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HF reduced EF 
30 Years of 

Progress 
Positive 
HF Trials 

1986-2001

John Mc Murray. European Heart Journal.36.10.1093 



HF reduced EF 
30 Years of 

Progress 
Positive 
HF Trials 

2001-2014 

John Mc Murray. European Heart Journal.36.10.1093 





Objectives

• Review the association between diabetes and heart failure

• Glycemic control and heart failure 

• Associations of glycemic medications with risks of cardiovascular events and 
heart failure hospitalization 

• Cardiovascular therapy for the patient with diabetes and heart failure 



Type 2 
Diabetes and 
Risk of Heart 

Failure

Up to 50% people with T2D may develop heart failure

5-year mortality rate after hospitalization for HF id 40 % 

ADA Diabetes Care 2019 . 2019;42: S1-S 193, Lohehr LR. Et al. 
New York Heart Association (NYHA) Heart Failure Symptom Classification System 
Am J Cardiol.2008; 101 (7): 1016-1022 



DM as cause of HF: Coronaries vs. Muscle 



VERMA S ET AL CURR OPIN CARDIOLOGY 2019;34 (5): 578-583 PREDICTING THE RISK IN PATIENTS WITH TYPE 2 DM W/O ESTABLISHED CARDIOVASCULAR DISEASE OR HEART FAILURE



New Type of 
Cardiomyopathy 

Associated 
With Diabetic 

Glomerulosclerosis

Am J Cardiol.1972 Nov 8;30(6):595-602.



Myocardium Glomerulus

Am J Cardiol.1972 Nov 8;30(6):595-602.



Diabetes Increases Risk of CV Events in Stable Patients 
20-year F/U in Framingham Heart Study

Kannel Mc Gee  , JAMA. 1979 241: 2035 241: 20135



Diabetes 
Increases Risk of 
CHF Framingham 

Heart Study



Swedish National Diabetes Registry
Unlike with MI, Residual HF Risk Remains Despite Optimal Control of  Traditional CV Risk Factors



Swedish National Diabetes Registry





Heart Failure is a Common Presentation of CV disease 
in Patients With Diabetes

Lancet Diabetes Endocrinology  2015; 3: 105 -13 



Risk of Death is 
High in Patients 
with Heart 
Failure and  
Diabetes 

J Am Coll Cardiol 2004; 43; 771- 7 

N= 5,491 Pts with HF in 
DIAMOND Trial = 



Potential Mechanisms for Heart Failure in Patients With Diabetes 

Marwick, T.H.et al. J AM Coll Cardiol.2018;71:339 



© 2019 by the American Heart 
Association, Inc., and the Heart Failure 

Society of America.



Diabetes 
Substantially 

Increases Risk 
of Heart Failure 

REACH Study 

45,227 had follow-up at 4 years 
43.6% (n=19 699) had diabetes mellitus at baseline

Cavender et al. Circulation. 2015;  132: 923 



Phenotypes of Heart Failure 
in Patients with Diabetes 

Systolic Dysfunction with Preserved EF Diastolic Disfunction 

Marwick, T.H.et al. J AM Coll Cardiol.2018;71:339



Objectives

• Review the association between diabetes and heart failure

• Glycemic control and heart failure

• Associations of glycemic medications with risks of cardiovascular events and 
heart failure hospitalization

• Cardiovascular therapy for the patient with diabetes and heart failure



Relationship 
between 
CV Events 
and HbA1c

N= 16 ,492 

with T2DM

Cavender MA, The American Journal of Medicine 2016 129, 340.e1-340



Kaiser Diabetes Register  
N = 48, 858 

Each 1 % increase in Hgb A1C 
was associated with an 8 % 

increased risk of heart failure 

Circulation. 2001;103:2668-2673 



Intensive 
Glucose 

Control and 
Outcomes-
Metanalysis 
n=27,049  

Turnbull et. Al, Diabetology 2009 Turnbull et al, Diabetologia 2009 



Intensive 
Glucose 

Control and 
Outcomes 

While Glucose Control Is Fundamental to Management of T2D, 
It Does Not Reduce the Risk of HF Outcomes

