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CVOTs: What did the Endocrinologist learn ?
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The recent CVOTs which tested the new glucose-lowering drugs (GLD) show that in patients with type 2 diabetes mellitus (T2DM) it is now possible to reduce cardiovascular complications including ischemic events and hospitalization for heart failure, and mortality, and, to some extent, microvascular complications of diabetes, in particular renal outcomes. Additionally CVOTs provide major informations on safety and metabolic effects for long-term use of these drugs. The benefits with GLP-1 RAs are most likely derived through the reduction of atherosclerosis-related events while SGLT-2is seem mostly to reduce heart failure-related events. Specific mechanisms independent from glucose control are involved. Based on CVOTs results it is time, as stated in the new EASD-ADA and ESC/EASD guidelines, to take into consideration such opportunities in the decision-making process when treating T2DM patients, favoring the use of drugs that have shown clear cardiovascular and renal benefits. The treatment decisions require more expertise in the evaluation of cardiovascular and renal risk which becomes a major determinant for the choice of GLD treatment, the target for lipids, the adjustment of anti-hypertensive treatments and the prescription of aspirin. In this context it is essential that endocrinologists-diabetologists communicate more with cardiologists and nephrologists and with the primary care practitioners.

Introduction

Since the major trials which tested the impact of glucose control on the prevention of diabetic complications the endocrinologists-diabetologists are convinced that tight glycemic control is clearly effective in the reduction of microvascular complications of diabetes and also, albeit less effectively, in the reduction of cardiovascular (CV) complications. « Old » glucoselowering drugs (GLDs) have some limitations related to the increased risk of hypoglycaemia and weight gain for some of them, and their CV safety profile raised some concerns. The recent CVOTs which tested the new GLDs in patients with type 2 diabetes mellitus (T2DM) provide major informations on their long-term metabolic effects, their favorable safety profile and quite importantly show that it is possible to reduce macro and, to some extent, microvascular complications of diabetes. Some specific mechanisms independent from glucose control seem to be at least partly involved. Endocrinologists-diabetologists need to be aware of these major results which must be taken into consideration for decision making when treating T2DM patients.

Benefit of the new glucose-lowering drugs for the prevention of macro and microvascular complications Prevention of CV complications

Role of glycemic control

In T2DM patients the effect of tight versus standard glycaemic control on CV outcomes was tested in four large randomized glucose intervention trials, UKPDS, ACCORD, ADVANCE and VADT. According to a meta-analysis of these trials more intensive control was associated with a 15% relative risk reduction in non-fatal/fatal myocardial infarction, with no significant effect on stroke or all-cause mortality [START_REF] Group | Intensive glucose control and macrovascular outcomes in type 2 diabetes[END_REF]. However, exploratory subgroup analyses looking at the composite outcome of major CV events (death from CV causes, non-fatal myocardial infarction and non-fatal stroke) suggested that patients without a history of macrovascular disease benefit from intensive glucose-lowering strategies and not those with a history of CV disease. In addition the post-intervention follow-up study of the DCCT (EDIC: Epidemic Diabetes Interventions and Complications) in T1DM [START_REF]Diabetes Control and Complications Trial (DCCT)/Epidemiology of Diabetes Interventions and Complications (EDIC) Study Research Group. Intensive diabetes treatment and cardiovascular outcomes in type 1 diabetes: the DCCT/EDIC study 30-year follow-up[END_REF] and of the UKPDS in T2DM [START_REF] Holman | 10-year follow-up of intensive glucose control in type 2 diabetes[END_REF] showed a benefit on diabetic complications long after randomisation while glycaemic levels no longer differed between the groups, which refers to the so-called glycaemic legacy effect. Thus, these studies told us that tight glycaemic control is able to reduce long-term macrovascular complications while blood pressure and lipid control afford a clear benefit far earlier.

These trials also showed that the counterpart of intensive glucose control is an increased incidence of severe hypoglycaemia, and some of them showed that severe hypoglycaemia was associated with an increased mortality and impaired CV prognosis. However, some data suggest that hypoglycaemia should be considered as a marker of vulnerability rather than a cause of death [START_REF] Zoungas | Severe hypoglycemia and risks of vascular events and death[END_REF]. Hypoglycaemia needs to be more cautiously avoided in patients with advanced diabetes, severe comorbidities, CV disease and frail phenotype, and therefore blood glucose targets must be individualized according to patient phenotype.

