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Abstract  
The glucose intolerance of diabetes aggravates atherosclero-
sis indirectly through its effect on lipids and endothelial func-
tion. The cardiovascular (CV) impact of this metabolic 
disturbance is seen in the worsening of atherosclerotic vas-
cular disease predominantly manifest as progression of coro-
nary and cerebrovascular disease. The microvascular changes 
induced by prolonged glucose intolerance lead to ultrastruc-
tural changes in the glomerular basement membrane and 
renal mesangium which alters intrarenal haemodynamics, 
which may become evident initially as proteinuria and later 
lead to a decline in glomerular filtration rate. As the kidney 
plays a central role in blood pressure control, these changes 
have far-reaching CV consequences in patients with diabetes. 

Despite this, glucose lowering has been shown to have 
only a modest impact on CV outcomes in diabetes. The new        
antidiabetic medications have been studied in clinical trials 
designed to assure safety as grounded in the FDA guidance 
of 2008. Whilst a direct comparison of results from these tri-
als is not possible in view of heterogeneity in trial design, 
the individual CV outcome measures have broadly re-defined 
their role in terms of equivalence (non-inferiority) and/or 
benefit (superiority). The composite endpoint of CV death, 
non-fatal myocardial infarction and non-fatal stroke (major 
adverse cardiovascular events, MACE) may be perceived as 
surrogate markers for atherosclerotic cardiovascular disease 
(ASCVD). This has been universally accepted as the primary 
endpoint in these cardiovascular outcome trials (CVOTs) and 
has been helpful in understanding the possible CV impact 
these drugs may have on patients with diabetes.  

The dipeptidyl peptidase 4 (DPP-IV) inhibitors (sitagliptin, 
alogliptin, saxagliptin, linagliptin), two sodium-glucose         
co-transporter 2 (SGLT2) inhibitors (dapagliflozin and er-
tugliflozin) and two glucagon-like peptide 1 (GLP-1) receptor 
agonist (GLP-1 RA) drugs (lixisenatide and extended-release 
exenatide) have demonstrated non-inferiority on MACE out-
comes with comparators – that is, they have assured CV 
safety when used in conjunction with other glucose-lower-
ing treatment to improve glycaemic control. Four GLP-1           

agonists (liraglutide, albiglutide, semaglutide and dula-     
glutide) and two SGLT2 inhibitors (empagliflozin and 
canagliflozin) have demonstrated CV benefit on MACE out-
comes; such demonstration of superiority may be seen as     
evidence for benefit. The SGLT2 inhibitors canagliflozin,      
empagliflozin, dapagliflozin and ertugliflozin have all 
demonstrated a significant benefit in reducing the risk of 
hospitalisation due to heart failure (HHF) as a secondary/    
exploratory outcome measure in their CVOTs. Further confir-
mation of benefit in heart failure (HF) independent of the 
presence of glucose intolerance has been demonstrated with 
dapagliflozin and empagliflozin in HF patients with or with-
out diabetes. Dapagliflozin remains the only SGLT2 inhibitor 
that has shown benefit both in patients with established HF 
with reduced ejection fraction (HFrEF) and in those with CKD 
and proteinuria, even in the absence of diabetes in sepa-
rately designed CV outcome trials. However, a comparable 
benefit in heart failure has not so far been seen in studies 
with the DPP-IV inhibitors or GLP-1 receptor agonists.           
Albiglutide is not available in the UK and may have little      
relevance to the practising clinician other than through the 
information it contributes about the possible mechanisms of 
action of GLP-1 RA medications. 
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Recommendations    
 
DPP-IV inhibitors  
• Saxagliptin has a neutral effect on CV risk; it increases the risk 

of heart failure (HF), which precludes its use in those at in-
creased risk of HF [SAVOR-TIMI 53].  

• Alogliptin had a numerically higher number of patients hospi-
talised with heart failure (HHF), but did not demonstrate an      
increased risk of HF in the post hoc analysis. The drug SPC        
advises caution in patients with NYHA III and IV stages of HF 
and is therefore best avoided in such situations. Importantly 
though, alogliptin is the only DPP-IV inhibitor to have demon-
strated safety in patients after an acute coronary syndrome       
(EXAMINE). 

• There is no restriction with the use of sitagliptin in patients with 
HF and, given its extensive clinical trial information including a 
prolongation of the time to insulin dependence, it appears to 
be a safe and reliable DPP-IV inhibitor (TECOS). Similarly, 
linagliptin may be used to improve glycaemic control without 
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concerns for CV safety or HF (CARMELINA, CAROLINA); it is 
also licensed regardless of the state of renal function.  

• A systematic review of clinical trials and observational studies 
suggest that there is an overall excess risk of HF with DPP-IV   
inhibitors in individuals with pre-existing cardiovascular disease 
(CVD), although this meta-analysis was largely driven by the      
increased incidence of HF seen in SAVOR-TIMI 53.  

• The ABCD position is to exercise caution in patients with 
HF as other therapeutic agents such as SGLT2 inhibitors 
have clearly demonstrated benefit. Sitagliptin, alogliptin 
and linagliptin are all safe in patients with pre-existing CVD 
– alogliptin particularly so in patients after acute coronary 
syndrome and linagliptin in patients with renal impair-
ment. 

  
GLP-1 RA  
• All the GLP-1 RAs can be used safely to improve glycaemic con-

trol without having any adverse effect on CVD or HF. 
• Lixisenatide is safe to use in patients following acute coronary 

syndrome but is unlikely to provide additional CV benefit in this 
situation. 

• The evidence supports CVD benefit for liraglutide in patients 
with pre-existing CVD and also those with high risk for CVD. A 
dose of 1.8 mg once daily should be used to get the full benefit 
of such an effect. 

• Semaglutide offers benefit by reducing the risk of CVD in pa-
tients with pre-existing CVD and also those with high risk for 
CVD, but given uncertainty regarding the yet unknown risk of 
worsening retinopathy in association with rapid improvement 
in glucose control, caution must be exercised in patients with 
significant diabetic retinopathy.  

• Prolonged release exenatide is safe to prescribe in patients with 
pre-existing CVD but lacks definitive clinical trial evidence that 
it can offer cardioprotection from future CVD events.  

• Dulaglutide reduces CV outcomes to a similar degree in patients 
with established CVD and those at high risk. 

• Dulaglutide and semaglutide both offer reduction in non-fatal 
stroke. 

• The increase in heart rate associated with trials with GLP-1 RA 
is still not clearly understood. 

• Currently, albiglutide is not available in the UK  
• The ABCD position based on existing data is to consider the 

use of a long-acting GLP-1 RA – in particular, semaglutide 
1 mg once weekly, dulaglutide 1.5 mg once weekly or         
liraglutide 1.8 mg daily – in patients with pre-existing CVD 
or CVD risk if tolerated by the patient. Lixisenatide and pro-
longed-release exenatide are both safe in patients with 
pre-existing CVD and lixisenatide in patients following 
acute coronary syndrome. These two drugs will help lower 
HbA1c and promote weight loss but may not confer addi-
tional CVD benefits. 

  
SGLT2 inhibitors  
• Canagliflozin and empagliflozin offer CV benefit; additionally, 

empagliflozin offers reduction in CV death and all-cause mor-

tality. Evidence of which has not been demonstrated with 
canagliflozin or dapagliflozin. The latter may be due to trial     
design with a reduced number of patients with pre-existing 
CVD.  

• Both dapagliflozin 10 mg daily and canagliflozin 100 mg daily 
have been shown to provide reno-protection by reducing the 
composite endpoints of decline in glomerular filtration rate, 
progression to end-stage renal disease or death from renal or 
CV causes in patients with established chronic kidney disease. 
The two drugs also reduced the incidence of HHF in such         
patients. 

• Ertugliflozin, alongside the other SGLT2 inhibitors canagliflozin, 
dapagliflozin and empagliflozin, will reduce the risk of incipient 
HF.  

• Whether a reduction in bone density is a class effect among 
SGLT2 inhibitors remains to be seen; a putative mechanism for 
bone loss and fracture risk needs to be ascertained. We suggest 
exercising caution in the elderly. 

• Additionally, both dapagliflozin and empagliflozin have shown 
benefit in patients with established HF even in the absence of 
diabetes. NICE has recently issued support for the use of da-
pagliflozin as an add on in this situation and is considering the 
same for empagliflozin.  

• The ABCD position is to use canagliflozin, dapagliflozin, 
empagliflozin, or ertugliflozin in patients with pre-          
existing CVD and type 2 diabetes. 
o In patients with established CVD either canagliflozin, 

dapagliflozin or empagliflozin should be considered 
after metformin. 

o In the presence of chronic kidney disease, the first 
choice should be dapagliflozin 10 mg once daily which 
has shown benefit in patients with CKD and macroal-
buminuria  with or without diabetes; canagliflozin 100 
mg has proven benefit in patients with type 2 dia-
betes. SGLT2 inhibitors should not be used in patients 
with CKD and type 1 diabetes. 

o Dapagliflozin and empagliflozin have shown signifi-
cant benefits in patients with established heart failure 
(HFrEF, NYHA II-IV), independent of the presence of     
diabetes.  

 
Introduction 
Type 2 diabetes is a form of atherosclerotic cardiovascular disease 
(ASCVD) where vascular dysfunction is aggravated by glucose in-
tolerance and concomitant secondary dyslipidaemia. The manifes-
tations of ASCVD such as myocardial infarction and stroke remain 
the major cause of morbidity and mortality in patients with dia-
betes.1,2 Hypertension and dyslipidaemia are the major determi-
nants of the macrovascular changes seen in ASCVD; additionally, 
diabetes with the inevitable changes in the microvasculature is in 
itself an independent risk factor for the development of ASCVD.3  

Cardiovascular (CV) events such as myocardial infarction and 
stroke linked to glucose intolerance may precede the onset of 
type 2 diabetes by several years,4 but tends to occur after long-
standing disease in individuals with type 1 diabetes.5 The contri-
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bution of glucose-lowering strategies to reduce  CV events in 
patients with diabetes is only modest compared to lipid lowering 
with statins and the control of blood pressure.6 Despite this, im-
provement in glycaemic control is still necessary to improve CV 
outcomes; a meta-analysis of 13 prospective cohort studies        
including UKPDS showed that, for every 1 percentage point in-
crease in HbA1c, the relative risk for any CV event was 1.18 
(95% CI 1.10 to 1.26).7 Further, the benefits of intensive glucose 
lowering in improving microvascular endpoints remains consis-
tent across a wide variety of clinical trials.  

