
Diabetes medications with cardiovascular protection 
in the wake of EMPA-REG OUTCOME: the   optimal   
combination   may   be   metformin,   pioglitazone   

and   empagliflozin (and liraglutide?) 

Dr Bob Ryder, City Hospital, Birmingham 

ABCD Autumn meeting, Manchester 

April 22, 2016 

“Writing’s on the wall”, Sam Smith: 



Disclusures 

• None related to this presentation 







"Writing's On The Wall" 
 

I've been here before 
But always hit the floor 

I've spent a lifetime running 
And I always get away 

But with you I'm feeling something 
That makes me want to stay 



Ryder REJ. Diabet Med 2015;32:305-13 
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“I know coz I was there!”* 

• DCCT, Las Vegas, 1993 

• UKPDS, Barcelona, 1998 

• PROactive, Athens, 2005 
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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 
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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 Dublin 1996 
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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.’ 



Rosiglitazone – cardiovascular harm 

Metanalysis 

2007 







CV Outcome studies - 3 point MACE 

• Death 

• Myocardial infarction 

• Stroke 

 

MACE = Major Adverse Cardiovascular event 



Cardiovascular safety studies 

• SAVOR-TIMI 53 – EASD Vienna, 2014 
(Saxagliptin) 

• Examine – EASD Vienna, 2014 (Alogliptin) 

• TECOS – ADA Boston, 2015 (Sitagliptin) 

• Elixa – ADA Boston, 2015 (Lixisenatide) 

 



 

Scirica, B.M. et al .(2013) Saxagliptin and Cardiovascular Outcomes in Patients with Type 2 Diabetes Mellitus. The New England Journal of Medicine. 

[online] nejm.org, available at: http://www.nejm.org/doi/full/10.1056/NEJMoa1307684. [Last accessed August 2015] 

 

http://www.nejm.org/doi/full/10.1056/NEJMoa1307684


EXAMINE: Time to Primary End Point (CV  

Death, Nonfatal MI, Nonfatal Stroke) 
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Events, No. (%)  

Placebo: 316 (11.8)1 

Alogliptin: 305 (11.3)1 

Months 

Placebo (n)1: 2679 2299 1891 1375 805 286 

Alogliptin (n)1: 2701 2316 1899 1394 821 296 

* Using alpha=0.01. 

Hazard ratio, 0.96 (*one-sided repeated CI bound, 1.16) 

1. White, W.B. et al. (2013) Alogliptin after Acute Coronary Syndrome in Patients with Type 2 Diabetes. The New England Journal of Medicine. [online] 

nejm.org, available at: http://www.nejm.org/doi/full/10.1056/NEJMoa1305889. [Last accessed August 2015] 

 

Placebo 

Alogliptin 

http://www.nejm.org/doi/full/10.1056/NEJMoa1305889


Secondary Composite Cardiovascular Outcome*  
ITT Analysis for Superiority 

* CV death, nonfatal MI, nonfatal stroke 

Green JB et al. NEJM 2015; DOI: 10.1056/NEJMoa1501352 





Four studies without separation of 
the lines 

• SAVOR-TIMI 53 – EASD Vienna, 2014 
(Saxagliptin) 

• Examine – EASD Vienna, 2014 (Alogliptin) 

• TECOS – ADA Boston, 2015 (Sitagliptin) 

• Elixa – ADA Boston, 2015 (Lixisenatide) 

 



Has there ever been separation of 
the lines? 

 



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

EMPA-REG. EASD Stockholm, September 18, 2015 
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UKPDS. EASD Barcelona, September 11, 1998 



UKPDS 1998 



UKPDS 1998 





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 
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PROactive. EASD Athens, September 12, 2005 



PROactive 2005 



PROactive 2005 



PROactive 2005 



PROactive 2005 



PROactive 2005 



PROactive 2005 



PROactive 2005 









Erdmann E, AHA November 2005, Dallas 



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 082, 

CI 0•72 – 0•94, p=0•005) 



Rosiglitazone – cardiovascular harm 

Metanalysis 

2007 



Rosiglitazone – cardiovascular harm Pioglitazone – cardiovascular benefit 

Metanalysis 



The PROactive Study, Lancet 2005  

Dormandy JA et al. Secondary prevention of macrovascular events in patients with type 2 diabetes in the PROactive Study (PROspective pioglitAzone Clinical Trial In 
macroVascular Events): a randomised controlled trial. Lancet 2005; 366: 1279–1289.  

The only piece of evidence at first sight 

not supportive of cardiovascular benefit 

for pioglitazone is the “primary 

composite endpoint” in PROactive: 













Chi-Sq = 7•140, p = 0 008 





The PROactive study  - is the “failure” of the primary 
composite endpoint real 

This outcome might be explained by pioglitazone preserving people from death, myocardial 
infarction, acute coronary syndrome, stroke and leg amputation to be available for coronary or 
leg revascularisation  

Ryder REJ. Pioglitazone: an agent which reduces stroke, myocardial infarction and death and is also a key component of the modern paradigm for the optimum 
management type 2 diabetes. In press: Br J Diabetes Vasc Dis 2011; 11: Br J Diabetes Vasc Dis 2011; 11: 113-120 
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It may also be that the impact of pioglitazone on the arterial disease, makes the coronary and 
leg arteries more amenable to revascularisation procedures 



The PROactive study  - is the “failure” of the primary 
composite endpoint real 

This outcome might be explained by pioglitazone preserving people from death, myocardial 
infarction, acute coronary syndrome stroke and leg amputation to be available for coronary or 
leg revascularisation  

Ryder REJ. Pioglitazone: an agent which reduces stroke, myocardial infarction and death and is also a key component of the modern paradigm for the optimum 
management type 2 diabetes. In press: Br J Diabetes Vasc Dis 2011; 11: Br J Diabetes Vasc Dis 2011; 11: 113-120 

