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Diabetes and Heart Failure

• The two diseases entities are highly co-prevalent

• Diabetes contributes to disease progression in HF and is 
associated with substantially worse prognosis, even when 
conventional HF therapies are applied

• The relationship between HbA1c and outcome in patients 
with diabetes and heart failure is complex

• The choice of pharmacologic glycemic management can 
markedly impact heart failure outcomes 

– Certain therapies are neutral or associated with harm

– Certain therapies markedly improve outcomes

• Pharmacologic glycemic management is a critical 
component of HF management



Kannel WB et al. JAMA. 1979;241:2035–2038. Nichols GA. Diabetologia. 2000;43(suppl A2):7. Chue CU et al. 

Circulation. 1998;98(suppl 1):721.

Diabetes and Incident Heart Failure in 
the US

• Framingham study (risk of HF in diabetics)

– 2x diabetic males

– 5x diabetic females

– 4x young diabetic males

– 8x young diabetic females

• US HMO prevalence study

– With diabetes, incident HF developed at a rate 
of 3.3% per year

• Each 1% elevation in HbA1c leads to a 15% 
increase in frequency of HF



Risk Factors for the Development of 
Heart Failure

Risk Factor Sex

Age- and Risk Factor–
Adjusted Hazard Ratio†

(95% CI) Prevalence, %‡

Population-
attributable Risk, 

%§

Hypertension M 60 39

F 62 59

Myocardial infarction M 10 34

F 3 13

Angina pectoris M 11 5

F 9 5

Diabetes M 8 6

F 5 12

Left ventricular hypertrophy M 4 4

F 3 5

Valvular heart disease M 5 7

F 8 8

* Based on dynamic model with reclassification of hypertension and risk factors at each follow-up examination. CI indicates confidence 

interval.
† Adjusted for angina pectoris, myocardial infarction, diabetes, left ventricular hypertrophy, and valvular heart disease.
‡ Levy D et al. JAMA. 1996;275:1557–1562.
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Prevalence of Diabetes in Patients with 

Heart Failure

Clinical Trial Diabetics

SOLVD 25.8%

MERIT 24.5%

Val HEFT 25.4%

EMPHASIS-HF   31.4%

PARADIGM-HF 34.7%

OPTIME (hospitalized) 44.2%

VMAC (hospitalized) 47.0%



Diabetes in Patients Hospitalized with 
Heart Failure: GWTG-HF

Am Heart J 2016;182:9-20



Relationship Between DM and HF

Diabetes

Mellitus

Heart

Failure

Incidence of HF: 13 / 1000 person-years in non-diabetics vs.

31 / 1000 person-years in diabetics



Insulin Resistance, Hyperglycemia, 
and Heart Failure 

• Hyperglycemia

– oxidative stress 

– altered intracellular signaling 

– decreased vascular endothelial growth factor

– altered gene expression

• Insulin

– Myocardial hypertrophy

• Advanced Glycosylation Endproduct s (AGEs)

– sarcoplasmic/endoplasmic reticulum Ca2+ ATPase

– collagen cross-linking and reduce ventricular distensibility
and vascular compliance 

• Myocardial metabolism may become more dependent on free 
fatty acids

– uncoupling of oxidative phosphorylation



Diabetes Leading to HF
Potential Mechanisms

Diabetes

CAD

AMI

Heart Failure

No macrovascular

CAD

Micro

vascular
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apoptosis



Multiple Pathogenetic 

Mechanisms Involved 

in the Relationship 

Between Diabetes, 

Metabolic Disease, 

and Heart Failure 

Horwich and Fonarow.

J Am Coll Cardiol 2010.



Etiology of HF in Patients with Diabetes

• Comorbidities

– Ischemic Heart Disease

– Hypertension

• Diabetic Cardiomyopathy

– Direct Myocardial Effects of hyperglycemia and 
Advanced glycation end products

• Fibrosis, diastolic dysfunction

• Altered calcium homeostasis, systolic dysfunction

• Free-radicals, oxidation, inflammation

• Lipotoxicity of myocardium

• Altered myocardial energetics

• Variable Combinations of above factors

Bell, Diabetes Care 2003; 26: 2948-50. 