Effects of the new glucose lowering drugs on cardiac ischemic events

Studies performed with glitazones raised CV safety concerns, which prompted the FDA and EMEA to request CVOTs to demonstrate non-inferiority versus placebo for CV safety for each new GLD. The primary CV outcome is usually a composite of three ischemic events (MACE-3), e.g. cardiovascular death, and non fatal myocardial infarction or stroke, while hospitalization for heart failure (HF) is one of the numerous secondary outcomes. As summarized in other articles of this DRCP issue to date CV safety was established and most interestingly some new GLDs show beneficial effects, which lead to consider the role of these classes in CV prevention in T2DM patients (Table 1). Dipeptidyl peptidase-4 inhibitors (DPP-4is) are neutral on the MACE-3 criterion, and some significant and meaningful CV benefits are shown with GLP-1 receptor agonists (GLP-1 RAs) and renal sodium-glucose transport inhibitors (SGLT-2is). A recent meta-analysis compared the results of CVOTs which tested GLP-1 RAs and SGLT-2is [START_REF] Zelniker | Comparison of the effects of glucagon-like peptide receptor agonists and sodium-glucose cotransporter 2 inhibitors for prevention of major adverse cardiovascular and renal outcomes in type 2 diabetes mellitus[END_REF]. Both classes reduced MACE-3 criterion over a short-term follow-up from 2 to 4 years. However, the reduction in a similar magnitude (14%) was restricted to patients with established atherosclerotic CV disease whereas no effect was seen in those without.

Effects of the new glucose lowering drugs on heart failure events

There is a growing interest in the risk of HF in the diabetic population. The endocrinologistsdiabetologists have learnt a lot and still need to know more about this emerging complication of diabetes. Indeed, besides ischemic events, HF has emerged in the last 20 years as a serious CV complication in T2DM patients [START_REF] Conrad | Temporal trends and patterns in heart failure incidence: a population-based study of 4 million individuals[END_REF]. The Framingham, the Reykjavik and the Strong Heart studies [START_REF] Kannel | Role of diabetes in congestive heart failure: the Framingham study[END_REF][START_REF] Thrainsdottir | The association between glucose abnormalities and heart failure in the population-based Reykjavik study[END_REF][START_REF] De Simone | Diabetes and incident heart failure in hypertensive and normotensive participants of the Strong Heart Study[END_REF] have shown an increased risk of HF in these patients. The recent CVOTs were designed in T2DM patients with a history of CV disease or with several associated risk factors.

In these trials, the incidence of hospitalization for HF (hHF) was comparable to the incidence of acute myocardial infarction [START_REF] Standl | Heart Failure Considerations of Antihyperglycemic Medications for Type 2 Diabetes[END_REF]. In diabetic patients the control of risk factors seems to be able to reduce the excess risk of atherosclerotic complications but the risk of HF remains high [START_REF] Rawshani | Mortality and Cardiovascular Disease in Type 1 and Type 2 Diabetes[END_REF]. In addition, among HF patients recent registries have reported an association between diabetes and adverse outcomes including CV death, all-cause death and hHF [START_REF] Johansson | Prognostic Implications of Type 2 Diabetes Mellitus in Ischemic and Nonischemic Heart Failure[END_REF][START_REF] Dauriz | Registry E-HHFL-T. Association Between Diabetes and 1-Year Adverse Clinical Outcomes in a Multinational Cohort of Ambulatory Patients With Chronic Heart Failure: Results From the ESC-HFA Heart Failure Long-Term Registry[END_REF]. Thus, preventing HF becomes a major challenge and should lead to favor new GLDs able to reduce the risk of HF. According to the recent ESC/EASD guidelines [START_REF] Cosentino | ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with the EASD[END_REF], the diagnosis of HF is based on the presence of signs and symptoms, mainly dyspnea, together with elevated natriuretic peptides levels and evidence of abnormal heart structure and function. The importance of questioning patients about symptoms is supported by a study including elderly T2DM patients, most of them with hypertension and/or known CAD. HF was systematically assessed and diagnosed in 28% of them (mostly HF with preserved ejection fraction) [START_REF] Winter | High prevalence of previously unknown heart failure and left ventricular dysfunction in patients with type 2 diabetes[END_REF]. This should encourage to diagnose earlier HF, particularly in coronary, hypertensive and CKD patients, to evaluate the risk of HF and determine the predominant etiology [START_REF] Valensi | Congestive heart failure caused by silent ischemia and silent myocardial infarction : Diagnostic challenge in type 2 diabetes[END_REF].

