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One world, one epidemic 

Chinatown Disneyland 





Type 2 diabetes mellitus (T2DM) is increasingly prevalent 

• Globally, 415 million 
people are living with 
diabetes1 
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Mortality risk associated with 

diabetes (n = 820900)2 

This will rise to  

642 million by 20401 

CV = cardiovascular 
1. International Diabetes Federation. 2015. www.idf.org/diabetesatlas 
2. Seshasai SR et al. N Engl J Med 2011;364:829 

http://www.idf.org/diabetesatlas
http://www.idf.org/diabetesatlas


Diabetes in Asia 

Lancet 2010; 375: 408-18 

http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6T1B-4XJMJP9-2&_image=B6T1B-4XJMJP9-2-3&_ba=&_user=28301&_coverDate=02/05/2010&_rdoc=1&_fmt=full&_orig=search&_cdi=4886&_pii=S0140673609609375&view=c&_isHiQual=Y&_acct=C000003298&_version=1&_urlVersion=0&_userid=28301&md5=752a64fe522de8c623bbff9fbe85784a


Reduced life expectancy  

The Emerging Risk Factors Collaboration, et al. JAMA 2015;314:52 
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• At least 68% of people >65 years with diabetes die of heart disease 



Reduced life expectancy  

• At least 68% of people >65 years with diabetes die of heart disease1 

We need to look beyond glycemic control 

Non-pharmacological  and 
pharmacological intervention to 
reduce cardiovascular risk factors 

Cardiovascular effects of 
antidiabetic drugs 



Metabolic Syndrome 

 Abdominal obesity 

 High blood pressure 

 High fasting plasma glucose 

 Hypertriglyceridemia 

 Low HDL-cholesterol 



The natural history of the metabolic syndrome 

Central 

obesity 

Dyslipidemia 

   (Hi TG,  

low HDL) 

Raised 

   blood pressure 

blood glucose 

CV 

complications 

Death 

Metabolic syndrome 

Cheung et al. Diabetes Care 2007; Am J Hypertens 2008; 21:17-22. 30:1430-6.  Clin 

Endocrinol 2008; 68: 730-737.  

Thomas et al.  Clin Endocrinol 2007; 66: 666-71.  



Effects of antihypertensive drugs on the risk of 

developing type 2 diabetes 

Effect on insulin resistance Drug 

Increase Thiazide diuretic 

Beta-blocker 

Neutral Calcium channel blocker 

Decrease ACE inhibitor 

Angiotensin receptor blocker 

 



1. Nissen SE, et al. NEJM, 2007 
2. Udell JA, et al. Lancet Diabetes Endocrinol, 2015 
3. Lago RM, et al. Lancet, 2007 

Antidiabetic drugs may increase cardiovascular risks1-3 



Udell et al. Lancet 
Diabetes Endocrinol 2015 



Udell et al. Lancet 
Diabetes Endocrinol 2015 



Adapted from Abrahamson MJ.  
The incretin effect of GLP-1. 
http://www.medscape.org/viewarticle/557239 



Wanner & Marx. Diabetologia 2018 



Studies Intervention (n) Hazard ratio (95% CI) of MACE 

SGLT-2 inhibitors vs. Placebo 

EMPA-REG OUTCOME 2015  Empagliflozin (4687) vs. placebo (2333) 0.86 (0.74-0.99) 

CANVAS 2017 Canagliflozin (2888) vs. placebo (1442) 0.88 (0.75-1.03) 

CANVAS-R 2017 Canagliflozin (2907) vs. placebo (2905) 0.82 (0.66-1.01) 

DECLARE-TIMI 58 2018 Dapagliflozin (8582) vs. placebo (8578) 0.93 (0.84-1.03) 

CREDENCE 2019 Canagliflozin (2202) vs. placebo (2199) 0.80 (0.67-0.95) 

GLP-1 RAs vs. Placebo 

ELIXA 2015 Lixisenatide (3034) vs. placebo (3034) 1.02 (0.89-1.17) 

LEADER 2016 Liraglutide (4668) vs. placebo (4672) 0.87 (0.78-0.97) 

SUSTAIN-6 2016 Semaglutide (1648) vs. placebo (1649) 0.74 (0.58-0.98) 

HARMONY OUTCOMES 2018 Albiglutide (4731) vs. placebo (4732) 0.78 (0.68-0.90) 

EXSCEL 2018 Exenatide (5394) vs. placebo (5388) 0.91 (0.83-1.00) 

REWIND 2019 Dulaglutide (4949) vs. placebo (4952) 0.88 (0.79-0.99) 

