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As we enter a new decade it is timely to reflect on the many          
advances in pharmacological therapies for type 2 diabetes that       
occurred with respect to cardiovascular protection during the last 
5 years. Every year since the presentation of the EMPA-REG         
OUTCOME study results in 2015 has seen data from new studies 
that have increased our understanding, and 2019 was no excep-
tion. On 9 June 2019 during the 79th Scientific Sessions of the 
American Diabetes Association in San Francisco, USA, the results 
of the REWIND (Researching CV Events with a Weekly INcretin in       
Diabetes) study were presented and simultaneously published in 
two Lancet papers.1–3 Two days later, at the same event, on 11 June 
2019, the results of the PIONEER 6 study were presented and sub-
sequently published in the New England Journal of Medicine.4,5 

Then, on 19 September 2019 during the European Association for 
the Study of Diabetes Congress in Barcelona, Spain, the results of 
the DAPA-HF (Dapagliflozin And Prevention of Adverse-outcomes 
in Heart Failure) study were presented and published in the New 
England Journal of Medicine.6,7 Each study has provided new infor-
mation demonstrating the cardioprotective benefits of long-acting 
glucagon-like peptide-1 receptor agonists (GLP-1RA) and sodium 
glucose transporter 2 (SGLT2) inhibitor classes of antidiabetic        
medications.       

In previous editorials we proposed that SGLT2 inhibitors, long-    
acting GLP-1RAs, pioglitazone and metformin in combination could 
complement each other to prevent cardiovascular events and save 
lives in patients with type 2 diabetes at high cardiovascular risk.8–12 

We came to this conclusion because of the accumulated evidence 

from multiple studies suggesting that pioglitazone exerts cardiovas-
cular benefit  by slowing down, or even reversing, the atherosclerotic 
process,8–10,12–15 whereas SGLT2 inhibitors seem to exert their cardio-
vascular benefits by improving cardiac haemodynamics and reducing 
heart failure,8–10,12 and possibly by switching myocardial fuel 
metabolism to ketones.16 By contrast, GLP-1RAs appear to exert their 
cardiovascular benefit by mechanisms different from those of both 
pioglitazone and SGLT2 inhibitors.12 We noted emerging evidence 
that SGLT2 inhibitors might mitigate the fluid retention associated 
with pioglitazone, raising the possibility that pioglitazone and SGLT2 
inhibitors might complement each other, not only in reducing cardio-
vascular risk but also in reducing side effects related to fluid reten-
tion.17 We pointed to the evidence that the early use of triple therapy 
combination of metformin, pioglitazone and a GLP-1 RA achieved 
lower HbA1c, weight loss and much less hypoglycaemia compared 
with the traditional approach of sequential escalation through met-
formin, sulfonylurea and insulin, which was associated with significant 
weight gain.18  

