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Abstract

In recent large-scale cardiovascular outcomes trials, two new classes of glucose-lowering medications - sodium
glucose co-transporter 2 inhibitors (SGLT2i) and glucagon like peptide-1 receptor agonists (GLP-1RAs) -
demonstrated cardiovascular benefits in adults with type 2 diabetes mellitus (T2DM). These findings have
prompted growing optimism amongst clinicians regarding the potential for these agents to reduce the burden
of cardiovascular disease in people with T2DM. GLP-1RAs and SGLT2i are now advocated as second-line agents
in European and U.S. guidelines for management of both hyperglycaemia and for primary prevention of
cardiovascular disease in people with T2DM. Given the high prevalence of T2DM in patients with
cardiovascular disease, cardiologists will increasingly encounter these agents in routine clinical practice. In this
review, we summarise evidence from cardiovascular outcomes trials of GLP-1RAs and SGLT2i, give practical
advice on prescribing, and detail safety considerations associated with their use. We also highlight areas where
further work is needed, giving details on active clinical trials. The review aims to familiarise cardiologists with
these emerging treatments, which will be increasingly encountered in clinical practice, given the expanding
representation of T2DM in patients with cardiovascular disease. Whether these drugs will be initiated by

cardiologists remains to be determined.



Abbreviations

ASCVD - atherosclerotic cardiovascular disease

CV - cardiovascular

CVOT - cardiovascular outcome trial

eGFR - estimated glomerular filtration rate

GLP-1RA - glucagon-like peptide-1 receptor agonist
HFrEF - heart failure with reduced ejection fraction
HFpEF - heart failure with preserved ejection fraction
LDL - low-density lipoprotein

MACE - major adverse cardiovascular events

SGLT2i - sodium glucose co-transporter 2 inhibitors

T2DM - type 2 diabetes mellitus
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Introduction

In 2008 the U.S. Food and Drug Administration, responding to concerns regarding the increased cardiovascular
(CV) risk associated with the use of thiazoledinediones (specifically rosiglitazone)!, mandated that all new
glucose-lowering therapies for type 2 diabetes mellitus (T2DM) be subjected to long-term CV outcomes trials
(CVOTs) to demonstrate their safety?. The European Medicines Agency later stipulated similar requirements3.
In the 11 years since these guidance were issued, 17 CVOTs of three classes of glucose-lowering medications
(dipeptidyl peptidase 4 inhibitors, glucagon-like peptide-1 receptor agonists (GLP-1RAs), and sodium glucose
cotransporter-2 inhibitors (SGLT2i)) have reported. All successfully demonstrated non-inferiority with respect
to CV safety profiles compared to placebo. While the CV safety of dipeptidyl peptidase 4 inhibitors is well
established, no overall benefit on major adverse cardiovascular events (MACE) is observed with this class of
drugs. However, promising CV benefits were observed in several trials of GLP-1RAs and SGLT2i, likely
independent of their glucose-lowering effects. This has prompted growing optimism amongst clinicians
regarding the potential for these agents to reduce the burden of CV disease in people with T2DM. The use of
GLP-1RAs and SGLTZ2i are now advocated as second-line agents in European and U.S. diabetes guidance for
management of hyperglycaemia in people with T2ZDM#* and in joint American College of Cardiology/American
Heart Association primary prevention of CV disease guidelines®. Given the high prevalence of T2DM in patients
with CV disease, cardiologists will increasingly encounter these agents in routine clinical practice. Furthermore,
the CV specialist may even be encouraged to initiate these drugs in patients who may benefit from their use -
few cardiologists will be comfortable in this regard. In this review, we summarise existing data from CVOTs of
GLP-1RAs and SGLT?2i, give practical advice on prescribing, and detail safety considerations for clinicians

associated with these agents for the general cardiologist.