PIONEER 2019 Semaglutide (1591) vs. placebo (1592) 0.79 (0.57-1.11) 

DPP-4 inhibitors vs. Placebo 

SAVOR-TIMI 53 2013 Saxagliptin (8280) vs. placebo (8212) 1.00 (0.89-1.12) 

EXAMINE 2015 Alogliptin (2701) vs. placebo (2679) 0.96 (≦1.16)* 

TECOS 2015 Sitagliptin (7332) vs. placebo (7339) 0.99 (0.89-1.10) 

CARMELINA 2018 Linagliptin (3494) vs. placebo (2485) 1.02 (0.89-1.17) 
* Only upper bound of the one-sided 95% CI was reported (α=0.01)  



Cardiovascular outcomes in trials of new antidiabetic drug classes: 

a network meta-analysis 

Fei Y, Tsoi MF, Kumana CR, Cheung TT, Cheung BMY. Int J Cardiol 2018 

Fei Y, Tsoi MF, Cheung BMY. Cardiovasc Diabetol 2019 



All-cause mortality in patients randomised to different 
classes of antidiabetic drugs 



Hospitalisation for HF in patients randomised to different 
classes of antidiabetic drugs 



Renal composite outcome in patients randomised to 
different classes of antidiabetic drugs 



Rank 1 (%)  Rank 2 (%)  Rank 3 (%)  Rank 4(%)  

MACE 

GLP-1 RA 46.10 52.55 1.35 0.00 

SGLT-2 inhibitor  53.50 44.85 1.60 0.05 

DPP-4 inhibitor  0.40 2.50 49.40 47.70 

Placebo 0.00 0.10 47.65 52.25 

Nonfatal MI 

GLP-1 RA 25.85 61.50 10.25 2.40 

SGLT-2 inhibitor  72.20 21.30 5.25 1.25 

DPP-4 inhibitor  1.40 3.10 7.20 88.30 

Placebo 0.55 14.10 77.30 8.05 

Ranking of antidiabetic drug classes  



Rank 1 (%)  Rank 2 (%)  Rank 3 (%)  Rank 4(%)  

Cardiovascular mortality  

GLP-1 RA 16.50 68.80 11.65 3.05 

SGLT-2 inhibitor  81.05 16.30 2.45 0.20 

DPP-4 inhibitor  2.45 13.45 45.10 39.00 

Placebo 0.00 1.45 40.80 57.75 

All-cause mortality  

GLP-1 RA 16.25 79.30 3.65 0.80 

SGLT-2 inhibitor  83.30 16.10 0.60 0.00 

DPP-4 inhibitor  0.45 4.05 36.20 59.30 

Placebo 0.00 0.55 59.55 39.90 

Ranking of antidiabetic drug classes  



Rank 1 (%)  Rank 2 (%)  Rank 3 (%)  Rank 4(%)  

Hospitalisation for heart failure  

GLP-1 RA 0.05 77.20 15.45 7.30 

SGLT-2 inhibitor  99.95 0.05 0.00 0.00 

DPP-4 inhibitor  0.00 7.40 16.20 76.40 

Placebo 0.00 15.35 68.35 16.30 

Renal composite outcome 

GLP-1 RA 0.35 95.80 3.10 0.75 

SGLT-2 inhibitor  99.65 0.35 0.00 0.00 

DPP-4 inhibitor  0.00 3.20 28.35 68.45 

Placebo 0.00 0.65 68.55 30.80 

Ranking of antidiabetic drug classes  



Tsapas et al. Ann Intern Med June 30, 2020 



Putative mechanisms of cardiovascular and renal benefits 
with GLP-1 agonists and SGLTs inhibitors 

Munir & Davis Expert Opin Pharmacother 2018 



Adverse effects of GLP-1 agonists and SGLT2 inhibitors 

GLP-1 agonists  SGLT2 inhibitors 

Nausea and vomiting Urinary frequency 

Risk of acute kidney injury Genital and urinary infection 

Pancreatitis Volume depletion 

Contraindicated in medullary thyroid 
cancer 

Risk of acute kidney injury 

Euglycemic diabetic ketoacidosis 



Comparison of non-insulin treatments for T2DM 

A1c reduction Weight CV benefits Renal benefits Cost 

Sulfonylureas ≤ 1%  no no low 

Metformin ≤ 2% -- possible no low 

Pioglitazone ≤ 1.4%  may worsen CHF no low 

DPP-4 inhibitors ≤ 1% -- may worsen CHF no moderate 

GLP-1 agonists ≤ 2%  yes yes high 

SGLT2 inhibitors ≤ 1%  yes yes moderate 
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