Turnbull et. Al, Diabetology 2009 



A1c and HF 
in a 

Nutshell 

The association between HbA1c and mortality among patients with HF is 
consistently U shaped, with the lowest mortality in patients with HbA1C 7% to 8%

HbA1c 

MORTALITY 



Glycemic 
Control and 

Heart Failure 

© 2019 by the American Heart Association, Inc., and the Hear 

Failure Society of America.



More recent trials….. 

• More recent RCTs have focused on the cardiovascular safety of glucose-lowering 
drugs as mandated by FDA (2008)  rather than the potential benefits of lower 
HbA1c targets or more intensive therapies.

• These trials focused on the conventional 3-point MACE but sometimes included 
HF as a secondary end point

• HF benefits did not correlate with the degree of HbA1c reduction between (0.3% 
and 0.6%)  and were thus largely independent of glycemic control



Objectives

• Review the association between diabetes and heart failure

• Glycemic control and heart failure 

• Associations of glycemic medications with risks of cardiovascular events and 
heart failure hospitalization 

• Cardiovascular therapy for the patient with diabetes and heart failure 



DM drugs and HF clinical considerations 

• Metformin

• Thiazolidinedione (TZD)

• Insulin and sulfonylureas 

• DPP-IV Inhibitors

• GLP-1 agonist

• SGLT2 Inhibitors



Metformin Use 
and Mortality 
in Ambulatory 
Patients with 
Diabetes and 
Heart Failure

David Aguilar. Circulation: Heart Failure. Metformin Use and Mortality 

in Ambulatory Patients With Diabetes and Heart Failure, Volume: 4, 

Issue: 1, Pages: 53-58, 

N = 6,185

© 2011 American Heart Association, Inc.



Metformin 

• Multiple observational studies suggest a survival 
benefit

• FDA removed HF as a contraindication to 
metformin use in 2006



Metformin

• In a large (n 30,000),  propensity-matched observational study, initiation of 
metformin was associated with lower risk of HF hospitalization than sulfonylurea 
drugs  (Roumey et al 2017)

• It is reasonable to use metformin in patients with DM at risk of or with 
established HF

• Metformin should be discontinued in patients presenting with acute conditions 
associated with lactic acidosis, such as cardiogenic or distributive shock



DM drugs and HF clinical considerations 

• Metformin

• Thiazolidinedione (TZD)

• Insulin and sulfonylureas 

• DPP-IV Inhibitors

• GLP-1 agonist

• SGLT2 Inhibitors



Rosiglatazone and HF

TZDs are not recommended in 
patients with established HF and 
may increase the risk of HF events 
in individuals with DM without HF

RECORD STUDY 

N= 4,447

DM type 2 

Home PD et al. Lancet 2009; 2125-35 373 



DM drugs and HF clinical considerations 

• Metformin

• Thiazolidinedione (TZD)

• Insulin and sulfonylureas 

• DPP-IV Inhibitors

• GLP-1 agonist

• SGLT2 Inhibitors



Insulin

• The only RCT to specifically assess the cardiovascular safety of insulin was the 
ORIGIN N= 12 537 to insulin glargine or standard care and found no difference in 
any cardiovascular outcomes, including hospitalization for HF

• In contrast, observational studies suggested an increase in HF with insulin 
therapy.