Glucagon like peptide-1 receptor agonists

Trial data

GLP-1RAs exert their effects by suppressing appetite, glucagon secretion, gastric emptying, and by stimulating
the release of insuliné. These actions lead to reductions in plasma glucose and weight loss (which is more
pronounced in higher levels of obesity) (Figure 1). Several recent, but not all, CVOTs of GLP-1RAs have shown

exciting results with improved glycaemic control as well as reductions in MACE in people with T2DM¢4(Table
4
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1). Notably, the benefits of GLP-1RAs appear to be on the on the prevention of atherosclerotic cardiovascular
disease (ASCVD) events (myocardial infarction and stroke), with no observed improvements on heart failure
hospitalisations. The first of these trials to demonstrate CV benefit was the LEADER trial, in which people with
T2DM and high cardiovascular risk treated with liraglutide had lower rates of cardiovascular death compared
to those treated with placebo’. Subsequently, in high risk T2DM patients, cardiovascular event rates (death,
non-fatal myocardial infarction and non-fatal stroke) have been found to be significantly lower with
semaglutides, albiglutide? and dulaglutidel. Three randomised trials of GLP-1RAs versus placebo, however, did
not demonstrate CV benefit. The ELIXA trial of lixisenatide versus placebo achieved non-inferiority but not
superiority for the primary composite endpoint of cardiovascular death, myocardial infarction, stroke, or
hospitalization for unstable angina. However, this was in patients within 180 days of an acute coronary event!!.
In the EXSCEL trial, there was no overall cardiovascular risk benefit with exenatide, although this study
included patients with or without a prior history of CV disease!2. Lastly, the recent PIONEER 6 trial of oral
Semaglutide (the first oral GLP-1RA) met the primary endpoint of non-inferiority versus placebo but did not
achieve superiority, although rates of CV death were reduced. However, the follow-up duration in this trial was

shorter (1.3 years) compared to the other GLP-1RA CVOTs!13.

Practical considerations for prescribing

Joint European and U.S. guidelines now suggest GLP-1RAs be recommended as part of the management of
hyperglycaemia (HbAlc 27% or 253mmol/mol) in people with T2DM, especially in those with established or at
high risk of ASCVD4. Lifestyle advice encouraging weight loss and increased physical activity and metformin
therapy remain first-line management strategies. This is primarily because in all CVOTs of GLP-1RAs (and
indeed SGLT2i), the vast majority of patients were on a background of metformin therapy. All but one of the
GLP-1RAs are administered via subcutaneous injection and oral semaglutide has not yet been licensed,
although applications for approval are pending!415. Patient factors such as baseline weight, blood pressure,
glycated haemoglobin level, renal function and dosing preference are all key considerations (Figure 2). In
addition to lowering glycated haemoglobin levels, GLP-1RAs have consistently been shown to induce weight
loss (although this varies across the GLP-1RA class), with greater effects seen in those with higher baseline
weight, lower blood pressure, and cause small increases in heart rate (Table 2). Approximately one quarter of
subjects in the GLP-1RA CVOTs had moderate renal impairment (estimated glomerular filtration rate, eGFR,

<60mL/min/1.73m2 710 13 16), and secondary analyses of the LEADER, SUSTAIN 6 and REWIND trials
5
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demonstrated reduced rates of new or worsening nephropathy with GLP-1RA treatment compared to placebo’
817, No dose adjustment of most GLP-1RA is necessary in patients with mild, moderate or severe renal
impairment (Table 2), but in patients with end-stage renal disease GLP-1RAs are not recommended due to
limited available trial datal718. Therefore, GLP-1RAs are a good choice for management of hyperglycaemia in
T2DM patients with or at risk of ASCVD, with the common accompanying comorbidities of obesity and
hypertension, and may be used in those with moderate and even severe renal impairment (selected agents may

be prescribed in individuals with eGFR as low as 15 mL/min/1.73m?2)(Figure 2).

