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Objectives

❑ Discuss the association between diabetes and heart failure 

❑ The possible mechanisms for heart failure in diabetic patients

❑ Establish the relationship between glycemic control and heart 
failure

❑ Discuss the phenotypes of heart failure in patients with diabetes

❑ Discuss the relationship between cardiovascular markers and 
the risk for heart failure in patients with diabetes

❑ Antihyperglycemic agent evidence for use in this population



The Framingham 

heart study

Patients with T2DM are 

more than 2X more likely 

to develop HF than people 
without diabetes

1. Kenny HC, et al. Heart Failure in Type 2 Diabetes: Impact of Glucose-Lowering Agents, Heart Failure Therapies, and Novel Therapeutic Strategies. 

Circulation Research. Jan 2019; 124: 121-141.   2. Kannel ET AL. Role of Diabetes in Congestive Heart Failure: The Framingham Study. The American 

Journal of Cardiology. Vol 34. July 1974. 29-34. 

Risk remains 
high even after 

adjusting for 
CV risk factors



Risk of Death High in Patients with Heart Failure and Diabetes 
N: 5,491 pts Diamond Trial

HRadj 1.5
95%CI 1.3-1.6

P<0.001

J Am Coll Cardiol 2004;43:771-7

Adjusted for age, 

gender, smoking, 

previous MI, HTN, 

Afib, NYHA class, 

and wall motion 

index

55%



Heart Failure Risk Increased in Diabetes 
n: 19,699 pts in Reach Registry Study with DM

4 year F/U  

Circulation.2015;132:923-931. 



Potential mechanisms for heart failure in diabetic 

patients

Complex entity 

associated with multiple 

contributing mechanisms

1. Marwick, TH et al. J Am Coll Cardiol. 2018;71:339-351.

2. Bhatt DL. Cavender MA. 2014; JACC: Heart Failure 2(6): 583. 

Diabetes/Anti-
hyperglycemic 

therapy



➢Diabetic Cardiomyopathy
Defined as the existence of abnormal cardiac structure 

and performance in the absence of other cardiac risk 

factors, such CAD, hypertension, and significant 

valvular disease 

Term introduced by Rubler et al. 1972



Diabetes Affects the heart in different 

ways

➢ Atherosclerosis and hypertension are often present in diabetic patients and 
contribute to coronary artery disease (CAD) 

➢ Mayor drivers of myocardial dysfunction in T2DM:

➢ Hyperglycemia

➢ Insulin resistance/Hyperinsulinemia

➢ Metabolic changes

➢ Accumulation of AGEs 

➢ Oxidative stress

➢ Inflammation

Heart failure is a multifactorial 

disease in diabetic patients. 

Front Physiol. 2018 Oct 30;9:1514.

Clinically the diabetic heart is characterized by 

diastolic dysfunction with preserved Ejection fraction

by pathologic remodeling of the heart



Pathophysiology Diabetic Cardiomyopathy

Altered myocardial metabolism
⇑ Fatty acid oxidation

Hyperinsulinemia⇑ Free Fatty Acids Insulin resistance

Hyperglycemia

Impaired systolic 

function 

Myocardial hypertrophy

⇓ Myocardial energy 

production
⇓ Ca handling

⇑ Hexosamine pathway

Altered myocardial 

Ca levels 

Myocardial apoptosis

Fibrosis

Diabetic Cardiomyopathy 

Impaired diastolic 

function

Inflammation 

RAAS/Oxidative 

stress
AGE 

deposition

Microangiopathy 
Myocardial stiffness



Coronary Microvascular Dysfunction 

(CMD)

 Heart disease affecting the 

structure and function of 

small coronary arteries

 Most influential mechanism:

 Advanced glycocylated end 

products (AGEs) 

 Coronary Autonomic 

Neuropathy (CAN)

Reduced coronary microvascular density 

assoc w Fibrosis in HFpEF

Tissue 

Hypoxia

Circulation Research. Jan 2019; 124: 121-141



8% increase in Heart failure for every 1% rise  in HgbA1C
n= 48858 pts in the Kaiser Diabetes Registry

Circulation. 2001; 103:2668-2673



No relationship between glycemic control and HHF 

N: 87,162 pts/ 9 trials 

All 9 placebo 

controlled RCTS 

studies reported 

hospital admission for 

HF as a secondary 

outcome 

Kramer et al. J Am Coll Cardiol HF 2018

Data suggests that 

glycemic control is not 

likely a mechanistic 

basis for the diverse 

effects of these 

antidiabetic medication 

classes on HF risk 



Phenotypes of heart failure in diabetic patients

HFrEF

➢CAD mayor cause in T2DM

➢CAD in T2DM is usually diffuse, 
multi-vessel and may lead to 
silent MI 

➢HFrEF with non ischemic 
etiology- (Early EF can be 
normal)

