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Start with the punchline:





Scripps Was Among the First - Tom Heywood “Gets It”

• September 2015 – Stockholm presentation of empa-reg: first SGLT2i CVOT

• November 2015 – Scripps grand rounds – “what do we do with this new data?” –
Tom has an intellectual grand mal

• We agonize over not “jumping the gun” while not “missing the boat” over what to 
do about this new data

• January 2016 – Tom reconvenes the whole cardiology department to hear the data

• April 2016 – Tom convenes hospital cardiology section meeting to act on the data 

• January 2017 – AACE/ACE Diabetes guidelines begin to change to reflect the data

• January 2018 – AACE/ACE Diabetes guidelines actually change

• January 2019 – ADA, ACC join in the major changes

• January 2020 – ADA, ACC change their guidelines

• January 2021 – ADA, ACC, (AHA joins in)

• “A cardiologist an endocrinologist, and a real doctor walk into a bar…”



Evolution of the Diabetes Guidelines for SGLT2i’s and GLP1-RA’s
Changes So Fast There Was No Longer Any Point in Annual Printing

• To lower A1c – after lifestyle rx and metformin and after possible other meds

• To lower A1c – after lifestyle and metformin before any other meds

• To lower A1c – in combination with above right away

• To lower CVD risks – in diabetics with elevated A1c

• To Lower CVD risks - in diabetics independent of A1c

• To lower CVD (and renal) risk – independent of having diabetes at all



Glucose-lowering medication in type 2 diabetes: 2021 ADA Professional Practice Committee 

(PPC) adaptation of Davies et al. 

American Diabetes Association Dia Care 2021;44:S111-

S124
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Critical Caveats

• “Established ASCVD” is not defined in the FDA label – clinician decides

• Now includes “multiple risk factors”

• Now includes primary as well as  secondary prevention

• “Heart failure” is not defined in the FDA label

• Most of beneficiaries in the trials did not have known HF (rEF or pEF)

• “Chronic Kidney Disease” is not defined in the FDA label

• eGFR < 60 is standard but not absolute

• Role of Cystatin-C eGFR in 45-60, 30-45





















“Urgent need for comprehensive evaluations to clarify the cardiovascular risks of rosiglitazone 
Our data suggest a cardiovascular risk associated with the use of rosiglitazone
Until more precise estimates of the cardiovascular risk of this treatment can be delineated in 
patients with diabetes, patients and providers should carefully consider the potential risks of 
rosiglitazone in the treatment of type 2 diabetes”

Rosiglitazone compared with the control:
Odds ratio for myocardial infarction: 1.43 (95% CI, 1.03 to 1.98; P=0.03)
OR for death from cardiovascular causes: 1.64 (95% CI, 0.98 to 2.74; P=0.06)

2007: The Avandia Affair



FDA Guidance for Industry to Evaluate CV Risk 

in New Antihyperglycemic Medications1 July 2008

• In order to establish the safety of a new antihyperglycemics

• Effects on CV risk to be more thoroughly addressed during 
antihyperglycemic medication development

• Demonstrate that therapy will not result in unacceptable increase in CV 
risk 

• Key areas to be addressed: inclusion of patients with a higher risk of CV 
events

– e.g. patients with advanced CV disease, elderly patients, and patients with 
impaired renal function 

– study duration ≥2 years

1. Center for Drug Evaluation and Research. Guidance for Industry: Diabetes Mellitus—Evaluating Cardiovascular Risk in New Antidiabetic Therapies to Treat Type 2 Diabetes. December 2008. 
http://www.fda.gov/downloads/Drugs GuidanceComplianceRegulatoryInformation/Guidances/ucm071627.pdf. Accessed September 12, 2014.

http://www.fda.gov/downloads/Drugs


CVOTs (double-blind, randomized, placebo-
controlled) - 3 possible results

CV SAFETY
Non-inferiority to placebo

CV PROTECTION

Superiority to placebo

INCREASES CV RISK
Inferiority to placebo

+

-

CV outcome trials PRIMARY ENDPOINT 

3P-MACE: CV death, nonfatal MI, nonfatal stroke

MACE: major adverse cardiac events

All patients receive standard-of-care treatment in 
addition to the study drug or placebo



