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Long-term consequences of Diabetes mellitus

• Microangiopathy:

• Glucose-dependent

• Retinopathy

• Neuropathy

• Nephropathy

• Macroangiopathy – Atherosclerosis

• Coronary Artery Disease

• Peripheral Artery Disease

• Cerebrovascular Disease



Session Objectives

• Why diabetes in Cardiology?

• Fields of Innovation

• Late breaking trials in 2018 & 2019

• Class effects or not?



Considerations helping to determine
whether there is a class effect or not?

• The drug

• The population

• Look at placebo outcome

• Entry criteria

• Trial size (power)

• Trial duration (safety)

…COMPARABLE?



CV, cardiovascular; CVD, CV disease; CVOT, CV outcomes trial; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1 RA, glucagon-like peptide-1 receptor agonist; SGLT2i, 

sodium–glucose transporter 2 inhibitor.

Baseline criteria of recent CVOTs in T2D

• 1. Zinman et al. N Engl J Med 2015;373:2117–28. 2. Neal et al. N Engl J Med 2017;377:644–57. 3. Pfeffer et al. N Engl J Med 2015;373:2247–57. 4. Marso et al. N Engl J 

Med 2016;375:311–22. 5. Marso et al. N Engl J Med 2016;375:1834–44. 6. Holman et al. N Engl J Med 2017;377:1228–39. 7. Scirica et al. N Engl J Med 2013;369:1317–

26. 8. White et al. N Engl J Med 2013;369:1327–35. 9. Green et al. N Engl J Med 2015;373:232–42.

Rates of baseline established CVD varied substantially between CVOTs, which may have affected outcomes.

EMPA-REG OUTCOME® (empagliflozin)

ELIXA (lixisenatide)

EXAMINE (alogliptin)
TECOS (sitagliptin)
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LEADER® (liraglutide)
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Prior CV history used to define 
CVD also differed between 
CVOTs, with varying 
combinations of the following 
in inclusion criteria:

• Cardiovascular disease
• Myocardial infarction
• Acute coronary syndrome
• Coronary heart disease
• Chronic kidney disease
• Peripheral vascular disease
• CV risk factor
• Age
• Time since event
• Number of risk factors
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Nissen S et al. Ann Intern Med 2012;157:671. Nissen S et al. JAMA 2005;294:2581. 
Nissen S et al. N Engl J Med 2007;356:2457. ACCORD Study Group. N Engl J Med 2008;358:2545–59. 
FDA guidance 2008; EMA scientific guidelines 2012. 

FDA and EMA Demands for CV Safety Data
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CANVAS-R8

(n = 5700)
Albuminuria

2013 2014 2015 2016 2017 2018 2019

SAVOR-TIMI 531

(n = 16,492)
1,222 3P-MACE

EXAMINE2

(n = 5380)
621 3P-MACE

TECOS4

(n = 14,724)
≥1300 4P-MACE

LEADER6

(n = 9340)
≥611 3P-MACE

SUSTAIN-67

(n = 3297)
3P-MACE

DECLARE-TIMI 5815

(n = 17,150)
≥1390 3P-MACE

EMPA-REG OUTCOME®5

(n = 7028)
≥691 3P-MACE

CANVAS10

(n = 4365)
≥420 3P-MACE

CREDENCE17

(n = 3700)
Renal + 5P-MACE

CAROLINA®11

(n = 6000)
≥631 4P-MACE

ITCA CVOT9

(n = 4000)
4P-MACE

EXSCEL14

(n = 14,000)
≥1591 3P-MACE

DPP-4 inhibitor CVOTs

SGLT2 inhibitor CVOTs

GLP-1 CVOTs

Ertugliflozin CVOT18

(n = 3900)
3P-MACE

OMNEON™ 13

(n = 4000)
4P-MACE

CARMELINA12

(n = 8300)
4P-MACE + renal

REWIND16

(n = 9622)
≥1067 3P-MACE

2021

ELIXA3

(n = 6068)
≥844 4P-MACE

HARMONY Outcomes19

(n = 9400) 3P-MACE

Johansen. World J Diabetes 2015;6:1092–96.

