLysLys

PhePhe

GluGlu

IleIle AlaAla TrpTrp LeuLeu GlyGlyValVal GlyGly ArgArg



Principali effetti di GLP-1











Knudsen et al. J Med Chem 2000;43:1664–9; 
Degn et al. Diabetes 2004;53:1187–94

Liraglutide is a once-daily, human GLP-1 analogue

Human endogenous GLP-1

T½= ~2 mins

Liraglutide

Slow absorption from subcutis
Resistant to DPP-4

Long plasma half-life
(T½=13 h)

97% amino acid homology to human GLP-1; 
improved PK: albumin binding through 

acylation; heptamer formation

LysLys

HisHis AlaAla ThrThr ThrThr SerSerPhePheGluGlu GlyGly AspAsp

ValVal

SerSer

SerSerTyrTyrLeuLeuGluGluGlyGlyAlaAlaAlaAla GlnGlnLysLys

PhePhe

GluGlu

IleIle AlaAla TrpTrp LeuLeu GlyGlyValVal GlyGly ArgArg

C-16 fatty acid
(palmitoyl)

HisHis AlaAla ThrThr ThrThr SerSerPhePheGluGlu GlyGly AspAsp

ValVal

SerSer

SerSerTyrTyrLeuLeuGluGluGlyGlyAlaAlaAlaAla GlnGlnLysLys

PhePhe

GluGlu

IleIle AlaAla TrpTrp LeuLeu GlyGlyValVal GlyGly ArgArg

GluGlu

ArgArg



Liraglutide594 was localised in CART/POMC neurons in rat brain

Liraglutide594, Alexa Fluor®594 C5-maleimide-liraglutide; CART, cocaine- and amphetamine-regulated transcript; POMC, pro-opiomelanocortin 
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CART Liraglutide594

Secher et al. J Clin Invest 2014;124:4473–88



*P<0.05 compared with saline treatment, same genotype unless otherwise indicated

Sisley et al. J Clin Invest 2014;124:2456–63
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Saline Liraglutide

* *

Brain GLP-1 receptors mediate the body weight 
lowering effect of liraglutide 

Peripheral nervous system GLP-1R-/-

Brain GLP-1R-/-

Control
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LEADER
Liraglutide and cardiovascular ourcomes in type 2 diabetes

Marso et al. NEJM 2016;375:311-22

Major inclusion criteria

- Age ≥ 50 years with at least one cardiovascular coexisting condition:

    coronary heart disease, cerebrovascular disease, peripheral vascular disease, 
chronic kidney disease of stage 3 or greater, chronic heart failure of NYHA 

class II or III.

- Age ≥ 60 years with at least one cardiovascular risk factor

microalbuminuria or proteinuria, hypertension and left ventricular hypertrophy, 
left ventricular systolic or diastolic dysfunction, ankle–brachial index of less 

than 0.9.



LEADER
Liraglutide and cardiovascular ourcomes in type 2 diabetes

Marso et al. NEJM 2016;375:311-22



LEADER
Liraglutide and cardiovascular ourcomes in type 2 diabetes

Marso et al. NEJM 2016;375:311-22



1. Lixisenatide Pfeffer M et al. N Engl J Med 2015;373:2247–57. 2. Exenatide Holman RR et 
al. N Engl J Med 2017;377:1228–1239; 3. Liraglutide Marso SP et al. N Engl J Med 
2016;375:311–322; 4. Semaglutide Marso SP et al. N Engl J Med 2016;375:1834–1844; 5. 
Albiglutide Hernandez AF et al. Lancet 2018;392:1519–1529

CVD Outcome studies  with GLP-1RA

All-cause
mortality

Stroke

ELIXA1 HR: 0.98 (0.78; 1.22)

EXSCEL2 HR: 0.88 (0.76; 1.02)

HR: 0.91 (0.81; 1.03) 

LEADER3 HR: 0.78 (0.66; 0.93)

SUSTAIN 64 HR: 0.98 (0.65; 1.48)

Harmony5 HR: 0.93 (0.73; 1.19)

HR: 0.85 (0.74; 0.97)

Overall HR: 0.88 (0.80; 0.96)

1.0 2.00.5

CV mortality
ELIXA1 HR: 0.94 (0.78; 1.13)

EXSCEL2 HR: 0.86 (0.77; 0.97)

HR: 0.91 (0.81; 1.03) 

