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Abstract 
EMPA-REG OUTCOME was an FDA-mandated cardiovascular 
outcome trial with empagliflozin and was the first completed 
trial with a sodium-glucose co-transporter-2 (SGLT2) inhibitor. 
EMPA-REG OUTCOME compared empagliflozin and placebo 
in 7,020 subjects with type 2 diabetes and established 
atherosclerotic cardiovascular disease. The results were as-
tounding as EMPA-REG OUTCOME demonstrated superiority 
for major cardiovascular events (cardiovascular death, my-
ocardial infarction, stroke) and cardiovascular deaths were 
significantly reduced, as was all-cause mortality. Hospitalisa-
tion for heart failure, which was a secondary outcome, was 
also significantly reduced. Later trials with SGLT2 inhibitors 
have demonstrated reductions in major adverse cardiovascu-
lar events (MACE) and hospitalisation for heart failure, and 
trials with glucagon-like peptide 1 receptor agonists have 
demonstrated reductions in MACE. Collectively, these trials 
could transform the management of people with type 2 dia-
betes. 
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Introduction 
Licensing requirements for new anti-diabetes drugs changed in the 
USA and Europe in 2008 and 2012, and a dedicated randomised 
controlled cardiovascular outcome trial (CVOT) was usually required 
either before or after licensing.1,2 This series describes and sum-
marises the results of each of these CVOTs in the order in which 
they were published, describing the primary endpoint and impor-
tant secondary outcomes from the principal publication, and directs 
attention to important subsequent publications of data from sub-
groups and post hoc analyses. EMPA-REG OUTCOME was the first 
published FDA-mandated cardiovascular outcome trial using a 
sodium-glucose co-transporter-2 (SGLT2) inhibitor.3 It came after 
three trials with dipeptidyl peptidase 4 (DPP-4) inhibitors4–6 and one 

trial with the glucagon-like peptide 1 (GLP-1) receptor agonist lixise-
natide had demonstrated safety but not cardiovascular benefit,7 
and at a time when some commentators were raising questions as 
to whether the large cost of these trials was justified.8,9   
 
Background 
Empagliflozin was approved in 2014 by the Food and Drug Admin-
istration (FDA) for use in the USA and by the European Medicines 
Agency (EMA) for use in Europe. Interim data from EMPA-REG 
OUTCOME were included in the new drug application to the FDA. 
The FDA initially rejected the new drug application for empagliflozin 
based on deficiencies at its main manufacturing facility. Em-
pagliflozin was the third SGLT2 inhibitor to be approved by the FDA 
and EMA after dapagliflozin and canagliflozin, but was the first to 
complete a CVOT. At the time of publication of EMPA-REG OUT-
COME in 2015 there were no published data on the cardiovascular 
safety of empagliflozin. In 2016 a meta-analysis of prospectively 
adjudicated cardiovascular outcomes from eight trials of em-
pagliflozin, including EMPA-REG OUTCOME, demonstrated a sig-
nificant reduction in major adverse cardiovascular events (MACE) 
plus (cardiovascular death, non-fatal myocardial infarction, non-
fatal stroke, hospitalisation for unstable angina).10 The results were 
still significant when the analysis was performed excluding EMPA-
REG OUTCOME.  
 
EMPA-REG OUTCOME 
A paper describing the rationale, design and baseline characteristics 
of EMPA-REG OUTCOME was published in 2014.11 The principal 
EMPA-REG OUTCOME results were presented in 2015 at the meet-
ing of the European Association for the Study of Diabetes (EASD), 
where it received a standing ovation, and published simultaneously 
in the New England Journal of Medicine.3 The design of the study 
and key baseline characteristics are described in Box 1. Two doses 
of empagliflozin were included (10 mg and 25 mg) and the results 
were pooled for analysis.      

In EMPA-REG OUTCOME there was a significant reduction in 
MACE with empagliflozin, demonstrating superiority versus 
placebo (Figure 1, Box 2). In the pooled empagliflozin group there 
were statistically significant reductions in cardiovascular death, hos-
pitalisation for heart failure and death from any cause. There were 
no significant differences in the rates of myocardial infarction or 
stroke, although a non-significant increase in strokes was observed. 
The rate of genital infection was increased with empagliflozin and 
there was no increase in other adverse events including urinary tract 
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infection. There were four episodes of diabetic ketoacidosis in the 
pooled empagliflozin group and one in the placebo group.  