Risks and side effects

The commonest side effects of GLP-1RAs are gastrointestinal symptoms, particularly nausea, vomiting and
diarrhoea®®. Rare instances of acute pancreatitis and gallstones have been reported, although these could not
convincingly be attributed to GLP-1RA treatment in a recent meta-analysis29 and may instead be related to
hypertriglyceridaemia and obesity which commonly co-exist in people with T2DM21, Starting GLP-1RAs at a
low dose with gradual dose increases may lower the occurrence of gastrointestinal side effects, particularly
nausea. Rates of hypoglycaemia varied from 1.5 to 4-fold in CVOTs with GLP-1RA use versus placebo, although
there is no statistically significant difference in the incidence of hypoglycaemic events among the different GLP-
1RAs!6, Importantly, GLP-1RA use is associated with modest increases in heart ratel6. The mechanism by which
this occurs is unclear, although may be related to increased sympathetic nervous system activity or direct
sinoatrial node stimulation?2. This may explain why GLP-1RA treatment did not result in lower rates of heart
failure hospitalisation CVOTs. Indeed, two trials have assessed GLP-1RA treatment in heart failure with reduced
ejection fraction (HFrEF) patients. In the LIVE trial (Effect of Liraglutide, a Glucagon-like Peptide-1 Analogue,
on Left Ventricular Function in Stable Chronic Heart Failure Patients With and Without Diabetes), treatment
with Liraglutide was associated with more adverse CV events compared to placebo, although the sample size in
this study was small (n=241) and overall event rates were low?23. Similarly, the FIGHT trial (Functional Impact
of GLP-1 for Heart Failure Treatment) showed a trend towards harm with GLP-1RA treatment in recently
hospitalized (within 14 days of an acute heart failure admission) patients with HFrEF (n=300)24. On available
evidence, we therefore recommend caution when using GLP-1RAs in patients with T2DM and HFrEF, and give
preference to SGLT2i in these individuals. This is consistent with American Diabetes Association/European

Association for the Study of Diabetes consensus guidelines*.
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Sodium glucose co-transporter-2 inhibitors

Trial data

SGLT2i prevent reabsorption of glucose in the proximal convoluted tubule promoting urinary glucose excretion
and thereby lowering blood glucose levels. Secondary effects include weight loss, a modest diuretic effect and
blood pressure reduction?s (Figure 1). Three major CVOTs of SGLTZ2i have been completed (Table 3)26-28. In
the first two of these - the EMPA-REG OUTCOME?7 and CANVAS?28 studies - there was a relative risk reduction in
MACE and hospitalisation for heart failure (~33% reduction) in patients with T2DM with established or at
high-risk of cardiovascular disease. More recently, in the largest of the SGLT2i trials with the longest follow up
duration - DECLARE-TIMI 58 study of the SGLT2i Dapagliflozin versus placebo - reduced rates of
hospitalization for heart failure were also observed in lower risk subjects with T2DM2é, In a secondary analysis
of patients from DECLARE TIMI 58 stratified according to left ventricular ejection fraction at baseline (n=671
with HFrEF, n=1316 with heart failure with preserved, HFpEF, or unknown ejection fraction, and n=15173 with
no history of heart failure), the greatest reductions in CV mortality and heart failure hospitalisations were
observed in patients with HFrEF (HR 0.62, 95% CI 0.45-0.86)29. This suggests that SGLT2i are of added benefit
in patients with T2DM and HFrEF. However, it is important that the results of these studies be viewed with a
degree of caution. Heart failure risk reduction was not the primary endpoint in any of the studies and was
based on investigator-reported heart failure events rather than objective measures (such as echocardiography
or measurement of B-type natriuretic peptide levels). Several trials are now underway to specifically address
the effects of SGLTZ2i in patients with HFrEF (DAPA-HF30 and EMPEROR-Reduced (ClinicalTrials.gov Identifier:
NCT03057977), of Dapagliflozin and Empagliflozin, respectively) and HFpEF (EMPEROR-Preserved,

ClinicalTrials.gov Identifier: NCT03057951) in people both with and without T2DM.

In addition to CV benefits, several trials have shown improved renal outcomes with SGLT2i, in patients with
and without established renal disease. In a post hoc analysis of the EMPA-REG OUTCOME trial, lower rates of
new or worsening nephropathy (HR 0.61, 95% CI 0.53-0.70, p<0.001) and the renal composite outcome
(doubling of the serum creatinine level, initiation of renal-replacement therapy, or death from renal disease)
(HR 0.54, 95% CI 0.50-0.75, p<0.001) occurred in the empagliflozin arm versus placebo3!. Similarly in the
CANVAS trial, fewer patients randomized to canagliflozin experienced the renal composite outcome (reduction
in eGFR, end-stage renal disease, or death from renal disease) (HR 0.60, 95% CI 0.47-0.77) versus placebozs.