Relationship Between DM and HF

Diabetes

Mellitus

Heart

Failure



Insulin Resistance in Idiopathic Dilated 
Cardiomyopathy vs. Age, Sex, BMI-matched 
Controls

Subjects with abnormal 

glucose test
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Advanced Heart Failure Associated with 

Increased Risk of Developing Diabetes
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Poor Glycemic Control in DM is Independently 
Associated with Increased HF Risk
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Heart Failure Rates in Diabetes Glucose 
Control Trials

Risk of HF events with glucose-lowering drugs or strategies versus standard care

Lancet Diabetes Endocrinol 2015  March 17, 2015 http://dx.doi.org/10.1016/S2213-8587(15)00044-3

PPAR Agonists

DPP-4 Inhibitors

Intensive Control

Insulin

Weight loss



Effect of Glycemic Control in Type 2 DM on 
Cardiovascular Outcomes



Diabetics and Heart Failure: Poor Prognosis

Bertoni et al. Diabetes Care 27:699–703, 2004

HR 10.6,

95% CI 10.4–10.9

N = 151,738 Medicare 

beneficiaries with diabetes, 

age ≥ 65 years

Gustafsson et al. JACC 2003; 43: 771-777.

N = 5491 patients 

hospitalized with HF and 

followed for a median of 

7.1 years

Multivariate analysis  

RR DM = 1.5



Mortality in Patients with Diabetes with 
and without HF in LIFE and RENAAL

The heart failure:no heart failure hazard ratio for mortality was 5.98 (95% CI 3..90–9.17, 

p<0.0001) in LIFE and 3.99, 95% CI 3.02–5.25, p<0・0001) in RENAAL.



Optimal Heart Failure Therapy in  
Heart Failure Patients with Diabetes



ACE Inhibitors in Patients with HF with and 
without Diabetes

Relative Risks Analysis

Study Name Total N

Nondiabetic

N=10188

Diabetic

N=2398

Relative Risk, 

Nondiabetic

(95% CI)

Relative Risk, 

diabetic

(95% CI)

Ratio of Relative 

Risks

(95% CI)

CONSENSUS 253 197 56
0.64

(0.46, 0.88)

1.06

(0.65, 1.74)

1.67

(0.93, 3.01)

SAVE 2231 1739 492
0.82

(0.68, 0.99)

0.89

(0.68, 1.16)

1.09

(0.79, 1.50)

SMILE 1556 1253 303
0.79

(0.54, 1.15)

0.44

(0.22, 0.87)

0.56

(0.25, 1.22)

SOLVD-

prevention
4228 3581 647

0.97

(0.83, 1.15)

0.75

(0.55, 1.02)

0.77

(0.54, 1.09)

SOLVD-

treatment
2569 1906 663

0.84

(0.74, 0.95)

1.01

(0.85, 1.21)

1.21

(0.97, 1.50)

TRACE 1749 1512 237
0.85

(0.74, 0.97)

0.73

(0.57, 0.94)

0.87

(0.65, 1.15)

Random Effects Pooled 

Estimate
10188 2398

0.85

(0.78, 0.92)

0.84

(0.70, 1.00)

1.00

(0.80, 1.25)

Shekelle P et al. J Am Coll Cardiol. 2003;41:1529-38. 



Aldosterone Antagonists Reduce All-
Cause Mortality in Chronic HF

Pitt B et al. N Engl J Med. 1999;341:709–717. Pitt B et al. N Engl J Med. 2003;348:1309–1321.

RALES (Randomized Aldactone Evaluation Study): 822 

patients with severe HF and LVEF35% randomized to 

receive spironolactone 25 mg QD or placebo and followed 

for 24 months.

Spironolactone (25 mg)  standard care 

(n=822)

Placebo  standard care 

(n=841)
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Mortality rates: eplerenone 14.4%; placebo 16.7%

0

Eplerenone  standard care 

(n=3,319)

Placebo  standard care 

(n=3,313)

EPHESUS (Eplerenone Post-Acute Myocardial Infarction 

Heart Failure Efficacy and Survival Study): 6,642 patients 

with acute MI and LVD randomized to eplerenone started at 

25 mg and titrated to 50 mg QD or placebo in addition to 

optimal medical therapy and followed for 16 months.



Effect of Eplerenone on Mortality Post-
MI in Diabetes and no-Diabetes

0.5 1 1.5

No DM
Heterogeneity

P=0.59

CV mortality or

CV hospitalization

N=6632, 32% diabetic

Pitt    NEJM 2003;348:1309-21 

Diabetes

Eplerenone Better Placebo Better



McMurray JJV, et al. N Engl J Med. 2014;371:993-1004.

