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Diabetes continues to be a 
world wide epidemic



Worldwide Prevalence of Diabetes

IDF. Diabetes Atlas Update 2015. Available at: http://www.idf.org/sites/default/files/Atlas7e-poster.pdf.

Current estimated prevalence: 415 million worldwide
By 2040, 642 million people worldwide are expected to have diabetes
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Prevalence of Diabetes and 
Prediabetes in the United States
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Prediabetes
34% of US population

Diabetes
9.4% of US population
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Projected Prevalence of Diabetes in 
the United States: 1990 to 2050
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Diabetes continues to a 
major cause of Morbidity 

and Mortality 



Diabetes and Morbidity and Mortality

7

1.5

1.8

1.7

1.5

0 0.5 1 1.5 2

Stroke

Myocardial
infarction

CVD death

All-cause death

Risk increase

CDC. National diabetes statistics report, 2014. http://www.cdc.gov/diabetes/pubs/statsreport14/national-
diabetes-report-web.pdf



What were we missing?
• Are we treating symptoms or 

treating the problem?

• What else could be 
contributing to the process of 
type 2 diabetes?

• What about cardiovascular 
safety? 



The Ominous Octet
Islet b-cell

Impaired
Insulin Secretion

Neurotransmitter
Dysfunction

Decreased Glucose
Uptake

Islet a-cell

Increased
Glucagon Secretion

Increased
Lipolysis

Increased Glucose
Reabsorption

Increased
HGP

Decreased
Incretin Effect



Where are we today? 



2019

• Its not enough anymore to just focus on A1c
• How we treat patients is now more important than ever

• Even more critical in those with CV disease or multiple 
risk factors

• Irrespective of A1c, our choices matter and may save 
lives 



SGLT- 2 Therapy 

Canagliflozin (Invokana)

Dapagliflozin (Farxiga)

Empagliflozin (Jardiance)

Ertugliflozin (Steglatro)













Change in HbA1c with Dapagliflozin Across 
24-Week Studies
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*P <.05 vs placebo.
Abbreviations: BL, baseline; MET, metformin; PIO, pioglitazone; SU, sulfonylurea.
FDA Advisory Committee 19th July 2011: http://www.fda.gov.             
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-2.2
(95% CI: 

-2.6, -1.7)
p < 0.0001

-1.9
(95% CI: 

-2.4, -1.5)
p < 0.0001

CI, confidence interval; QD, once daily.
ANCOVA, FAS (LOCF).
Roden M, et al. Lancet Diabetes Endocrinol. 2013;1:208–219.

24-week empagliflozin monotherapy versus placebo and sitagliptin
Change in body weight at Week 24
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EMPA, empagliflozin; HbA1c, glycosylated haemoglobin; SE, standard error.
MMRM in FAS (OC).
Roden M, et al. ADA 2014, Abstract 264-OR. 

52-week extension of empagliflozin monotherapy versus placebo and sitagliptin
HbA1c over time
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SGLT therapy Glycemic benefits

• 1. A1c reduction across the broad population of patients 

• 2. Low risk of hypoglycemia

• 3. Well tolerated with mycotic infections and increased urination as 
the main side effect



SGLT2 Therapy- Non Glycemic Benefits

• 1. Weight loss

• 2. Blood pressure benefits 

• 3. Cardiovascular 

• 4. Renal preservation

• 5. CHF 



Copyright © 2015 AACE. 
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Cardiovascular Outcomes Trials: A Brief History
� 2008 FDA guidance mandating assessment of CV safety of all 

antihyperglycemic agents in RCTs
� Designed as noninferiority studies to demonstrate study drug was not 

associated with more MACE than placebo
� Some study designs tested for superiority if noninferiority criteria were met

� Primary endpoint: composite of cardiovascular death, nonfatal MI, and 
nonfatal stroke
� Some primary endpoints included additional components

23

MACE = major adverse cardiovascular events; RCTs, randomized controlled trials.

FDA. Guidance for industry: evaluating cardiovascular risk in new antidiabetic therapies to treat type 2 diabetes. 
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm071627.pdf.
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EMPA-REG OUTCOME
Trial design

� Study medication was given in addition to standard of care.
� The trial was to continue until ≥ 691 patients experienced an adjudicated primary outcome event.
� 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) 

24

Randomized and 
treated

(n=7020)

Empagliflozin 10 mg
(n=2345) 

Empagliflozin 25 mg 
(n=2342) 

Placebo 
(n=2333)

Screening
(n=11531)

CV, cardiovascular; BMI, body mass index; eGFR, estimated glomerular filtration rate; 
MDRD, Modification of Diet in Renal Disease.
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Planned outcomes and analyses
� Primary outcome: 3-point MACE
� Further outcomes included: heart failure hospitalization or CV death, 

hospitalization for heart failure, all-cause mortality
� Analysis compared empagliflozin 10 mg and 25 mg (pooled) vs. placebo in 

patients treated with ≥1 dose of study drug (intent-to-treat population)
� Secondary analyses included comparisons of individual empagliflozin 

doses vs. placebo
� Subgroup analyses were based on baseline characteristics, including the 

presence/absence of investigator-reported heart failure
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3-point MACE: Time to first occurrence of CV death, non-fatal MI or non-fatal stroke.
MACE, Major Adverse Cardiovascular Event; CV, cardiovascular; MI, myocardial infarction.
Zinman B et al. N Engl J Med 2015 [Epub ahead of print].
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Patients with
event/analysed