7
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More recently, the CREDENCE trial (Canagliflozin and Renal Endpoints in Diabetes with Established
Nephropathy Clinical Evaluation) showed favourable renal outcomes in patients (n=4401) with T2DM and
albuminuric chronic kidney disease (eGFr 30 to <90 ml/min/1.73m?) randomized to Canagliflozin 100mg daily
versus placebo (renal composite outcome (end-stage renal disease, doubling of creatinine level, or death from
renal causes) HR 0.66; 95% CI 0.53-0.81, p<0.001)32. Similar trials planned with Dapagliflozin (Dapa-CKD,
ClinicalTrials.gov Identifier: NCT03036150) and Empagliflozin (EMPA-KIDNEY, ClinicalTrials.gov Identifier:
NCT03594110). These data suggest that SGLT2i are safe and effective agents for improving clinical outcomes in
high-risk renal populations, who frequently suffer concomitant T2DM and heart failure but the current trial

evidence has been limited to patients with estimated glomerular filtration rates (eGFR) > 30ml/min/1.73m2.

Practical considerations for prescribing

The joint European and U.S. guidelines recommend SGLT2i as second-line agents in people with T2DM, after
metformin and lifestyle management, preferring these over GLP-1RAs in patients with (or at risk of) heart
failure or chronic kidney disease. Advantages of prescribing SGLT2i are their oral administration route,
modest blood pressure and weight lowering effects, and that they do not generally cause hypoglycaemia (Table
4). Despite showing promise in reducing the progression of chronic kidney disease, the glucose-lowering
effects of SGLT2i diminish in patients with renal dysfunction33. Therefore SGLT2i may not be suitable for those
patients with renal impairment and very poor glycaemic control, where instead GLP-1RAs may achieve
superior reductions in glycated haemoglobin. Furthermore, transient reductions in eGFR rate are observed
following initiation of SGLT2i and close monitoring of renal function is advised in patients recent commenced
on these drugs33. In any case, SGLT2i are contraindicated in patients with eGFR <30mL/min/1.73m2 and dosing
adjustments may be necessary in patients with eGFR <60mL/min/1.73m?2 (Table 4). However, the promising
renoprotective effects of SGLT2i, together with their positive effects on weight loss and blood pressure
reduction suggest that these agents may have play major role in patients with chronic kidney disease in the
future. Lastly, small increases in low-density lipoprotein (LDL) cholesterol levels and haematocrit are
associated with SGLT2i use34 35, Increased LDL cholesterol levels are likely due to reduced clearances3s.
Haematocrit elevation (which are likely to benefit patients with heart failure) may not be solely the result of
volume depletion and could also be due to increased erythropoietin levels35. Neither elevated LDL or
haematocrit levels translated into increased ASCVD events in clinical trials, and monitoring of LDL cholesterol

or haematocrit specifically for patients on SGLT2i is probably not warranted.
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Risks and side effects

The commonest side effects associated with SGLT2i are an increased risk of urinary tract and genital
infections3?. The diuretic effect of SGLT2i may lead to thirst, polyuria and ultimately volume depletion, which is
accompanied by orthostatic hypotension in some cases. Risk factors for volume depletion include age >75
years, eGFR <60ml/min/1.73m2 and concomitant loop diuretic use38. This is especially relevant in heart failure
patients, who are often older, have impaired renal function, and may be taking several drugs with diuretic
effects (such as angiotensin/neprilysin inhibitors, loop and/or thiazide diuretics, and aldosterone antagonists).
We advise careful monitoring of these patients when initiating SGLT2i to avoid volume depletion and
worsening of renal function and the dose of existing diuretics may be reduced. The results of the, Dapa-HF,
EMPEROR-Reduced and EMPEROR-Preserved trials will hopefully shed light on the impact of SGLTZ2i in

patients with heart failure taking multiple guideline-directed medications.

