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Prevalence of HF per 1,000 people.

Gregory A. Nichols et al. Dia Care 2001;24:1614-1619
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Prevalence of HF RCTs of 2 antidiabetic drugs 
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Annual incidence rates of HF per 1,000 people.

Gregory A. Nichols et al. Dia Care 2001;24:1614-1619
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Association between mean haemoglobin A1c 
concentration and all cause mortality and heart failure. 

Irene M Stratton et al. BMJ 2000;321:405-412
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Prevalence of T2DM in HF

Prevalence of T2DM without HF

Higher prevalence of diabetes in heart failure
Population-based data

Seferović PM et al. Eur J Heart Fail. 2018
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Prevalence of DM in RCTs of HF
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Tenenbaum A et al. Am J Med 2003 

- Observational study, n= 2,6216 patients without T2DM at baseline, follow-up: 7.7 years -

Comparison of curves 
(log-rank test): 
• class III vs. class I (P=0.02); 
• class II vs. class I (P=0.26).

Comparison of HR for T2DM:
• class III vs. class I: 

1.7 (95% CI 1.1 - 2.6).

Incidence rates of T2DM by NYHA class. 

2x
Ris
k

More severe HF is associated with a higher incidence of T2DM
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PARADIGM-HF: Dys-glycaemia in heart failure

8274 patients with HF-REF randomized in PARADIGM-HF. Diabetes =  
investigator reported diagnosis. Undiagnosed diabetes = no diagnosis of  

diabetes and HbA1c ≥ 6.5%. Pre-diabetes = no diabetes and HbA1c 6.0- <6.5%  
(caveat: single HbA1c measurement)
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Kristensen et al. Circulation Heart Fail 2016
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Kristensen et al. Circulation Heart Fail 2016
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Comorbidity Burden & Prognosis (ClinicalTrials.gov Identifier: NCT02946476 )
Impact of Comorbidities in HFpEF and HFrEF: 
Interaction analysis and Population Attributable Fraction  

 2,442 HF patients, 
 mean age 77±10, 
 65% male
 HFrEF 42%; HFpEF 58%

Similar prevalence
non-cardiac comorbidities

Iorio A, Senni M, … Eur J Heart Fail 2018

DM is one of the most disabling comorbidities complicating HF
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		Noncardiac comorbidities 

		

		Crude HR

(95% CI)

		Adjusted HR

(95% CI)

		PAF exp, % (95% CI)

		PAF pop, %

(95% CI)



		All-cause mortality



		Chronic obstructive pulmonary disease

		Overall

		1.7 (1.3-2.1)

		1.6 (1.3-1.9)

		39 (18-60)

		12 (6-17)



		

		HFpEF

		1.7 (1.3-2.3)

		1.4 (1.1-1.8)

		40 (16-64)

		13 (4-21)



		

		HFrEF

		1.7 (1.2-2.3)

		1.3 (1.2-1.8)

		45 (34-86)

		12 (3-21)



		Anemia

		Overall

		2 (1.6-2.5)

		1.9 (1.5-2.4)

		59 (33-85)

		18 (13-22)



		

		HFpEF

		1.6 (1.2-2.1)

		1.9 (1.4-2.6)

		42 (11-72)

		16 (2-24)



		

		HFrEF

		2.7 (2-3.8)

		1.9 (1.2-2.5)

		80 (41-98)

		23 (14-30)



		Chronic kidney disease

		Overall

		1.9 (1.5-2.3)

		1.7 (1.3-2.0)

		30 (14-42)

		21 (9-32)



		

		HFpEF

		1.6 (1.2-2.1)

		1.6 (1.3-2.1)

		28 (4-42)

		18 (6-30)



		

		HFrEF

		2.4 (1.7-3.3)

		1.9 (1.7-2.3)

		35 (12-56)

		26 (11-42)



		Diabetes mellitus

		Overall

		1.3 (1.1-1.6)

		1.4 (1.2-1.7)

		39 (18-60)

		18 (12-23)



		

		HFpEF

		1.3 (1.1-1.6)

		1.6 (1.4-2.4)

		32 (7-57)

		15 (5-25)



		

		HFrEF

		1.7 (1.3-2.3)

		1.8 (1.3-2.2)

		40 (14-86)

		22 (11-33)



		Peripheral vascular disease

		Overall

		1.3 (1.1-1.7)

		1.1 (0.9-1.5)

		-

		-



		

		HFpEF

		· (0.9-1.5)

		1.2 (1.1-1.9)

		-

		-



		

		HFrEF

		1.7 (1.3-2.5)

		1.3 (1.1-1.8)

		-

		-
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• VASODILATORS : V-HeFT I, PROFILE, FIRST --