REWIND was a randomised controlled trial of the long-acting       
GLP-1RA dulaglutide versus placebo in 9,901 people with type 2        
diabetes.1–3 Unlike the previous cardiovascular outcome trials (CVOTs) 
with GLP-1RAs where the majority of participants had established car-
diovascular disease (73–100%), in REWIND the majority of patients 
(68.5%) only had cardiovascular risk factors.1–3 Because of the lower 
risk of the patients, a much longer trial (median 5.4 years) was           
required to achieve sufficient cardiovascular endpoints than in the 
previous CVOTs with GLP-1RA (median 1.6–3.6 years).1–3 There was 
a 12% reduction in 3-point Major Adverse Cardiovascular Events 
(MACE: cardiovascular death, non-fatal myocardial infarction and 
non-fatal stroke) (HR=0.88, 95% CI 0.79 to 0.99).1,2 Figure 1 shows 
side by side the results of the seven CVOTs (including PIONEER 6 – 
see below) with GLP-1RAs and is in keeping with a class effect for 
this group of agents. As pointed out previously,11,12 the cardiovascular 
benefit of the GLP-1 RAs is confined to long-acting agents, with no 
benefit from short-acting lixisenatide (Figure 1). The novel finding 
from REWIND is that the cardiovascular benefit of dulaglutide was 
the same whether or not the patients had prior established cardio-
vascular disease.1,2 It was also noteworthy that similar benefits             
occurred in men and women and in those with higher and lower 
body mass index, higher and lower HbA1c and regardless of duration 
of diabetes.1,2 
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PIONEER 6 was a randomised controlled trial of the oral GLP-1RA 
semaglutide against placebo in 3,183 patients.4,5 It was a relatively 
small trial as the primary objective of the trial was to confirm that 
treatment with oral semaglutide does not result in an unacceptable 
increase in cardiovascular risk compared with placebo in patients with 
a high risk of cardiovascular events.4,5 In line with previous CVOTs,      
PIONEER 6 assessed as its primary outcome 3-point MACE. There was 
a 21% reduction in 3-point MACE (HR=0.79, 95% CI 0.57 to 1.11), 
which achieved the primary objective by confirming non-inferiority 
for oral semaglutide versus placebo; however, the reduction in 3-point 
MACE did not achieve statistical significance. Although the number 
of events was small and the duration of follow-up short, patients      
randomised to oral semaglutide experienced a ~50% reduction in 
cardiovascular death (HR=0.49, 95% CI 0.27 to 0.92) and all-cause 
mortality (HR=0.51, 95% CI 0.31 to 0.84) (Figure 2).4,5 

DAPA-HF involved 4,744 patients with New York Heart Associ-
ation class II, III or IV heart failure and an ejection fraction ≤40% 
who were randomised to dapagliflozin 10 mg or placebo.6,7 The 
noteworthy feature of this study was that over half of the patients 
(58%) did not have diabetes. The primary endpoint was time to 
first occurrence of any of the components of the composite wors-
ening heart failure (hospitalisation or an urgent visit resulting in       
intravenous therapy for heart failure) or cardiovascular death. The 
outcome was a 26% reduction (HR=0.74, 95% CI 0.65 to 0.85) in 
this endpoint. The individual endpoints of worsening heart failure 
event and cardiovascular death were both significantly reduced. 
The patients also experienced significant symptomatic improvement 
according to the Kansas City Cardiomyopathy Questionnaire. The 
striking finding from this study was that the improvements were 
similar whether the patient did (HR=0.75, 95% CI 0.63 to 0.90) or 
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Figure 2. Cumulative incidence of all-cause death in the oral semaglutide group versus placebo group in the PIONEER 6 study 
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Figure 1. MACE results from the seven cardiovascular outcome trials with GLP-1RAs shown side by side with result of meta-analysis also  
shown.  The names of the studies and the agents studied are shown.  For more information on these studies see refs1,2,4,5,9,11,12 
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did not (HR=0.73, 95% CI 0.60 to 0.88) have diabetes (Figure 3).6,7 
As we enter a new decade, we believe that by adding together 

all the trial data which has now accumulated with regard to gly-
caemic medications with cardiovascular benefit, we can conclude 
the following: 
• Metformin remains difficult to displace as the first-line agent with 

cardiovascular benefit. Two points in particular are noteworthy: 
(1) that assessment over many years was required to demonstrate 
the effect;8 and (2) whilst controversial,19 it can be argued that 
the relatively small number of patients in the trial required to 
demonstrate the outcome is testament to the strength of the       
effect.20 The recent ESC/EASD guidelines21 accept the beneficial 
effect of metformin in primary prevention in newly diagnosed 
type 2 diabetes without cardiovascular disease (the UKPDS co-
hort), and the majority of patients in the recent CVOTs received 
metformin before or concurrently with the newer drugs under 
test. The relative benefits of metformin compared with the other 
classes of diabetes medications with cardiovascular benefit are 
unlikely ever to be established in view of the size, length and cost 
of any trial that would be required, especially for a drug that is 
generic. 

