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Preface



WHO Definition of Diabetes Mellitus

• ‘Diabetes mellitus is a state of chronic hyperglycaemia which 
may result from many environmental and genetic factors, often 
acting jointly’

WHO Expert Committee on Diabetes Mellitus 1980



Re-definition of diabetes

• ‘Diabetes is a state of premature cardiovascular death which is 
associated with chronic hyperglycaemia and may also be 
associated with blindness and renal failure’

Miles Fisher, British Diabetes Association , Dublin, 1996



Diabetes and Macrovascular Disease



Life Expectancy and Diabetes 

Goodkin G. Journal of Occupational Medicine 1975;17(11):  716–721.
Donnelly R, et al. British Medical Journal 2000; 320: 1062–1066.

▪‘Adults with diabetes have an annual mortality of about 5.4%, double the 
rate for non-diabetic adults. Life expectancy is decreased by 5–10 years.’



How can we reduce this risk



UKPDS EASD Barcelona 1998 – I was there!



UKPDS EASD Barcelona 1998 – I was there!

In 1148 Type 2 diabetic patients a tight blood pressure control 

policy which achieved blood pressure of 144 / 82 mmHg 
gave reduced risk of:

• 24 % for any diabetes-related endpoint                           p=0.0046

• 32% for diabetes-related deaths                            p=0.019

• 44% for stroke                            p=0.013

• 37% for microvascular disease                            p=0.0092

• 56% for heart failure                            p=0.0043

• 34% for retinopathy progression                            p=0.0038

• 47% for deterioration of vision                            p=0.0036

Blood Pressure Control Study







How can we reduce this risk

• Control Blood Pressure



1994 – the 4S study



2002 – the Heart Protection Study



• The Heart Protection Study (HPS) demonstrated that statin therapy with 
simvastatin significantly reduces the risk of major vascular events (heart attacks, 
strokes, and revascularization procedures) and all-cause mortality in high-risk 
individuals, including those with existing coronary heart disease, diabetes, and 
stroke patients







How can we reduce this risk

• Control Blood Pressure

• Use a statin in highest tolerated dose



UKPDS. EASD Barcelona, September 11, 1998
PROactive. EASD Athens, September 12, 2005

UKPDS. EASD Barcelona, September 11, 1998
PROactive. EASD Athens, September 12, 2005

EMPA-REG. EASD Stockholm, September 18, 2015
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UKPDS 1998



UKPDS 1998



Spice Girls 
Same stage
Barcelona 
1998



UKPDS 1998Spice Girls 
Same stage
Barcelona 
1998



• UKPDS, Barcelona, 1998

The Lancet The Lancet

I know ’cos I was there!









The proportions of patients in the UKPDS (United Kingdom Prospective Diabetes Study) who had myocardial 
infarction (Figure 1a) and death from any cause (Figure 1b) for the metformin group versus the conventional 
therapy group.  Kaplan-Meier plots cumulative incidence and log-rank P values are shown at 5-year intervals 
during a 25 year period from the start of the interventional trial. 
Holman RR et al, N Engl J Med. 2008;359(15):1577-89

Figure 1a Figure 1b

Metformin - UKPDS
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How can we reduce this risk

• Control Blood Pressure

• Use a statin in highest tolerated dose

• Use metformin in all patients if tolerated
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PROactive. EASD Athens, September 12, 2005PROactive. EASD Athens, September 12, 2005
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CV Outcome Studies - 3 point MACE

• Death

• Myocardial infarction

• Stroke

MACE = Major Adverse Cardiovascular event





Erdmann E, AHA November 2005, Dallas





Pioglitazone slowed progression of 
carotid artery intima–media 
thickness (a marker of coronary 
atherosclerosis which 
independently predicts 
cardiovascular events) compared 
with glimepiride



Pioglitazone treated patients showed a 
significantly lower rate of progression of 
coronary atherosclerosis, as assessed 
using intravascular ultrasonography, 
compared to glimepiride treated patients



Metanalysis of randomized controlled trials

Pioglitazone receiving patients showed a 
significant reduction in death, myocardial 
infarction and stroke compared to patients 
receiving control therapy in meta-analysis of 
19 randomised controlled trials
(HR 0.82, CI 0.72 – 0.94, p=0.005)



2016 – The IRIS Trial
Pioglitazone in insulin resistant patients without diabetes

In this trial involving patients without 
diabetes who had insulin resistance 
along with a recent history of 
ischemic stroke or TIA, the risk of 
stroke or myocardial infarction was 
reduced by 24% in patients who 
received pioglitazone versus those 
who received placebo



Summary

• The accumulated evidence suggests that pioglitazone reduces 
cardiovascular death, myocardial infarction and stroke by 
slowing down, or even reversing, the atherosclerotic process