A meta-analysis of the glucose control trials failed to show any benefit of intensive treatment on the reduction of either hHF or HF-related mortality [START_REF] Group | Intensive glucose control and macrovascular outcomes in type 2 diabetes[END_REF]. Regarding the class of GLD the ORIGIN study showed that insulin glargine treatment at moderate dose was neutral in terms of CV outcomes including HF [START_REF] Origin Trial Investigators | Basal insulin and cardiovascular and other outcomes in dysglycemia[END_REF]. Among DPP-4is, only the SAVOR trial which tested saxagliptin reported an increase (+27%) in the rate of hHF, mostly in patients with HF history or elevated plasma pro-BNP levels [START_REF] Scirica | Heart failure, saxagliptin, and diabetes mellitus: observations from the SAVOR-TIMI 53 randomized trial[END_REF]. While a chance effect may not be excluded saxagliptin should be avoided in such patients. Two recent meta-analyses including data from 7 CVOTs showed that GLP-1 RAs afford a 9% relative risk reduction of hHF as compared to placebo [START_REF] Giugliano | GLP-1 receptor agonists for prevention of cardiorenal outcomes in type 2 diabetes: An updated metaanalysis including the REWIND and PIONEER 6 trials[END_REF][START_REF] Kristensen | Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists in patients with type 2 diabetes: a systematic review and meta-analysis of cardiovascular outcome trials[END_REF]. This effect is much greater with SGLT-2is which have shown a relative risk reduction of 31% over a similar median duration of follow-up [START_REF] Zelniker | Comparison of the effects of glucagon-like peptide receptor agonists and sodium-glucose cotransporter 2 inhibitors for prevention of major adverse cardiovascular and renal outcomes in type 2 diabetes mellitus[END_REF] (Table 1). Thus, an SGLT-2i is the best choice in HF patients but a GLP-1 RAs could be an alternative in a patient who is intolerant or has a contraindication to SGLT-2is. Noticeably the incidence of hHF and the absolute risk reduction are far greater in patients with a history of HF than in those without and in the patients with eGFR lower than 60 ml/min per m 2 [START_REF] Zelniker | SGLT2 inhibitors for primary and secondary prevention of cardiovascular and renal outcomes in type 2 diabetes: a systematic review and meta-analysis of cardiovascular outcome trials[END_REF].

Prevention of microvascular complications

By definition, CVOTs are mainly designed to evaluate the effects of the new GLD on macrovascular outcomes. However, most CVOTs have also planned to evaluate the effects on renal outcomes as secondary endpoints or for some studies as exploratory outcomes. The large cohorts of patients including 43 522 patients for DPP-4is (4 trials), 56 004 patients for GLP-1 RAs (7 trials) and 34 323 patients (3 trials) for SGLT-2is and the strong consistence of the results obtained within each drug class support the relevance of these results. Regarding retinopathy, conclusions are probably more difficult to draw since data were usually collected as adverse events with or without an adjudication committee according to the studies (Table 1).

Renal outcomes

Three CVOTs with DPP-4is (TECOS, SAVOR-TIMI53 and CARMELINA) reported a mild albuminuria reduction but no effect on the composite outcome which usually combines eGFR decline, a doubling of serum creatinine, dialysis [START_REF] Giugliano | Type 2 diabetes and the kidney: Insights from cardiovascular outcome trials[END_REF].

According to the large meta-analysis including data from five CVOTs, GLP-1RA treatment is associated with a favourable effect on albuminuria progression [START_REF] Kristensen | Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists in patients with type 2 diabetes: a systematic review and meta-analysis of cardiovascular outcome trials[END_REF]. Some trials had also reported a reduction risk for composite outcome combining macroalbuminuria and decline kidney function parameters but this result was mainly driven by the benefit on albuminuria [START_REF] Zhang | Cardiovascular and microvascular outcomes of glucagon-like peptide-1 receptor agonists in type 2 diabetes: a meta-analysis of randomized controlled cardiovascular outcome trials with trial sequential analysis[END_REF][START_REF] Avgerinos | Glucagon-like peptide-1 receptor agonists and microvascular outcomes in type 2 diabetes: A systematic review and meta-analysis[END_REF]. Thus, CVOTs pointed out positive signals for GLP-1RAs at early stages of diabetic nephropathy, with a class effect.