HF is a clinical syndrome that may occur with preserved ejection 
fraction (LVEF ≥50%) or with reduced ejection fraction (LVEF 
<40%). In both states, symptoms of HF are present. In individuals 
with HF and preserved ejection fraction (HFpEF), left ventricular       
volumes are normal but there is evidence of diastolic dysfunction – 
an abnormal pattern of left ventricular filling with elevated filling 
pressures; this is also referred to as diastolic HF.8 In HFrEF, the LVEF 
is reduced and left ventricular volume is increased; this is also re-
ferred to as systolic HF. Importantly, though, HF in an individual with 
diabetes may be completely independent of the presence of coro-
nary heart disease.9 Diabetic cardiomyopathy, which is manifest as 
left ventricular systolic and/or diastolic dysfunction in the absence 
of a recognised cause such as coronary heart disease or hyperten-
sion,10 is believed to be due to a myriad of reasons such as micro-
circulatory dysfunction, accumulation of advanced glycation end 
products which increases ventricular muscle stiffness, altered           
intermediary metabolism in cardiac muscle due to decreased insulin 
sensitivity and/or availability, upregulation of the renin-angiotensin 
system and autonomic dysregulation.8 

The prevalence of HF increases with age11 and is higher in 
patients with diabetes than in those without the disease.12 In pa-
tients with stable coronary heart disease, diabetes and glycaemic 
control appear to be independent risk factors for new-onset HF.13 
Despite this, it appears that HF as a CVD outcome is often          
ignored in diabetes.14 

Chronic kidney disease (CKD) is an independent risk factor 
for CVD; there is a graded relationship between declining 
glomerular filtration rate (GFR) and the risk of death, CV events 
and hospitalisation for heart failure (HHF), independent of the 
presence of diabetes.15–17 Increased albumin excretion, as mea-
sured by an elevated albumin-creatinine ratio (ACR) and a de-
cline in GFR, together multiplicatively increase mortality.18 These 
changes in GFR and ACR become particularly relevant in the con-
text of diabetes as CKD remains a common complication in both 
type 119 and type 2 diabetes.20,21 
 
Background to the design of cardiovascular outcome 
trials (CVOTs) for the use of antidiabetic drugs   
In December 2008 the FDA (Food and Drug Administration, 
Rockville, Maryland) issued guidance to the pharmaceutical industry 
focusing on the CV safety of the development of antidiabetic drugs 
in the future.22 This was against a backdrop of questionable safety 
of previous drugs, particularly the thiazolidinedione rosiglitazone.23 
Further, at the time, the CV safety of antidiabetic drugs had not 
been clearly established. Subsequently, similar expectations were 

also placed by the EMEA (European Medicines Agency, London, 
UK).24  

Most pharmaceutical agents have traditionally been evalu-
ated in a superiority setting, where an experimental treatment 
or drug has been shown to be superior to the control or placebo 
treatment. In such a randomised clinical trial (RCT) design it is 
easy to determine if the experimental drug or treatment is better 
than control when the results are found to be statistically signif-
icant. If the results are, however, not statistically significant, the 
experimental drug can no longer claim better performance; it 
can neither claim equivalence nor non-inferiority. In a clinical     
setting this means we are trying to establish whether one agent 
is more efficacious than the other. Superiority of one drug over 
another might not always be the case, especially if the drugs 
being compared belong to the same class or bear structural       
homology. Additionally, a statistically insignificant result may be 
misinterpreted as lack of evidence. 

Prior to the FDA/EMEA mandate, antidiabetes medications were 
approved on the basis of glycaemic efficacy over a 6–12-month 
phase 2/3 RCT. These trials selected young patients with a short     
duration of diabetes resulting in a low CVD event rate. Pooled data 
from such trials are bound to generate inconsistency. 

The standard statistical methods used in clinical trials cannot be 
used to test for non-inferiority trials. Despite this, demonstrating 
non-inferiority is very important if we want to know if one treat-
ment is as good as another treatment, especially if the former had 
previously been shown to be an effective form of treatment. The 
intent therefore is to demonstrate that the drug or treatment being 
evaluated is not materially worse than the control. For this reason, 
a one-sided test at an alpha value of 0.025 is of interest in testing 
the non-inferiority hypothesis. To test for non-inferiority, the statis-
tical tests for hypothesis are adapted and the confidence interval 
boundaries are often pre-specified by the FDA or EMEA as what 
would be an acceptable boundary value for a particular group of 
pharmaceutical products.  

The concept around CVOTs was to evaluate CV safety as 
event-driven trials of the newer antidiabetic drugs and not to 
evaluate glycaemic efficacy as this had been previously estab-
lished in short-term phase 2 and 3 RCTs. In line with this, the 
FDA and EMEA specified that the pre-specified upper limit of 
the 95% confidence interval for the hazard ratio for major ad-
verse CV events (MACE) for new diabetes drug trials should be 
1.3 to demonstrate non-inferiority and exclude unacceptable CV 
risk. It also specified that all MACE events should be adjudicated 
by an independent committee and the clinical trials should in-
clude patients with an acceptable CV risk. Once the non-inferi-
ority hazard ratio (HR) threshold <1.3 is achieved, further 
sequential analyses were allowed to show superiority or any      
potential CV benefit.25,26 
 
Cardiovascular impact of the older antidiabetic drugs   
Earlier antidiabetic drugs were not subject to the rigorous scrutiny 
put forward by the FDA and EMEA in demonstrating CV safety, as 
has been the case with the newer agents; these are summarised 
below. 
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Metformin  
Metformin does not appear to have an adverse CV profile and ap-
pears to decrease CVD events in certain populations. In the United 
Kingdom Prospective Study (UKPDS), 342 overweight subjects 
demonstrated a 39% (p=0.01) relative risk reduction compared 
with 411 controls for myocardial infarction, which was maintained 
over the post-interventional 10-year follow-up period.27,28 
  
Sulfonylureas  
Sulfonylureas are the most widely used drugs for the treatment of 
type 2 diabetes. They are inexpensive and are associated with mod-
est weight gain. Their continued use as a cost-effective treatment 
option in type 2 diabetes has been ratified in the 2018 Joint ADA-
EASD Consensus Report on the management of hyperglycaemia in 
type 2 diabetes.29 The CV effects of sulfonylureas have previously 
been questioned in the absence of properly designed cardiovascular 
outcome trials (CVOTs).30 The CVD concerns with sulfonylureas are 
likely to be due to glibenclamide; gliclazide and glimepiride have 
been shown to carry a low risk of all-cause and CV mortality.31 The 
safety of gliclazide has been shown in the ADVANCE trial where 
there was no evidence of excess mortality or adverse CV outcomes,32 
and that of glimepiride in the CARdiovascular Outcome Trial of 
LINAgliptin Versus Glimepiride in Type 2 Diabetes (CAROLINA) trial 
where patients on 4 mg glimepiride did not demonstrate excess CV 
mortality or any increase in all-cause mortality compared with 
linagliptin which had previously demonstrated CV safety.33  
  
Meglitinides  
There are no long-term studies of the meglitinides repaglinide or 
nateglinide to assess CV outcomes or mortality in patients with type 
2 diabetes.  
  
Acarbose  
Analysis of the CVD events in the STOP-NIDDM trial of patients with 
impaired glucose tolerance showed 49% relative risk reduction in 
the incidence of the composite of any CV event with acarbose (HR 
0.51, 95% CI 0.28 to 0.95; p=0.03).34 Similarly, the Acarbose Car-
diovascular Evaluation (ACE) trial conducted solely in China did not 
show any reduction in the 5-point MACE with acarbose in patients 
with impaired glucose tolerance (HR 0.98, 95% CI 0.86 to 1.11).35 
  
Thiazolidinediones  
A meta-analysis of rosiglitazone in 2007 by Nissen et al suggested 
a 43% increased risk of myocardial infarction and a 64% increased 
risk of CV death which was not statistically significant.23 A subse-
quent study, Rosiglitazone Evaluated for Cardiovascular Outcomes 
in Oral Agent combination therapy for type 2 Diabetes (RECORD),36 
designed to address the CV safety of the drug did not confirm the 
earlier findings and subsequently the FDA lifted its prescription re-
strictions on rosiglitazone. More recent evidence has also dismissed 
concerns about excess risks of myocardial infarction.37,38 Pioglita-
zone has a more favourable lipid profile than rosiglitazone, with 
significantly greater reductions in triglyceride and LDL-cholesterol 
levels and an increase in HDL-cholesterol levels. It also produces a 
reduction in LDL particle size and LDL particle concentration.39 In 

the PROspective pioglitAzone Clinical Trial In macroVascular Events 
(PROACTIVE) trial, the addition of pioglitazone to other glucose-
lowering drugs demonstrated a significant reduction in the sec-
ondary endpoint of all-cause mortality, non-fatal myocardial 
infarction and stroke (HR 0.84, 95% CI 0.72 to 0.98; p=0.027). 
The primary composite endpoint of all-cause mortality, non-fatal 
myocardial infarction (including silent myocardial infarction), stroke, 
acute coronary syndrome, endovascular or surgical intervention in 
the coronary or leg arteries and amputation above the ankle did 
not reach statistical significance (HR 0.90, 95% CI 0.80 to 1.02; 
p=0.095).40 In support of the vascular effects of pioglitazone, a fur-
ther two RCTs have suggested that pioglitazone slows down or may 
even reverse the atherosclerotic process.41,42 It has been suggested 
that this effect of pioglitazone on the atherosclerotic process could 
have significantly impacted the amount of surgical intervention in 
coronary and leg arteries that was part of the primary composite 
endpoint in the PROactive clinical trial. This would have made the 
primary composite endpoint less robust in ascertaining whether pi-
oglitazone did produce any CV benefit.43,44 The secondary endpoint 
is similar to the 3-point MACE used in the majority of CVOTs and 
may therefore be a more reliable indicator of the true effect of the 
drug. Further analysis of the PROactive study demonstrated that pi-
oglitazone significantly reduced the chances of patients who have 
had a myocardial infarction from having a further myocardial in-
farction (HR 0.72, 95% CI 0.52 to 0.99; p=0.045),45 and that it sig-
nificantly reduced the chances of patients who have had a stroke 
from having a further stroke (HR 0.53, 95% CI 0.34 to 0.85; 
p=0.0085).46 In a meta-analysis of 19 RCTs, pioglitazone-treated 
patients had significantly lower rates of death, myocardial infarction 
and stroke compared with those receiving control therapy.47 In the 
Insulin Resistance after Stroke (IRIS) trial, pioglitazone significantly 
reduced the risk of the primary composite outcome of fatal or non-
fatal stroke or fatal or non-fatal myocardial infarction in patients 
with insulin resistance but without diabetes (HR 0.76 for pioglita-
zone, 95% CI 0.62 to 93; p=0.007). Pioglitazone also reduced the 
risk of developing diabetes from impaired glucose tolerance.48 In a 
more recent pragmatic clinical trial, Effects on the Incidence of Car-
diovascular Events of the Addition of Pioglitazone versus Sulfony-
lureas in patients with Type 2 diabetes inadequately controlled with 
metformin (TOSCA.IT), the incidence of CV events was similar with 
sulfonylureas (glimepiride 48%, gliclazide 50% and glibenclamide 
2%) or pioglitazone as add-on to metformin in patients with type 
2 diabetes inadequately controlled with metformin alone (HR 0.96, 
95% CI 0.74 to 1.26; p=0.79). The rates of HF, bladder cancer and 
fractures were not found to be significantly different between the 
treatment groups.49 Nevertheless, this was a pragmatic study and 
does not carry the level of evidence that would come from a RCT. 