Adapted from PACE CME Lecture: Heart Failure: The next frontier for SGLT2 inhibitors

Abnormal global longitudinal strain (GLS)= sensitive marker for 

early systolic dysfunction (normal EF)



Phenotypes of heart failure in diabetic patients

Adapted from PACE CME Lecture: Heart Failure: The next frontier for SGLT2 inhibitors

HFpEF

 Detected in 75% of T2DM 

patients and develops early 

in T2DM course 

 Degree of glucose 

dysregulation correlates with 

left ventricular diastolic 

dysfunction severity, ⇑ risk of 
incident HF and CV mortality

Detection of coronary microvascular dysfunction (CMD) helps 

reclassify these patients to higher risk



Cardiovascular Biomarkers and Risk of Heart Failure

Diabetes Care 2017; 40:1203-1209



Cardiovascular Biomarkers

 The use of biomarkers for the identification of LV dysfunction remains 

controversial. 

 Nonetheless, a natriuretic peptide–based screening strategy, based 

on low cutoff levels, is effective for detecting moderate diastolic 

dysfunction 

1. Marwick, TH et al. J Am Coll Cardiol. 2018;71:339-351. 

2. Am Heart J 2006;152:941-8. 

No clear consensus has been reached  

on clinical role of these biomarkers



Glucose 

Lowering Agents

and HF 

Outcome

Metformin

Thiazolidinediones (TZD)

DPP-IV inhibitors

GLP-1 Agonists

SGLT2 Inhibitors



Metformin Associated with Improved Outcomes in 

Medicare Patients Discharged After HHF
N: 16,417 Cohort study 

• Metformin significantly lowers risk of death compared to non-sensitizing 

agents after HHF Circulation. 2005;111:583-590 

HRadj: 0.87, 

95% CI 0.78 

to 0.97



Metformin as first line treatment for T2DM

➢ Recent analysis support the case for metformin having a survival 

benefit in diabetic patients with HF compared with alternative 

glucose-lowering regimens

Potential cardioprotective mechanisms: 

✓ mTOR inhibition suppressing cardiac hypertrophy

✓ Increased myocardial glucose utilization by activating AMPK or  increasing 
myocardial insulin sensitivity. 

1. Circulation Research. Jan 2019; 124: 121-141

2. Circ Heart Fail. 2013;6:395-402. 



Sulfonylureas and Heart Failure Risk

 The UGDP study raised concern with Tolbutamide (excess cardiac 

deaths vs placebo).

 UKPDS 33 demonstrated no deleterious effect of Sus on CV safety 

compared with insulin or conventional management.

 Advance trial, Gliclazide not associated with negative outcomes. 

 Currently, Carolina trial demonstrated Glimepiride non-inferiority vs 
linagliptin on cardiovascular outcomes.

European Journal of Heart Failure (2018) 20, 853–872



TZDs

AHA SCIENTIFIC 

STATEMENT 2019
TZDs are not recommended in 

patients with established HF 
and may increase the risk of 

HF events in individuals with 

DM w/o HF 

0.4% HF baseline



Pioglitazone: Proactive trial

Dormandy et al. Lancet 2005;366:1279-89



Rosiglitazone increased Hospitalizations for Heart Failure

RECORD Trial



TZDS

 In the RECORD and the PROactive trials, patients randomized to 

TZDs, rosiglitazone and piogliazone, respectively, had more HF 

events than those on placebo. 

 Pioglitazine was associated with significant 16% reduction in 3P-

MACE (as secondary endopoint) vs placebo in PROactive

 Rosiglitazone open-label RECORD data showed no increase in CV 

death.

11. AVANDIA US Prescribing information. 2. Dormandy et al. Lancet 2005;366:1279–89. 3. FDA Safety Information. 

4. Rosenson et al. Am Heart J. 2012;164:672–80. 



Glucose Lowering Agents and HF Outcomes

➢ In clinical trials of T2DM patients, 

the prevalence of HF at 

baseline has varied between 

approximately 10% and 30% 

Front Physiol. 2018 Oct 30;9:1514. 

Declare      14%

Harmony    20 % 

Rewind        8 %   

Carmelina 26%



DPP-4 

Inhibitors
Is worsening heart failure a 

class effect of DPP-4 inhibitors? 



SAVOR-TIMI 53: Increased Risk of Hospitalization for Heart 

Failure-Saxagliptin arm

Scirica et al. Circulation 2014; 130-1579-88



DPP-4 Inhibitor effects on risk of HHF in large scale 

cardiovascular outcome trials in T2DM patients

J Am Coll Cardiol HF 2018;6:445–51 

Alogliptin: FDA 

warning on 

patients with HF 



Pathophysiological Mechanisms for DPP4- Inhibitor Heart Failure Risk

• Potentiation of  several 

endogenous peptides that can 

exert deleterious cardiovascular 

effects. 