Rarer observed complications of SGLT2i include an increased risk of limb amputation (incidence rate 2.7
events per 1000 person years), risk of fracture (incidence rate 15.4 events per 1000 person years), euglycaemic
diabetic ketoacidosis (incidence rate 1.3 events per 1000 person years)3? 49, The rapid increase in urinary
glucose excretion with SGLT2i results in a reduction in plasma insulin levels and corresponding increase in
glucagon secretion. In euglycaemic diabetic ketoacidosis, this shift in hormone balance promotes increased
gluconeogenesis by the liver and increased lipolysis, resulting in ketogenesis and then ketoacidosis3?. Normal
or mildly elevated blood glucose levels can make the diagnosis challenging, and clinicians should be alert to the
possibility of this complication in patients taking SGLT2i. The risk of euglygcaemic diabetic ketoacidosis is
increased in patients taking insulin when doses are reduced suddenly, in patients with concurrent illness
(where stopping SGLT2i is advised when the patient is unable to eat or drink, or has persistent vomiting or
diarrhoea), and in those on low carbohydrate dietst. The increased risk of fractures and lower limb
amputations were primarily observed in the CANVAS trial?8. Canagliflozin has been shown to cause a decline in
bone mineral density, which explains the risk of fractures associated with the drug*l. Very rarely necrotising
fasciitis of the genitalia or perineum has been reported but the very low incidence is likely to be outweighed by

the dramatic reductions in heart failure42.
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Conclusions

The emergence of two classes of glucose-lowering therapies - GLP-1RAs and SGLTZ2i- with demonstrable
benefits on CV outcomes in people with T2DM, has given cause for optimism for clinicians treating this
expanding group of patients. Whilst lifestyle management and metformin remain the mainstay of treatment of
hyperglycaemia in people with T2DM, these newer agents are now recommended to be part of glycaemic
management in patients with ASCVD, chronic kidney disease and heart failure, and will increasingly be
encountered by cardiologists. There remain questions about the role of SGLT2i in patients with HFrEF and
HFpEF, which will hopefully be answered in upcoming clinical trials. Regardless, SGLT2i and GLP-1RAs are
increasingly being recognised as both glucose-lowering drugs with cardiovascular benefit and cardiovascular
drugs with glucose-lowering effects. In the recent 2019 joint American College of Cardiology/American Heart
Association guidance on the primary prevention of cardiovascular disease, both classes of drug are
recommended for adults with T2DM with risk factors for ASCVD as second-line agentss. Cardiologists should
therefore become accustomed to the trial data evidencing the CV benefits of SGLT2i and GLP-1RAs, the

practical aspects of prescribing these drugs, and the risks associated with their use.