The accumulated evidence from clinical trials favours the use 
of pioglitazone as a drug with CV benefit.  
 
Cardiovascular impact of the newer antidiabetic drugs 
based in cardiovascular outcome trials (CVOTs)   
  
Design of CVOTs  
To date, 17 CVOTs of the newer diabetes agents have been         
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published. It is worth considering the following points when results 
from these trials are critically appraised: 
• The CVOTs were designed to rule out unacceptable CV risk 

through demonstration of non-inferiority in hazard, but some 
were powered to estimate for superiority by sequential testing 
after non-inferiority had been demonstrated. The requisite was 
to demonstrate non-inferiority in all cases. This necessitated that 
the upper limit of the two-sided confidence interval of <1.3 had 
been first achieved.  

• The CVOTs were designed to achieve ‘glycaemic equipoise’       
between treatment and placebo, although invariably a modest 
improvement in glycated haemoglobin was seen at the end of 
the trial in the treatment cohort.  

• Some trials have recruited largely based on a secondary preven-
tion strategy including 99–100% of subjects with established 
CVD, whilst other trials have included a substantial number of 
individuals with multiple risk factors without established CVD 
(primary prevention). Even within the latter group, the inclusion 
of patients with established CVD ranged from 41%50 to 82%.51 
This variation in patient selection is likely to have impacted the 
final outcome and should be borne in mind when these results 
are generalised in clinical care. In trials where a large proportion 
of patients have established ASCVD, accrual of a sufficient num-
ber of events is likely to occur sooner as more participants would 
have already had a prior CV event and therefore are more likely 
to be followed by another one.52 

• The 3-point MACE (Major Adverse Cardiovascular Event), which 
is a composite outcome measure for CV death, non-fatal my-
ocardial infarction and non-fatal stroke has been used as a pri-
mary outcome measure for ASCVD in the intention-to-treat (ITT) 
population in all trials except in Effect of Sitagliptin on Cardio-
vascular Outcomes in Type 2 Diabetes (TECOS)53 and Lixisenatide 
in Patients with Type 2 Diabetes and Acute Coronary Syndrome 
(ELIXA)54 where a 4-point MACE was adopted with the inclusion 
of hospitalisation for unstable angina as an additional primary 
outcome measure.  

• Statin usage has been more than 75% across the clinical studies. 
Similarly, aspirin usage ranged from 60% to 97%. 

• Two trials, Alogliptin after Acute Coronary Syndrome in Patients 
with Type 2 Diabetes (EXAMINE)55 and Lixisenatide in Patients 
with Type 2 Diabetes and Acute Coronary Syndrome (ELIXA)54 

recruited patients between 15 and 90 days and within 180 days 
of acute coronary syndrome, respectively. Consequently, aspirin 
and statin usage were >90% in each of the trials, which was 
greater than in the other CVOTs. The target would be to identify 
individuals who could have another event soon after a recent 
coronary event. Whilst it can be argued that accrual of subse-
quent events would be easier in such a scenario, it is equally 
possible that a smaller number of events would become the re-
ality given that most patients would have received some form 
of therapeutic percutaneous coronary intervention as part of 
standard care.  

• HF is a critically important measure of CV outcome which is in-
dependent of ASCVD in patients with diabetes.12 All the pub-
lished CVOTs to date have included hospitalisation for heart 

failure (HHF) as a critical secondary endpoint to assure CV safety 
of the drug.  

• Separately, two studies have evaluated the use of SGLT2           
inihibitors in patients with established HF with or without            
diabetes.56,57 

• Canagliflozin and dapagliflozin have CVOTs explicitly in patients 
with CKD and type 2 diabetes; more importantly the trial involv-
ing dapagliflozin also included  patients without diabetes.58,59 

  
Individual CVOTs 

 
DPP-IV inhibitors 
The DPP-IV inhibitors are structurally dissimilar – sitagliptin, 
saxagliptin and vildagliptin are classed as peptidomimetic agents 
while alogliptin and linagliptin are grouped as non-peptidomimetic 
drugs. There appears to be some structural homology between 
saxagliptin and vildagliptin.60 DPP-IV inhibitors prevent the degrada-
ton of endogenous GLP-1 by blocking the action of DPP-IV, thereby 
allowing GLP-1 to modulate postprandial insulin release and con-
comitant inhibition of glucagon release.61 

The CVOTs on the DPP-IV inhibitors that have been completed 
to date are Saxagliptin Assessment of Vascular Outcomes Recorded 
in Patients with Diabetes Mellitus–Thrombolysis in Myocardial In-
farction (SAVOR-TIMI 53),62 Examination of Cardiovascular Out-
comes with Alogliptin versus Standard of Care (EXAMINE),55 Trial 
Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS),53 A 
Study to Assess Cardiovascular Outcomes Following Treatment With 
Omarigliptin [MK-3102] in Participants With Type 2 Diabetes           
Mellitus [MK-3102-018] (OMNEON),63 Cardiovascular and Renal     
Microvascular Outcome Study With Linagliptin in Patients With Type 
2 Diabetes Mellitus (CARMELINA)64 and CARdiovascular Outcome 
Trial of LINAgliptin Versus Glimepiride in Type 2 Diabetes (CAR-
OLINA).33 

A summary of the completed CVD outcome trials with DPP-IV 
inhibitors is presented in Table 1.  

 
Vildagliptin 
There does not seem to be any specific CVD outcome study with 
vildagliptin. In a small clinical study, Effects of Vildagliptin on Ven-
tricular Function in Patients With Type 2 Diabetes Mellitus and 
Heart Failure: A Randomized Placebo-Controlled Trial (VIVIDD) in-
volving 254 patients with type 2 diabetes and prior history of HF 
(NYHA I–III), vildagliptin was found to increase the left ventricular 
end diastolic and end systolic volumes but had no effect on left 
ventricular ejection fraction,65 suggesting a possible risk of fluid 
retention with this drug.  
 
Saxagliptin 
In the SAVOR-TIMI 53 trial, 16,492 patients with type 2 diabetes 
and either a history of CVD or multiple risk factors for vascular 
disease were randomly assigned to saxagliptin or placebo; 78.4% 
of patients had established ASCVD at baseline. The trial demon-
strated a similar proportion of patients achieving the 3-point 
MACE between saxagliptin and placebo (7.3% and 7.2% in the 
saxagliptin and placebo groups, respectively; HR 1.00, 95% CI 
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0.89 to 1.12; p=0.99). However, significantly more patients in 
the saxagliptin group were hospitalised for HF (3.5% vs 2.8%; 
HR 1.27, 95% CI 1.07 to 1.51; p=0.007).62 
 
Alogliptin 
In the EXAMINE trial, 5,380 patients with type 2 diabetes were en-
rolled 15–90 days following an acute coronary event – acute my-
ocardial infarction or unstable angina. In this respect, the trial was 
somewhat unique and all patients entering the trial had pre-existing 
CVD. The primary endpoint of a 3-point MACE occurred in a similar 
proportion of patients (11.3% and 11.8% in the alogliptin and 
placebo groups, respectively; HR 0.96, upper boundary of the one-
sided CI 1.16) after a median follow-up period of 18 months. There 
was a numerically higher number of cases of HHF in the treatment 
arm (3.1% with alogliptin vs 2.9% with placebo).55 A post hoc 
analysis of the data, however, showed no significant difference in 
the rate of HHF (HR 1.07, 95% CI 0.79 to 1.46).66 

Sitagliptin 
In the TECOS trial, 14,671 patients with type 2 diabetes and      
established CVD were randomised to receive 100 mg sitagliptin 
or placebo. The primary endpoint of 4-point MACE including 
hospitalisation due to unstable angina occurred in 11.4% and 
11.6% in the sitagliptin and placebo groups, respectively (HR 
0.98, 95% CI 0.89 to 1.08) after a median follow-up period of 
3 years. It demonstrated evidence of non-inferiority across all 
primary and secondary CVD outcome measures and similar rates 
of HHF in both the sitagliptin and placebo groups. A slightly 
lower estimated GFR of −1.34 mL/min/1.73 m2 (95% CI −1.76 
to −0.91, p<0.0001) persisted in the sitagliptin group through-
out the study period.53  
 
Omarigliptin 
The once-weekly DPP-IV inhibitor omarigliptin is not currently 
available in the UK. The trial, conducted solely in Japan, assigned 

Table 1 Comparison of the CVD outcome studies with DPP-IV inhibitors

Design 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key Results 

Sitagliptin 
TECOS  
 
N=14,671 patients with T2D and 
CVD 
Prior ASCVD 100% patients  
Sitagliptin: n=7,332  
Placebo: n=7,339  
Primary composite outcome:  
CV death, non-fatal myocardial 
infarction, non-fatal stroke, or 
hospitalisation for unstable 
angina (4-point MACE) 
Secondary composite outcome: 
CV death, non-fatal myocardial 
infarction, or non-fatal stroke. 
The occurrence of the individual 
components of the primary CV 
outcome, fatal and non-fatal MI, 
fatal and non-fatal stroke,  
all-cause mortality, and  
hospitalisation for heart failure. 
 