Cardiovascular Outcome Trials in Diabetes



Cardiovascular Outcome Trials

SGLT2 inhibitors



Stockholm, September 17, 2015

Empagliflozin CV outcomes



Cumulative incidence function. MACE, Major Adverse Cardiovascular Event; HR, hazard ratio. 
* Two-sided tests for superiority were conducted (statistical significance was indicated if p≤0.0498)

HR 0.86
(95.02% CI 0.74, 0.99)
p=0.0382*

EmpagliflozinPrimary outcome:
3-point MACE

Zinman B et al. NEJM 2015;
373:2117-2128



Cumulative incidence function. HR, hazard ratio 

CV death  
HR 0.62
(95% CI 0.49, 0.77)
p<0.0001

Zinman B et al. NEJM 2015;373:2117-2128



Kaplan-Meier estimate. HR, hazard ratio 

All-cause mortality
HR 0.68
(95% CI 0.57, 0.82)
p<0.0001

Zinman B et al. NEJM 2015;373:2117-2128



FDA Approves Indications for 
empagliflozin (Jardiance)
2016 Update

1. as an adjunct to diet and exercise to improve glycemic control in 

adults with type 2 diabetes mellitus

2. to reduce the risk of cardiovascular death in adult patients 

with type 2 diabetes mellitus and established cardiovascular 

disease



Is This a Class 
Effect?



Canagliflozin



FDA approves CV events indication 
for canagliflozin (Invokana)

October 31, 2018

•To reduce the risk of major adverse cardiovascular events in 
adults with type 2 diabetes who have established
cardiovascular disease 



N Engl J Med 2019; 380:347-357

Primary endpoint (MACE) missed



Ertugliflozin
CVOT 
(VERTIS CV)

Cannon CP et al. NEJM 2020;
383:1425-1435



SGLT2 Inhibitor CVOTs



What About Other Effects of SGLT2 inhibitors?



All-cause Mortality

EMPA-REG (Empagliflozin) CANVAS (Canagliflozin) DECLARE (Dapagliflozin)

HR: 0.86 (95% CI, 0.74-0.99) HR: 0.87 (95% CI, 0.74-1.01) HR: 0.93 (95% CI, 0.82-1.04)

Cardiovascular Death
HR: 0.98 (95% CI, 0.82-1.17)HR: 0.62 (95% CI, 0.49-0.77) HR: 0.87 (95% CI, 0.72-1.06)



Hospitalization for Heart Failure: SGLT2-i CVOTs
All four drugs showed significant hazard risk reduction







SGLT-2 Inhibitors and Renal Outcomes

The EMPA-REG, CANVAS and DECLARE trials showed empagliflozin, 
canagliflozin and dapagliflozin were associated with slower progression 
of kidney disease and lower rates of clinically relevant renal events than 
was placebo when added to standard care.

1. Zinman B et al. N Engl J Med. 2015;373:2117-2128.   2. Neal B et al. N Engl J Med. 2017;377:644-657.  3. Wiviott et al. NEJM 2018, on line November 2018



McMurray JJV et al. N Engl J Med 2019; 381:1995-2008

DAPA-HF



DAPA-HF

McMurray JJV et al. N Engl J Med 2019; 381:1995-2008



Indications for the Use of dapafliflozin (Farxiga)
October 21, 2019 Update

as an adjunct to diet and exercise to improve glycemic control in 
adults with type 2 diabetes mellitus

• to reduce the risk of hospitalization for heart failure in adults with 
type 2 diabetes mellitus and established cardiovascular disease or
multiple cardiovascular risk factors















AstraZeneca Stops DAPA-CKD Phase 3 trial Early After 

Dapagliflozin Shows Efficacy in Patients with Chronic 

Kidney Disease



Heerspink HJL et al. NEJM 2020;383:1436-1446













Cardiovascular Outcome Trials 

GLP-1 Receptor 
Agonists



Sussman et al.: Physiol Rev 2011, 91:1023–1070.





LEADER TRIAL
Liraglutide and Cardiovascular Outcomes in T2D

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

MACE: primary outcome Death from Cardiovascular causes

Primary outcome: first occurrence of death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke 



All-cause death

The cumulative incidences were estimated with the use of the Kaplan–Meier method, and the hazard ratios with the use of the Cox proportional-hazard regression model. 