 
Other results from EMPA-REG OUTCOME  
Further publications from EMPA-REG OUTCOME are detailed in       
Box 2. 10% of subjects in EMPA-REG OUTCOME had investigator-        
reported heart failure at baseline.3 Further analysis of heart failure 
data demonstrated significant reductions in hospitalisation for heart 
failure in patients with and without baseline heart failure, and 
across categories of medications to treat diabetes or heart failure.12 

Death from heart failure was also significantly reduced with           
empagliflozin.          

Further analysis of renal outcomes showed a reduction in inci-
dent or worsening nephropathy, a reduction in doubling of serum 
creatinine, and a reduction in renal replacement therapy with         
empagliflozin.13 

Discussion 
Based on the pleiotropic effects of SGLT2 inhibitors on cardio-
vascular risk markers, including reductions in HbA1c, body 
weight and blood pressure, the EMPA-REG OUTCOME investi-
gators hypothesised that empagliflozin might reduce cardiovas-
cular risk in patients with type 2 diabetes.11 The strongly positive 
results of EMPA-REG OUTCOME, however, were not predicted 
and the significant reductions in cardiovascular deaths and hos-
pitalisation for heart failure were particularly unexpected. The 
reduction in the risk of hospitalisation for heart failure and of 
cardiovascular death was observed early in EMPA-REG OUT-
COME, and since the publication of EMPA-REG OUTCOME there 
have been many reviews speculating on the possible mecha-
nisms of benefit, as these were not studied in EMPA-REG OUT-
COME. Similar reductions in hospitalisation for heart failure were 
subsequently observed in CANVAS and DECLARE-TIMI 58.14,15 
Meta-analysis of EMPA-REG OUTCOME, CANVAS and DECLARE-
TIMI 58 has confirmed reductions in heart failure, cardiovascular 
deaths and renal composites.16 Significant reductions in MACE 
have been seen in patients with existing atherosclerotic cardio-
vascular disease, as was included in EMPA-REG OUTCOME, but 
MACE benefit does not appear to occur in patients without 
atherosclerotic disease.16 Following analysis of EMPA-REG OUT-
COME, the DAPA-HF trial was initiated in patients with severe 
heart failure and well-characterised baseline ejection fractions, 
including a majority of subjects who did not have diabetes. This 

Figure 1. 3.1-year event rates (in %) comparing empagliflozin 
and placebo for major adverse cardiovascular events 
(MACE), total mortality, cardiovascular mortality, 
non-fatal myocardial infarction, non-fatal stroke, 
and hospitalisation for heart failure
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Box 1 Key features of EMPA-REG OUTCOME3,11 
 
• EMPA-REG OUTCOME compared empagliflozin 10 mg and 25 mg 

versus placebo for a median observation time of 3.1 years in 7,020 
subjects 

• Mean age of subjects was 63 years and 57% of subjects had a  
duration of diabetes over 10 years 

• Mean baseline HbA1c was 8.1% (65 mmol/mol) 
• 99% of subjects had established atherosclerotic disease, 47% prior 

myocardial infarction, 25% prior coronary artery bypass grafting, 
24% prior stroke and 10% investigator-reported heart failure, but 
this diagnosis was not well characterised 

• 74% of subjects were on metformin, 42% sulfonylureas,  
4% thiazolidinediones, 48% insulin 

Box 2 Results of the EMPA-REG OUTCOME trial 
 
Principal result  
• Significant reduction in MACE, cardiovascular death, hospitalisation 

for heart failure and death from any cause3 
 
Other results from EMPA-REG OUTCOME  
• Hospitalisation for heart failure and other heart failure outcomes 

were reduced with empagliflozin in patients with and without  
investigator-reported heart failure at baseline3,12 

• Use of empagliflozin was associated with slower progression of  
kidney disease and lower rates of clinically relevant renal events 
than placebo3,13 

• In EMPA-REG OUTCOME there was a non-significant increase in 
strokes.3 Further analysis showed this numerical difference was  
primarily because of 18 patients with a stroke event more than  
90 days after the last dose of empagliflozin versus 3 patients in the 
placebo group19 

• In an exploratory mediation analysis, changes in markers of plasma 
volume were the most important mediators of the reduction of  
cardiovascular death with empagliflozin20 

• In patients with peripheral arterial disease, empagliflozin reduced 
cardiovascular death and all-cause mortality, with no increase in the 
risk of lower limb amputation21 

• Using actuarial methods and assuming that the benefits of  
empagliflozin remain consistent with long-term use, it was  
estimated that empagliflozin improved survival by 1–5 years22 

• In a post hoc exploratory analysis, hypoglycaemia was associated 
with an increased risk of heart failure and myocardial infarction. 
Hypoglycaemia risk was not increased with empagliflozin and 
incident hypoglycaemia did not attenuate its cardio-protective  
effects23 

