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OBJECTIVES

• Overview of Type II Diabetes Pathophysiology

• Focus on GLP-1 agonists and SGLT2 Inhibitors

• Mechanism of Action

• Benefits 

• Side Effects

• Cardiovascular Effects

• Major Findings / FDA labeling 

• General Approach to Management of Type 2 Diabetes 







HYPERGLYCEMIA AND MICROVASCULAR 
COMPLICATIONS

• Kummamoto Study and UK Prospective Diabetes Study 
(UKPDS)

• Examined the effects of “intensive insulin therapy” (Kummamoto) 
and “intensive blood glucose control” with metformin, sulfolyurea, or 
insulin (UKPDS)

• Mean A1c lowering

• 9.4 → 7.1% (Kummamoto)

• 7.9 → 7.0% (UKPDS)

• Lower rates of complications in intervention arms

• 10 year follow up (UKPDS): continued reductions 
microvascular risk and risk of MI and death from any cause





ACCORD TRIAL





TYPE 2 DM MEDICATIONS: 
CARDIOVASCULAR BENEFITS

• SGLT2 inhibitors

• Glucagon-Like Peptide-1 (GLP-1) agonists
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Direct Pharmacological Actions of GLP-1R Agonists



Indirect Pharmacological Effects of GLP-1R Agonists





Physiological Actions of GIP









FDA-APPROVED AGENTS

• Albiglutide  (Tanzeum)

• Dulaglutide (Trulicity)

• Exenatide (Byetta)

• Exenatide ER  (Bydureon)

• Liraglutide (Victoza)

• Semaglutide (Ozempic)

• Injectable administration

• Mimic action of native GLP-1

• Increase glucose-dependent insulin 
secretion

• Suppress glucagon production

• Slow gastric emptying

• Suppress Appetite

KEY FEATURES

GLP-1 RECEPTOR AGONISTS



CARDIOVASCULAR DISEASE & GLP-1 AGONISTS 



LEADER TRIAL

• “Liraglutide Effect and Action in Diabetes: Evaluation of CV 
Outcome Results”

• Cardiovascular (CV) outcomes trial in patients with type 2 diabetes 
at high CV risk 

• Compared liraglutide (n = 4668) with placebo (n = 4672) 

• Primary composite endpoint of 3-point major adverse CV events: 
CV death, non-fatal MI, or stroke

• Conclusion: liraglutide is superior to placebo in improving glycemic 
control and reducing CV events and mortality in patients with DM2 
and high CV risk, including among patients with CKD.



REWIND TRIAL (DULAGLUTIDE)

• Dulaglutide was superior to placebo in improving glycemic control and 

reducing CV events in patients with T2DM and high CV risk. 

• Significant reduction in nonfatal strokes

• Renal effects: 

• Moderate effect on the composite renal outcome

• Reduced new microalbuminuria





SUSTAIN-6 TRIAL

• "Semaglutide and Cardiovascular Outcomes 

in Patients with Type 2 Diabetes“ 

• Objective: Determine whether semaglutide 

was non-inferior to placebo in terms of CV 

events among people with T2DM + high risk 

for CVD

• Randomized 3297 patients: semaglutide 

(weekly, 0.5 mg or 1.0 mg) vs placebo

• Composite primary outcome (CV mortality, 

nonfatal MI, or stroke)

• 6.6% (semaglutide group) 

• 8.9% (placebo group)

• Semaglutide found to be superior to placebo 

for this composite CVD outcome

• Adverse effects: 

• More frequent GI events

• Higher incidence of retinopathy vs placebo





PIONEER-6 
(ORAL SEMAGLUTIDE)

Results showed noninferiority but not superiority of oral 

semaglutide vs placeo in cardiovascular risk  





TIRZEPATIDE: 
GLP-1/GIP DUAL AGONIST

Comparison between GLP-1 RA and the GLP-1/GIP dual agonist (tirzepatide)





