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In this case, CV disease is represented by MI or stroke

*Male, 60 years of age with history of MI or stroke

The Emerging Risk Factors Collaboration. JAMA 2015

A 60-year-old man with CVD and T2D may die 12 
years younger than someone without CVD and T2D

60 End of life

yrs

–6yrs

–12yrs

No diabetes

Diabetes

Diabetes + MI



ESC 2016 Guidelines.
Multifactorial approach T2D 

Primary
Prevention?

Reducing CV risk in T2D requires a multifactorial approach



Lipska K and Krumholz H. JAMA. 2017;317(10):1017-1018

IS HEMOGLOBIN A1C THE RIGHT OUTCOME IN DIABETES?



Death from CHD Hospitalization from CV Disease

Rawshani A, et al. New Engl J Med 2017;376: 1407-18. 



Significant reduction in MI 
maintained over 10 years’ follow-up3

1997 1999 2001 2003 2005 2007

No. of events:

Conventional therapy 73 83 92 106 118 126

Metformin 39 45 55 64 68 81

Myocardial infarction

Metformin vs conventional p= 
0.01

Time from randomisation (years)
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Intensive (n= 951; events= 139)
Conventional (n= 411; events= 73)

Metformin (n= 342; events= 39)

Risk of MI is 39% lower with metformin vs 
conventional therapy in obese patients1,2
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RR 0.611

p= 0.01
RR 0.67
p= 0.005

Overall values at study end in 1997

Annual values during 10-year post-trial monitoring period

0.4

1. UKPDS 34. Lancet. 1998; 352: 854-865. 
2. http://www.medicines.org.uk/emc/medicine/23244/SPC
3. Holman et al. N Engl J Med. 2008; 359: 1.577-1.589.

UKPDS 34 provides some evidence for beneficial 
CV effects of metformin in overweight patients



STUDIES WITH CARDIOVASCULAR ENDPOINTS OF ANTI-DIABETIC DRUGS

2) SGLT2 INHIBITORS

1) DPP4 INHIBITORS

3) GLP-1 AGONISTS

DPP-4 INHIBITORS

GLP-1 AGONISTS



Trial HR (95% CI) P-Value

SAVOR-TIMI
1.27

(1.07–1.51) 0.007

EXAMINE
1.19

(0.89–1.59)
0.235

TECOS
1.00

(0.84–1.20)
0.99

SAVOR-TIMI + 
EXAMINE + TECOS

1.14 

(0.97–1.34)
0.102

SAVOR-TIMI 53, EXAMINE, and TECOS*:
Hospitalization for Heart Failure

McGuire DK, et al. JAMA Cardiology 2016, 1: 126-135



STUDIES WITH CARDIOVASCULAR ENDPOINTS OF ANTI-DIABETIC DRUGS

2) SGLT2 INHIBITORS

1) DPP4 INHIBITORS

3) GLP-1 AGONISTS

DPP-4 INHIBITORS

GLP-1 AGONISTS



EMPA-REG OUTCOME : 
CAN A ANTI-DIABETIC DRUG REDUCE CARDIOVASCULAR EVENTS?

-14% CV EVENTS

(PRIMARY ENDPOINT)
- 38% CV MORTALITY

- 32% TOTAL MORTALITY - 35% HEART FAILURE

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



CV DEATHEMPAGLIFOZIN PLACEBOCV MORTALITY 
WITH 
EMPAGLIFOZIN
IN PATIENTS 
CON T2D AND 
CV DISEASE.
EMPA-REG

Fitchett D et al. JACC 2017;71:363



Cox regression analysis in patients treated with ≥1 dose of study drug. Inzucchi et al. ADA 2017

n with event/analyzed (%)

p-value for 

interaction

Empagliflozi

n
Placebo HR (95% CI)

All patients
172/4687 

(3.7)

137/2333 

(5.9)

0.62 (0.49,

0.77)

HbA1c at baseline p=0.41

<7.0% 7/297 (2.4) 10/127 (7.9)
0.30 (0.12, 

0.80)