Regarding SGLT-2is, the renal benefits are stronger. In 3 CVOTs (EMPAREG, CANVAS, DECLARE TIMI58) which tested respectively empagliflozin, canagliflozin and dapagliflozin, a composite renal outcome was prespecified. These trials have shown robust benefits of these drugs on chronic kidney disease. SGLT-2is reduce the progression of nephropathy with a lesser eGFR decline, a reduction of the renal composite outcome (not exactly the same in the 3 CVOTs) and of the progression to macroalbuminuria. Meta-analysis of these 3 CVOTs suggest that SGLT-2is reduced the risk of progression of nephropathy by 45% and albuminuria by 23% with a consistent renal-protective class effect when considering the composite endpoint of renal worsening, end-stage kidney disease and renal death [START_REF] Zelniker | SGLT2 inhibitors for primary and secondary prevention of cardiovascular and renal outcomes in type 2 diabetes: a systematic review and meta-analysis of cardiovascular outcome trials[END_REF].

Diabetic retinopathy

Data from CVOTs are less conclusive. The trial design is usually not dedicated to specifically analyse this endpoint and there is no standardisation for occurrence or retinopathy progression.

With these limitations, LEADER and SUSTAIN trials provided negative signals regarding retinopathy. The diabetic retinopathy endpoint was not significantly changed with liraglutide in LEADER trial (HR 1.15, 95%CI 0.87-1.22) [START_REF] Marso | Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes[END_REF]. In SUSTAIN-6 trial, semaglutide treatment was associated with a significantly higher rate of retinopathy complication compared to placebo (HR 1.76, 95%CI 1.11-2.78, p=0.02) [START_REF] Marso | SUSTAIN-6 Investigators. Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes[END_REF]. A post-hoc analysis suggested that this unfavourable issue might be related to the large and rapid decline of HbA1c during the first 16 weeks of treatment, and affected mainly insulin-treated patients and patients with pre-existing retinopathy whereas there was no increased risk in the patients without pre-existing retinopathy [START_REF] Bain | Semaglutide, reduction in glycated haemoglobin and the risk of diabetic retinopathy[END_REF]. The recent meta-analysis with GLP-1RAs did not find any difference for retinopathy incidence between GLP-1RAs-treated and placebo-treated patients [START_REF] Kristensen | Cardiovascular, mortality, and kidney outcomes with GLP-1 receptor agonists in patients with type 2 diabetes: a systematic review and meta-analysis of cardiovascular outcome trials[END_REF]. Similarly, analyses from the FDA Adverse Event Reporting System database indicate that there is no signal between GLP-1RAs and diabetic retinopathy [START_REF] Wang | Assessing the Association Between GLP-1 Receptor Agonist Use and Diabetic Retinopathy Through the FDA Adverse Event Reporting System[END_REF].

In CVOTs with DPP-4is or SGLT-2is, to our knowledge, there is no data published regarding diabetic retinopathy outcome.

Mechanisms involved

Some favorable changes in metabolic parameters and blood pressure (BP) but also some specific changes are involved in the improvement of CV and renal outcomes.

Role of favorable changes in classical risk factors

CVOTs allow to have an overview on metabolic changes with the new GLDs in large populations of T2DM patients. For instance greater changes occurred with GLP-1RAs towards weight loss, HbA1c, blood pressure and triglycerides lowering as compared to DPP-4is [START_REF] Nauck | Cardiovascular Actions and Clinical Outcomes With Glucagon-Like Peptide-1 Receptor Agonists and Dipeptidyl Peptidase-4 Inhibitors[END_REF].

Such changes are likely to contribute to the improvement of CV prognosis.

Role of glucose control

The CV benefit from SGLT-2is and GLP-1RAs proceeds from numerous factors but to date, the exact mechanisms remain yet speculative and the design of CVOTs is probably not the best one to decipher these mechanisms. In this context, the role of blood glucose control is still debated. Although the design of CVOTs should have narrowed the HbA1c difference between the different arms, most CVOTs showed a significantly better glycaemic control in the arm receiving the tested drug. Therein, Taylor et al. reported a strong correlation between major CV event rate reduction and the HbA1c lowering potency of different GLP-1RAs [START_REF] Taylor | GLP-1 receptor agonists: differentiation within the class[END_REF]. Moreover, it may be noted that HbA1c at baseline in the negative trials with GLP-1RAs was lower (8% in EXCSEL, 7.6% in ELIXA) compared to positive trials (8.7% in LEADER and SUSTAIN-6).