• Insulin is sometimes required to achieve adequate glycemic control in individuals 
with DM and HF. Insulin use is associated with weight gain and risk of 
hypoglycemia and should be used with caution 

• Metformin and SGLT-2 inhibitors, are preferred if adequate glycemic control can 
be achieved without insulin



Sulfonylureas

• CAROLINA trial (Cardiovascular Outcome Study of Linagliptin Versus Glimepiride 
in Patients With Type 2 Diabetes) - No inferiority MACE no data for HF

• In observational studies of patients with DM and HF, sulfonylurea therapy was 
associated with greater risk of death than metformin

• Use of other agents, such as metformin and SGLT-2 (sodium glucose 
cotransporter type 2) inhibitors (see SGLT2 Inhibitors), is preferable to use of 
sulfonylurea drugs in patients at high risk for HF and those with established HF



DM drugs and HF clinical considerations 

• Metformin

• Thiazolidinedione (TZD)

• Insulin and sulfonylureas 

• DPP-IV Inhibitors

• GLP-1 agonist

• SGLT2 Inhibitors







Linagliptin 
Effects on HF 
(CARMELINA)  

Darren K. McGuire. Circulation. Linagliptin Effects on Heart Failure and Related Outcomes in Individuals With Type 2 Diabetes Mellitus at 
High Cardiovascular and Renal Risk in CARMELINA

© 2018 American Heart Association, Inc.



Shannon M. Dunlay. Circulation. Type 2 Diabetes Mellitus and Heart Failure: A Scientific Statement From the American Heart Association and the Heart Failure Society of America: This 

statement does not represent an update of the 2017 ACC/AHA/HFSA heart failure guideline update, Volume: 140, Issue: 7, Pages: e294-e324

© 2019 by the American Heart Association, Inc., and the Heart Failure Society of America.





DM drugs and HF clinical considerations 

• Metformin

• Thiazolidinedione (TZD)

• Insulin and sulfonylureas 

• DPP-IV Inhibitors

• GLP-1 agonist

• SGLT2 Inhibitors



Potential 
Mechanisms 
of CV Benefit 
with GLP-1 

Agonists 

Circulation. 2017 Aug 29;136(9):849-870



Impact of GLP-1 Agonists on Cardiovascular End Points in 
Cardiovascular Outcomes Trials

MedicationTrial 
(Year)

Population N % HF
Median Follow-
Up, y

Primary Outcome
Impact on Primary 
Cardiovascular End 
Point

Impact on HF 
Hospitalization

Lixisenatide -
ELIXA (2015)93 Recent ACS 6068 22 2.1

Cardiovascular 
death, MI, UA, 
stroke

No difference in risk 
(HR, 1.02 [95% CI, 
0.89–1.17])

No difference in risk 
(HR, 0.96 [95% CI, 
0.75–1.23])

Liraglutide -
LEADER (2016)91 CVD or high risk 9340 14 3.8

Cardiovascular 
death, MI, stroke

Decreased risk (HR, 
0.87 [95% CI, 0.78–
0.97])

No difference in risk 
(HR, 0.87 [95% CI, 
0.73–1.05])

Semaglutide -
SUSTAIN-6 
(2017)92

CVD or high risk 3297 24 2.1
Cardiovascular 
death, MI stroke

Decreased risk (HR, 
0.74 [95% CI, 0.58–
0.95])

No difference in risk 
(HR, 1.11 [95% CI, 
0.77–1.61])

Exenatide -
EXSCEL (2017)109 +/− CVD 14 752 16 3.2

Cardiovascular 
death, MI, stroke

No significant 
difference* (HR, 
0.91 [95% CI, 0.83–
1.00])

No difference in risk 
(HR, 0.94 [95% CI, 
0.78–1.13])

Circulation 2019 Aug 13;140(7):e294-e324

https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000000691?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed#R93
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000000691?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed#R91
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000000691?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed#R92
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000000691?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed#R109
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000000691?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed#tab3fn2


Effects of Liraglutide 
on Clinical Stability 

Among Patients 
With Advanced HF 

and Reduced EF

N= 300, EF< 40 %

JAMA. 2016;316(5):500-508



Shannon M. Dunlay. Circulation. Type 2 Diabetes Mellitus and Heart Failure: A Scientific Statement From the American Heart Association and the Heart Failure Society of America: This 

statement does not represent an update of the 2017 ACC/AHA/HFSA heart failure guideline update, Volume: 140, Issue: 7, Pages: e294-e324

© 2019 by the American Heart Association, Inc., and the Heart Failure Society of America.