7.0% to 

<8.0%
75/2042 (3.7) 63/1029 (6.1)

0.59 (0.42, 
0.83)

8.0% to 

<9.0%
56/1534 (3.7) 43/795 (5.4)

0.67 (0.45, 
0.99)

≥9.0% 34/812 (4.2) 21/382 (5.5)
0.76 (0.44, 

1.31)

Favours 

empagliflozin

Favours placebo

0,125 0,25 0,5 1 2 4

Reduced risk of CV death was not dependent on 

baseline HbA1c



*assuming they are appropriate to receive an SGLT2 inhibitor as per local label

Claggett B. et al., 2017 3rd CVOT Summit of the D&CVD EASD Study Group, Munich, Germany Oct 26-27 2017

What does someone with established CVD and T2D 
potentially gain with empagliflozin*?

Using data from the EMPA-REG OUTCOME 

trial and actuarial methods, empagliflozin was 

estimated to improve survival by up to 4.5 years 

in patients with T2D and established CV disease

A 60 year old living with T2D and CVD could 

gain ~2.5 additional years of life*



CLINICAL IMPLICATIONS OF EMPA-REG OUTCOME

1) WHAT MECHANISMS CAN EXPLAIN THE REDUCTION IN

CARDIOVASCULAR ENDPOINTS?

2) IS THIS A CLASS EFFECT OF SGLT2 INHIBITORS?

3) CAN THESE RESULTS BE EXTENDED TO PATIENTS WITH A LOWER

BASELINE CV RISK?  

4) WILL THESE AGENTS WORK IN PATIENTS WITH HEART FAILURE

(WITHOUT DIABETES)?



MECHANISMS RESPONSIBLE FOR THE REDUCTION IN CV AND RENAL OUTCOMES

Verma et al. JAMA Cardiol. 2017;2(9):939-940.

“PLEIOTROPIC EFFECTS” OF SGLT2 INHIBITION?

(NON HBA1C RELATED; NON-ATHEROTROMBOTIC EFFECT)

1) 
METABOLIC

EFFECTS

2) HEMODYNAMIC EFFECTS

3) NEURO-
HUMORAL

EFFECTS



Dysfunctional epicardial 
adipose tissue from patients

with CVD

INSULIN RESISTANCE

FFA Glucose

Inflammatory 

cytokines

Stromal vascular cells (SVC)

low  differentiation ability

Atherogenesis

Improved glucose uptake
EAT- released products with

benefits on coronary endothelial cells

Improved differenciation of SVC

Reduced chemokines secretion levels

Adipocytes

Mesenchymal cells

Smooth muscle cells

Endothelial cells

Macrophages

Lymphocytes

Vasa vasorum

SGLT2I ON EPICARDIAL FAT

Eiras S, et al Cardiovas Res 2017



CLINICAL IMPLICATIONS OF EMPA-REG OUTCOME

1) WHAT MECHANISMS CAN EXPLAIN THE REDUCTION IN

CARDIOVASCULAR ENDPOINTS?

2) IS THIS A CLASS EFFECT OF SGLT2 INHIBITORS?

3) CAN THESE RESULTS BE EXTENDED TO PATIENTS WITH A LOWER

BASELINE CV RISK?  

4) WILL THESE AGENTS WORK IN PATIENTS WITH HEART FAILURE

(WITHOUT DIABETES)?

EMPAGLIFLOZIN CANAGLIFLOZIN DAPAGLIFLOZIN



CANVAS PROGRAM - CANAGLIFLOZIN

MAJOR ADVERSE CV EVENTS (PRIMARY ENDPOINT)

Neal et al. N Engl J Med 2017; 377:644-657



CANVAS PROGRAM - CANAGLIFLOZIN

Neal et al. N Engl J Med 2017; 377:644-657



Amputation

Osmotic diuresis

Volume depletion

The CANVAS Alone/Program Collaborative Group. 
Adverse Events. A “class effect” finding?

Neal B, et al. NEJM 2017; June 12.