It may also be that the impact of pioglitazone on the arterial disease,35,36 makes the coronary 
and leg arteries more amenable to revascularisation procedures 



"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 
lower among patients who 
received pioglitazone than 
among those who received 
placebo" 

Kernan WN et al. N Engl J Med 2016, published online 17 Feb 
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EMPA-REG. EASD Stockholm, September 18, 2015 



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 



THE EMPA-REG OUTCOME STUDY 



NB EPHESUS heart failure trial 



THE EMPA-REG OUTCOME STUDY 



Conclusion – in the wake of EMPA-REG 

• ?Optimum glycaemic treatment cocktail for 
cardiovascular risk: 

– Metformin 

– Pioglitazone 

– Empagliflozin 

 

?A match made in heaven: 

?The diuresing properties of empagliflozin will offset the 
fluid retaining properties of pioglitazone 



Banting Lecture, ADA 2009 

• DeFronzo: early use of a 
combination of 
metformin, pioglitazone 
and a GLP-1 receptor 
agonist as the 
treatment paradigm of 
choice for the optimum 
management of 
patients with type 2 
diabetes  



Banting Lecture, ADA 2009 



BJDVD 2015 

• It, therefore, can be argued 
that the optimum 
management of type 2 
diabetes would involve 
intensive management of 
the earlier stages using 
metformin, pioglitazone and 
GLP-1 receptor agonists, 
alone or in combination, 
with a view to achieving a 
HbA 1c < 6% in order to 
preserve β-cell function 

 



Conclusion – in the wake of EMPA-REG 

• ?Optimum cocktail for type 2 diabetes: 

– Metformin 

– Pioglitazone 

– Empagliflozin 

– GLP1 receptor agonist 



Statistically significant 
reduction in 3 point MACE 
with liraglutide – full 
presentation of results at 
ADA in New Orleans in 
June 2016 



Conclusion – in the wake of EMPA-REG 

• ?Optimum cocktail for type 2 diabetes: 

– Metformin 

– Pioglitazone 

– Empagliflozin 

– ?Liraglutide 



Google:  
ryder empagliflozin 



I know coz I was there! 

• DCCT, Las Vegas, 1993 

• UKPDS, Barcelona, 1998 

• PROactive, Athens, 2005 

• EMPA-REG, Stockholm 2015 

• (LEADER, New Orleans 2016) 

*Max Boyce 



Post script – if time 

Pioglitazone and bladder cancer 







Ryder REJ. Diabet Med 2015;32:305-13 

Explanation 

• Diabetes is itself a risk 
factor for bladder 
cancer 

• The longer the duration 
of diabetes and the 
poorer the control and 
the longer the poorer 
control the greater the 
risk 







 

NB NICE and other guidelines re pioglitazone in its hey day – not first line …. 

 

The patients ending up on pioglitazone in the UK were different from those with 

whom they are being compared by Tuccori – longer duration of diabetes, more 

poorly controlled diabetes for a longer time, ie at higher risk of bladder cancer 

because of this, and not the pioglitazone …….  
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Association with 
pioglitazone but not 
rosiglitazone 



Rosiglitazone – cardiovascular harm Pioglitazone – cardiovascular benefit 

Metanalysis 



Ryder REJ. Diabet Med 2015;32:305-13 

• With the publications suggesting 
pioglitazone causes cardiovascular 
benefit and those suggesting 
rosiglitazone causes cardiovascular 
harm, there was much more use of 
pioglitazone in the more 
“cardiovascular” patients with type 2 
diabetes – again, those with the 
“more advanced form of diabetes” 
that would be associated with 
bladder cancer 

• Rosiglitazone treated “cardiovascular 
patients” were switched to 
pioglitazone 

• Thus, it is not surprising to find that 
bladder cancer is higher in 
pioglitazone treated patients  



Why concern about bladder cancer 
in the first place? 



Bladder hyperplasia, metaplasia, cancer 
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We now know 
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Bladder hyperplasia, metaplasia, cancer 

Male Female 

 
 
Mouse 

 
x 

 
x 

 
 
Rat 

Seems to be a rat 
specific problem 
not indicative of 

human risk 
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Pre-clinical studies 



The PROactive Study, Lancet 2005  

Dormandy JA et al. Secondary prevention of macrovascular events in patients with type 2 diabetes in the PROactive Study (PROspective pioglitAzone Clinical Trial In 
macroVascular Events): a randomised controlled trial. Lancet 2005; 366: 1279–1289.  











Pioglitazone could be a 

tumour promoter to 

account for the 

increased bladder 

tumours during the first 

year of the PROactive 

study 

Gale EAM. Diabet Med 2015; 32:431-7 





“Bearing in mind that the 

diagnosis of bladder cancer 

depends upon recognition of 

symptoms and signs, 

investigations, referral for 

specialist assessment leading to 

cystoscopy and biopsy, 

histopathology assessment and 

report of the biopsy and then 

communication of the result to the 

patient, usually at specialist 

consultation, it is impossible that 

pioglitazone could have played 

any role in these five bladder 

cancer cases.” 



KPNC study 

• Requested by the FDA and EMA 

• Large 10 year prospective safety study to 
establish whether or not there was a link 
between pioglitazone and bladder cancer in 
humans 

• Results published in 2015 

• No link between pioglitazone and bladder 
cancer  

Lewis JD, et al. JAMA  2015;314:265-77 



Million patients, 6 countries study 

• 1.01 million diabetic individuals 

• Six countries 

• Results published in 2015 

• No link between pioglitazone and bladder 
cancer  

 

Levin D, et al. Diabetologia  2015;58:493-504 