 
Median follow-up: 3.0 years 
 
Least squares mean difference in 
HbA1c: −0.29% (95% CI −0.32 
to −0.27) for sitagliptin vs 
placebo 
 
CV outcomes 
Primary outcome: MACE +  
hospitalisation for unstable 
angina (HR: 0.98 (0.88-1.09); 
p<0.001 for non-inferiority;  
(HR: 0.98 (0.89-1.08); p=0.65 for 
superiority) 
No increased risk of HHF with 
sitagliptin:  
HR: 1.00 95% CI 0.83 to 1.20); 
p=0.98) 
No difference between sitagliptin 
and placebo in incidence of  
infections, cancer, renal failure, 
hypoglycaemia, or non-CV death 

Saxagliptin  
SAVOR-TIMI 53    
 
N=16,492 patients with T2D and 
CVD or CVD risk 
Prior ASCVD 78.4% patients  
Saxagliptin: n=8,280 
Placebo: n=8,212 
Primary composite endpoint: CV 
death, non-fatal MI, or non-fatal  
ischaemic stroke (3-point MACE) 
Secondary: CV death, non-fatal MI, 
non-fatal ischemic stroke,  
HHF, coronary revascularisation, or 
unstable angina 
 
 
 
 
 
 
 
 
 
Median follow-up: 2.1 years 
 
End of trial HbA1c 
Saxagliptin: 7.7% ± 1.4%  
Placebo: 7.9% ± 1.5% 
(p<0.001 vs placebo) 
 
CV outcomes 
Primary outcome: MACE  
(HR: 1.00 (0.89-1.12); p=0.99 for 
superiority; p<0.001 for non- 
inferiority 
Higher incidence of HHF in 
saxagliptin group  
(HR 1.27; 95% CI 1.07 to 1.51; 
p=0.007) 
No difference between groups in 
incidence of acute or chronic  
pancreatitis; fewer cases of  
pancreatic cancer in saxagliptin 
group; more cases of non-fatal  
angioedema in saxagliptin group  
(8 vs 1) 

Alogliptin 
EXAMINE     
 
N=5,380 patients with T2D and 
ACS 
Prior ASCVD 100% patients  
Alogliptin: n=2,701 
Placebo: n=2,679 
Primary composite endpoint: CV 
death, non-fatal MI, or non-fatal 
stroke (3-point MACE) 
Secondary: CV death, non-fatal MI, 
non-fatal stroke, urgent  
revascularisation for unstable 
angina within 24 hours  
 
 
 
 
 
 
 
 
 
Median follow-up: 18 months 
 
Least squares mean difference in 
HbA1c: −0.36% (95% CI −0.43  
to −0.28; p<0.001) for alogliptin vs 
placebo 
 
CV outcomes 
Primary outcome: MACE  
(HR: 0.96 (≤1.16); p=0.32 for  
superiority; p<0.001 for non- 
inferiority) 
Numerically higher number of  
HHF in alogliptin group (3.1% vs 
2.9%; HR 1.07, 95% CI 0.79–
1.46) 
No difference between alogliptin 
and placebo in incidence of acute 
and chronic pancreatitis, cancer, 
renal impairment, angioedema, or 
severe hypoglycaemia 

Linagliptin    
CARMELINA 
 
N=6,979 patients with T2D and  
CV risk and high renal risk 
Prior ASCVD 57% patients  
Linagliptin: n=3,494 
Placebo: n=3,485 
Primary composite endpoint:  
CV death, non-fatal MI, or non-
fatal stroke (3-point MACE) 
Secondary: composite of ESRD, 
renal death, or a 40% decrease in 
GFR 
Tertiary: all-cause mortality,  
HHF, renal death or ESRD.  
Albuminuria and its progression, 
sustained ESRD, sustained decrease 
of at least 50% in eGFR, death due 
to renal failure, and major ocular 
events  
 
 
 
Median follow-up: 2.2 years 
 
Least squares mean difference in 
HbA1c: −0.36% (95% CI −0.42 
to −0.29) for linagliptin vs placebo 
 
CV outcomes 
Primary outcome: MACE  
(HR 1.02 (0.89 to 1.17); p=0.74  
for superiority p<0.001 for 
non-inferiority.   
No increase in HHF in linagliptin 
group  
Numerically higher numbers of 
pancreatitis; lower incidence of  
hypoglyceamia and malignancies. 
 

ACS, acute coronary syndrome; ASCVD, atherosclerotic cardiovascular disease; CI confidence interval; CV, cardiovascular; CVD, cardiovascular disease; ESRD, end-stage renal disease; GFR, glomerular filtration 
rate; HHF, hospitalisation for heart failure; HR, hazard ratio; MACE, major adverse cardiovascular events; MI, myocardial infarction; T2D, type 2 diabetes.
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4,202 patients with type 2 diabetes with established CVD to 
omarigliptin 25 mg once weekly or matching placebo. After a 
median follow-up of 96 weeks (range 1.1–178.6 weeks), the 
study was terminated as a business decision. As a result of early 
termination it was not possible to test the primary hypothesis of 
non-inferiority in the 3-point MACE due a decrease in power.63 

 
Linagliptin 
In a pooled analysis of 19 phase 3 RCTs which included a total 
of 9,459 patients, there were a lower number of composite 
events (CV death, non-fatal stroke, non-fatal myocardial infarc-
tion and hospitalisation due to unstable angina) compared with 
the pooled comparator, suggesting CV safety with linagliptin (HR 
0.78, 95% CI 0.55 to 1.12).67  

The CARMELINA outcome trial included 6,979 patients with 
type 2 diabetes with associated CV and renal risk randomised to 
5 mg linagliptin or matching placebo. After a median follow-up 
period of 2.2 years, the 3-point MACE occurred in a similar pro-
portion of patients on linagliptin and placebo (12.4% and 
12.1% in the linagliptin and placebo groups, respectively (HR 
1.02, 95% CI 0.89 to 1.17; p<0.001 for non-inferiority and 0.74 
for superiority) in the intention-to-treat population. There was 
no increased risk of HHF due to linagliptin (HR 0.90, 95% CI 
0.74 to 1.08; p=0.26). Linagliptin was also associated with a sta-
tistically significant reduction in albuminuria progression (HR 
0.86, 95% CI 0.78 to 0.95; p=0.003) and no increased risk of 
ocular events among the microvascular endpoints studied. The 
difference in glycated haemoglobin at study end was lower in 
the linagliptin group without an excess of hypoglycaemia but no 
differences in weight, systolic and diastolic blood pressure or 
lipid parameters were witnessed at the end of the study.64 

In the subsequent trial of linagliptin versus active comparator 
glimepiride (CAROLINA), the 3-point MACE occurred in 11.8% 
of patients on linagliptin and 12% of glimepiride-treated pa-
tients (HR 0.98, 95% CI 0.84 to 1.14; p<0.001 for non-inferior-
ity and 0.76 for superiority) in the intention-to-treat population. 
There was a reduction in weight in the linagliptin group at study 
end but no difference in glycated haemoglobin between the 
groups.33  

The DPP-IV inhibitors have thus demonstrated safety on 
MACE endpoints but do not appear to have any effect on overall 
mortality. There was evidence for incident HF with saxagliptin 
and a trend towards one with alogliptin; this earned a safety 
warning for both these drugs in patients with kidney disease and 
HF. No such adverse effect was noticed with sitagliptin or 
linagliptin. There is a clear lack of data with vildagliptin. In a 
meta-analysis that compared RCTs, non-RCTs, cohort and case–
control studies of DPP-IV inhibitors versus placebo, the overall 
risk of incident HF with these drugs remained uncertain due to 
a paucity of good quality evidence. There was, however, a sug-
gestion that DPP-IV inhibitors may increase the risk of HHF.68 In 
a systematic review and meta-analysis of 189 trials there was no 
difference in all-cause mortality between any incretin drug versus 
control.69 

 

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) 
The GLP-1RAs act by directly binding to the GLP-1 receptor        
resulting in meal-mediated insulin release with suppression of 
glucagon. They promote satiety and have a variable effect on 
weight loss which is greater than that seen with the DPP-IV        
inhibitors.61 The pharmacokinetic properties of these drugs differ, 
which accounts for their differing efficacy. Exenatide is the        
synthetic version of exendin-4 extracted from the salivary gland 
of the Gila monster. It has partial sequence identity with human 
GLP-1. Lixisenatide is also an exendin-4 derived drug. Liraglutide, 
semaglutide and albiglutide have strong structural homology to 
the human GLP-1 molecule and are not derived from exendin-
4.61  

The seven trials published to date are the Evaluation of Lixise-
natide in Acute Coronary Syndrome (ELIXA),54 Liraglutide Effect 
and Action in Diabetes: Evaluation of Cardiovascular Outcome 
Results (LEADER),51 Semaglutide and Cardiovascular Outcomes 
in Type 2 Diabetes (SUSTAIN-6),70 Effects of Once-Weekly           
Exenatide on Cardiovascular Outcomes in Type 2 Diabetes (EXS-
CEL),71 Albiglutide and  CV outcomes in patients with type 2       
diabetes and  CV disease (HARMONY Outcomes),72 The Re-
searching Cardiovascular Events with a Weekly Incretin in Dia-
betes (REWIND)68,69 and the Peptide Innovation for Early        
Diabetes Treatment (PIONEER-6) trial.67 

The key findings from these trials are presented in Table 2. 
 

Lixisenatide 
In the ELIXA trial, 6,068 patients with type 2 diabetes were re-
cruited 180 days following acute coronary syndrome. The pri-
mary endpoint, the 4-point MACE which in this study included 
hospitalisation for unstable angina, occurred in a similar propor-
tion of patients in the lixisenatide and placebo groups (13.4% 
and 13.2%, respectively; HR 1.02, 95% CI 0.89 to 1.17), 
demonstrating non-inferiority of lixisenatide to placebo 
(p<0.001) but not superiority (p=0.81). There was no significant 
difference in the rate of HHF (approximately 4% in each group) 
or in the composite of the primary endpoint, HHF or coronary 
revascularisation. At study end there was a small reduction in 
glycated haemoglobin, weight and systolic blood pressure. A 
small but statistically significant increase in heart beat by 0.4 
beats/min (95% CI 0.1 to 0.6; p=0.01) was observed across all 
visits in the lixisenatide group.54  

 
Liraglutide 
In the LEADER trial, 9,340 patients with type 2 diabetes (mean 
HbA1c 8.7%) and at least one co-existing CV condition if aged 
≥50 years or at least one CV risk factor if age ≥60 years were 
randomly assigned to receive liraglutide or placebo; 82.1% had 
established CVD at the time of trial entry and 81.3% at the end 
of the trial. The primary endpoint of time to first occurrence of 
the 3-point MACE occurred in fewer patients in the liraglutide 
group (13.0% vs 14.9%; HR 0.87, 95% CI 0.78 to 0.97; 
p<0.001 for non-inferiority and 0.01 for superiority) compared 
with placebo after a median follow-up period of 3.8 years. HHF 
occurred in fewer patients but this did not reach statistical sig-
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Table 2 Comparison of the CVD outcome studies with glucagon-like peptide 1 receptor agonists (GLP-1RAs)  

Design 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key  
Results 

Lixisenatide 
ELIXA  
 
 
N=6,068 patients with 
T2D and ACS within 
180 days 
Prior ASCVD (100%)  
patients  
Lixisenatide: n=3,034 
Placebo: n=3,034 
Primary endpoint:  
composite of CV death, 
non-fatal MI, or non-
fatal stroke, or  
hospitalisation for  
unstable angina 
Secondary endpoints: 
composite of the  
primary end point or 
HHF; a composite of the  
primary end point,  
HHF, or coronary 
revascularisation  
procedures. All-cause 
mortality 
 
 
 
 
 
 
 
 
Median follow-up:  
25 months 
 
Difference from 
placebo:  
HbA1c: −0.27% (95% 
CI, −0.31% to −0.22%; 
p<0.001) 
Weight: −0.7 kg (95% 
CI, −0.9 to −0.5 kg; 
p<0.001) 
 