Fracture



CLINICAL IMPLICATIONS OF EMPA-REG OUTCOME

1) WHAT MECHANISMS CAN EXPLAIN THE REDUCTION IN

CARDIOVASCULAR ENDPOINTS?

2) IS THIS A CLASS EFFECT OF SGLT2 INHIBITORS?

3) CAN THESE RESULTS BE EXTENDED TO PATIENTS WITH A LOWER

BASELINE CV RISK?  

4) WILL THESE AGENTS WORK IN PATIENTS WITH HEART FAILURE

(WITHOUT DIABETES)?

EMPAGLIFLOZIN CANAGLIFLOZIN DAPAGLIFLOZIN



SLGT2 
INHIBITORS IN

THE “REAL

WORLD” IN
PATIENTS WITH

AND WITHOUT

CV DISEASE. 
CVD-REAL

ESTABLISHED

CV DISEASE

NO KNOWN

CV DISEASE



Favor SGLT2 

inhibitors

Favor other gl-

lw drugs

SLGT2 INHIBITORS IN THE “REAL WORLD” IN PATIENTS WITH AND

WITHOUT CV DISEASE. CVD-REAL



CLINICAL IMPLICATIONS OF EMPA-REG OUTCOME

1) WHAT MECHANISMS CAN EXPLAIN THE REDUCTION IN

CARDIOVASCULAR ENDPOINTS?

2) IS THIS A CLASS EFFECT OF SGLT2 INHIBITORS?

3) CAN THESE RESULTS BE EXTENDED TO PATIENTS WITH A LOWER

BASELINE CV RISK?  

4) WILL THESE AGENTS WORK IN PATIENTS WITH HEART FAILURE

(WITHOUT DIABETES)?

EMPAGLIFLOZIN CANAGLIFLOZIN DAPAGLIFLOZIN



MECHANISMS

RESPONSIBLE FOR

THE REDUCTION IN

CV AND RENAL

OUTCOMES

“MECHANISTIC 
EFFECTS” OF

SGLT2 
INHIBITION?

THE RENAL-
CARDIO 

HYPOTHESIS



*Guideline-directed medical therapy
HF, heart failure; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; HHF, hospitalisation for heart failure. 1. 
ClinicalTrials.gov NCT03057977; 2. ClinicalTrials.gov NCT03057951

EMPEROR-Reduced and EMPEROR-Preserved HF outcome trials 

investigated empagliflozin vs placebo on top of guideline-directed medical therapy

Phase III randomized double-blind placebo-controlled outcomes trials

Adult 
patients 

with 
chronic HF 
(NYHA II–
IV) with or 

without 
T2D

R
Primary endpoint: 

• time to first 
event of 
adjudicated CV 
death or 
adjudicated HHF 
in 
patients (composi
te endpoint)

Placebo

Empagliflozin 10 mg

All regimens administered with SoC therapy*

R
Placebo

All regimens administered with SoC therapy*

EMPEROR-Reduced1

LVEF ≤40%

EMPEROR-Preserved2

LVEF >40%

Planned recruitment: 
2850 patients

Planned recruitment: 
4126 patients

Empagliflozin 10 mg

Estimated follow-up ~38 months (event-driven)



Study to Evaluate the Effect of Dapagliflozin on the Incidence of Worsening Heart

Failure or Cardiovascular Death in Patients With Chronic Heart Failure (Dapa-HF)12

An international, multicentre, parallel group, event-driven, randomised, double-blind, placebo-controlled
study in patients with chronic HFrEF, evaluating the effect of dapagliflozin versus placebo, given once daily
in addition to background SoC therapy, for the prevention of CV death or reduction of HF events.

~4,500 patients Status: Currently recruiting

participants

PRIMARY ENDPOINT

Time to first occurrence of any of the components of the composite: CV death, hHF or an urgent hHF visit.

SECONDARY ENDPOINTS

• Time to first occurrence of CV death of hHF. Total number of (first and recurrent) hHF and CV death.

• Change from BL in KCCQ at 8 months. Time to first occurrence of renal composite (≥50% sustained decline 

in eGFR, reaching ESRD or renal death). Time to death (any cause).