• ACE INHIBITORS : V-HeFT II,  CONSENSUS, SAVE, --
SOLVD TREAT/PREV, 
NETWORK, ATLAS

• AII R ANTAGONISTS: ELITE, RESOLVD, ELITE II, VAL-HeFT --

• Ca ANTAGONISTS : PRAISE, V-HeFT III, MACH-1 --

• DIGITALIS : CAPTOPRIL-DIGOXIN MRG, CADS, --
RADIANCE, DIG

• INOTROPES : PROMISE, VEST, PRIME II --

• AMIODARONE : GESICA, CHF-STAT --

• BETA-BLOCKERS : XAMOTEROL, MDC, CIBIS I, CIBIS  II, --
ANZ, US  CARVEDILOL, MERIT, BEST
COPERNICUS, CAPRICORN

• ARNI : PARADIGM --

RANDOMIZED CLINICAL TRIALS in  HEART FAILURE (1986-2018)
HF

(including diabetes)
HF and diabetes
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Mohacsi P et al. Circulation 2001

COPERNICUS
Effect of Carvedilol on All-Cause Mortality
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Diabetic

Non-diabetic

Relative risk and 95% confidence intervals
0 0.25 0.5 0.75 1 1.25 1.5 1.75 2

US Carvedilol TrialsMERIT-HF

Effect of β-blockade on
All-cause Mortality by Diabetic status
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P = 0.04
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COMET
New onset of diabetes

Top Pedersen et al Heart 2007
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EMPHASIS‐HF 
Eplerenone and new‐onset diabetes

Preiss et al. European Journal of Heart Failure, 2014
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L.IT.MA.O2.2017.2189

Eur J Heart Fail 2015
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Vermes et al. Circulation 2003; 107: 1291-1296

SOLVD study : pazienti diabetici
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Shekelle et al: Journal of the American College of Cardiology Vol. 41, No. 9, 2003
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CHARM
Candesartan and new onset of diabetes
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PARADIGM-HF 
Changes in mean HbA1c in

Seferovic JP et al. The Lancet Diabetes & Endocrinology 2017

Diapositiva preparata da MICHELE SENNI e ceduta alla Società Italiana di Diabetologia. 

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



Kaplan-Meier curves of  time to 
insulin initiation

Seferovic JP et al. The Lancet Diabetes & Endocrinology 2017
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PARADIGM-HF
HFrEF, Diabetes and worsening renal function

Packer M et al. The Lancet Diabetes & Endocrinology 2018

Diapositiva preparata da MICHELE SENNI e ceduta alla Società Italiana di Diabetologia. 

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



Myocardial-Vascular Dysfunction and 
Remodeling 

*Reactive Oxygen Species
**Peroxynitrite
**Vascular Cell Adhesion Molecule
***Trasforming Growth Factor β

Vascular dysfunction

Fibrosis

Modified from: Paulus and Tschoepe, JACC 2013 
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NO/cGMP pathway

Myocardial
dysfunction

Vascular
dysfunction

Senni M et al. Eur Heart J 2014
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Masuyama et al., Hypertension. 2006 Nov;48(5):972-8

Rat model of hypertension induced by infusion of Ang II

*P<0.05, **P<0.01 vs. control without Ang II and BAY,  †P<0.05, 
‡P<0.01, vs Ang II without BAY (one-way ANOVA followed by 
Scheffe’s test); mean+SEM.

Myocardial
interstitium

Intramyocardial
coronary arteries

sGCs Produce Pressure-independent Reduction of 
Left Ventricular & Vascular Fibrosis
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Reduction of cardiac & renal fibrosis –
important co-morbidity in heart failure

Sharkovska et al. J Hypertens. 2010 Aug;28(8):1666-75
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sGC stimulator riociguat

Riociguat was administered per os by gavage once daily (3 and 10 mg/kg per day)
* P<0.05 vs. control (unpaired t-test); mean+SEM
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Myocyte hypetrophy
LV stiffness
Fibroblast proliferation

Fibroblast proliferation
Diuresis and natriureis

Endothelial dysfunction
Fibroblast proliferation
Arterial stiffness

NPs
ADM

CGRP
BK

Sac/vals mechanisms of action in HFpEF

Substrates

ET-1
ALD

AT I-II 

Multiorgan
beneficial effect

Inhibited by 
RAAS inhibitors

Myocardium action

Volume overload

Improvement of 
arterial ventricular
coupling

LVEDP 
rest/effort

HF signs
and symptoms

Neprilysin inhibition NPs

Gori M, D’Elia E, Senni M. 
Int J Cardiol 2018
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Conclusions
Heart failure: Why does diabetes matter?

• Higher mortality rate
• Higher hospitalization rate
• Worse renal function
• More left ventricular “diastolic
dysfunction”
• Abnormal myocardial metabolism

In both HFrEF and HFpEF
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Conclusions
Treatment of HF in diabetes: Key points

•Response to most evidence-based treatments 
similar in those  with and without diabetes -
ACE inhibitors/ARBs, beta-blockers,  
ivabradine, MRAs.

• In patients with diabetes in PARADIGM-HF, 
sacubitril/valsartan:
- lowered HbA1c
- delayed the time of insulin initiation
- reduced the worsening renal function
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