
Impatto dei farmaci 

antidiabetici sullo 

scompenso cardiaco 

Riccardo Candido
S.S.D. Gestione Rete Diabetologica Aziendale

Azienda Sanitaria Universitaria Integrata di Triste



Il sottoscritto Riccardo Candido

DICHIARA

che negli ultimi 2 anni ha avuto i seguenti rapporti anche di 

finanziamento con soggetti portatori di interessi commerciali in 

campo sanitario:

Novo Nordisk, Roche Diagnostics, Johnson & Johnson Medical,

Eli Lilly Italy, Boehringer Ingelheim, Merck Sharp & Dohme,

Sanofi-Aventis, Takeda

In fede

Riccardo Candido



Age-associated prevalence of heart failure in 
diabetic and non-diabetic individuals
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Hazard ratios (HRs), with 95% CIs as floating absolute
risks, as an estimate of association between category of 
updated mean haemoglobin A1c (HbA1c) concentration

and heart failure

Stratton IM et al. BMJ 2000; 321: 405–12.



Effects in trials of more versus less intensive glycaemic
control on myocardial infarction (fatal or non-fatal) and 
heart failure resulting in admission to hospital or death

Turnbull FM et al. Diabetologia 2009; 52: 2288–98



Heart failure in type 2 diabetes mellitus: the 
ominous octet

Standl E. et al.  Circ Res. 2016;118:1830-1843



Options for Antidiabetic Treatment

Glucose 
dependent

GLP-1 Mimetics                   
Exenatide, Liraglutide, Lixisenatide 

Dulaglutide

-Glucosidase 

Inhibitors    
Acarbose                                        

DPP-4 Inhibitors                   
Sitagliptin, Vildagliptin,                     

Saxagliptin, Linagliptin, Alogliptin

Glucose 
independent

Exogenous
Insulin

Glinides

Sulfonylurea

Metformin

Pioglitazone

Inhibtion of Glucose 
Reabsorption

Insulin Resistance Insulin Secretion

Dapagliflozin, Canagliflozin Empagliflozin

Inhibition of Renal Glucose Reabsorption                      

SGLT2-Inhibitors
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Pooled adjusted risk ratios for metformin compared with other treatments for all-cause mortality
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Pooled adjusted risk ratio for metformin compared with other treatments
for HF admission
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Figure.

Kaplan-Meier curves and metformin treatment in a propensity score-matched, national

cohort of 6185 patients with heart failure and diabetes treated in ambulatory clinics at

Veterans Administration medical centers. In this cohort, 561 patients were treated with

metformin. Metformin treatment was associated with lower rates of mortality. Probability

value = 0.01 (log-rank). From Aguilar et al (24), with permission from the authors and

publisher.
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Metformin in Diabetic Patients with Heart Failure: Safe and

Effective?

Ijeoma Ananaba Ekeruo, MD, Amirreza Solhpour, MD, and Heinrich Taegtmeyer, MD, DPhil

The University of Texas Medical School at Houston, Division of Cardiovascular Medicine

Abstract

Management of diabetic patients with heart failure is a complex endeavor. The initial reluctance to

use metformin in these patients has given way to a broader acceptance after clinical trials and

meta-analyses have revealed that some of the insulin-sensitizing agents lead to adverse

cardiovascular events. We have proposed that an increase of substrate uptake by the insulin-

resistant heart is detrimental because the heart is already flooded with fuel. In light of this

evidence, metformin offers a unique safety profile in the patient with diabetes and heart failure.

Our article expands on the use of metformin in patients with heart failure. We propose that the

drug targets both the source as well as the destination (in this case the heart) of excess fuel. We

consider treatment of diabetic heart failure patients with metformin both safe and effective.

Keywords

Type 2 Diabetes Mellitus; Heart Failure; Anti-diabetic Drugs

Introduction

Of the estimated 25.8 million people with the diagnosis of type 2 diabetes in the United

States, about 30% will develop heart failure(1), contributing to the exorbitant cost of

diabetes. For example, in 2012 alone, the cost of diagnosed diabetes was $245 billion in

total with $176 billion of that being secondary to direct medical costs(2). Cardiovascular

complications accounted for the largest portion of this expenditure. Not surprisingly, the

treatment of diabetes in heart failure has received a fair amount of attention recently(3–5).