Sac/Val vs. Enalapril on Primary Endpoint and on 
CV Death by Subgroups: PARADIGM-HF

All Patients
Age

<65 years
≥65 years

Sex
Male

Female
NYHA Class

I or II
III or IV

Estimated GFR
<60 mL/min/1.73 m2

≥60 mL/min/1.73 m2

Ejection fraction
≤35%
>35%

NT-proBNP
≤Median
>Median

Hypertension
No
Yes

Prior use of ACE inhibitor
No
Yes

Prior use of aldosterone antagonist
No
Yes

Diabetes
No
Yes

Death from Cardiovascular Causes

1.70.3

Sac/Val Better

Primary Endpoint

Hazard Ratio
(95% CI)

p-Value for
Interaction

Hazard Ratio
(95% CI)

p-Value for
InteractionNo.

Sac/Val Enalapril

1.51.31.10.90.70.5

Enalapril Better

1.70.3

Sac/Val Better

1.51.31.10.90.70.5

Enalapril Better

4212

2168
2044

3259
953

3130
1076

1520
2692

3722
489

2116
2087

1241
2971

946
3266

1812
2400

2756
1456

4187

2111
2076

3308
879

3187
1002

1541
2646

3715
472

2079
2103

1218
2969

921
3266

1916
2271

2736
1451

0.47

0.63

0.03

0.91

0.36

0.16

0.87

0.09

0.10

0.40

0.70

0.92

0.76

0.73

0.36

0.33

0.14

0.06

0.32

0.05

Subgroup



Target

HF Dosage Effect on

Study Drug Severity (mg/day) Mortality

US Carvedilol1 carvedilol mild/ 6.25 to 25* 65% mortality†

moderate bid (P=.0001)

CIBIS-II2 bisoprolol† moderate/ 10 qd 34% mortality

severe (P<.0001)

MERIT-HF3 metoprolol mild/ 200 qd 34% mortality

succinate moderate (P=.0062)

COPERNICUS4 carvedilol severe 25 bid 35% mortality

(P=.0014)

*50 mg bid if >85 kg.
†Not a planned end point.
1Packer M et al. N Engl J Med. 1996;334:1349–1355.
2CIBIS II Investigators and Committees. Lancet. 1999;353:9–13.
3MERIT-HF Study Group. Lancet. 1999;353:2001–2007.
4Packer M et al. N Engl J Med. 2001;344:1651–1658.

Effect of -Blockade on Mortality in HF



No Diabetes

Diabetes

Relative Risk and 95% Confidence Intervals

0 0.25 0.5 0.75 1 1.25 1.5 1.75 2

MERIT-HF

US CARV TRIALS*

*Not a planned end point.

Wedel H et al. Am Heart J. 2001;142:502–511.

MERIT-HF Study Group. Lancet. 1999;353:2001–2007.

Effect of -Blockade in HF By Diabetes 
Status: All-Cause Mortality

Favors Treatment Favors Placebo

Metoprolol CR/XL/placebo US carvedilol/placebo COPERNICUS/placebo

Diabetics: 495/1990 (25%) 195/696 (28%)  302/1156 (26%)

Nondiabetics 489/2001 (24%) 112/398 (28%) 287/1133 (25%)

COPERNICUS



AHEFT: Subgroup Analyses of Primary Outcome

No Significant Interaction by Diabetes

Anne L. Taylor et al. Circulation. 2007;115:1747-1753 Copyright © American Heart Association, Inc. All rights reserved.



Influence of Diabetes on CRT With or Without 
Defibrillator in Patients With Advanced HF

Diabetes mellitus was reported at the time of enrollment in 622 of 1520 patients 

(41%). Patients were randomized in a 1:2:2 ratio to OPT, CRT-P, and CRT-D,

Ghali JK et al. J Card Fail. 2007 Nov;13(9):769-73.