CV Endpoint Trials in Diabetes
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Study SUSTAIN-6 LEADER ELIXA EXSCEL

Intervention Semaglutid
vs. Placebo

Liraglutid
vs. Placebo

Lixisenatid
vs. Placebo

Exenatid
vs. Placebo

CV Outcome Positive Positive Neutral Neutral

Population High risk High risk ACS T2DM

Patient number 3297 9340 6060 14752

Baseline HbA1c 8.7 8.7 7.6 8.0

Follow-up 25 Mo 46 Mo 25 Mo 38 Mo

ΔHbA1c -0.7/1.0% -0.4% -0.3% -0.53%

ΔWeight -2.9/4.3 kg -2.3 kg -0.6 kg -1.27 kg

Marso SP et al. N Engl J Med 2016; 375:1834-1844. Marso SP et al. N Engl J Med 2016;375:311-22.

Pfeffer MA et al. N Engl J Med 2015;373:2247-57. Holman RR et al. N Engl J Med 2017; 377: 1228-1239.

Published Trials With GLP1 Receptor Agonists



LEADER trial investigators. N Engl J Med 2016; 375: 311-322.

LEADER



Liraglutide + usual care

versus placebo + usual care

To be Concise



LEADER: Cardiovascular Mortality

LEADER trial investigators. N Engl J Med 2016; 375: 311-322.
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CAROLINA: Background

Rosenstock J et al. JAMA 2019; doi: 10.1001/jama.2019.13772. 

Type 2 diabetes is associated with increased 

cardiovascular risk. In placebo-controlled cardiovascular

safety trials, the dipeptidyl peptidase-4 inhibitor linagliptin

demonstrated noninferiority, but it has not been tested 

against an active comparator.

This trial assessed cardiovascular outcomes of linagliptin

vs glimepiride (sulfonylurea) in patients with relatively 

early type 2 diabetes and risk factors for or established

atherosclerotic cardiovascular disease.



CAROLINA: Results

Rosenstock J et al. JAMA 2019; doi: 10.1001/jama.2019.13772. 



CAROLINA: Conclusion

Among adults with relatively early type 2 diabetes and

elevated cardiovascular risk, the use of linagliptin

compared with glimepiride over a median 6.3 years resulted

in a noninferior risk of a composite cardiovascular outcome.

OUTCOME:

Linagliptin = Glimepiride = Standard therapy (not placebo!).

Rosenstock J et al. JAMA 2019; doi: 10.1001/jama.2019.13772. 



Three Published DPP4 Inhibitor Trials

SAVOR-TIMI 53 EXAMINE TECOS

Intervention
Saxagliptin/placebo Alogliptin/placebo Sitagliptin/placebo

Main inclusion criteria
History of or multiple 
risk factors for CVD

ACS within 
15–90 days before 

randomization
CVD

No. of patients 16,492 5,380 14,671

Primary outcome 3P-MACE 3P-MACE 4P-MACE

Key secondary outcome Expanded MACE 4P-MACE 3P-MACE

Target no. 

of events
1,0406 650 1,300

Median follow-up (y) 2.1 1.5 3.0

Completion Completed Completed Completed

Scirica et al. N Engl J Med 2013; 369: 1317–26. White et al. N Engl J Med 2013; 369: 1327–35.  
Green et al. N Engl J Med 2015; 373: 232–42. 



Rosenstock J et al. JAMA 2019; 321: 69-79.



CARMELINA

Rosenstock J et al. JAMA 2019; 321: 69-79.
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Fields of Innovation

• GLP1 Receptor Agonists

• DPP4 Inhibitors

• SGLT2 Inhibitors



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

EMPA-REG-OUTCOME



Empagliflozin + usual care

versus placebo + usual care

To be Concise



EMPAREG-OUTCOME Primary EP

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

10.5 vs. 12.1%
RRR -14%

NNT 63



EMPAREG-OUTCOME CV Death

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



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

EMPAREG-OUTCOME Total Mortality





DAPA-HF: Background

Inhibitors of sodium–glucose cotransporter 2 (SGLT2)

reduce the risk of a first hospitalization for heart failure

in patients with T2DM (possibly through glucose-

Independent mechanisms).

More data regarding the effects of SGLT2 inhibitors

in patients with established heart failure and a reduced EF

are needed - regardless of the presence or absence of T2DM.