STUDIES WITH CARDIOVASCULAR ENDPOINTS OF ANTI-DIABETIC DRUGS

2) SGLT2 INHIBITORS

1) DPP4 INHIBITORS

3) GLP-1 AGONISTS

DPP-4 INHIBITORS

GLP-1 AGONISTS



LEADER TRIAL RESULTS - LIRAGLUTIDE

-13%

RRR

Marso SP et al  NEJM 2016; 375: 311-322



LEADER TRIAL RESULTS - LIRAGLUTIDE

Marso SP et al  NEJM 2016; 375: 311-322

SEPARATION OF SURVIVAL CURVES

ONLY AFTER 12 MONTHS OF TREATMENT



CARDIOVASCULAR OUTCOMES TRIALS WITH GLP-1 AGONISTS

NO REDUCTION IN CARDIOVASCULAR OUTCOMES WITH LIXISENATIDE E EXENATIDE

(NOT A CLASS EFFECT)



FACING A NEW TREATMENT PARADIGM IN DIABETES AND

CARDIOVASCULAR DISEASE?



NEW TREATMENT PARADIGM IN DIABETES



New Treatament Paradigm In Diabetics with High Cardiovascular Risk

“GLUCOCENTRIC” APPROACH (CV) EVENTS REDUCTION APPROACH

MULTIFACTORIAL INTERVENTIONHb A1c in the Center



ALL-CAUSE MORTALITY IN SEVERAL CLINICAL TRIALS

Fitchett DH et al European Journal of Heart Failure 2016

CARDIOLOGIST COMMITMENT WITH CV CARE

SOLVD COPERNICUS RALES

PARADIGM



CLINICAL TRIALS WITH CARDIOVASCULAR OUTCOMES

EFFECT IN TOTAL MORTALITY

Fitchett DH et al European Journal of Heart Failure 2016

CLINICAL TRIAL

4 S 

Sinvastatin vs Placebo

NNT of 30 over 5.4 years 

(to reduce 1 death)

CLINICAL TRIAL

HOPE 

Ramipril vs Placebo

NNT of 56 over 5 years 

(to reduce 1 death)

CLINICAL TRIAL

EMPA-REG

Empagliflozin vs Placebo

NNT of 39 over 3 years 

(to reduce 1 death)



Cost-efficacy in Secondary Prevention 2018

EMPA-REG OUTCOME

EMPAGLIFOCINA

14% RRR  

55.45 EUROS/MONTH

PARADIGM
SACUBUTRILO/VALSARTAN

20% RRR  

193.35 EUROS/MONTH

FOURIER/ODISSEY

EVOLOCUMAB/ALIROCUMAB

15% RRR  

481,58 EUROS/MONTH

COMPASS
RIVAROXABAN

24% RRR  

? EUROS/MONTH

CANTOS
CANAKINUMAB

15% RRR  

? EUROS/MONTH

LEADER
LIRAGLUTIDE

13% RRR  

138 EUROS/MONTH



American Diabetes Association; CCS, Canadian Cardiovascular Society; CV, cardiovascular; ESC, European Society of Cardiology; SGLT2, sodium glucose transporter 2; T2D, 
type 2 diabetes

1. American Diabetes Association. Diabetes Care 2018; 2. Canadian Diabetes Association. Can J Diabetes 2016; 3. Piepoli MF et al. Eur Heart J 2016; 4. Ezekowitz JA et al. Can 
J Cardiol 2017; 5. Ponikowski P et al. Eur Heart J 2016

ADA and Diabetes Canada recommend empagliflozin to reduce major adverse CV 
events and CV mortality in patients with T2D and established CV disease1,2

Diabetes

ESC recommend the use of an SGLT2 inhibitor early in the management of patients with 
T2D and CV disease to reduce CV and total mortality3

CV disease

CCS and ESC suggest empagliflozin be considered for patients with T2D and established 
CV disease for the prevention or delay of heart failure4,5

Heart failure

Clinical guideline updates following EMPA-REG OUTCOME


