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Cardiovascular disease in diabetes mellitus
Atherosclerosis

Low Wang et al Circulation, 2016
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Cardiovascular disease in diabetes mellitus
Heart failure

Low Wang et al Circulation, 2016
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Acute vascular
effects of Insulin
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Percent change in FBF after 90 minutes of low-dose (430 pmol·m−2·min−1) and high-dose 
(860 pmol·m−2·min−1) insulin infusions in control arm (insulin) and experimental arm 

(ouabain+insulin).

Tack CJ et al. Hypertension 1996;28:426-432

Copyright © American Heart Association

Na+, K(+)-ATPase
(mediated through endothelial

NO synthase)
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Altered microvasculature
in pats with T2DM
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Incidence Rate of CHD Events: The role of 
microvascular complications
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Adjusted event rates for the primary outcome by cumulative 
burden of microvascular disease and established risk factor goals

Brownrigg JR et al Lancet Diabetes & Endocrinology, 2016
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Acute metabolic
effects of Insulin
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Cardiac energy
metabolism
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PVA:
pressure-volume area
(Pig model)

GIK:
glucose+insulin+K

IH:
Intralipid+heparin

Korvald C  et al,
Am J Physiol 2000

Metabolic switch: why ?

Diapositiva preparata da Gianluca Perseghin e ceduta alla Società Italiana di Diabetologia. 

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



Maladaptation of energy
metabolism to insulin

stimulation in pats 
with T2DM
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Iozzo et al. Diabetologia 2002

Myocardial insulin resistance in T2DM
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Iozzo P et al Diabetes, 2002

Myocardial insulin 
resistance in T2DM

Baseline blood flow (15O-water) 
and insulin-stimulated glucose 
uptake (18fluoro-deoxyglucose) 
during clamps combined with 
PET
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Cardiac energy 
metabolism in T2DM
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Obesity: metabolic abnormalities in the absence 
of functional alterations

Perseghin G  et al, Diabetes Care 2007
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Direct and indirect
beneficial effects

of insulin …..
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Left ventricular ejection fraction in Type 2 patients with 
known CHD after 2-months period

glibenclamide vs. insulin
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Fragasso G et al, Eur Heart J 2006

Metabolic therapy in cardiac failure: effects of 
Trimetazidine in the chronic setting (3 months)

P = 0.03
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….. with
caution ….
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Suppression of NEFA availability

Salerno A et al Acta Diabetol 2015
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Conclusioni
1. L’insulina induce acutamente benefici effetti diretti e 

indiretti emodinamici e metabolici sul miocardio

2. Il diabete, l’insulino-resistenza e la disfunzione 
endoteliale/microangiopatia associate contrastano e 
annullano questi effetti positivi dell’insulina

3. L’insulina costituisce un approccio terapeutico 
«safe» a patto da non indurre ipoglicemia e una 
contrazione eccessiva della disponibilità energetica

Diapositiva preparata da Gianluca Perseghin e ceduta alla Società Italiana di Diabetologia. 

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



O’Neill J Clin Invest 2005

Acute

Chronic ?
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Summary
Diabetes, ATS and heart failure

Acute effects of insulin
Chronic effects of insulin
Controversies
ORIGIN

GLP1-RA and risk factors of ATS
Effects on LV function/reperfusion injury - animals
Effects on LV function/reperfusion injury - humans
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Diabetes &
atherosclerosis
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Copyright © 2012

Diabetes & atherosclerosis

Wang CCL  Am J Cardiol 2012
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Diabetes & heart failure
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Prevalence

Annual Incidence

Diabetes and heart failure

Nichols GA Diabetes Care, 2001 

9,591 T2DM individuals
Vs.

9,591 non diabetic subjects

12.0% vs. 4.5%

follow-up: 30 months

7.7% vs. 3.4%
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Metabolic switch in heart failure

Neubauer S. N Engl J Med, 2007Taegtmeyer H et al Circulation, 2002

Cardiac metabolic adaptation
in heart failure
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Gel shift assay showing the relative NFκB binding to the double-
stranded oligonucleotide containing NFκB DNA binding site 

following insulin or dextrose infusion. 

Dandona P et al. JCEM 2001;86:3257-3265

In vivo in human
mononuclear cell

Diapositiva preparata da Gianluca Perseghin e ceduta alla Società Italiana di Diabetologia. 

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



Morphometric analysis of vessels from wild-type (WT), IRS-
1−/−, and IRS-2−/− mice. 

Kubota T et al. Circulation 2003;107:3073-3080
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Acute effects of insulin
Mechanistic rationale
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Basal Insulin - Endothelial regeneration
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Controversies
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DIGAMI: mortalità a lungo termine e 
glicemia basale (at admission)
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ECLA STUDY
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Cardiovascular effects
of GLP1-RA
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Blood Pressure
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Liraglutide and blood 
pressure
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Okerson T et al. Am J Hypertens 2009

Exenatide and blood pressure
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Lipids
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Il compenso glicemico ottenuto non è soddisfacente 
(HbA1c 7.5%, obiettivo < 7%)

Cosa associereste alla metformina a basso 
dosaggio e alla basale ? 

1. lascerei la terapia immodificata
2. introdurrei Sitagliptin 100 mg die
3. introdurrei Sitagliptin 50 mg die
4. introdurrei GLP1-RA
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Dobbiamo modificare la terapia anti-iperglicemica 
del Sig Mario?