CV outcomes 
Primary: HR 1.02 (95% 
CI 0.89 to 1.17); p=0.81 
for superiority; p<0.001 
for non-inferiority 
Secondary: 
All-cause mortality:  
HR 0.94 (95% CI 0.78 
to 1.13), p=0.50 
CV death: HR 0.98 
(95% CI 0.78 to 1.22), 
p=0.85  
Hospitalisation for HF: 
HR 0.96 (95% CI 0.75 
to 1.23), p=0.75 
Primary endpoint or 
HHF: HR 0.97 (95% CI 
0.85 to 1.10), p=0.63 
Primary endpoint, HF  
or coronary  
revascularisation: HR 
1.00 (95% CI 0.90 to, 
1.11), p=0.96 
 
 

Liraglutide 
LEADER    
 
 
N=9,340 patients with 
T2D and high CV risk 
Prior ASCVD (81.3%)  
patients  
Liraglutide: n=4,668 
Placebo: n=4,672 
Primary endpoint:  
composite of CV death, 
non-fatal MI (including 
silent MI), or non-fatal 
stroke 
Secondary endpoints: 
composite of CV death, 
non-fatal MI (including 
silent MI), non-fatal 
stroke, coronary  
revascularisation, and 
hospitalisation for  
unstable angina or HHF; 
death from any 
cause, a composite renal 
and retinal microvascular 
outcome 
 
 
 
 
 
 
 
Median follow-up:  
3.8 years 
 
Difference from placebo 
(at 36 months):  
HbA1c: −0.40% (95% 
CI, −0.45% to −0.34%) 
Weight: −2.3 kg (95% 
CI, −2.5 to −2.0 kg) 
 
CV outcomes 
Primary: HR 0.87 (95% 
CI 0.78 to 0.97); p=0.01 
for superiority; p<0.001 
for non-inferiority 
Secondary:  
Expanded composite  
HR: 0.88 (95% CI 0.81 to 
0.96); P=0.005 for  
superiority 
All-cause mortality: HR 
0.85 (95% CI 0.74 to, 
0.97), p=0.02 
CV death: HR 0.78 (95% 
CI 0.66 to, 0.93), 
p=0.007  
Hospitalisation for HF:  
HR 0.87 (95% CI 0.73 to 
1.05), p=0.14 
Increased rates of  
gastrointestinal events in 
liraglutide-treated  
patients 
Lower numerical  
incidence of pancreatitis 
in liraglutide group 
(0.4% in liraglutide and 
0.5% placebo for acute 
pancreatitis [not  
statistically significant]) 
 

Exenatide once 
weekly 
EXCEL     
 
N=14,752 patients with 
T2D and previous CVD  
Prior ASCVD (73.1%)  
patients  
Exenatide: n=7,356 
Placebo: n=7,396 
Primary endpoint:  
composite of CV death, 
non-fatal MI, or non-fatal 
stroke 
Secondary endpoints:  
all-cause mortality, CV 
death, fatal or non-fatal 
MI, fatal or non-fatal 
stroke, and hospitalisation 
for ACS or HHF 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Median follow-up:  
3.2 years 
 
Difference from placebo: 
HbA1c: −0.53% (95% CI, 
−0.57% to −0.50%) 
Weight: −1.27 kg (95% 
CI, −1.40 to −1.13 kg) 
 
CV outcomes 
Primary: HR 0.91 (95% CI 
0.83 to 1.00); p=0.061 
for superiority; p<0.001 
for non-inferiority 
Secondary: 
All-cause mortality:  
HR 0.86 (95% CI 0.77 to 
0.97), p=0.016 
CV death: HR 0.88 (95% 
CI 0.76 to 1.02), p=0.096  
Hospitalisation for ACS: 
HR 1.05 (95% CI 0.94 to 
1.18), p=0.402 
Hospitalisation for HF:  
HR 0.94 (95% CI 0.78 to 
1.13), p=0.485 
Higher numerical  
incidence of pancreatitis 
in exenatide group (0.4% 
vs.0.3%) group (not  
statistically significant); 
Numerically higher  
number of papillary  
thyroid cancers in  
exenatide group (10 vs. 4) 
but not medullary thyroid 
cancers 
 

Semaglutide once 
weekly 
SUSTAIN-6 
 
N=3,297 patients with T2D 
and previous CVD 
Prior ASCVD (83%) patients  
Semaglutide: n=1,648 
Placebo: n=1,649 
Primary endpoint: composite 
of CV death, non-fatal MI  
(including silent MI), or non-
fatal stroke 
Secondary endpoints:  
expanded composite  
CV outcome (death from  
CV causes, non-fatal  
myocardial infarction,  
non-fatal stroke,  
revascularisation [coronary  
or peripheral], and  
hospitalisation for unstable 
angina or HHF), an additional 
composite outcome (death 
from all causes, non-fatal  
myocardial infarction, or  
non-fatal stroke), the  
individual components of the  
composite outcomes, 
retinopathy complications, 
and new or worsening 
nephropathy. 
 
  
Median follow-up time:  
2.1 years 
 
Difference from placebo: 
HbA1c: −0.66%; p<0.001 
[0.5mg]. −1.05%; p<0.001 
[1.0mg] 
Weight: −2.87 kg; p<0.001 
[0.5mg]. −4.35 kg; p<0.001 
[1.0mg] 
 
CV outcomes 
Primary: HR 0.74 (95% CI 
0.58 to 0.95); p=0.02 for  
superiority; p<0.001 for  
non-inferiority 
Secondary HR: 
Expanded composite:  
HR 0.74 (95% CI 0.62 to 
0.89), p=0.002 
All-cause mortality: HR 1.05 
(95% CI 0.74 to 1.50), 
p=0.79 
CV death: HR 0.98 (95% CI 
0.65 to 1.48), p=0.92  
Hospitalisation for HF: HR 
1.11 (95% CI 0.77 to 1.61), 
p=0.57 
Retinopathy complications 
were higher in the  
semaglutide group HR 1.76 
(95% CI 1.11 to 2.78), 
p=0.02 

Albiglutide once 
weekly 
HARMONY     
 
N=9,463 patients with 
T2D and previous CVD 
Prior ASCVD (100%) 
patients  
Albiglutide: n=4,731 
Placebo: n=4,732 
Primary endpoint:  
composite of CV death, 
non-fatal MI, or  
non-fatal stroke 
Secondary endpoint:  
4-component  
composite (the primary 
composite, with the 
addition of urgent 
revascularisation for 
unstable angina), the 
individual components 
of the primary  
endpoint, and the  
composite of CV death 
or hospital admission  
because of HHF. 
 
 
 
 
 
 
 
Median follow-up time: 
1.6 years 
 
Difference from 
placebo (at 16 
months): 
HbA1c: -0.52% 
(95%CI −0.58% to  
−0.45%) 
Weight: −0.83 kg 
(95%CI −1.06 to 
−0.60) 
 
CV outcomes 
Primary: HR 0.78 (95% 
CI 0.68 to 0.90); 
p=0.0006 for  
superiority; p<0.0001 
for non-inferiority 
Secondary: 
Expanded composite: 
HR 0.78 (95% CI 0.69 
to 0.90); p=0.0005  
All-cause mortality:  
HR 0.95 (95% CI 0.79 
to 1.16), p=0.644 
CV death: HR 0.93 
(95% CI 0.73 to 1.19), 
p=0.578  
Hospitalisation for HF: 
HR 0.85 (95% CI 0.70 
to 1.04), p=0.113 
More injection site  
reactions with  
albiglutide with limited 
effect on weight  
compared with 
pkacebo 
 

Dulaglutide once 
weekly 
REWIND 
 
N=9,091 patients with 
T2D with high-risk for 
CVD and prior ASCVD 
(31.5%) patients 
Dulaglutide: n=4,949 
Placebo: n=4,952 
Primary endpoint:  
composite of CV death 
or unknown causes, 
non-fatal MI, or  
non-fatal stroke 
Secondary endpoint: 
composite  
microvascular – 
retinopathy or renal 
disease; hospitalisation 
for unstable angina; 
each component of the 
primary composite; 
death; HHF or  
urgent visit  
 
  
 
 
 
 
 
 
 
Median follow-up time: 
5.4 years 
 
Difference from 
placebo 
HbA1c: −0.61% (95% 
CI, −0.65% to 
−0.58%) 
Weight: −1.46 kg 
(95% CI, −1.67 to 
−1.25kg) 
 
CV outcomes 
Primary: HR 0.88 (95% 
CI 0.79 to 0.99); 
p=0.026 for  
superiority;  
Secondary: 
Microvascular  
composite: HR 0.87 
(95% CI 0.79 to 0.95); 
p=0.002  
All-cause mortality:  
HR 0.90 (95% CI 0.80 
to 1.0), p=0.067 
CV death: HR 0.91 
(95% CI 0.78 to 1.06), 
p=0.21  
Hospitalisation for HF 
or urgent visit: HR 0.93 
(95% CI 0.77 to 1.12), 
p=0.46; Hospitalisation 
for unstable angina: HR 
1.14 (95% CI 0.84 to 
1.54), p=0.41; 
 

ACS, acute coronary syndrome; ASCVD, atherosclerotic cardiovascular disease; CI confidence interval; CV, cardiovascular; CVD, cardiovascular disease; HHF, hospitalisation for heart failure; HR, hazard ratio;  
MI, myocardial infarction; T2D, type 2 diabetes.
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nificance (HR 0.87, 95% CI 0.73 to 1.05; p=0.14). There was a 
small reduction in glycated haemoglobin, a −2.3 kg (95% CI 
−2.5 to −2.0) difference in weight and a small reduction in sys-
tolic (−1.2 mmHg, 95% CI −1.9 to −0.5) and diastolic blood 
pressures (−0.6 mmHg, 95% CI −0.2 to −1.0) at study end. The 
heart rate was higher by 3.0 beats/min (95% CI 2.5 to 3.0) in 
the liraglutide group.51 

In a small phase 2 trial of liraglutide versus placebo in 300 
patients (59% with type 2 diabetes) with established HF and re-
duced LVEF, liraglutide did not demonstrate a significant effect 
on the primary composite outcome (time to death, time to re-
hospitalisation for HF and time-averaged proportional change in 
N-terminal pro-B-type natriuretic peptide level).73 

 
Exenatide extended-release 
In the EXSCEL trial, 14,752 patients with type 2 diabetes (73.1% 
with previous CVD) were randomly assigned to receive subcuta-
neous injections of 2 mg extended-release exenatide or matching 
placebo once weekly. The primary endpoint of the 3-point MACE 
did not differ significantly between the two groups (11.4% vs 
12.2% with placebo; HR 0.91, 95% CI 0.83 to 1.0; p=0.06 for su-
periority and p<0.001 for non-inferiority). HHF was not significantly 
different from placebo (HR 0.94, 95% CI 0.78 to 1.13; p=0.49). At 
study end there was a minimal reduction in glycated haemoglobin, 
a −1.27 kg (95% CI −1.40 to −1.13; p<0.001) difference in weight, 
a −1.57 mmHg (95% CI −1.92 to −1.21; p<0.001) difference in 
systolic blood pressure and a −0.25 mmHg (95% CI −0.04 to 
−0.47; p=0.02) difference in diastolic blood pressure. The heart rate 
was statistically higher by 2.51 beats/min (95% CI 2.28 to 2.74; 
p<0.001) in the exenatide group.71  
 