This prompted us to re-examine the choice of anti-diabetic drugs in patients with

compromised cardiac function. Prominent amongst those drugs is metformin, the safety and

efficacy of which will be discussed in this article. Our article follows a review on the use of

antidiabetic drugs in patients with heart failure in which we proposed that the management

of diabetes in heart failure patients should target the source, rather than the destination, of

excess fuel(6).
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Open Med 2011;5(1):e33-e34.

We hope that these formal regulatory changes, in
conjunction with support within clinical practice guidelines,
will alleviate any lingering concerns clinicians may have
about continuing or starting metformin in patients with
both diabetes and heart failure.



Diabetes Care 30:2773–2778, 2007

Kaplan-Meier estimates of time to serious heart failure



Pioglitazone and Heart  Failure

P<0.0001

P=0.003
P=0.007

PROACTIVE Trial. Lancet 2005;366:1279

Pioglitazone and Heart Failure

PROACTIVE Trial. Lancet 2005;366:1279



Diabetes Care 30:2773–2778, 2007



Varas-Lorenzo et al. BMC Cardiovascular Disorders 2014, 14:129
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Varas-Lorenzo et al. BMC Cardiovascular Disorders 2014, 14:129



Adjudicated Serious Events

Pioglitazone

(N=1535)

Sulfonylurea

(N=1493)

P value

N (%) N (%)

Any serious adverse events 208 (13.6) 195 (13.1) 0.69

Heart Failure 19 (1.2) 12 (0.8) 0.11

Any fracture

Pathological fractures

- Male (1774)

- Female (1254)

27 (1.8)

6 (0.4)

3 (0.3)

3 (0.5)

36 (2.4)

4 (0.3)

1 (0.1)

3 (0.5)

0.24

0.75

0.61

1.00

Macular edema 7 (0.5) 3 (0.2) 0.34

Lancet Diabetes Endocrinol 2017;5(11):887-897



N Engl J Med 2008;358:2560-72



Insulin-treated diabetes is associated with a 
marked increase in mortality in patients with 

advanced heart failure

Am Heart J. 2005;149(1):168-74

RESULTS
• Survival at 1 year was:

✓ 89.7% for nondiabetic patients
✓ 85.8% for non-insulin-treated diabetic patients
✓ 62.1% for insulin-treated diabetic patients

• Insulin-treated diabetes was found to be an independent
predictor of mortality (hazard ratio 4.30, 95% CI 1.69-10.94)
whereas non-insulin-treated diabetes was not (hazard ratio 0.95,
95% CI 0.31-2.93).



Giorda CB, et al. BMJ Open 2015;5:e007959.



N Engl J Med 2012;367:319-28



Tschöpe et al. BMC Endocrine Disorders 2012, 12:23
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Comparing the risks of hospitalized heart failure
associated with glinide, sulfonylurea, and 

acarbose use in type 2 diabetes.

• A significantly higher risk of HHF was found for glinide (adjusted
HR, 1.53; 95% CI, 1.24-1.88)…

• … but not for sulfonylurea (adjusted HR, 0.94; 95% CI, 0.80-
1.11), as compared with acarbose

• The elevated risk remained consistent across different
subgroups of patients as well as several sensitivity analyses
including exploring the impact of potential unmeasured
confounding.

Lee YC et al. Int J Cardiol. 2017;228:1007-1014 



Acarbose reduces the risk for myocardial
infarction in type 2 diabetic patients: meta-

analysis of seven long-term studies

Eur Heart J. 2004;25(1):10-6.

Whereas a significant reduc- tion of any cardiovascular
event and of MI was found in the group of 1248 patients
randomized to acarbose versus 932 patients randomized
to placebo, no significant difference was noted in terms
of HF outcomes.



Effects of acarbose on cardiovascular and diabetes
outcomes in patients with coronary heart disease and 

impaired glucose tolerance (ACE): a randomised, double-
blind, placebo-controlled trial

Lancet Diabetes Endocrinol. 2017;5(11):877-886

RESULTS
No significant differences were seen between treatment groups
for the secondary three-point composite outcome, death from any
cause, cardiovascular death, fatal or non-fatal myocardial
infarction, fatal or non-fatal stroke, hospital admission for unstable
angina, hospital admission for heart failure, or impaired renal
function.
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Summary of the clinical outcomes of the 
recent randamized large cohort trials for 

DPP4 inhibitors.