10
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Tables

Study Agent Sample size Key inclusion Average Follow up Key findings
(n) criteria age (y) duration (y)
LEADER?” Liraglutide Total: 9340 T2DM and CVD, 64 3.8 Primary outcome, HR 0.87 (95% CI 0.78-0.97); MI, HR
Drug: 4668 Alc27.0% 0.88 (95% CI 0.75-1.03); stroke, HR 0.89 (95% CI 0.72-
Placebo: 4672 1.11); CV death, HR 0.78 (95% CI 0.66-0.93); HF
hospitalisation, HR 0.87 (95% CI 0.77-1.61).
SUSTAIN-68  Semaglutide Total: 3297 T2DM and CVD, 65 2.1 Primary outcome, HR 0.74 (95% CI 0.58-0.95); MI, HR
Drug: 1648 Alc27.0% 0.74 (95% CI 0.51-1.08); stroke, HR 0.61 (95% CI 0.38-
Placebo: 1649 0.99); CV death, HR 0.98 (95% CI 0.65-1.48); HF
hospitalisation, HR 1.11 (95% CI 0.75-1.23).
EXSCEL? Exenatide Total: 14752 T2DM, 70% with 62 3.2 Primary outcome, HR 0.91 (95% CI 0.83-1.00); MI, HR
Drug: 7356 CVD and 30% 0.97 (95% CI 0.85-1.10); stroke, HR 0.85 (95% CI 0.70-
Placebo: 7396 without, Alc 6.5- 1.03); CV death, HR 0.88 (95% CI 0.0.76-1.02); HF
10% hospitalisation, HR 0.94 (95% CI 0.78-1.13).
HARMONY Albiglutide Total: 9463 T2DM and CVD, 64 1.5 Primary outcome, HR 0.78 (95% CI 0.68-0.90); MI, HR
OUTCOMES Drug: 4731 Alc >7% 0.75 (95% CI 0.61-0.90); stroke, HR 0.86 (95% CI 0.66-
9 Placebo: 4732 1.14); CV death, HR 0.93 (95% CI1 0.73-1.19).
ELIXA11 Lixisenatide Total: 6068 T2DM, ACS <180 60 2.1 Primary outcome, HR 1.02 (95% CI 0.89-1.17); MI, HR
Drug: 3034 days, Alc 5.5- 1.03 (95% CI 0.87-1.22); stroke, HR 1.12 (95% CI 0.79-
Placebo: 3034 11% 1.58); CV death, HR 0.98 (95% CI 0.78-1.22); HF
hospitalisation, HR 0.96 (95% CI 0.75-1.23).
PIONEER- Oral Total: 3183 T2DM and CVD 66 1.3 Primary outcome, HR 0.79 (95% CI 0.57-1.11); MI, HR
613 semaglutide Drug: 1591 1.18 (95% CI 0.73-1.90); stroke, HR 0.74 (95% CI 0.35-
Placebo: 1592 1.57); CV death, HR 0.49 (95% CI 0.27-0.92); HF
hospitalisation, HR 0.86 (95% CI 0.48-1.55).
REWIND10 Dulaglutide Total: 9901 T2DM, with prior 66 5.4 Primary outcome, HR 0.88 (95% CI 0.79-0.99); MI, HR
Drug: 4949 CVD or CVrisk 0.96 (95% CI 0.0.79-1.15); stroke, HR 0.76 (95% CI
Placebo: 4952 factors, Alc 0.62-0.94); CV death, HR 0.91 (95% CI 0.78-1.06); HF
<9.5% hospitalisation, HR 0.93 (95% CI 0.77-1.12).

Table 1. Cardiovascular Outcomes Trials of Glucagon Like Receptor-1 Agonists. Abbreviations: T2ZDM=type 2 diabetes mellitus;
CVD=cardiovascular disease; HR=hazard ratio; CI=confidence interval; MI=myocardial infarction; ACS=acute coronary

syndrome.
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Drug Dose Dose HbA1c (%) Weight (kg) Systolic BP Heart rate Renal dosing
interval (mmHg) (bpm)
Liraglutide 0.6 -3mg Once daily -1.15 (-1.27, - -1.96 (-2.67, - -4.04 (-5.19,-2.90)  3.28(2.45,4.11) No dose
1.03) 1.25) adjustment
required
Semaglutide 0.5 -1mg Weekly -1.38 (-1.70, - -4.11 (-4.85, - -3.05(-4.63,-1.47)  3.14(2.38,3.91) No dose
1.05) 3.37) adjustment
required.
Exenatide* 5-10pg Weekly or -1.08 (-1.27, - -1.49 (-2.58, - -3.64 (-5.15,-2.13)  3.25(1.60,4.91) Avoid if eGFR
twice daily daily 0.89) 0.40) <30
or 2mg
weekly
Albiglutide 30 - 50mg Weekly -0.94 (-1.24, - -0.41 (-2.32 - -3.35(-4.61,-2.10) 1.3 (0.9, 1.6) Avoid if eGFR
0.64) 1.50) <15
Lixisenatide 10 -20ug Once daily -0.55 (-0.68, - -0.78 (-1.48, - -2.0 (-4.90, 0.80) -0.20 (-1.48, Avoid if eGFR
0.42) 0.09) 1.08) <15
Dulaglutide  1.5mg Weekly -1.21 (-1.36, - -1.57 (-2.48, - -3.43 (-4.69,-2.17)  2.59(1.75,3.43) No dose
1.05) 0.66) adjustment
required

Table 2. Effects of Glucagon Like Receptor-1 Agonists on Glycated Haemoglobin, Weight, Systolic Blood Pressure and Heart