Semaglutide 
In the SUSTAIN-6 trial, 3,297 patients with type 2 diabetes, 83% 
of whom had established ASCVD, were randomised to receive 
once-weekly semaglutide (0.5 mg or 1.0 mg) or placebo. The 
risks for future CVD events were significantly lower in the 
semaglutide group as a whole (HR 0.74, 95% CI 0.58 to 0.95; 
p<0.001 for non-inferiority and p=0.02 for superiority). Among 
the secondary outcome measures, there was a statistically sig-
nificant reduction in non-fatal stroke (HR 0.61, 95% CI 0.38 to 
0.99; p=0.04). HHF was not significantly different between the 
groups (HR 1.11, 95% CI 0.77 to 1.61; p=0.57). Although there 
was no difference in CV death between the semaglutide group 
and placebo, there were significantly fewer revascularisation pro-
cedures in the semaglutide group (HR 0.65, 95% CI 0.5 to 0.86; 
p<0.05), raising the possibility of a favourable drug effect on 
CVD. Importantly, though, the rates of retinopathy complications 
(vitreous haemorrhage, blindness or conditions requiring treat-
ment with an intravitreal agent or photocoagulation) were sig-
nificantly higher (HR 1.76, 95% CI 1.11 to 2.78; p=0.02) in the 
semaglutide group. The higher incidence of retinopathy was at-
tributed to the magnitude and rapidity of reduction in glycated 
haemoglobin during the first 16 weeks of treatment in patients 
who had pre-existing retinopathy and poor glycaemic control at 
baseline, and in those who were treated with insulin.74 There 

was significant weight loss (estimated treatment difference, ETD) 
with −2.87 kg (95% CI −3.47 to −2.28; p<0.001) and −4.35 kg 
(95% CI −4.94 to −3.75; p<0.001) with the 0.5 mg and 1.0 mg 
dose of semaglutide, respectively. The ETD in glycated 
haemoglobin at study end were −0.66 (95% CI −0.80 to −0.52; 
p<0.001) and −1.05 percentage points (95% CI −1.19 to −0.91; 
p<0.001) lower for the 0.5 mg and 1.0 mg dose of semaglutide 
respectively. The mean systolic and diastolic blood pressures were 
lower with semaglutide for both doses, with a slight increase in 
heart rate (+2.02 beats/min with 0.5 mg and 2.47 beats/min 
with 1.0 mg) compared with placebo.70 

Oral semaglutide, which has similar pharmacokinetic prop-
erties and clinical effects to the injectable preparation,75 has been 
developed as a once-daily preparation. In the PIONEER 6 clinical 
trial, 3,183 patients were randomly assigned (in a 1:1 ratio) to 
receive once-daily oral semaglutide (1,591 patients, target dose 
14 mg) or placebo (1,592 patients). After a median follow-up 
period of 15.9 months, the risk for future CVD events as the pri-
mary outcome in the intention-to-treat population was signifi-
cantly reduced with oral semaglutide (HR 0.79, 95% CI 0.57 to 
1.11; p<0.001 for non-inferiority and p=0.17 for superiority). It 
is noteworthy that, despite the fact that PIONEER 6 was a small 
trial of short duration, patients randomised to oral semaglutide 
experienced a reduction in CV death of approximately 50% (HR 
0.49, 95% CI 0.27 to 0.92) and all-cause mortality (HR 0.51, 
95% CI 0.31 to 0.84). HHF was not significantly different be-
tween the groups (HR 0.86, 95% CI 0.48 to 1.55). There was a 
slightly higher proportion of events related to diabetic retinopa-
thy in the semaglutide group (7.1% vs 6.3%); most cases were 
due to non-proliferative retinopathy.76 

 
Albiglutide 
Whilst albiglutide is not yet available in the UK, the drug has 
demonstrated convincing evidence of reduction in CVD events 
in 9,463 participants with established ASCVD (HARMONY Out-
comes). After a median follow-up period of 1.6 years, there was 
a 22% statistically significant relative-risk reduction in 3-point 
MACE with albiglutide compared with placebo (HR 0.78, 95% 
CI 0.68 to 0.90; p<0.0001 for non-inferiority and p<0.0006 for 
superiority). The secondary composite outcome of death from 
CV causes and HHF did not differ between the treatment arms 
(HR 0.85, 95% CI 0.70 to 1.04; p=0.113). There were minimal 
reductions in weight and systolic blood pressure and, as ex-
pected, a small reduction in glycated haemoglobin at study end. 
The heart rate was higher by 1.4 beats/min (95% CI 1.0 to 1.9) 
in the albiglutide group.72  

 
Dulaglutide 
The Researching Cardiovascular Events with a Weekly Incretin in 
Diabetes (REWIND) trial enrolled 9,901 participants with newly 
diagnosed or established type 2 diabetes and multiple risk fac-
tors for CVD or established ASCVD (31.5%) to receive once-
weekly 1.5 mg dulaglutide or matching placebo. The primary 
outcome was the first occurrence of the 3-point MACE (com-
posite of CV death or non-fatal myocardial infarction or non-
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fatal stroke). This was designed as a superiority trial.77 After a 
median follow-up period of 5.4 years, a 12% relative risk reduc-
tion in MACE was observed in the intention-to-treat population 
compared with placebo (HR 0.88, 95% CI 0.79 to 0.99; 
p=0.026). Among the secondary outcome measures there was 
a statistically significant reduction in non-fatal stroke (HR 0.76, 
95% CI 0.61 to 0.95; p=0.017) but no statistically significant 
difference was observed for CV death (HR 0.91, 95% CI 0.78 to 
1.06; p=0.21) or for non-fatal MI (HR 0.96, 95% CI 0.79 to 1.16; 
p=0.65). There was no difference in hospital admission or in        
patients requiring urgent HHF (HR 0.93, 95% CI 0.77 to 1.12; 
p=0.46), hospitalisation from unstable angina (HR 1.14, 95% CI 
0.84 to 1.54; p=0.41), all-cause mortality (HR 0.90, 95% CI 0.80 
to 1.0; p=0.067) or any form of revascularisation procedures 
(p=0.37). The incidence of the microvascular composite end-
point of either eye or renal outcomes (HR 0.87, 95% CI 0.79 to 
0.95; p=0.002) was significantly reduced, largely driven by fewer 
composite renal outcomes (HR 0.85, 95% CI 0.77 to 0.93; 
p=0.0004 for renal and HR 1.24, 95% CI 0.92 to 1.68; p=0.16 
for eye). At study end there were minimal reductions in glycated 
haemoglobin and systolic blood pressure and a −1.46 kg (95% 
CI −1.25 to −1.67; p<0.0001) reduction in body weight. The 
heart rate was higher by 1.87 beats/min (95% CI 1.62 to 2.11; 
p<0.0001) among subjects in the dulaglutide group.78 

Further analyses revealed that the renal component of the 
composite microvascular secondary outcome occurred in 17.1% 
of participants in the dulaglutide group compared with 19.6% 
of subjects in the placebo group, accounting for a lower inci-
dence rate in the dulaglutide group by 0.6 per 100 person-years 
over the duration of the trial (HR 0.85; 95% CI 0.77 to 0.93; 
p=0.0004). The major benefits were noticed in the reduction of 
new-onset macroalbuminuria (HR 0.77, 95% CI 0.68 to 0.87; 
p<0.0001), sustained decline in eGFR of 30% or more (HR 0.89, 
0.78 to 1.01; p=0·066) and the need for renal replacement ther-
apy (HR 0.75, 95% CI 0.39 to 1.44; p=0.39); at baseline the pro-
portions of subjects with micro- and macroalbuminuria were 
27.1% and 8%, respectively.79 

The GLP-1RA drugs have demonstrated CV safety. Addition-
ally, liraglutide, albiglutide and semaglutide offer CV benefits.  

The mechanistic reasons for the CV benefit are not known, 
but given the delayed separation of the survival curves for the 
primary outcome, it has been speculated to be due to the anti-
atherosclerotic effects of GLP-1.80 In HARMONY Outcomes al-
biglutide was associated with CV benefit despite less impact on 
traditional CV risk factors than in the other trials with GLP-1RAs. 
This has raised the possibility that the many biological effects of 
GLP-1RAs, other than the effects on traditional CV risk factors, 
may be responsible for the CV benefits.81 There appears to be a 
trend towards an increase in heart rate with the GLP-1RAs, with 
the lowest increase seen with lixisenatide. 

 
Sodium-glucose co-transporter 2 (SGLT2) inhibitors 
The SGLT2 inhibitors act by competitively inhibiting the reabsorp-
tion of filtered glucose in the proximal convoluted tubule.          
This promotes glucose loss in the urine and lowering of plasma        

glucose by an insulin-independent mechanism.82 
The results from the four CVOTs Empagliflozin Cardiovascular 

Outcome Event Trial in Type 2 Diabetes Mellitus Patients (EMPA-
REG OUTCOME),83 Canagliflozin Cardiovascular Assessment 
Study (CANVAS/CANVAS-R)84 and Dapagliflozin Effect on Car-
diovascular Events – Thrombolysis in Myocardial Infarction       
(DECLARE-TIMI 58)50 are summarised in Table 3. More recently, 
the results of The Cardiovascular Outcomes Following Er-
tugliflozin Treatment in Type 2 Diabetes Mellitus Participants with 
Vascular Disease (VERTIS CV) has been published.85 The CVOTs 
were not designed to monitor HbA1c and patients were on 
guideline-directed standard care to achieve glycaemic equipoise. 