LEADER3 HR: 0.85 (0.74; 0.97)

SUSTAIN 64 HR: 0.98 (0.65; 1.48)

Harmony5 HR: 0.95 (0.79; 1.16)

HR: 0.85 (0.74; 0.97)

Overall HR: 0.88 (0.80; 0.96)

1.0 2.00.5

ELIXA1 HR: 1.03 (0.87; 1.22)

EXSCEL2 HR: 0.97 (0.85; 1.10)

HR: 0.99 (0.90; 1.10)

LEADER3 HR: 0.88 (0.75; 1.03)

SUSTAIN 64 HR: 0.74 (0.51; 1.08)

Harmony5 HR: 0.75 (0.61; 0.90)

HR: 0.81 (0.72; 0.91)

Overall HR: 0.90 (0.80; 1.00)

Myocardial 
infarction

ELIXA1 HR: 1.12 (0.79; 1.58)

EXSCEL2 HR: 0.85 (0.70; 1.03)

HR: 0.93 (0.72; 1.21)

LEADER3 HR: 0.89 (0.72; 1.11)

SUSTAIN 64 HR: 0.61 (0.38; 0.99)

Harmony5 HR: 0.86 (0.66; 1.14)

HR: 0.84 (0.72; 0.98)

Overall HR: 0.87 (0.77; 0.97)

1.0 2.00.5

Favours placeboFavours GLP-1RAFavours placeboFavours GLP-1RA



Management of hyperglycaemia in type 2 diabetes, 2018. A consensus report by the 
American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD)
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Astrup A et al. Int J Obesity 2012;36:843-854



Liraglutide 3.0 mg
n=212

Placebo
n=210

SCALE Maintenance (1923)

Liraglutide 3.0 mg
n=180

Placebo
n=179

SCALE Sleep Apnoea (3970)

SCALE Obesity and Prediabetes (1839)

Liraglutide 3.0 mg
n=423 

Placebo
n=212 

Liraglutide 1.8 mg 
n=211

SCALE Diabetes (1922)

Liraglutide 3.0 mg 
n=2487

Placebo             
n=1244

Weight management in 
type 2 diabetes

Weight management & 
delayed onset of diabetes 

Prevention of
weight regain 

Effect of liraglutide in 
obese subjects with 

moderate to severe OSA

SCALE Phase 3a clinical trial programme

Wadden et al. Int J Obesity 2013;37:1443-51Pi-Sunyer et al. NEJM 2015;373:11-22

Davies et al. JAMA 2015;314:687-99 Blackman et al. Int J Obesity 2016;40:1310-9



0.6 mg

1.2 mg

1.8 mg

2.4 mg

Week

Screening

Liraglutide 3.0 mg/day

Placebo

Randomisation
2:1

Dose 
escalation

EOS

Liraglutide 3.0 mg/day

Placebo

Liraglutide 3.0 mg/day

Placebo

Without
Prediabetes

With
Prediabetes

0.6 mg

1.2 mg

1.8 mg

2.4 mg

Observational follow-up

EOT

Inclusion criteria:
• BMI: ≥30 or (≥27 + 

comorbidities*)
• Stable body weight and 

preceding failed dietary 
effort  Follow-up

Re-randomisation 1:1 EOT** EOS

SCALE Obesity and Prediabetes – Trial design

17216068 7056–2 0 4

500 kcal/day deficit diet + increased physical activity (min. 150 min/week)

Pi-Sunyer et al. NEJM 2015;373:11-22



SCALE Obesity and Prediabetes

Pi-Sunyer et al. NEJM 2015;373:11-22



Le Roux C et al. Lancet 2017;389:1399-409.



Le Roux C et al. Lancet 2017;389:1399-409.



SUSTAIN-6: Semaglutide and cardiovascular outcomes in patients with type 2 diabetes

Marso SP et al. N Engl J Med 2016;375:1834



O’Neil PM et al. Lancet 2018;392:637



SELECT TRIAL



SELECT TRIAL

Major inclusion criteria

- Age ≥ 45 years 

- BMI ≥ 27 kg/m2

- Established CV as evidenced by one of the followings:

    - prior myocardial infarction
- prior stroke (ischemic or hemorragic stroke)
- symptomatic peripheral vascular disease 



Grazie per 
l’attenzione !!!

luca.busetto@unipd.it

Luca Busetto

@busetto_luca
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