Rate?1643-45, All agents are administered subcutaneously, with the exception of semaglutide (for which both oral and

subcutaneous formulations are available)4¢. All data are presented as mean (95% confidence interval). ¥Data on Exenatide

pertain to weekly dosing interval.
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Study Agent Sample size Key inclusion Average Follow up Key findings
(n) criteria age (y) duration (y)
EMPA-REG Empagliflozin  Total: 7020 T2DM and CVD, 63 3.1 Primary outcome, HR 0.86 (95% CI 0.74-0.99); MI, HR
OUTCOME?’ Drug: 4687 HbAlc 7-10% 0.87 (95% CI 0.70-1.09); stroke, HR 1.18 (95% CI 0.89-
Placebo: 2333 1.56); CV death, HR 0.62 (95% CI 0.49-0.77); HF
hospitalisation, HR 0.65 (95% CI 0.50-0.85).
CANVAS28 Canagliflozin ~ Total: 10142 T2DM and history 63 2.4 Primary outcome, HR 0.86 (95% CI 0.75-0.97); MI, HR
Drug: 5795 of or high risk for 0.89 (95% CI 0.73-1.09); stroke, HR 0.87 (95% CI 0.69-
Placebo: 4347  CVD, HbAlc 7- 1.09); CV death, HR 0.87 (95% CI 0.72-1.06); HF
10.5% hospitalisation, HR 0.67 (95% CI 0.52-0.87).
DECLARE Dapagliflozin ~ Total: 17160 T2DM with and 64 4.2 Primary outcome, HR 0.93 (95% CI 0.84-1.03); MI, HR
TIMI 5826 Drug: 8582 without history of 0.89 (95% CI 0.77-1.01); stroke, HR 1.01 (95% CI 0.84-

Placebo: 8578

CVD, HbA1c 6.5-
12%

1.21); CV death, HR 0.98 (95% CI 0.82-1.17); HF
hospitalisation, HR 0.73 (95% CI 0.61-0.88).

Table 3. Cardiovascular Outcomes Trials of Sodium Glucose Co-transporter 2 Inhibitors. Abbreviations: T2DM=type 2 diabetes
mellitus; HR=hazard ratio; CI=confidence interval; MI=myocardial infarction; CVD=cardiovascular disease; CV=cardiovascular;
HF=heart failure.
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Drug Dose Dose interval HbA1c (%) Weight (kg) Systolic BP Renal dosing

(mmHg)
Empagliflozin 10 - 25 mg Once daily -0.69 (-0.81,-0.56)  -2.04 (-2.31, - -2.59 (-2.70,-  Contraindicated if
1.77) 2.49) eGFR <30
Canagliflozin 100 - 300 mg Once daily -0.88 (-1.03,-0.72)  -2.80(-3.21, - -2.23(-2.28,-  100mg daily if eGFR
2.39) 2.18) 45-59, avoid if
eGFR<45
Dapagliflozin 10 mg Once daily -0.61 (-0.70,-0.52)  -2.13 (-2.45, - -1.03 (-1.09,-  Avoid if eGFR <60
1.82) 0.97)

Table 4. Effects of Sodium Glucose Co-transporter 2 Inhibitors on HbA1c, Weight and Systolic Blood Pressure. Values shown
are for maximum daily doses versus placebo34 4547, Abbreviations: BP=blood pressure, eGFR=estimated glomerular filtration
rate.
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Figure legends

Figure 1. Mechanisms of action, main effects and cardiovascular benefits of glucagon-like peptide 1 receptor
agonists and sodium glucose co-transporter 2 inhibitors. Abbreviations: SGLT2i=sodium glucose co-transporter
2 inhibitor; GLP1ra=glucagon-like peptide 1 receptor agonist; ASCVD=atherosclerotic cardiovascular disease;
HF=heart failure.

Figure 2. Considerations for selecting second-line glucose lowering drug in cardiology patients with type 2
diabetes mellitus. Abbreviations: SGLT2i=sodium glucose co-transporter 2 inhibitor; GLP1ra=glucagon-like
peptide 1 receptor agonist; ASCVD=atherosclerotic cardiovascular disease; HF=heart failure; LV=left ventricle;
eGFR=estimated glomerular filtration rate.
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