Bando YK and Murohara T. J Atheroscler Thromb, 2016; 23: 147-154



Summary of the clinical outcomes of the 
recent randamized large cohort trials for 

DPP4 inhibitors

Secrest MH et al. Trends in Cardiovasc Med 2017; 27:194–202 



Circulation. 2014 Oct 28;130(18):1579-88

Heart Failure, Saxagliptin and Diabetes Mellitus: Observations

from the SAVOR - TIMI 53 Randomized Trial.
Scirica BM, Braunwald E, Raz I, Cavender MA, Morrow DA, Jarolim P, Udell JA, Mosenzon O, Im K, Umez-Eronini

AA, Pollack PS, Hirshberg B, Frederich R, Lewis BS, McGuire DK, Davidson J, Steg PG, Bhatt DL; for the SAVOR-

TIMI 53 Steering Committee and Investigators

CONCLUSIONS: 

• Saxagliptin treatment was associated with an increased risk for 

hospitalization for heart failure.

• This increase in risk was highest among patients:

- with elevated levels of natriuretic peptides

- prior heart failure,

- chronic kidney disease. 



Heart failure in 
trials of patients
receiving a DPP4 
inhibitor versus 
all comparators

Wu S et al. Cardiovascular Therapeutics 32 (2014) 147–158 



Giorda CB, et al. BMJ Open 2015;5:e007959.





Diabetes Metab J 2015;39:373-383



Summary of the clinical outcomes of the 
recent randamized large cohort trials for 

GLP-1 agonists

Secrest MH et al. Trends in Cardiovasc Med 2017; 27:194–202 



EXSCEL Study: Additional Secondary Endpoints
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Holman RR et al. N Engl J Med 2017;377:1228-39.



Li et al. BMC Cardiovascular Disorders (2016) 16:91
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Empagliflozin, Cardiovascular Outcomes, and Mortality in 
Type 2 Diabetes

Zinman B et al. N Engl J Med. 2015;373(22):2117-28







The CVD-REAL Study: Hospitalization for heart 
failure primary analysis

P-value for SGLT2 inhibitor vs other glucose-lowering drug: <0.001 

Data are on treatment, unadjusted. 

Heterogeneity p-value: 0.169

Kosiborod M ei al. Circulation. 2017;136:249–259



*Model adjusted for history of heart failure, age, gender, frailty, history of myocardial infarction, history of atrial fibrillation, hypertension, obesity / body mass 

index, duration of diabetes, ACE inhibitor or ARB use; β-blocker or α-blocker use, Ca+-channel blocker use, loop diuretic use, thiazide diuretic use

P-value for SGLT2i vs other glucose-lowering drug: <0.001 Heterogeneity p-value: 0.440

The CVD-REAL Study
Hospitalization for heart failure sensitiviy analysis: On 

treatment, adjusted*

Kosiborod M ei al. Circulation. 2017;136:249–259



The CVD-REAL Study
Hospitalization for heart failure sensitivity analysis: Removal 

of patients with GLP-1 receptor agonists at baseline

P-value for SGLT2i vs other glucose-lowering drug: <0.001 Heterogeneity p-value: 0.229

Kosiborod M ei al. Circulation. 2017;136:249–259



The CVD-REAL Study
Hospitalization for heart failure: Stepwise 
removal of other glucose-lowering drugs

TZD removed TZD and insulin removed TZD, insulin and SU removed

P-value for SGLT2i vs other glucose-lowering drug: <0.001 for all

Heterogeneity p-value: 0.357 Heterogeneity p-value: 0.879 Heterogeneity p-value: 0.133

Kosiborod M ei al. Circulation. 2017;136:249–259



CVD-REAL Nordic
Dapagliflozin Compared to DPP-4 inhibitors 

P<0,001

Persson F et al. Diabetes Obesity and Metabolism 2017;1–8 

Pooled Kaplan–Meier curves for HHF



Hospitalization for Heart Failure

Hazard ratio 0.67 (95% CI, 0.52-0.87)

p value < 0.01
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N Engl J Med. 2017;377(7):644-657 







Impact of glucose-lowering drugs on major 
adverse CV outcome, and HF hospitalization

Fitchett DH et al. European Journal of Heart Failure (2016)