However, the benefits of empagliflozin in EMPAREG study [START_REF] Zinman | Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes[END_REF] and liraglutide in LEADER study [START_REF] Marso | Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes[END_REF] were reported to be similar regardless of baseline HbA1c levels. Should we consider cumulative glycaemic exposure over the trial rather than HbA1c level? Roussel et al. reported a strong correlation of differential glucose exposure between study arms (delta HbA1c x years) with MACE reduction observed in major glycemic trials and 3 CVOTs [START_REF] Roussel | Prevention of cardiovascular disease through reduction of glycaemic exposure in type 2 diabetes: A perspective on glucoselowering interventions[END_REF]. In addition, the better glucose control in the drug-treated patients was obtained without an increase of hypoglycaemic events, which is confirmative of a large number of RCTs and might contribute to improve CV outcomes albeit no evidence for that had never been provided. The DEVOTE study showed that in a large population of insulin-treated T2DM patients a greater glucose variability is associated with an increased CV risk [START_REF] Zinman | Day-to-day fasting glycaemic variability in DEVOTE: associations with severe hypoglycaemia and cardiovascular outcomes (DEVOTE 2)[END_REF]. The new GLDs are prone to reduce glucose variability as shown with DPP-4is [START_REF] Guerci | Continuous glucose profiles with vildagliptin versus sitagliptin in add-on to metformin: results from the randomized Optima study[END_REF], GLP-1RA [START_REF] Investigators | Glucose Variability in a 26-Week Randomized Comparison of Mealtime Treatment With Rapid-Acting Insulin Versus GLP-1 Agonist in Participants With Type 2 Diabetes at High Cardiovascular Risk[END_REF] and SGLT-2is [START_REF] Henry | Effects of Dapagliflozin on 24-Hour Glycemic Control in Patients with Type 2 Diabetes: A Randomized Controlled Trial[END_REF]. The role of this effect in the reduction of CV events remains to be clarified.

Finally, it is important to not forget that CVOT design includes standard care in the control arm including potentially more other glucose lowering medications to achieve similar HbA1c levels compared to the arm receiving the tested drug. However, some medications such as sulphonylureas raised CV safety concerns [START_REF] Bain | Cardiovascular events and all-cause mortality associated with sulphonylureas compared with other antihyperglycaemic drugs: a Bayesian meta-analysis of survival data[END_REF]. For this reason, it should be useful to know the distribution of all antidiabetic drugs in the 2 groups at the end of the trial in all CVOTs .

Role of changes in blood pressure

Regarding with SGLT-2is a meta analysis of 43 randomized controlled trials with 22528 T2DM patients showed a weighted mean difference of 2.46 mmHg for systolic BP and 1.46 mmHg for diastolic BP [START_REF] Mazidi | Effect of Sodium-Glucose Cotransport-2 Inhibitors on Blood Pressure in People With Type 2 Diabetes Mellitus: A Systematic Review and Meta-Analysis of 43 Randomized Control Trials With 22 528 Patients[END_REF]. SBP decrease was shown to be larger in hypertensive patients [START_REF] Sjöström | Dapagliflozin lowers blood pressure in hypertensive and non-hypertensive patients with type 2 diabetes[END_REF].

Interestingly in EMPAREG study the empagliflozin group exhibited a mean difference of 4 mmHg and 2 mmHg for systolic BP and diastolic BP, respectively, with the placebo arm which was maintained during the trial, with no significant change in heart rate [START_REF] Zinman | Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes[END_REF]. Such BP lowering effects need to be taken into consideration when managing [START_REF] Cosentino | ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with the EASD[END_REF].

With GLP-1 RAs BP decreases slightly. In LEADER trial the liraglutide arm exhibited a mean difference of 1.2 and 0.6 mmHg for SBP and DBP, respectively, as compared to the placebo arm which was not clearly maintained over the trial, with an acceleration of heart rate which reached levels being 3 bpm higher [START_REF] Marso | Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes[END_REF].

Role of changes in body weight

By contrast to DPP-4i, treatments by GLP-1 RAs and SGLT-2is are associated with a weight loss. CVOTs clearly confirm this and interestingly show that weight loss is maintained over the long term. With semaglutide, mean weight loss reached -4.4 kg at the end of SUSTAIN-6 study [START_REF] Marso | SUSTAIN-6 Investigators. Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes[END_REF]. Similarly, weight loss is always reported in the studies involving SGLT-2is and result mostly from renal loss of energy and water. Such weight loss together with a reduction of fat mass [START_REF] Bolinder | Effects of dapagliflozin on body weight, total fat mass, and regional adipose tissue distribution in patients with type 2 diabetes mellitus with inadequate glycemic control on metformin[END_REF] could participate to CV protection. In addition weight loss could be favourable for the prevention or treatment of NAFLD but very few data on this point are available in CVOTs. Some preliminary data suggest that GLP-1 RAs and SGLT-2is could reduce fatty liver, and according to some randomized control trials liraglutide may also improve non-alcoholic steatohepatitis histologic lesions. In line with a strong relationship between atherosclerotic disease and NAFLD [START_REF] Santos | Does nonalcoholic fatty liver disease cause cardiovascular disease? Current knowledge and gaps[END_REF], it can be speculated that the CV benefit of GLP-1 RAs might also be mediated through favourable effects on liver disease.