 
Canagliflozin 
The CANVAS program integrated data from two clinical trials – 
CANVAS and CANVAS-R. A total of 10,142 patients were         
followed up over a mean period of 3.6 years to demonstrate a 
14% relative risk reduction in 3-point MACE (HR 0.86, 95% CI 
0.75 to 0.97; p<0.001 for non-inferiority and p=0.02 for supe-
riority); 65.6% of the participants had a previous history of 
ASCVD. There was a more marked reduction in HHF (HR 0.67, 
95% CI 0.52 to 0.87) in patients on canagliflozin but no differ-
ences in all-cause mortality (HR 0.87, 95% CI 0.74 to 1.01). The 
CANVAS program also showed a regression in albuminuria 
which was more marked in those on canagliflozin than in those 
assigned to placebo (HR 0.73, 95% CI 0.67 to 0.79); these         
effects were greater in CANVAS-R. The composite outcome of a 
sustained 40% reduction in GFR, the need for renal replacement 
therapy or death from renal causes occurred less often in those 
on canagliflozin (HR 0.60, 95% CI 0.47 to 0.77); there was no 
heterogeneity between the two studies. Canagliflozin nearly 
doubled the risk of lower extremity atraumatic amputations      
predominantly in toe and mid-foot (71% of cases) among those 
patients with a prior history of amputation, peripheral vascular 
disease and neuropathy (6.3 vs 3.4 participants with amputation 
per 1000 patient-years; HR 1.97, 95% CI 1.41 to 2.75). The rate 
of all fractures was higher with canagliflozin than with placebo 
(15.4 vs 11.9 participants with fracture per 1000 patient-years; 
HR 1.26, 95% CI 1.04 to 1.52), and this appeared to be due to 
low-trauma fractures. The fracture data were significantly more 
evident in CANVAS than in CANVAS-R (p<0.005). There were 
minimal reductions in glycated haemoglobin at study end as     
expected, with a lower body weight (−1.60 kg; 95% CI −1.70 
to −1.51) and lower systolic blood pressure (−3.93 mmHg; 95% 
CI −4.30 to −3.56) and diastolic blood pressure (−1.39 mmHg; 
95% CI −1.61 to −1.17; p<0.001 for all comparisons). There 
was a rise in HDL- and LDL-cholesterol, so the ratio of LDL:HDL 
cholesterol remained unchanged.84 

The trial of Canagliflozin and Renal Outcomes in Type 2       
Diabetes and Nephropathy (CREDENCE)58 was designed to 
specifically answer the question whether SGLT2 inhibition im-
proved renal outcomes beyond that seen with exploratory anal-
yses of the three major CVOTs.50,83,84 The primary outcome was 
a composite of end-stage kidney disease (dialysis for at least 30 
days, kidney transplantation or an estimated GFR of <15 
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mL/min/1.73 m2 sustained for at least 30 days) and a doubling 
of the serum creatinine level from baseline sustained for at least 
30 days or death from renal or cardiovascular causes. After a 
median follow-up of 2.62 years, 100 mg canagliflozin had lower 
event rates for the primary outcome compared with placebo 
(43.2 and 61.2 per 1000 patient-years, respectively; HR 0.70, 
95% CI 0.59 to 0.82; p=0.00001). The relative risk of the renal-
specific composite of end-stage kidney disease, a doubling of 
the creatinine level or death from renal causes was reduced by 
34% (HR 0.66, 95% CI 0.53 to 0.81; p<0.001). Similarly, the 
relative risk of end-stage kidney disease was significantly lower 
in the canagliflozin group compared with placebo (HR 0.68, 
95% CI 0.54 to 0.86; p=0.002). The canagliflozin group also 
had a lower risk of the 3-point MACE (CV death, non-fatal my-
ocardial infarction or non-fatal stroke) by 20% (HR 0.80, 95% 
CI 0.67 to 0.95; p=0.01) as well as HHF (HR 0.61, 95% CI 0.47 
to 0.80; p<0.001).58 The amputation event rate was numerically 
higher with canagliflozin than with placebo, but this did not 
reach statistical significance (12.3 vs 11.2 per 1000 patient-years; 

HR 1.11, 95% CI 0.79 to 1.56). The rates for fracture were, how-
ever, numerically lower in the canagliflozin group, although the 
difference was not statistically significant (11.8 vs 12.1 per 1000 
patient-years; HR 0.98, 95% CI 0.70 to 1.37). 

 
Empagliflozin 
In the EMPA-REG OUTCOME clinical trial, 7,020 participants 
were followed up over a mean period of 3.1 years, demonstrat-
ing a 14% relative risk reduction in the 3-point MACE (HR 0.86, 
95% CI 0.74 to 0.99; p<0.001 for non-inferiority and p=0.04 
for superiority). Although this was very similar to the results from 
the CANVAS program, the majority (99.4%) of the patients in 
the EMPA-REG OUTCOME had established ASCVD. This reduc-
tion was driven by a significant decrease in CV death (HR 0.62, 
95% CI 0.49 to 0.77; p<0.001), Similarly, there was a statistically 
significant reduction in HHF (HR 0.65, 95% CI 0.50 to 0.85; 
p=0.002) and also for all-cause mortality (HR 0.68, 95% CI 0.57 
to 0.82; p<0.001). At study end there was a small but statistically 
significant reduction in glycated haemoglobin of −0.30 percent-

Table 3 Comparison of the CVD outcome studies with SGLT-2 inhibitors 

Design 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Key Results 

Empagliflozin 
EMPA-REG OUTCOME  
 
N=7,020 patients with T2D;  
prior ASCVD 99.4% patients  
Empagliflozin: n=4,687 
Placebo: n=2,333 
Primary endpoint: composite of 
CV death, non-fatal MI  
(excluding silent MI), or non-fatal 
stroke 
Secondary endpoint: composite 
of CV death, non-fatal MI  
(excluding silent MI), non-fatal 
stroke, and hospitalisation for  
unstable angina 
 
 
 
 
 
Median follow-up: 3.1 years 
 
Week 206 HbA1c, difference 
from placebo 
Empagliflozin 10 mg: −0.24% 
(95% CI, −0.40% to −0.08%) 
Empagliflozin 25 mg: −0.36% 
(95% CI, −0.51% to −0.20%) 
 
CV outcomes (pooled analysis): 
Primary: HR 0.86 (95% CI 0.74 to 
0.99); p=0.04 for superiority; 
p<0.001 for non-inferiority 
Secondary HR: 0.89 (95% CI 
0.78 to 1.01); p<0.001 for  
non-inferiority; p=0.08 for  
superiority 
Significantly lower rates of  
all-cause death, CV death, and 
HHF  

Canagliflozin 
CANVAS/CANVAS-R    
 
N=10,142 patients with T2D;  
prior ASCVD in 65.6% patients 
CANVAS + CANVAS-R: n=5,795;  
Placebo: n=4,347 
Primary endpoint: composite of  
CV death, non-fatal MI, or non-
fatal stroke 
Secondary endpoint: all-cause 
mortality, CV death, progression of 
albuminuria, and the composite of 
death from CV causes and HHF 
 
 
 
 
 
 
 
Median follow-up: 2.4 years 
 
Mean difference in HbA1c  
between canagliflozin and 
placebo: −0.58% (95% CI, −0.61 
to −0.56) 
 
CV outcomes 
Primary: HR 0.86 (95% CI 0.75 to 
0.97); p=0.0158 for superiority; 
p<0.001 for non-inferiority 
Secondary: 
HHF: HR 0.67 (95% CI 0.52 to 
0.87) 
CV death or HHF: HR 0.78 (95% 
CI 0.67 to 0.91) 
All-cause mortality HR 0.87 (95% 
CI 0.74 to 1.01) 
 

Dapagliflozin 
DECLARE TIMI-58     
 
N=17,160 patients with T2D;  
prior ASCVD in 40.6% patients 
Dapagliflozin: n=8,582  
Placebo: n=8,578 
Co-primary endpoint: CV death, 
non-fatal MI, or non-fatal stroke & 
composite of hospitalisation for HF 
and CV death  
Secondary endpoint: renal  
composite (≥40% decrease in  
eGFR to <60 ml/min/1.73 m2  
body-surface area, new end-stage 
renal disease, or death from renal 
or cardiovascular causes) and 
death from any cause. 
  
 
 
Median follow-up: 4.2 years 
 
Mean difference in HbA1c  
between dapagliflozin and 
placebo: −0.42% (95% CI, −0.40 
to −0.45) 
 
CV outcomes 
Co-Primary: MACE, HR 0.93 (95% 
CI 0.84 to 1.03); p=0.17 for 
superiority; p<0.001 for non-
inferiority. HHF/CVD. HR 0.83 
(95% CI 0.73 to 0.95); p=0.005 
Secondary: 40% reduction in GFR 
or renal-replacement or renal or 
CV death: HR 0.76 (95% CI 0.67 to 
0.87);  
All-cause mortality HR 0.93 (95% 
CI 0.82 to 1.04) 
 

Ertugliflozin 
VERTIS-CV 
 
N=8,246 patients with T2D;  
prior ASCVD in 100% patients 
Ertugliflozin: n=5,499 
Placebo: n=2,747 
Primary endpoint: composite of CV 
death, non-fatal MI, or non-fatal 
stroke 
Secondary endpoint: composite 
of death from CV causes or HHF; 
death from CV causes; and a  
composite of death from renal 
causes, renal replacement therapy, 
or doubling of the serum  
creatinine level  
 
 
 
 
Median follow-up: 3.0 years 
 
Mean difference in HbA1c  
between ertugliflozin and placebo 
(at week 18): −0.50%  
 
CV outcomes 
Primary: HR 0.97 (95.6% CI 0.85 
to 1.11; p<0.001 for non- 
inferiority 
Secondary: 
HHF: HR 0.70 (95% CI 0.54 to 
0.90); 
Renal composite: HR 0.81 (95%  
CI 0.63 to 1.04);  
All-cause mortality HR 0.93 (95% 
CI 0.80 to 1.08) 
 
 

ACS, acute coronary syndrome; ASCVD, atherosclerotic cardiovascular disease; CI confidence interval; CV, cardiovascular; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate;  
HHF, hospitalisation for heart failure; HR, hazard ratio; MI, myocardial infarction; T2D, type 2 diabetes.
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age points, with approximately a 2 kg weight loss in the em-
pagliflozin group compared with placebo.83 Further analyses of 
the renal microvascular outcomes revealed a statistically signifi-
cant reduction in incident or worsening nephropathy (HR 0.61, 
95% CI 0.53 to 0.70; p<0.001), progression to macroalbumin-
uria (HR 0.62, 95% CI 0.54 to 0.72; p<0.001) and in the post 
hoc composite renal outcome of a doubling of serum creatinine, 
initiation of renal replacement therapy or death from renal        
disease (HR 0.54, 95% CI 0.40 to 0.75; p<0.001).86 

The trial of empagliflozin in HF in patients with or without dia-
betes (Empagliflozin Outcome Trial in Patients with Chronic Heart 
Failure and a reduced Ejection Fraction (EMPEROR-Reduced))           
recruited patients with chronic HF (functional class II–IV) with a LVEF 
of ≤40%. After a median follow-up period of 16 months, the        
primary outcome of a composite of CV death or hospitalisation for 
worsening HF occurred in 361 patients (19.4%) in the em-
pagliflozin (10 mg once daily) group and 462 patients (24.7%) in 
the placebo group (HR 0.75, 95% CI 0.65 to 0.86; p<0.001). The 
results were independent of the presence of diabetes.57 

