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Outline

• SGLT-2 inhibitors

– Mechanism of  action

– Outcome trials

• GLP-1 receptor agonists

– Mechanism of  action

– Outcome trials



“…sponsors should demonstrate that the therapy 
will not result in an unacceptable increase in 

cardiovascular risk.”

Where it all started



Timeline



SGLT2i: Mechanisms of  action

• SGLT-2 expressed in proximal tubule

– Reabsorb ~ 90% of filtered glucose load but inhibitors only reduce ~ 

50% = ↓70-90g/day = 300kcal/d. Upregulation of SGLT-1?

• Glucose lowering effects dependent on GFR

– Thus, ↓ GFR = less effect on HbA1c (FDA label)

– BUT CV/renal benefit is preserved!

• Glucose lowering is independent of insulin/beta cell function

– RARELY causes hypoglycemia in absence of other therapies that would

• Insulin, sulfonylureas 
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SGLT2i: Mechanisms of  benefit
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SGLT2i: Mechanisms of  benefit
Mechanism Physiology

Glycosuria (SGLT-2) • Osmotic diuresis → ↓ intravascular volume depletion → ↓ preload →  ↓ 

oxygen demand

• Altered insulin:glucagon ratio → ↑ ketones →  ↓ weight → ↓ inflammation

• ↓ glucotoxicity → ↑ insulin sensitivity

Natriuresis • ↓ blood pressure ± ↑ ventricular function ± ↓ AF

• ?improve arterial stiffness

• ↑ Tubuloglomerular feedback → afferent art. vasoconstriction (cf ACE 

inhibitors) → ↓ intraglomerular pressure →↓ GFR (~5ml/min) and ↓ 

albuminuria

Inhibition of NH3 In myocardium: improved mitochondrial ATP

In kidney: ↑ antioxidants

Uricosuria (GLUT9) Reduction in plasma uric acid → improved gout



SGLT2i: Mechanisms of  AE
Mechanism Physiology

↑  Phosphate Activation of FGF23-1,25(OH)2-PTH axis → bone turnover/fracture

Glycosuria (SGLT-2) • → Favorable growth media for mycotic infections

• ↓ serum glucose → ↓ insulin dosage or production and ↑ glucagon → ↓ 

anti-lipolytic activity → increased FFA production → ketone bodies → 

ketosis (with less elevation in serum glucose e.g. <200mg/dL)

• Unclear if the milieu of amplified urogenital flora (from glycosuria ), 

together with a degree of neuropathy/microvascular disease may 

predispose to Fournier’s gangrene

??? Amputation (toe/metatarsal) signal in CANVAS. Not well understood. Initially 

considered to be related to hypoperfusion but no associated signal for 

AKI/dehydration. Not seen in EMPA-REG (not systematically collected), 

DECLARE or CREDENCE (formal wound care plans)



SGLT2i: Clinical outcomes

HbA1c reduction ↓ 0.5 - 1%

Blood pressure ↓ 4 / 1mmHg

Body weight ↓ 2 - 3 kg



Zelniker, T.A. J Am Coll Cardiol. 2020

SGLT2i: CVOTs
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SGLT2i: Renal effects
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SGLT2i: Meta-analysis



Structure of  proglucagon and proglucagon-derived peptides, and 

principal cell types that express the canonical GLP-1 receptor

Drucker DJ, Cell Metab 27:740, 2018



Pancreatic endocrine and exocrine actions of  

GLP-1 on islet and acinar cells

Drucker DJ, Cell Metab 27:740, 2018



GLP-1RA: Mechanisms of  benefit
Mechanism Physiology

Endothelial cell (EC) 

GLP1

Downstream eNOS signaling → vasodilatation

• Improved insulin/nutrient delivery

• Improved tissue oxygenation and glucose utilization

Reduced EC apoptosis

Gastric GLP1 • Slowing of gastric emptying → satiety (? short term) → reduce post 

prandial glycemic spikes

CNS GLP1 • Sensation of satiety → weight loss

Renal GLP1 • Increases diuretic and natriuretic rate (?inconsistent)

• Reduced expression of pro-apoptotic caspase-3/Bax/Bcl-2

• Increased anti-oxidant heme oxygenase-1

Adipocyte GLP1 • Stimulation of brown adipose thermogenesis via PPARγ

Hepatic GLP1 • Unknown mechanism, reduce liver fat and fibrosis ?exendin-4//mTOR



GLP-1RA: Clinical outcomes

HbA1c reduction ↓ 0.6 – 1.5%

Blood pressure ↓ 3 / (1)mmHg

Body weight ↓ 2 - 3 kg



Drug
Lixisenatide

od

Liraglutide

od

Semaglutide

qw

Exenatide XR

qw

Albiglutide

qw

Dulaglutide

qw

Structure 

(sequence 

homology)

Exendin-4

(50%)

GLP-1 

(97%)

GLP-1 

(94%)

Exendin-4 

(53%)

GLP-1 

(97%)

GLP-1

(90%)

In vivo EC50

nmol/kg)*

0.02 0.5 NA 0.01 1.4

t½ 2–4 h 11.6–13 h 7 days 2 weeks ~ 5 days ~ 5 days

Dose 20 μg 0.6–1.8 mg 0.5, 1 mg 2 mg 30, 50 mg 0.75, 1.5 mg

GLP-1RA benefits: homology?
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GLP-1RA: Meta-analysis



GLP-1RA: Meta-analysis
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GLP-1RA: Meta-analysis
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GLP-1RA: Meta-analysis
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Summary: MACE



Summary: HF