• The EMPA-REG OUTCOME  trial suggests that empagliflozin 
reduces cardiovascular death but does not reduce either 
stroke or myocardial infarction, signifying a different 
mechanism to that of pioglitazone, more hemodynamic in 
nature

• The LEADER® trial again shows a bigger impact of liraglutide 
on cardiovascular death than on stroke and myocardial 
infarction but, in contrast to empagliflozin, no impact on heart 
failure. This suggests different mechanisms for liraglutide to 
those of both pioglitazone and empagliflozin



How can we reduce this risk

• Control Blood Pressure

• Use a statin in highest tolerated dose

• Use metformin in all patients if tolerated

• Use pioglitazone to slow or reverse the atherosclerosis 
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THE EMPA-REG OUTCOME STUDY
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Compare and contrast

EMPA-REG PROactive

Empagliflozin Pioglitazone



3 point MACE

EMPA-REG PROactive

Empagliflozin Pioglitazone



Myocardial Infarction

EMPA-REG PROactive

Empagliflozin - no impact Pioglitazone - impact



Stroke

EMPA-REG PROactive

Empagliflozin - no impact Pioglitazone - impact



Separation of the graphs

EMPA-REG PROactive

Empagliflozin Pioglitazone
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Video clips



LEADER: Study design

CV: cardiovascular; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA: glucagon-like peptide-1 receptor agonist; HbA1c: glycated hemoglobin; 

MEN-2: multiple endocrine neoplasia type 2; MTC: medullary thyroid cancer; OAD: oral antidiabetic drug; OD: once daily; T2DM: type 2 diabetes mellitus.

Presented at the American Diabetes Association 76th Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA. 



Primary outcome
CV death, non-fatal myocardial infarction, or non-fatal stroke

The primary composite outcome in the time-to-event analysis was the first occurrence of death from cardiovascular causes, non-fatal

myocardial infarction, or non-fatal stroke. The cumulative incidences were estimated with the use of the Kaplan–Meier method, and the

hazard ratios with the use of the Cox proportional-hazard regression model. The data analyses are truncated at 54 months, because less

than 10% of the patients had an observation time beyond 54 months. CI: confidence interval; CV: cardiovascular; HR: hazard ratio.

Presented at the American Diabetes Association 76th Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA. 
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The cumulative incidences were estimated with the use of the Kaplan–Meier method, and the hazard ratios with the use of the Cox proportional-hazard regression model. The 

data analyses are truncated at 54 months, because less than 10% of the patients had an observation time beyond 54 months. 
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Empagliflozin and Liraglutide

CI: confidence interval; CV: cardiovascular; HR: hazard ratio; MI: myocardial infarction.

Zinman B et al. N Engl J Med 2015;373:2117-2128.

EMPA-REG OUTCOME   LEADER
CV death, non-fatal MI, or non-fatal stroke  CV death, non-fatal MI, or non-fatal stroke

Presented at the American Diabetes Association 76th Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA. 
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Individual components of the primary endpoint

*95.02% CI.

CV: cardiovascular; Empa: empaglifloin; Lira: liraglutide; MACE: major adverse cardiovascular event; MI: myocardial infarction; Pbo: placebo.

Zinman B et al. Presented at European Association for the Study of Diabetes 2015, Stockholm, Sweden. 

EMPA-REG OUTCOME LEADER

Presented at the American Diabetes Association 76th Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA. 



Myocardial Infarction

LEADER PROactive

Liraglutide - ?less impact Pioglitazone - ?more impact



Stroke

LEADER PROactive

Pioglitazone – more impactLiraglutide - ?less impact



Hospitalisation for heart failure

Empagliflozin Liraglutide



Liraglutide – how does it cause cardiovascular benefit?

Drucker DJ. Cell Metab. 2016 Jun 22. pii: S1550-4131(16)30295-9. 
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Summary

• The accumulated evidence suggests that pioglitazone reduces 
cardiovascular death, myocardial infarction and stroke by 
slowing down, or even reversing, the atherosclerotic process

• The EMPA-REG OUTCOME  trial suggests that empagliflozin 
reduces cardiovascular death but does not reduce either 
stroke or myocardial infarction, signifying a different 
mechanism to that of pioglitazone, more hemodynamic in 
nature

• The LEADER® trial again shows a bigger impact of liraglutide 
on cardiovascular death than on stroke and myocardial 
infarction but, in contrast to empagliflozin, no impact on heart 
failure. This suggests different mechanisms for liraglutide to 
those of both pioglitazone and empagliflozin