DM drugs and HF clinical considerations 

• Metformin

• Thiazolidinedione (TZD)

• Insulin and sulfonylureas 

• DPP-IV Inhibitors

• GLP-1 agonist

• SGLT2 Inhibitors



SGLT 2 
Inhibitors 

Wright , EM. Am J Physiol Renal Physiol. 2001;280 F 10



SGLT 2 
Inhibitors 

Verma S et al JAMA Cardiology. 2017;2: 939-940



SGLT 2 
Inhibitors 



Zelniker ET AL. Lancet.2019; 393: 31-39





Hospitalization for 
Heart Failure 

EMPA-REG OUTCOME 
trial

✓ 35% reduction in HF 
hospitalizations, an effect that 
was observed within weeks of 
randomization

✓ 10% of patients had HF at 
baseline

✓ 14% relative decrease in the 
risk of major cardiovascular 
events

✓ 38% reduction in 
cardiovascular death

Zinman et al, N Engl J Med 2015; 373:2117-2128



A First Analysis From the EMPRISE Study
Elisabetta Patorno. Circulation. Empagliflozin and the Risk of Heart Failure Hospitalization in Routine Clinical Care, 

Volume: 139, Issue: 25, Pages: 2822-2830, DOI: (10.1161/CIRCULATIONAHA.118.039177) 

© 2019 American Heart Association, Inc.



CANVAS 
TRIAL 

14 % reduction in the risk of major cardiovascular events and a 
33% relative reduction in the risk of HF hospitalization 



CREDENCE CLINICAL TRIAL 
N = 4,401

• On September 30, the FDA granted Invokana® (canagliflozin) an indication to reduce the 
risk of ESKD, doubling of serum creatinine, CV death, and hospitalization for heart failure 
nephropathy with albuminuria ˃300 mg/d adults with T2DM

• Canagliflozin 100 mg a day with placebo 

• Adults ≥30 years of age with T2DM and chronic kidney disease—defined by an GFR of 30 
to <90 mL/min/1.73 m2 and urinary albumin-to-creatinine ratio <300 to 5,000 mg/g—
who were receiving a stable dose of an angiotensin-converting-enzyme inhibitor or an 
angiotensin-receptor blocker

• 30% Primary Endpoint, 39% Hospitalizations for Heart Failure



DECLARE

• Multiple CV RF N = 10,186

• Established CV = 6,974 

• CD and HFH 27 % RR reduction

New England Journal of Medicine 2019 
January 24; 380 (4): 347-357 



DECLARE

• October 21, 2019 – The U.S. Food and Drug Administration (FDA) has granted 
market clearance for AstraZeneca's dapagliflozin)to reduce the risk of 
hospitalization for heart failure (HF) in adults with type 2 diabetes (T2D) and 
established cardiovascular disease (CVD) or multiple cardiovascular (CV) risk 
factors.



DAPA HF 

Mc Murrray Presentation ESC 2019.  



DAPA HF

Mc Murrray Presentation ESC 2019.  



DAPA HF

Mc Murrray Presentation ESC 2019.  



DAPA HF

Mc Murrray Presentation ESC 2019.  



DAPA HF

Mc Murrray Presentation ESC 2019.  



DAPA HF

• NNT 21 

• Worsening HF  30 % 
reduction with dapagliflozin 

• CD 18 % reduction with 
dapagliflozin 

Mc Murrray Presentation ESC 2019.  



DAPA HF



Secondary Points 

• Time to the first occurrence of either of the components of the composite: 18 % 
CV death or  30 % hospitalization for HF.