Potential mechanisms by which tirzepatide imparts cardiovascular benefits



Your text hereYour text hereYour text here

SURPASS-2 Trial: 

Tirzepatide 

vs 

Semaglutide 



7-point SMBG Profiles at Baseline and 40 Weeks





CV FINDINGS: SURPASS-4 TRIAL
(TIRZEPATIDE VS GLARGINE)

• 1995 Participants randomly assigned and 
received either SQ injection of weekly 
tirzepatide (5 mg, 10 mg, or 15 mg) vs 
glargine

• Titrated to FBG<100 mg/dL

• Primary Endpoint: non-inferiority of 
tirzepatide vs glargine in a1c reduction

• Treatment duration: 52 weeks to 104 weeks 
or until study completion for MACE (major 
adverse CV events)

• MACE-4 events (CV death, MI, stroke, 
unstable angina hospitalizations) not 
increased on tirzepatide compared with 
glargine

• Reduction in a1c: tirzepatide > glargine

• Hypoglycemia: tirzepatide < glargine

• GI effects (N/V, diarrhea, decreased 
appetite): tirzepatide > glargine

• SURPASS-CVOT: Ongoing cardiovascular 
outcome trial of tirzepatide

• “A Study of Tirzepatide (LY3298176) 
Compared With Dulaglutide on Major 
Cardiovascular Events in Participants With 
Type 2 Diabetes”  



CARDIOVASCULAR DISEASE  AND SGLT2 INHIBITORS 



FDA APPROVED AGENTS

• Canagliflozin

• Dapagliflozin

• Empagliflozin

• Ertugliflozin (Dec. 2017)

• Oral administration

• Inhibit reabsorption of glucose into the 

bloodstream from the kidney

• Improve glycemic control

• Weight loss

• Blood pressure reduction

KEY FEATURES

SGLT2 INHIBITORS









GLUCOSE CONTROL
WITH SGLT2 INHIBITORS

Placebo-Adjusted Change from Baseline

(Not Head-to-Head Trials)

*Absolute change from baseline (active-controlled trial).
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WEIGHT CHANGE
WITH SGLT2 INHIBITORS

Absolute Change from Baseline

(Not Head-to-Head Trials)
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SGLT2-I ’S AND HEART FAILURE

• DAPA-HF study

• Dapagliflozin became the first SGLT2I approved for treatment to 
reduce the risk of CV death and HHF in adults with HFrEF 

• EMPEROR-Reduced study

• Empagliflozin received FDA approval for use to reduce the risk of CV 
death and HHF in adult patients with HFrEF 

• EMPEROR-Preserved study 

• Empagliflozin approved for the treatment of HFpEF



Possible mechanisms underlying the cardioprotective effects of SGLT2is on HF



SGLT2-I ADVERSE EFFECTS

• Genital Mycotic Infections

• Yeast infections in women

• Balanitis in men (more frequent if uncircumsized)

• UTI’s

• Fournier’s Gangrene (necrotizing fasciitis of perineum)

• Hypotension 

• Intravascular volume contraction 

• Susceptible Patients: +CKD, low SBP, elderly, on diuretics

• Hypoglycemia (when added to insulin or sulfonylurea)

• (Euglycemic) DKA





DRUG-SPECIFIC ADVERSE EFFECTS

• Canagliflozin

• Lower Limb Amputations (in patients with T2DM + CVD)

• Consider the following before initation

• Neuropathy

• PVD

• Prior history of foot infections, ulcers, or amputations
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Person and disease factors used to determine optimal glycemic targets. Characteristics and predicaments toward the left justify more stringent 

efforts to lower A1C; those toward the right suggest less stringent efforts. A1C 7% = 53 mmol/mol. Adapted with permission from Inzucchi et al. 

(36).

Figure Legend:

Diabetes Care. 2023;47(Supplement_1):S111-S125. doi:10.2337/dc24-S006



THANK YOU
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