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Global mortality attributed to 19 risk factors
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HF, heart failure
Mamas MA. et al. Eur J of Heart Failure 2017.19:1095–1104

Despite advances
in care, men and 
women with a diagnosis 
of HF
continue to have worse 
survival than patients 
with one of several
common cancers
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Heart failure has a poor outcome in people with T2D
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Importance of risk factor control in T2D
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Residual risk: mortality and CVD in people with T2D



Glucose lowering and cardiovascular mortality

Seidu et al. Diab Med 2016; 33:280-289.
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New glucose lowering agents



Cardiovascular Outcome Trials (CVOT) – 3 MACE

Amsterdam Diabetes Center



*

Nauck MA. Lancet Diabetes Endocrinol 2016;4(6):525-36.

Two gut-derived incretin hormones have been identified:
• Glucagon-like peptide 1 (GLP-1)

• Glucose-dependent insulinotropic polypeptide (GIP)

“Incretin-effect”
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Gut hormones affect postprandial insulin secretion: 
Incretin effect
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Nauck M. Diabetologia 1986;29(1):46-52.
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GLP-1 receptors present in:
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Different GLP-1 RA compounds
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Human GLP-1 backbone Exendin-4 backbone

GLP-RAs
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CV Outcome Trials of GLP-1 in T2D
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GLP-1 receptor agonist and blood pressure – long(er) term
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-2.4 mmHg

Katout M. Am J Hypertension 2013.



Acute effects of GLP-1 RA on blood pressure
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Smits/van Raalte DH  Eur J Endocrinol 2017.



GLP-1 receptor agonist and blood pressure – long(er) term
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Smits/van Raalte DH  Eur J Endocrinol 2017.

Alternative hypotheses:
- Sodium excretion
- ANP secretion
- Smooth muscle relaxation
- Improvement endothelial function
- Secondary to weight loss



GLP-1 receptor agonists and endothelial function
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Nystrom AJP 2004



Conclusions - 1

• GLP-1 RA lower blood glucose levels by stimulating pancreatic islet-
cell function while reducing body weight

• GLP-1 RA improve cardiovascular outcomes through uncertain 
mechanisms (atherosclerosis-related?)

• GLP-1 RA acutely increases blood pressure, while reducing it after 
more prolonged use, mechanisms remain poorly understood
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Sodium-glucose co-transporter 2 inhibitors

• 180 g of glucose is filtered per day

• Complete tubular reabsorption 

• Sodium-glucose linked transporters

• SGLT-1 and SGLT-2

• Upregulation of SGLT-2 in T2D

Ferrannini E. Nat Rev Endocrinol 2012;8(8):495-502.
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SGLT2 inhibitors improve CV and renal outcomes in T2D

22

(40-50% eGFR reduction; end-stage renal disease; renal death)

Wanner et al. NEJM 2016 Perkovic et al. NEJM 2019 Perkovic et al. NEJM 2017 Wiviott et al. NEJM 2019 
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SGLT2 inhibitors lower blood pressure

Petrykiv, CJASN, 2017.



Blood pressure effects – restoration of dipping pattern
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Chilton et al; Diabetes Obes Metab 2017 11 (99): 1620-24



Van Bommel/van Raalte submitted
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SGLT2 inhibition and systemic hemodynamics
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SGLT2 inhibition and systemic hemodynamics
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SGLT2 inhibition and plasma volume
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Inzucchi, diabetes Care 2018; Heerspink DOM 2013 

EMPA REG OUTCOME trial empagliflozin



Non-osmotic sodium storage
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Olde Engberink/Vogt JASN 2015 



Tissue sodium content
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Kopp, Hypertension 2013 ; Karg, Cardiovascular Diabetology 2018



Conclusions - 2

• SGLT-2 lower blood glucose levels through glucosuria

• SGLT-2 cardiorenal outcomes likely through alterations in sodium 
handling

• SGLT-2 inhibitors reduce blood pressure; maybe by reducing body 
sodium content or direct cardiovascular actions
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+ indication for DKD by FDA
For SGLT2 inhibitors



Future perspectives

• Await further cardiovascular and heart failure outcome trials including patients 
without diabetes (SGLT2)

• Outcome in non-diabetes CKD (EMPA-KIDNEY and DAPA CKD) for SGLT2

• Effects of combination therapies (particularly with GLP-1 receptor agonists)

• Novel molecules that are in development (Combined GLP-1/GIP agonists)

• More mechanistic studies that may provide further guidance
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Diet and exercise (education) remain crucial…

Diabetes
Center
Amsterdam