Potential for agents to complement each other

Benefit

• Pioglitazone: 
– reduction of cardiovascular death, myocardial 

infarction and stroke by reduction of atherosclerotic 
process

• Empagliflozin: 
– reduction of heart failure

– reduction of cardiovascular death

– NB weight loss

• Liraglutide: 
– reduction of cardiovascular death but not heart 

failure

– NB weight loss

Side effect

• Fluid retention, weight gain

• Genital infection

• GI side effects



Pioglitazone and SGLT2 inhibitor 

Fluid retention and weight gain 
associated with pioglitazone mitigated 
by SGLT2 inhibitor
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Conclusion

The combination of metformin, 
pioglitazone, empagliflozin and 
liraglutide now appears to be the 
optimum cocktail of medications for 
improving both glycaemic control and 
cardiovascular outcomes for people 
with type 2 diabetes at high 
cardiovascular risk. The evidence we 
have today suggests that these agents 
in combination could complement 
each other to prevent cardiovascular 
events and save lives

Br J Diabetes 2016;16:103-106
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What about since 2016?



What about since 2016?

• My name is Dr Bob Ryder and I am a “being at the 
cardiovascular outcome trial presentation-oholic”



Metformin UKPDS EASD September 1998Barcelona

Pioglitazone PROactive EASD September 2005Athens

Empagliflozin EMPA-REG EASD September 2015Stockholm

Liraglutide LEADER ADA June 2016New Orleans

Injectable semaglutide SUSTAIN-6 EASD September 2016Munich

Cangliflozin CANVAS ADA June 2017San Diego

Exenatide QW EXCEL EASD September 2017Lisbon

Albiglutide HARMONY Outcomes EASD September 2018Berlin

Dapagliflozin DECLARE-TIMI 58 AHA November 2018Chicago

Dulaglutide Rewind ADA June 2019San Francisco

Oral semaglutide Pioneer 6 ADA July 2019San Francisco

Dapagliflozin DAPA-HF EASD September 2019Barcelona

Ertugliflozin VERTIS-CV ADA June 2020Virtual

Empagliflozin EMPEROR-reduced EASD September 2020Virtual

Sotagliflozin SCORED and SOLOIST AHA November 2020Virtual

Efpeglenatide Amplitude-O ADA June 2021Virtual

Empagliflozin EMPEROR-preserved EASD September 2021Virtual

Dapagliflozin DELIVER EASD September 2022Stockholm

Has there ever been separation of the lines?
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Conclusion

The combination of metformin, 
pioglitazone, an SGLT2 inhibitor and a 
long acting GLP-1 receptor agonist 
now appears to be the optimum 
cocktail of medications for improving 
both glycaemic control and 
cardiovascular outcomes for people 
with type 2 diabetes at high 
cardiovascular risk. The evidence we 
have today suggests that these agents 
in combination could complement 
each other to prevent cardiovascular 
events and save lives

Ryder, Abdul-Ghani, DeFronzo. Br J Diabetes 2020;20:84-88 



In conclusion 1

• Pioglitazone improves cardiovascular outcomes by slowing 
down or even reversing the atherosclerotic process

• SGLT2 inhibitors as a class exert cardiovascular benefit by 
improving heart failure in people with and without diabetes

• Pioglitazone and SGLT2 inhibitors may compliment each other 
to improve cardiovascular outcomes by different means and 
reduce side effects



In conclusion 2

• There also seems to be a class effect for long-acting GLP-1RAs 
with regard to improving cardiovascular outcomes, and it 
seems likely that this class of agents confers benefits by 
mechanisms that are different from both pioglitazone and 
SGLT2 inhibitors

• Pioglitazone, SGLT2 inhibitors and GLP1-receptor agonists may 
compliment each other to improve cardiovascular outcomes by 
different means and reduce side effects



In conclusion 3

• Pioglitazone and some GLP-1 receptor agonists reduce stroke 
by different means – 

• GLP-1 receptor agonists through a rapid effect that may be mediated 
by an effect of small vessel occlusion

• Pioglitazone by a slower effect mediated by reduction in 
atherosclerosis

• Randomised controlled trials should be undertaken comparing 
GLP-1 receptor agonists (eg semaglutide) and pioglitazone on 
their own and in combination to reduce stroke risk as they may 
compliment each other 



How can we reduce this risk

• Control Blood Pressure

• Use a statin in highest tolerated dose

• Use metformin in all patients if tolerated

• Use pioglitazone to slow or reverse the atherosclerosis 

• Use an SGLT2i to reduce cardiovascular death and HHF



How can we reduce this risk

• Control Blood Pressure

• Use a statin in highest tolerated dose

• Use metformin in all patients if tolerated

• Use pioglitazone to slow or reverse the atherosclerosis 

• Use an SGLT2i to reduce cardiovascular death and HHF

• Use a GLP1-RA to reduce cardiovascular death and stroke
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