Viene impostata la seguente terapia
metformina 500 x 2 die
glargine 18UI alle 22
liraglutide 1.2 mcg 1 somm die

atorvastatina 80 mg dopo cena
clopidogrel 75 mg die
carvedilolo 6,25 x 2 die
amlodipina 5 mg die alla sera
ramipril 5 mg al mattino
ramipril + idroclorotiazide 5/25 alla sera
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A direct cardiovascular
role of GLP1-RA ? 
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Data in animal models

- GLP-1 may enhance recovery of LV function after transient 
coronary artery occlusion in an isolated rat heart model
- Beneficial outcomes were reported in the dog model of 
pacing-induced dilated cardiomyopathy

A role for GLP1R agonism ?
GLP-1 receptors have 

been demonstrated 
in cardiac myocytes

Yamamoto H et al J Clin Invest 
2002
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Effetti dell’infusione di GLP-1 sul 
“Ventricular Wall Motion” in soggetti con IM

Single-center pilot study (N=21)
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Mean ± SEM; Control Group, N=10; GLP-1 Group, N=11 (Patients with acute myocardial infarction (AMI) 
and LVEF <40% after successful primary angioplasty. LVEF = Left ventricular ejection function. 
Post IV GLP-1 = post 72-hour intravenous GLP-1 infusion.

Nikolaidis LA, Circulation  2004
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Effetto di 5 settimane di infusione di GLP-1 sulla 
frazione di eiezione ventricolare e lo stato funzionale in 

pazienti con scompenso cardiaco

Changes in left ventricular ejection fraction, and maximum myocardial ventilation oxygen
consumption after 5 weeks of GLP-1 infusion (n=12) versus control (n=9) in subjects

Sokos G , J Cardiac Fail  2006 
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Final infarct size and short-term
duration of ischemia

Lonborg J et al Circ Cardiovasc Interv 2012

Exenatide i.v 15 min before procedure and for 6 hours
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Lonborg J et al Circ Cardiovasc Interv 2012

Final infarct size and short-term
duration of ischemia

Exenatide i.v 15 min before procedure and for 6 hours
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Salvage Index and Final Infarct  Size in ST-segment elevation 
myocardial infarction treated by ballon angioplasty and exenatide or 

placebo infusion

p<0,03

p<0,03

Lonborg J, Eur Heart J 2011
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Grafico1

		Exenatide

		Placebo



Salvage Index

0.71

0.62



Foglio1

				Salvage Index		Serie 2		Serie 3

		Exenatide		0.71		2.4		2

		Placebo		0.62		4.4		2

		Categoria 3		3.5		1.8		3

		Categoria 4		4.5		2.8		5

				Per ridimensionare l'intervallo di dati del grafico, trascinare l'angolo inferiore destro dell'intervallo.






Grafico1

		Exenatide

		Placebo



Infarct Size

0.3

0.39



Foglio1

				Infarct Size		Serie 2		Serie 3

		Exenatide		0.3		2.4		2

		Placebo		0.39		4.4		2

		Categoria 3		3.5		1.8		3

		Categoria 4		4.5		2.8		5

				Per ridimensionare l'intervallo di dati del grafico, trascinare l'angolo inferiore destro dell'intervallo.







Cardiovascular safety

Diapositiva preparata da Gianluca Perseghin e ceduta alla Società Italiana di Diabetologia. 

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



Trials with at least 1 reported MACE
(63 studies)

Monami M et al Exp Diab Res 2011

Meta-analisi a 12 settimane
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Fonseca V Am J Cardiol 2011

Ongoing Trials: what to be expected

Elixa 2014 Lixisenatide in prevenzione secondaria
Rewind 2019 Dulaglutide 
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Il Sig Mario torna al controllo dopo 3 mesi

Esame Obiettivo

– PA: 140/85 mmHg; FC 78 bpm

– Peso: 83 Kg (- 4 kg), altezza 173 cm, BMI: 27.7 Kg/m2

– Circonferenza vita 105 cm

Esami ematochimici & strumentali

- FPG:  115 mg/dl e HbA1c: 6.8 %

- Creatinina stabile

- Col tot 201 mg/dL, HDL-col 46 mg/dL, trig 158 mg/L, LDL-col

123 mg/dL
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Reduced perfusion

Diastolic Dysfunction

Systolic Dysfunction

EKG alterations

Angina

CHF

Pioglitazone GLP-1 RA Insulin

How to achieve normoglycemia
in T2DM patients ?

Metformin GliptinsSU
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CONCLUSION

Diapositiva preparata da Gianluca Perseghin e ceduta alla Società Italiana di Diabetologia. 

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



Insulin elicits the release of vasoactive concentration of ATP 
and adenosine from human platelets via NO mechanism

Randriamboavonjy V et al. J Exp Med 2004;199:347-356

© 2004 Rockefeller University Press
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Diaz, R. et al. JAMA 2007;298:2399-2405

Rates of Death and Composite of Death
or Heart Failure at 3 Days
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MRC 21.4 23.6 -5.1 41.51968

Pentecost 15.0 16.0 -0.5 6.51968

Hjermann 10.6 20.0 -4.8 6.8 P = 0.071971

Rogers 6.5 12.3 -1.9 2.41983

Heng 8.3 0.0 0.6 0.21977

Satler 0.0 0.0 0.0 0.01987

Overview of GIK Therapy for Acute MI: 
A 30year Perspective

GIK Control O-E Variance
Mortality Rate (%)Study

GIK Better Placebo Better
Odds Ratio and Cls

All Patients 16.1 21.0 -24.0 70.4 P = 0.004

GIK = glucose–insulin–potassium; MI = myocardial infarction; CI = confidence interval.
Fath-Ordoubadi F, Beatt KJ. Circulation. 1997;96:1152–1156. Reprinted with permission 

(http://lww.com)

1

Year

Stanley 7.3 16.4 -2.5 2.81978

Mittra 11.8 28.3 -7.0 6.8 P = 0.0071965

Pilcher 13.9 29.3 -2.6 3.41967
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