• Improvements in liver function tests with empagliflozin were  
potentially consistent with reductions in liver fat24 
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confirmed significant reductions in hospitalisation for heart       
failure, cardiovascular deaths and total mortality in this different 
patient group.17        

The FDA has recently withdrawn the guidance from 20081 and 
are consulting on new draft guidance for evaluating the safety of 
new drugs for improving glycaemic control.18 The FDA comment 
that none of the CVOTs has identified an increased risk of ischaemic 
events, and that some have instead identified a reduced risk for 
cardiovascular events. The draft recommendations for new drugs 
include a safety database of at least 4,000 patient-years of exposure 
to the new drug in phase 3 clinical trials, 500 patients with chronic 
kidney disease, 600 patients with established cardiovascular disease 
and 600 patients aged >65 years. They recommend that sponsors 
should use rigorous methods for the collection of adverse cardio-
vascular events and assess them for adjudication. The need for a 
dedicated cardiovascular safety trial is removed from the draft, 
which would mean that, in the future, landmark trials like EMPA-
REG OUTCOME may be performed at the discretion of the sponsors 
and clinical investigators but would not be obligatory.           
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Key messages

• EMPA-REG OUTCOME was the fifth published 
cardiovascular outcome trial of a diabetes drug, the first 
using a SGLT2 inhibitor, comparing empagliflozin and 
placebo 

• In EMPA-REG OUTCOME, empagliflozin significantly 
reduced major adverse cardiovascular events, 
cardiovascular death and hospitalisation for heart failure 

• Subsequent trials with canagliflozin and dapagliflozin 
demonstrated significant reductions in heart failure 
events 

• The possible mechanisms of benefit of empagliflozin and 
other SGLT2 inhibitors are currently under investigation
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YDEF NEWS 

This is only a brief update – because COVID 
has stopped the majority of our courses and 
we are trying to adapt to the virtual environ-
ment we find ourselves in. Despite this, the 
YDEF committee is continuing to develop 
courses and opportunities for SpRs and 
young consultants. Little has changed since 
the previous update except perhaps a few 
extra grey hairs from the last few months!   

Firstly, we were pleased to be able to 
support the speciality advisory committee     
at the Royal College of Physicians in the     
development of the new curriculum for 
trainees. The draft version should be avail-
able for sharing in the coming weeks. We 
also have taken this opportunity to survey 
trainees nationally to try providing evidence 
of problems we encounter with training, or 
those that might develop in the future if    
access to tertiary centres is reduced in the 
shift to Internal Medicine Training (the new 
Core Medical Training) and the introduction 
of IMT3. We have some provisional results 

which we are hoping to publish and share 
in the coming months and that we hope 
provokes thought about what needs to be 
done in every area of the country to provide 
some protected training without the often-
time-consuming commitment to general 
medicine rotas or ward work. 

We were really pleased to be able to run 
an Obesity webinar jointly with the Associa-
tion for the Study of Obesity (ASO) – this 
was well attended and greatly received. This 
is an important topic and something which 
are planning to focus more resources on in 
future. Our initial plan for a 2-ay course was 
scuppered by the virus, but we plan to go 
ahead with this in some form (virtual or       
in-person) in 2021. 

COVID has also allowed us to work more 
closely with ABCD. We are really excited about 
our joint venture, supported by Lilly pharma-
ceuticals, for monthly webinars aimed at Dia-
betes & Endocrine SpRs. We hope this will fill 
the gaps left from the training opportunities 

that we have lost due to COVID rotas and 
general medicine on-call commitments. 

Finally, another joint venture. We are     
really pleased that alongside the British     
Journal of Diabetes we are launching a 
Quality Improvement Project award. We 
have all had to make significant changes to 
our services and some of the results have 
been impressive. There is no better way of 
sharing your work than writing these up and 
submitting for consideration (and there is an 
associated prize of £250 for the top 3 pieces 
or work as well as publication!). This is a     
fantastic opportunity for an SpR, early       
consultant or diabetes MDT member and we 
really hope people submit their projects and 
inspire other centres to think about how 
they might improve their services as well! 

YDEF is dedicated to all diabetes and endocrine trainees and is open for new members to register 
on our website. Take advantage of our regular newsletters and up-to-date advertising of a wide  
variety of courses and meetings to complement your training. 

As always, we are continuously looking to develop and propagate our specialty so do not hesitate 
to contact us if you have any suggestions or questions!  

www.youngdiabetologists.org.uk   @youngdiab on twitter 

Dr Tim Robbins 
on behalf of YDEF Committee  

University Hospitals Coventry &  
Warwickshire NHS Trust, UK  

Contact: drtrobbins@gmail.com
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