• Pioglitazone improves cardiovascular outcomes by slowing down 
or even reversing the atherosclerotic process, independent of         
its glucose-lowering action.8–10,12–15 This is not a class effect for           
thiazolidinediones and does not apply to rosiglitazone.8 The 
ADA/EASD consensus statement22 accepts that pioglitazone has 
been shown to reduce cardiovascular endpoints, but “without 
conclusive evidence for benefit”. We counter that the only piece 
of evidence that at first sight raises a question mark over the        
cardiovascular benefit of pioglitazone is the primary composite 
endpoint in the PROactive randomised controlled trial, and we 
have argued that this endpoint is unreliable.13 Pioglitazone is con-
traindicated in patients with heart failure and thus appropriate 
care needs to be exercised in its use, but in this context it is of      
interest that SGLT2 inhibitors may mitigate the fluid retention       
associated with pioglitazone.17 

• SGLT2 inhibitors as a class seem to exert cardiovascular benefit by 
improving cardiac haemodynamics and reducing heart failure,8-10,12 
and possibly by shifting myocardial substrate utilisation.16 

• SGLT2 inhibitors and pioglitazone in combination may improve 
cardiovascular outcomes even more by working synergistically to 
produce benefit in different ways.8–10,12,13 As SGLT2 inhibitors seem 
to mitigate the fluid retention associated with pioglitazone, this 
further increases their possible complementary actions.17  

• With regard to dapagliflozin, it is now established that the cardiac 
benefits are the same for both people with and without dia-
betes.6,7 Given the similarity in cardiac benefit between all the 
SGLT2 inhibitors, this is likely to be a class effect, but this remains 
to be established for the other medications.  

• 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.12  

• The cardiovascular benefit has been established across the long-
acting GLP-1RA class with regard to established cardiovascular 
disease, but it now seems that, with regard to dulaglutide, the 
benefit extends to a similar degree to patients who only have       
cardiovascular risk factors.1,2 It is likely that this will also be a class 
effect for all long-acting GLP-1RAs.  

• The cardiovascular benefits of SGLT2 inhibitors can be observed 
within 1–2 months whereas 1.5–2 years are required to see the 
cardiovascular benefits of GLP-1 RAs, consistent with the different 
mechanisms of action of these two classes on the cardiovascular 
system. 

• There is sufficient evidence to suggest that, in an ideal world, trials 
should be undertaken with combinations of pioglitazone, SGLT2 
inhibitors and long-acting GLP-1RAs to establish whether dual or 
triple therapy does, in fact, confer additional benefit over 
monotherapy in terms of reducing cardiovascular outcomes and 
saving lives. It is accepted that the considerable cost of such trials 
makes them unlikely to be funded using existing systems of fund-
ing and agents already on the market. It may be that trials of         
future agents in these classes might consider containing arms with 
patients on combinations of agents. It may also be that studies 
of combinations used in mechanistic studies assessing markers of 
heart failure or atheromatous cardiovascular disease (as has been 
done for pioglitazone14,15) would increase our understanding. 
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Figure 3. Primary endpoint of worsening heart failure or cardiovascular death in all patients and in those with and without  
diabetes in the DAPA-HF study 
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Key messages

• The results from the REWIND study with dulaglutide show 
cardiovascular benefits of this long-acting GLP-1 receptor 
agonist are the same in patients who only have 
cardiovascular risk factors as in patients with established 
cardiovascular disease 

• The results of the DAPA-HF trial with dapagliflozin show 
that the benefits of this SGLT2 inhibitor on heart failure 
and cardiovascular death are similar for patients both with 
and without diabetes 

• The findings from the REWIND and DAPA-HF trials are 
likely to reflect class effects for long-acting GLP-1 receptor 
agonists and SGLT2 inhibitors, respectively 

• The results of the PIONEER 6 trial with oral semaglutide 
demonstrate the cardiovascular safety of this agent. 
Furthermore, even though the trial was small and of 
short duration, patients randomised to oral semaglutide 
experienced a 50% reduction in cardiovascular death 
and all-cause mortality 

• As we enter a new decade, the accumulated evidence 
suggests that SGLT2 inhibitors, long-acting GLP-1 receptor 
agonists, pioglitazone and metformin in combination are 
likely to complement each other to prevent cardiovascular 
events and save lives in patients with type 2 diabetes at 
high cardiovascular risk 
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