• Improvement Kansas City cardiomyopathy Questionnaire – Quality of Life

• Decrease time to death from any cause 17 % 

• End Point Renal- No difference 



The DEFINE-HF Trial 
September 2019 

Effects on Biomarkers, Symptoms, 
and Functional Status in Patients 
With Heart Failure With Reduced 
Ejection Fraction N = 247 

12 weeks did not affect mean NT-
proBNP but increased the 
proportion of patients experiencing 
clinically meaningful improvements 
in HF-related health status





Objectives

• Review the association between diabetes and heart failure

• Glycemic control and heart failure 

• Choice of glucose-lowering pharmacotherapy in patients with DM at high risk for 
HF or with established HF

• Cardiovascular therapy for the patient with diabetes and heart failure 







1:1 Neprilysin/Valsartan vs. Enalapril 





Cardiovascular 
therapy for the 
patient with 
diabetes and 
heart failure 

Management of HF in patients with DM is largely the same as 
treatment of HF in patients without DM

HFrEF and HFpEF includes exercise training

HFrEF and HFpEF Management includes diuretic (for volume 
control, with careful use to avoid volume depletion) 

Secondary pharmacologic agents including mineralocorticoid 
receptor antagonist, ivabradine, hydralazine plus nitrate, 
dapagliflozin and digoxin are used as indicated.

Standard indications for implantable cardioverter defibrillator 
(ICD) and cardiac resynchronization therapy (CRT) apply to 
patients with DM and HF.



Glucose Control Remains the Foundation of Type 2 Diabetes Management
However, Reducing HF Risk is of Utmost Importance

“RCTs have shown a significant reduction in heart 
failure with use of an SGLT-2 inhibitor… the reduction in 
heart failure has been shown to extend to primary 
prevention populations.”

“In RCTs, SGLT-2 inhibitors reduced hospitalization for 
HF…Among patients with atherosclerotic 
cardiovascular disease at high risk of heart failure or in 
whom heart failure coexists, SGLT-2 inhibitors are 
preferred.”

In patients with T2D with CVD risk factors who need additional glycemic 
control after metformin, consider an SGLT-2i1

In patients with T2D where HF predominates, SGLT-2i preferred as a second 
agent after metformin2

1Arnett DK, et al, Circulation. 2019 Sep 10;140(11):e563-e595

2 American Diabetes Association. Diabetes Care. 2019;42(suppl1):S90-S102





Summary

• Diabetes is associated with an increased risk of heart failure that is present in 
patients with and without established cardiovascular disease

• Subclinical volume overload is common in patients with diabetes and associated 
with an increased risk of death 

• Glycemic control clearly reduces microvascular events; it is likely (although not 
definitely proven) that glycemic control reduces myocardial infarction with no 
effect on cardiovascular death or heart failure



Summary

• SGLT-2i lower glucose and 
reduce CV events, particularly 
HF, and are the preferred 
therapy for patients with DM 
at risk for heart failure

• Collaborative care between 
internal medicine/primary 
care physicians, 
endocrinologists, 
cardiologists, and nursing is 
needed to optimize the care 
of patients with diabetes

© 2019 by the American Heart Association, Inc., 
and the Heart Failure Society of America.



Summary

• SGLT-2 inhibitors have demonstrated benefit in reducing the risk of hHF among 
patients with T2D and stablished cardiovascular disease or multiple 
cardiovascular risk factors. 

• Routine clinical factors among patients with T2D may identify individuals at 
higher risk of the di novo heart failure. 

• Using these clinical risk factors in combination with natriuretic peptide may 
identify patients who may benefit from initiation of SGLT-2 inhibitors. 



• New ACC/AHF Hear Failure Guidelines due on 2021 - Pending new studies 

• Last  AHA/ HFS statement was published before the DAPA HF Results – Summer 2019 

• Use your endocrinology ART before treating patients 



Thank You!
Meliza Martinez Rodriguez, MD
Assistant Professor
Endocrinology, Diabetes and Metabolism Division
University of Puerto Rico School of Medicine