• SDF-1 (potentially)

• Mesenchymal cell promote 

inflammation

• Suppress myocardial force

• Also may lead to fibrosis



Is it a class effect?

➢ Metanalysis suggests that DPP-4 inhibitor increase in HHF risk is a class 

effect

➢ Overall, the DPP-4 inhibitors have established MACE safety.

➢ The risk-benefit balance for most DPP-4 inhibitors does not justify their use 

in patients with established HF or those at high risk for HF 

Measure-HF trial will provide additional data for 

T2DM pts with HFrEF

AHA
Statement 

2019



SGLT2-

Inhibitors



CVOTs with SGLT2 inhibitors

Adapted from PACE-CME Lecture: Heart Failure: The next frontier 

SGLT2 inhibitors



Reduction of heart failure hospitalizations in 

diabetes/SGLt2 Inhibitors

1. Zinman B et al. N Engl J Med. 2015; 373:2117-2128;   

2. Eur Heart J 2017;39:363–370 
Neal B et al. N Engl J Med. 2017 Aug 

17;377(7):644-657

100%

CVD

35%
RR

33%
RR

Although the majority of patients in the study did not have 

heart failure at baseline, this benefit was consistent in 

patients with and without a prior history of heart failure 



Reduction of heart failure hospitalizations in 

diabetes/SGLt2 Inhibitors

❖ Significant Reduction of co-primary endopoint CV death or HHF driven by significant 
reduction for HHF 

❖ Greater HHF Risk reduction in HFrEF and Non HFrEF group (more studies needed)

❖ Reduced CV death in HFrEF group

DECLARE TIMI 58

1. N Engl J Med 2019; 380:347-3571. 

2. 2. Circulation 2019 May 28;139(22):2528-2536. 



SGLT2i reduce Hospitalizations for Heart Failure

POTENTIAL MECHANISMS

• Natriuretic + Glucosuria 

• ⇓ in preload and afterload (BP) -> 

optimizes ventricle filling conditions

• Effect on myocardial metabolism 

(mostly ketone or BCAA utilization)

• Direct effect on myocardium LV 

mass reduction

• Renal protective effect

Diabetes Care. 2016;39(12):e212-e213. JAMA Cardiol. 2017. E1-E2. 



Beta-

hydroxybutyratye

theory

Stimulate 

antihypertrophic 

mechanism

↓ Fibrosis



Future Studies

12. Diabetes Care  2019;42(Suppl. 1):S103-S123

Ongoing RCT of SGLT2 Inhibitors in HF 

patients with/without T2DM

Primary Outcome: CV death or HF 

Hospitalizations



GLP-1 

Agonisits



GLP-1 Agonists Various Potential Mechanisms on 

CV Event Reduction

➢ Improved endothelial 
function/vasodilation

➢ Improved contractility in 
human and dog subjects

➢ Anti-inflammatory/Anti-
atherogenic effects



➢ In the pooled analysis of the 4 trials involving GLP-1 agonists, this class of medications was not 

associated with reduction in hospitalization for HF (RR: 0.94; 95% CI: 0.84 to 1.04) 

Kramer et al. J Am Coll Cardiol HF 2018



Outcomes with Liraglutide in heart failure 
N= 300 patients acute heart failure and LVEF <40% (w/w/o DM) in FIGHT study

 Liraglutie did not improve post hospital clinical stability in Advanced HF with Low EF

➢ Trend for harm by death and hospitalization owing to HF in this complicated population

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

P The primary End Point

Findings do not 

support the use of 

liraglutide in 

patients recently 

hospitalized with 

HFrEF



Rewind Trial: CVOT Dulaglutide

Lancet 2019



Pioneer 6: CVOT oral semaglutide

Lancet 2019



GLP-1 agonists

➢ GLP-1 receptor agonists have had NO impact on the risk of HF 

hospitalizations in large RCTs-> safe to use/not beneficial for HF 

prevention

➢ In patients with established HFrEF and recent decompensation, GLP-1 

receptor agonists should be used with caution, given no evidence of 

benefit and a trend toward worse outcomes in 2 small RCTs. 

1. Diabetes Care 2019;42 (Suppl. 1):S103-S123; 2. Diabetes Care 2018;41:2669–2701 

AHA
Statement 

2019



Treatment for HF in diabetic 

patients

➢ Cornerstone treatment similar to treatment for HF in non-diabetic patients

➢ SGLT2 inhibitors have been shown to reduce CV events, particularly heart 

failure. They are the preferred therapy for T2DM patients at risk for heart failure

➢ In order to provide optimal treatment for this patients, a multidisciplinary team is 

needed composed of  primary care physicians, cardiologists, endocrinologists, 

nursing staff and community resources. 

In patients with T2DM and Heart Failure

Metformin and SGLT2 i are the drugs of choice



Diabetes Care 2018;41:2669–2701 



Diabetes Care 2018;41:2669–2701 

T2DM with HF



ANY QUESTIONS?