 
Dapagliflozin 
In the DECLARE TIMI-58 clinical trial a large cohort of 17,160 
patients received either dapagliflozin or placebo and were ob-
served over a median follow-up period of 4.2 years. It demon-
strated a 7% relative risk reduction in the primary safety 
outcome of a 3-point MACE which met the pre-specified crite-
rion for non-inferiority (HR 0.93, 95% CI 0.84 to 1.03; p<0.001 
for non-inferiority and p=0.17 for superiority). The two primary 
efficacy outcomes were MACE and a composite of CV death or 
hospitalisation for HF. Dapagliflozin had a lower rate of cardio-
vascular death or hospitalisation for HF than placebo (4.9% vs. 
5.8%; HR 0.83; 95% CI 0.73 to 0.95; p=0.005) largely driven 
by a lower rate of hospitalisation for HF. In this trial, 40.6% had 
established ASCVD; the remainder had multiple risk factors with-
out ASCVD. HHF as a secondary endpoint was reduced by 27% 
(HR 0.73, 95% CI 0.66 to 0.88). There were non-significant 
changes in CV death (HR 0.98, 95% CI 0.82 to 1.17) and in all-
cause mortality (HR 0.93, 95% CI 0.82 to 1.04); the renal com-
posite endpoint of 40% reduction in GFR or requirement for 
renal replacement or death due to renal causes was reduced (HR 
0.53, 95% CI 0.43 to 0.66). At study end, the dapagliflozin 
group had a lower mean glycated haemoglobin, a reduction in 
mean weight by −1.8 kg (95% CI 1.7 to 2.0) and reduction is 
mean systolic (−2.7mmHg, 95% CI 2.4 to 3.0) and diastolic 
(−0.7 mmHg (95% CI 0.60 to 0.90) blood pressures.50  

The trial of dapagliflozin in patients with heart failure DAPA-
HF (Dapagliflozin And Prevention of Adverse-outcomes in Heart 
Failure (DAPA-HF)) with or without diabetes, the primary com-
posite endpoint of worsening HF (hospitalisation or an urgent 
visit resulting in intravenous therapy for HF) or death from CV 
causes occurred in 386 (16.3%) patients in the dapagliflozin 
group and in 502 (21.2%) patients in the placebo group (HR 
0.74, 95% CI 0.65 to 0.85; p<0.001). The results were indepen-
dent of the presence of diabetes.56 As this position statement 
went to press it was announced that NICE recommended           

dapagliflozin as an option for treating symptomatic chronic heart 
failure with reduced ejection fraction in adults, only if used as 
an add-on to optimised standard care.87 

The trial designed to specifically address the CV and renal out-
come of patients with CKD and proteinuria (DAPA-CKD) showed a 
statistically significant benefit with a 39% reduction (HR 0.61; 95% 
CI 0.51 to 0.72; p<0.001) in the primary composite outcome of a 
50% sustained decline in GFR, onset of ESRD or renal or CV death. 
There was a sustained decline in the eGFR of at least 50%, end-
stage kidney disease or renal death (HR 0.56, 95% CI 0.45 to 0.68; 
p<0.001), and a similar improvement in the composite of death 
from CV causes or HHF (HR 0.71, 95% CI 0.55 to 0.92; p=0.009).59 

The DAPA-CKD study was uniquely in that it showed similar effects 
in patients with or without diabetes. 

 
Ertugliflozin 
The Cardiovascular Outcomes Following Ertugliflozin Treatment 
in Type 2 Diabetes Mellitus Participants with Vascular Disease 
(VERTIS CV).88 A total of 8,246 patients were randomised to 
once-daily ertugliflozin either 5 or 15 mg. After a follow-up       
period of 6.1 years, the primary endpoint of a 3-point MACE 
achieved statistical significance for non-inferiority (HR 0.97, 95% 
CI 0.85 to 1.11; p<0.001 for non-inferiority). There was a 30% 
reduction in HHF (HR 0.70, 95% CI 0.54 to 0.90.85 The renal 
composite endpoint (HR 0.81, 95% CI 0.63 to 1.04; p=0.08) did 
not reach statistical significance.85  

The key points observed among the SGLT2 inhibitor CVOTs 
were a strikingly early separation of the survival curves, suggest-
ing a very early benefit with these drugs. All these drugs met 
their pre-specified criteria of non-inferiority in the primary out-
come of a 3-pont MACE. There was significant improvement in 
HbA1c, systolic and diastolic blood pressure, body weight and a 
reduction in the rate of HHF in all the SGLT2 inhibitor trials. The 
results from the VERTIS-CV TRIAL failed to demonstrate significant 
CV benefits of the drug although there was a reduction in HHF.85 

The CV benefit seen with canagliflozin, dapagliflozin and 
empagliflozin was in patients with type 2 diabetes and pre-       
existing CVD. Whether these agents would reduce incident CVD      
(primary prevention) remains unknown. There was modest        
improvement in glycaemia in both trials. Further, there are no 
long-term safety data on the effects of prolonged glycosuria as 
can be expected when patients are put on these drugs. The        
information is limited to the maximum period of follow-up in 
these trials. It would become available in the future as real-world 
evidence data emerges. 
 
Summary    
Differences in study populations, baseline patient characteristics 
and designs make it difficult to compare results across these trials. 
The trials have focused on two important areas of clinical care – 
namely, atherosclerosis and HF in patients with type 2 diabetes. The 
composite endpoint of MACE appears as a reliable outcome mea-
sure for improvement in ASCVD, whilst HHF reflects a level of sever-
ity in left ventricular dysfunction that requires in-hospital care; both 
are critical to the management of type 2 diabetes.  
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The DPP-IV inhibitors sitagliptin, alogliptin, saxagliptin, two 
SGLT2 inhibitors dapagliflozin and ertugliflozin and two GLP-1 
RA drugs lixisenatide and extended-release exenatide have 
demonstrated non-inferiority on MACE outcomes with compara-
tor – that is, they have assured CV safety when used in conjunc-
tion with other glucose-lowering treatment to improve 
glycaemic control. Four GLP-1 agonists (semaglutide, dulaglu-
tide, liraglutide and albiglutide) and two SGLT-2 inhibitors (em-
pagliflozin and canagliflozin) have demonstrated CV benefit on 
MACE outcomes.  

It is worth recalling that clinical trials that have focused on 
glucose-lowering have shown improvement in microvascular 
endpoints with very limited impact on macrovascular 
events.32,89,90 Lipid lowering and control of blood pressure re-
mains the cornerstone of any treatment plan designed to reduce 
CVD events in patients with type 2 diabetes. The beneficial effect 
of glycaemic control in reducing CV events may take a long time 
to manifest, with a possible ‘legacy’ effect in patients receiving 
intensive treatment early on after diagnosis of both type 1 dia-
betes91 and type 2 diabetes.28 

The SGLT2 inhibitors canagliflozin, dapagliflozin, empag-
liflozin and ertugliflozin have a significant benefit in reducing 
the risk of HHF based on exploratory analyses of the four major 
outcome trials. The DAPA-HF clinical trial of HFrEF patients 
(NYHA II, III and IV) with and without diabetes and the similar 
trial with empagliflozin (EMPEROR-Reduced) reduced the risk of 
worsening HF or death from CV causes.56 The reduced risk of in-
cident and worsening HF may well be a class effect, as demon-
strated in the large multicentre observational study (CVD-Real) 

trial involving 309,056 patients across six countries in the west-
ern world. There were clearly lower rates of HHF (HR 0.61, 95% 
CI 0.51 to 0.73; p<0.001), death (HR 0.49, 95% CI 0.41 to 0.57; 
p<0.001) and HHF or death (HR 0.54, 95% CI 0.48 to 0.60, 
p<0.001) among patients recently commenced on a SGLT2 in-
hibitor with no significant heterogeneity between nations 
(p=0.17).92 HF in elderly diabetic patients may be more common 
than myocardial infarction.14 The National Heart Failure Audit 
(2016/17) demonstrated an increasing trend with advancing 
years in all groups of patients (Figure 1).93 The benefits derived 

POSITION STATEMENT

Figure 1. Age and gender demographics at first admission: 
National Heart Failure Audit (April 2016–March 
2017).92
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Figure 2. Effect sizes compared for the glucagon-like peptide 
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co-transporter 2 inhibitor (SGLT2i) trials (excluding 
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(B) Major adverse cardiovascular events (MACE)
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from the use of SGLT2 inhibitors in patients with HF are comple-
mentary to the benefits seen on MACE outcome.  

Canagliflozin, as well as empagliflozin, dapagliflozin, liraglu-
tide and semaglutide, have demonstrated a reno-protective        
effect; as secondary/exploratory outcomes the SGLT2 inhibitors 
also reduce progression of albuminuria. Subsequently, specifically 
designed trials of CKD with proteinuria (DAPA-CKD and CRE-
DENCE) have further shown the beneficial effects of these 
agents in CKD. Further, DAPA-CKD by including patients without 
diabetes have shown that the drug is effective independent of 
glucose intolerance. In the absence of similar trials in the non-
diabetic population it is too early to generalise this effect across 
other SGLT2 inhibitors. For a more detailed understanding of the 
effects and the use of SGLT2 inhibitors in CKD, the reader is ad-
vised to refer to the ABCD position statement published jointly 
with the Renal Association.  

The evidence for primary prevention with SGLT2 inhibitors is 
lacking, as evidenced in the CANVAS trial. When the effect sizes 
of the clinical trials with GLP-1RA and SGLT2 inhibitors are com-

pared, there appears to be a clear benefit towards reduction in 
HF risk solely with the SGLT2 inhibitors and benefit with MACE 
across both groups of drugs (Figure 2).  

The ultimate choice of a particular drug in treating patients 
with type 2 diabetes should be at the discretion of the individual 
clinician caring for the patient using sound clinical judgment and 
a comprehensive review of the clinical evidence available to date.  
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UPCOMING EVENTS

ABCD Regional Meeting Yorkshire 
Thursday, 17th June, 2021, VIRTUAL

 For more information please visit https://abcd.care/events

This 3rd Yorkshire ABCD training day builds on our previous programmes to provide an excellent opportunity for 
up to date diabetes CPD and to network with colleagues in the region. This event is aimed at the MDT as a whole 
including primary care teams and hospital specialist teams treating people with diabetes

ABCD DTN-UK Annual Meeting 2021 
Wednesday 13th October 2021, VIRTUAL 
This is the premier UK meeting for healthcare professionals dedicated to  
diabetes technology and we look forward to seeing all clinicians interested 
or even slightly curious about the latest advances in diabetes technology.

ABCD Conference 2021 
Thursday 14th October 2021, VIRTUAL

This conference offers professional education, update, development and  
networking for clinicians working in diabetes and endocrinology.

ABCD Regional Meeting South East 
Thursday 2nd December 2021, VIRTUAL
An excellent opportunity for up to date diabetes CPD and to network with colleagues in the region. An event aimed 
at the MDT as a whole including primary care teams and hospital specialist teams treating people with diabetes.

ABCD Meeting to Commemorate the Centenary of the First Administration of 
Insulin into a Human 

On January 11th 1922 insulin was first used in the treatment of diabetes. Administered to a 14 year old, Leonard 
Thompson, who had diabetes and was dying at the Toronto General Hospital. In memory of this landmark moment 
in the history of diabetes, on January 11th 2022, exactly 100 years later, ABCD has planned a special event at the 
Royal College of Physicians in London to commemorate the occasion.

Tuesday 11th January 2022, Royal College of Physicians, London
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