The data analyses are truncated at 54 months, because less than 10% of the patients had an observation time beyond 54 months. CI: confidence interval; HR: hazard 

ratio.

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



Liraglutide (Victoza) Indications

as an adjunct to diet and exercise to improve glycemic control in adults 
with type 2 diabetes mellitus, and 

• to reduce the risk of major adverse cardiovascular events (CV death, 
non-fatal myocardial infarction, or non-fatal stroke) in adults with type 
2 diabetes mellitus and established CV disease



Marso SP et al. NEJM 2016;375:1834-1844



Components of primary outcome

Marso SP et al. NEJM 2016;375:1834-1844



Semaglutide (Ozempic®) Indications

• As an adjunct to diet and exercise to improve glycemic control in 
adults with type 2 diabetes mellitus (T2DM)

• To reduce risk of major adverse cardiovascular events 
(cardiovascular death, nonfatal myocardial infarction, nonfatal 
stroke) in adults with T2DM and established cardiovascular disease



Hernandez et al. Lancet 2018; 392(10157): 1519-1529

2018



EXSCEL Trial: Weekly Exenatide 
Primary CV outcome CVDeath

Death from Any Cause Hospitalization for Heart Failure

N Engl J Med 2017; 377:1228-1239



Dulaglutide Effect on the CV Composite
Primary Outcome: 1st Occurrence of Nonfatal MI, Nonfatal Stroke, CV Death

Professor Gerstein’s Slide deck: https://professional.diabetes.org/scientific-sessions-weekly-dulaglutide-and-major-cardiovascular-eventsresults-of-the-rewind-trialltstronggt Lancet. 2019 Jul 13;394(10193):121-130



REWIND (Dulaglutide)
CV Composite in Prespecified Subgroups

Professor Gerstein’s Slide deck: https://professional.diabetes.org/scientific-sessions-weekly-dulaglutide-and-major-cardiovascular-eventsresults-of-the-rewind-trialltstronggt Lancet. 2019 Jul 13;394(10193):121-130



ELIXA LEADER SUSTAIN 6 EXSCEL HARMONY REWIND

N 6068 9340 3297 14752 9463 9901

Drug Tested Lixi/d Lira/d Sema/wk Exena/d Albig/wk Dula/wk

Prior CVD 100% 81% 83% 73% 100% 31%

Mean Age 60 y 64 y 54 y 62 y 64 y 66 y

Women 30% 36% 39% 38% 31% 46%

Median F/U 2.1 y 3.8 y 2.1 y 3.2 y 1.6 y 5.4 y

DM Duration 9.2 y 12.8 y 13.9 y 13.1 y 14.2 y 10.5 y

Baseline A1c 7.7% 8.7% 8.7% 8.1% 8.8% 7.3%

Baseline eGFR 76 ~75 ~75 76 79 77

Insulin Use 39% 45% 58% 46% 59% 24%

Implications of the REWIND Findings

Participants were similar to the sorts of 

ambulatory patients with type 2 DM & 

CV risk factors who are routinely seen 

in clinical practice

Professor Gerstein’s Slide deck: https://professional.diabetes.org/scientific-sessions-weekly-dulaglutide-and-major-cardiovascular-eventsresults-of-the-rewind-trialltstronggt Lancet. 2019 Jul 13;394(10193):121-130



Dulaglutide (Trulicity®) Indications

as an adjunct to diet and exercise to improve glycemic control in adults 
with type 2 diabetes mellitus

• to reduce the risk of major adverse cardiovascular events
(cardiovascular death, nonfatal myocardial infarction, or nonfatal 
stroke) in adults with type 2 diabetes mellitus who have established
cardiovascular disease or multiple cardiovascular risk factors







GLP-1 RA and Hospitalizations for Heart Failure

Lancet Diab Endocrinol 2019;7:776-785



Time to first renal event
Macroalbuminuria, doubling of serum creatinine, ESRD, renal death

The cumulative incidences were estimated with the use of the Kaplan–Meier method, and the hazard ratios with the use of the Cox proportional-hazard regression model. The data analyses are truncated at 54 months, 

because less than 10% of the patients had an observation time beyond 54 months. CI: confidence interval; ESRD: end-stage renal disease; HR: hazard ratio.

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



Marso SP et al. NEJM 2016;375:1834-1844









Could Their Effects Be Synergistic or Additive?



Thank You!