McMurray JJV et al. NEJM 2019; 381: 1995-2008. 



DAPA-HF: Methods

• Phase 3, placebo-controlled trial

• 4744 patients with New York Heart Association 

class II, III, or IV heart failure and an EF of 40% or less

• Either dapagliflozin (10 mg once daily) or placebo,

in addition to recommended therapy. 

• Primary outcome: composite of worsening heart 

failure (hospitalization or an urgent visit resulting in 

intravenous therapy for heart failure) or cardiovascular

death.

McMurray JJV et al. NEJM 2019; 381: 1995-2008. 



DAPA-HF: Results

McMurray JJV et al. NEJM 2019; 381: 1995-2008. 



DAPA-HF: Primary Outcome in Subgroups

McMurray JJV et al. NEJM 2019; 381: 1995-2008. 



DAPA-HF: Conclusion

McMurray JJV et al. NEJM 2019; 381: 1995-2008. 

Among patients with heart failure and a reduced EF:

risk of worsening heart failure or death from cardiovascular

causes was lower among those who received dapagliflozin

than placebo, regardless of the presence of diabetes.
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Wiviott SD et al.; NEJM 2019; 380; 347-357.



Other Endpoints

Wiviott SD et al.; NEJM 2019; 380; 347-357.



A Synopsis of Recent Diabetes Outcome-Trials

Significantly improved, neutral, significantly worse

Class → SGLT-2 Inhibitors GLP-1 Receptor agonists DPP-4 Inhibitors

Study
EMPA-

REG
CANVAS 
(pooled)

ELIXA LEADER SUSTAIN EXSCEL SAVOR EXAMINE TECOS

Empagliflozin Canagliflozin Lixisenatide Liraglutide Semaglutide
Exenatide

QW
Saxagliptin Alogliptin Sitagliptin

3pt MACE 0,86*
0,74; 0,99

0,86*
0,75; 0;97

1,02
0,89; 1,17

0,87*
0,78; 0,97

0,74*
0,58; 0,95

0,91
0,83; 1,00

1,0
0,89; 1,08

0,96
Upper
<1,16

0,98$

0,89; 1,08

CV Death 0,62*
0,49; 0,77

0,87†

0,72; 1,06

0,98
0,78; 1,22

0,78*
0,66; 0,93

0,98
0,65; 1,48

0,88
0,73; 1,05

1,03
0,87; 1,22

0,79
0,60; 1,04

1,03
0,89; 1,19

Nonfatal 
myocardial 
infarction

0,87
0,70; 1,09

0,85
0,69; 1,05

1,03
0,87; 1,22

0,88
0,75; 1,03

0,74
0,51; 1,08

0,95
0,84; 1,09

0,95
0,80; 1,21

1,08
0,88; 1,33

0,95
0,81; 1,11

Nonfatal stroke 1,24
0,92; 1,67

0,90
0,71; 1,15

1,12
0,79; 1,58

0,89
0,72; 1,11

0,61*
0,38; 0,99

0,86
0,70; 1,07

1,11
0,88; 1,39

0,91
0,55; 1,50

0,97
0,79; 1,19

Heart Failure 
hospitalization

0,65*
0,50; 0,85

0,67
0,52; 0,87

0,96
0,75; 1,23

0,87
0,73; 1,05

1,11
0,77; 1,61

0,94
0,78; 1,13

1,27*
1,07; 1,51

1,07
0,78; 1,15

1,00
0,83; 1,20

Overall
mortality

0,68*
0,57;0,82

0,87†

0,74, 1,01

0,94
0,78; 1,12

0,85*
0,74; 0,97

1,05
0,74; 0,97

0,86
0,77; 0,97

1,11
0,96; 1,27

0,88
0,71; 1,09

1,01
0,90; 1,14

Zinman B et al., N Engl J Med 2015, Neal B et al., N Engl J Med 2017, Pfeffer MA et al., N Engl J Med 2015, Marso SP et al., N Engl J Med 2016, Marso SP et al., N Engl J Med 2016, Holman
RR et al., N Engl J Med. DOI: 10.1056/NEJMoa1612917; Scirica BM et al., N Engl J Med 2013, White WB et al., Diabetes Obes Metab 2013, Green JB et al., N Engl J Med 2015
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