COMPANION Trial 





Survival After Heart Transplantation Is Not 
Diminished Among Recipients With 
Uncomplicated Diabetes Mellitus

Circulation. 2006;114:2280-2287

20,412 first-time 

heart transplant 

recipients,

19% with diabetes

No increased risk 

for mortality with 

0 or 1 end organ 

complications

Increased 

mortality with 2 

or 3 or more 

factors 



Optimal Diabetes Therapy in
Heart Failure Patients with Diabetes



Hemoglobin A1C and Mortality in Heart 
Failure Patients With Diabetes

Am Heart J 2006;151:91.e1-91.e6 J. Am. Coll. Cardiol. 2009;54;422-428

All Cause Mortality in HF Patients with Diabetes as a Function of HbA1c

European JHF (2016) 18, 94–102



Glycemic Management Medications: 
Possible Mechansims Impacting HF



16,417 Medicare beneficiaries with diabetes discharged after hospitalization with the principal diagnosis of HF. 

2226 patients treated with a thiazolidinedione, 1861 treated with metformin, 12,069 treated with neither

Masoudi FA et al. Circulation 2005;111:583-90

Glycemic Control Medications and Outcomes in 
Older Patients with Diabetes and HF
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Insulin Treatment is Associated With Increased 

Mortality In Patients With Advanced HF
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SAVOR TIMI 53-Hospitalization for Heart 

Failure: DPP-4

Time to the 1st occurrence of any hospitalization for heart failure; 517 events

Scirica BM, et al. Circulation 2014; 130:1579-88.

Saxagliptin Placebo
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Hospitalization for HF with Alogliptin: 

Observations from EXAMINE

Zannad F. et al. Lancet 2015: 385 : 2067-2076

HR: 1.19 1.00 1.76

95% CI: 0.90-1.58 0.71-1.42 1.07-2.90

P-value: p=0.22 p=0.99 p=0.026

Pinteraction=0.068



CV Effects of 

Lixisenatide:

ELIXA Trial Results

Pfeffer, M. A., et al. N Engl J Med 2015 373: 2247-2257 Marso SP et al. N Engl J Med. 2016;375:311-22. 

LEADER:  

Hospitalization for 

heart failure



Outcome # of events HR 95%CI

semaglutide vs placebo

CV Death/MI/Stroke 108 vs 146 0.74 0.58-0.95

HF hospitalization 59 vs 54 1.11 0.77-1.61

N=3297 T2DM w/ CVD/CV risk

Semaglutide 0.5 or 1.0mg vs. placebo once weekly

104 Weeks

Marso SP, et al. NEJM 2016; DOI: 10.1056/NEJMoa1607141 



Liraglutide in Systolic Heart Failure:

The FIGHT Trial
N=300: liraglutide (n = 154) vs. placebo (n = 146)

Margulies KB et al. JAMA. 2016;316:500-508.



EMPA-REG OUTCOME
Trial design: SGLT2 Inhibitor

• Key inclusion criteria:

– Adults with type 2 diabetes and established CVD

– BMI ≤45 kg/m2; HbA1c 7–10%; eGFR ≥30 mL/min/1.73m2 (MDRD)

– 10.2% of patients enrolled with pre-existing heart failure 

Randomized and 

treated

(n=7020)

Empagliflozin 10 mg

(n=2345) 

Empagliflozin 25 mg 

(n=2342) 

Placebo 

(n=2333)

Screening

(n=11531)

Zinman B et al. N Engl J Med 2015 [Epub ahead of print].



EMPA-REG OUTCOME Trial



EMPA-REG OUTCOME Study

Empagliflozin is a highly selective inhibitor of 

Sodium-Glucose Cotransporter-2

Zinman B et al. N Engl J Med 2015 [Epub ahead of print].

7020 adults with type 2 diabetes and 

established CVD

BMI ≤45 kg/m2; HbA1c 7–10%; eGFR ≥30 

mL/min/1.73m2 (MDRD) 

HF Hospitalization or CV Death HF Hospitalization or HF Death 



Heart Failure Hospitalization or CV death 

44

Cumulative incidence function. CV, cardiovascular; HR, hazard ratio; CI, confidence interval.  