Empagliflozin  Placebo HR (95% CI) p-value

Primary outcome:

3-point MACE 490/4687 282/2333 0.86 (0.74, 0.99)* 0.0382

CV death 172/4687 137/2333 0.62 (0.49, 0.77) <0.0001

Non-fatal MI 213/4687 121/2333 0.87 (0.70, 1.09) 0.2189

Non-fatal stroke 150/4687 60/2333 1.24 (0.92, 1.67) 0.1638

0.25 0.50 1.00 2.00

Primary outcome
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Cox regression analysis. 3-point MACE: Time to first occurrence of CV death, non-fatal MI or non-fatal stroke.
MACE, Major Adverse Cardiovascular Event; HR, hazard ratio; CI, confidence interval; CV, cardiovascular; MI, 
myocardial infarction.
*95.02% CI
Zinman B et al. N Engl J Med 2015 [Epub ahead of print].

Favors empagliflozin Favors placebo



Copyright © 2015 AACE. 
May not be reprinted in any form without express written permission from AACE.

Placebo

Empagliflozin

Modest A1c reduction with EMPA

29% of placebo, 
23% of EMPA 
discontinued tx 
prematurely

N Engl J Med 2015;373:2117-2128.
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Modest reduction (14%) in primary 
endpoint ( MACE)

Empagliflozin

N Engl J Med 2015;373:2117-2128.
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CV Death reduced by 38%

Placebo

Empagliflozin

N Engl J Med 2015;373:2117-2128.
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HF Hospitalization reduced by 35%

Placebo

Empagliflozin

N Engl J Med 2015;373:2117-2128.
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What is the explanation for the 
reduction in CV death?

No difference in rates of MI or CVA

Only 10% with HF at baseline

Diuretics (excepting aldosterone antagonists) 
have not been shown to reduce mortality



Copyright © 2015 AACE. 
May not be reprinted in any form without express written permission from AACE.

What is the explanation for the 
reduction in CV death?

Related to modest BP reduction (~4 mmHg)?

Related to modest weight loss (~2 kg)?

Unidentified mechanism?
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DAPAGLIFLOZIN:DECLARE-TIMI 58
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SGLT2 Heart Failure Data
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Diabetes is a leading cause of CKD
CKD increases risk of CV & Stroke
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� 1st drug since ACE/ARB 
that is in studies has 
shown promise for pts 
with renal complication 
from diabetes. 

� Study was stopped at 2.6 
yrs due to + results

Now indicated to reduce 
the risk of end stage renal 
disease, doubling of serum 
creatinine, cardiovascular 
death, and hospitalization 
for heart failure in those 
with type diabetes, diabetic 
nephropathy and 
albuminuria >300 mg/day 
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2018 ACC Expert Consensus Decision Pathway on Novel Therapies for Cardiovascular Risk Reduction in Patients 
With Type 2 Diabetes and Atherosclerotic Cardiovascular Disease



GLP-1

•14 years on the market
•Provide A1c reduction across a broad population of patients
•Low risk of hypoglycemia
•Added benefit of weight reduction
•Cardiovascular benefits 
•Main side effects are GI with nausea and vomiting the most 
common and less common, pancreatitis 



GLP-1 Modulates Numerous 
Functions 

Data from Flint A, et al. J Clin Invest. 1998;101:515-520; Data from Larsson H, et al. Acta Physiol Scand. 1997;160:413-422
Data from Nauck MA, et al. Diabetologia. 1996;39:1546-1553; Data from Drucker DJ. Diabetes. 1998;47:159-169

Stomach:
Helps regulate 

gastric emptying

Promotes satiety and 
reduces appetite

Liver:
¯ Glucagon reduces 

hepatic glucose output

Beta cells:
Enhances glucose-

dependent 
insulin secretion

Alpha cells:
¯ Postprandial

glucagon secretion

GLP-1: Secreted 
upon the 

ingestion of food
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GLP-1 agonists

•Exenatide
•Liraglutide
•Dulaglutide
•Lixisenatide
•Semiglutide



GLP-1-Not all created equally 

Weekly
-Exenatide LAR (BCISE, Bydureon)
-Dulaglutide (Trulicity) 
-Semiglutide (Ozempic)

Daily
-Liraglutide (Victoza)
-Lixisenatide (Adlyxin)



GLP-1-Not all created equally 

A1c reduction

1. Semiglutide
2. Dulaglutide/Liraglutide
3. Exenatide LAR
4. Adlyxin

Tolerability (less GI symptoms)

1. Exenatide LAR/Adlyxin
2. Semiglutide/Dulaglutide/Liraglutide











Liraglutide                          Semaglutide









SUGGESTS PTS WITH 
INCREASED RISK SHOW 
MORE BENEFIT

positive



GLP-1 and SGLT2 therapy 

• A1c remains important, but perhaps how we get there may be more 
impactful, particularly for those who have CV disease or those at high 
risk

• These agents offer A1c reduction across a broad patient population, 
limited risk of hypoglycemia and aid in weight loss

• CVOT data compelling for risk reduction with NNT similar to statin and 
and ACE –I