European Heart Journal doi:10.1093/eurheartj/ehv728



European Heart Journal doi:10.1093/eurheartj/ehv728





Patients 
with 

heart failure 
hospitalization 

or 
CV death

(%) 

Heart Failure Hospitalization or CV Death 
in Patients with vs without HF at Baseline
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Patients with event/analyzed

Empagliflozin Placebo HR (95% CI)

HF hospitalization or CV death

All patients 265/4687 198/2333 0.66 (0.55, 0.79)

Baseline HF: No 190/4225 149/2089 0.63 (0.51, 0.78)

Baseline HF: Yes 75/462 49/244 0.72 (0.50, 1.04)

Hospitalization for HF

All patients 126/4687 95/2333 0.65 (0.50, 0.85)

Baseline HF: No 78/4225 65/2089 0.59 (0.43,0.82)

Baseline HF: Yes 48/462 30/244 0.75 (0.48, 1.19)

CV death

All patients 172/4687 137/2333 0.62 (0.49, 0.77)

Baseline HF: No 134/4225 110/2089 0.60 (0.47, 0.77)

Baseline HF: Yes 38/462 27/244 0.71 (0.43, 1.16)

All-cause mortality

All patients 269/4687 194/2333 0.68 (0.57, 0.82)

Baseline HF: No 213/4225 159/2089 0.66 (0.54, 0.81)

Baseline HF: Yes 56/462 35/244 0.79 (0.52, 1.20)

0.10 1.00 10.00

Outcomes in Patients with vs without 
Heart Failure at Baseline 

Cox regression analysis.   

Favors 

empagliflozin
Favors 

placebo

European Heart Journal doi:10.1093/eurheartj/ehv728



SGLT2 Inhibitors

Empagliflozin1 Dapagliflozin2 Canagliflozin3

Launch year 2014(EU/US) 2012 (EU) 2014 (US) 2013 (EU/US)

MoA Molecular 

class

C-glycoside C-glycoside C-glycoside

Metabolism Dual renal and 

hepatic

50:50

Mainly hepatic

97:3

Mainly hepatic,    no 

details reported

Dosing Administration Oral Oral Oral

Regimen Once daily Once daily Once daily

Doses 10 mg and 25 mg 5 mg and 10 mg 100 mg and 300 mg

4
9



Canagliflozin and Cardiovascular Events in 
Type 2 Diabetes: CANVAS

DOI: 10.1056/NEJMoa1611925



Canagliflozin and Cardiovascular Events in 
Type 2 Diabetes: CANVAS

DOI: 10.1056/NEJMoa1611925



Component Analyses of MACE Events: 
Dapagliflozin

Http://www.Fda.Gov/DOWNLOADS/ADVISORYCOMMITTEES/COMMITTEESMEETINGMATERIALS/DRUG

S/ENDOCRINOLOGICANDMETABOLICDRUGSADVISORYCOMMITTEE/UCM262994.Pdf



Potential Mechanisms Involved in the 
Reduction of Cardiovascular Events



CV Outcome Trials with SGLT2 
Inhibitors



Diabetes Medications, HF Outcomes, and 
Patterns of Care

• Antihyperglycemic
therapies/strategies influence risk 
for heart failure
– Increased risk:

• Intensification of glucose control

• Thiazolidinediones

• Saxagliptin and alogliptin

– Neutral risk:

• Glargine insulin; sitagliptin; 
lixisenatide; liraglutide, semaglutide

– Decreased risk:

• Empagliflozin; perhaps metformin

• Effects on HF risk of selected therapies 
appear independent of glycemic effects

• Empagliflozin (and potentially other 
SGLT2i’s)

Circ Heart Fail. 2016;9:e002638

Antihyperglycemic Medication Use 

Patterns In HF



Comparison of Mortality Reduction in HF Trials 
with EMPA-REG Trial in Patients with Diabetes

European Journal of Heart Failure (2017) 19, 43–53



2016 ESC Guidelines for the Diagnosis and 
Treatment of Acute & Chronic HF

European Heart Journal (2016) 37, 2129–2200



Conclusions: Diabetes and HF

• The two diseases entities are highly co-prevalent

• Diabetes contributes to disease progression in 
HF and is associated with a worse prognosis

• Standard HF therapies (ARNI, ACEI, or ARB, BB, 
MRA, ICD/CRT) should be instituted in eligible 
HFrEF patients with diabetes

• More needs to be done to prevent HF in patients 
with diabetes



• Until 2015, no known diabetes therapy demonstrated in 

RTCs to improve CV outcomes in general or for HF

• Most diabetes medications worsened outcomes in HF 

patients or at best were neutral

• EMPA-REG Outcome and CANVAS trial data  

– New option to reduce CV death and HF in patients with diabetes 

with and without HF

– Compelling data

• Pharmacological glycemic management is an essential 

component of HF therapy 

• It is critical for cardiologists and HF specialists to play an 

active role in this management as choice of therapy is key 

determinate of outcomes, including survival

Conclusions: Diabetes and HF
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