The part played by such metabolic and BP changes with the new GLDs in the improved CV outcomes requires further evaluation.

Role of specific cardiovascular pleiotropic mechanisms, beyond BG

Effects on vascular biology

Beneficial effects on vascular biology have been reported with GLP-1RAs and some SGLT-2is. Regarding GLP-1, several effects have been reported in experimental settings [START_REF] Ussher | Cardiovascular actions of incretin-based therapies[END_REF]. GLP-1 reduces ROS production in endothelial cells and monocyte/macrophage, and decreases the production of certain pro-inflammatory cytokines such as tumor necrosis factor α, interleukins 1ß and 6, and intercellular adhesion molecules. In patients, exenatide and liraglutide treatments have been associated with CRP level reduction. GLP-1 also stimulates endothelial proliferation and improves endothelium function [START_REF] Nauck | Cardiovascular Actions and Clinical Outcomes With Glucagon-Like Peptide-1 Receptor Agonists and Dipeptidyl Peptidase-4 Inhibitors[END_REF]. GLP-1 treatment was shown to enhance acetylcholineinduced vasodilation with no effect on endothelium-independent vasorelaxation, a decrease of endothelin has also been described and could contribute to these beneficial effects. GLP-1 could protect against myocardial ischemia, since a reduction of myocardium infarct size has been reported with subcutaneous exenatide treatment [START_REF] Woo | Cardioprotective effects of exenatide in patients with ST-segment-elevation myocardial infarction undergoing primary percutaneous coronary intervention: results of exenatide myocardial protection in revascularization study[END_REF].

Moreover, in T2DM patients with stable coronary disease, GLP-1 infusion increases forearmmediated vasodilatation suggesting favourable effect on endothelial dysfunction [START_REF] Nyström | Effects of glucagon-like peptide-1 on endothelial function in type 2 diabetes patients with stable coronary artery disease[END_REF].

Mechanisms involved in the reduction of heart failure outcome

Considering SGLT-2is, exploratory analysis from EMPAREG reported changes in markers of plasma volume as the most important mediators of the reduction of risk of CV death [START_REF] Inzucchi | How Does Empagliflozin Reduce Cardiovascular Mortality? Insights From a Mediation. Analysis of the EMPA-REG OUTCOME Trial[END_REF].

Cardiovascular benefit may result from combined effects of a reduction of pre-load (decreased volume) and post-load (BP lowering, artery compliance) which may act synergistically to prevent HF. Moreover, a role of a decrease of sympathetic activity and increase of glucagon which may reduce the risk of arrhythmia and sudden death have also been described. Other putative mechanisms underlying SGLT-2is associated CV benefits have been suggested such as modification of adipokines and cytokines production from adipose tissue, reduction of cardiac fibrosis, inhibition of Na+/H+ exchange and improvement in cardiac metabolism and bioenergetics [START_REF] Verma | SGLT2 inhibitors and mechanisms of cardiovascular benefit: a state-of-the-art review[END_REF].

Mechanisms involved in the reduction of renal outcomes

SGLT-2is could restore the tubuloglomerular feedback and improve glomerular hemodynamics. Thus, SGLT-2 inhibition increases solute delivery to the macula densa which leads to the reversal of the maladaptative afferent artery vasodilatation [START_REF] Heerspink | Sodium Glucose Cotransporter 2 Inhibitors in the Treatment of Diabetes Mellitus: Cardiovascular and Kidney Effects, Potential Mechanisms, and Clinical Applications[END_REF]. Moreover, SGLT-2is reduces reactive oxygen superoxyde production in primary proximal tubular cells Finally, these drugs could have advantageous anti-inflammatory effects and reduce fibrosis [START_REF] Alicic | Sodium-Glucose Cotransporter 2 Inhibition and Diabetic Kidney Disease[END_REF].

Mechanisms involved in blood pressure decrease

Several mechanisms may account for BP decrease induced by SGLT-2is, including weight loss, diuretic-like effects with a subsequent decrease in blood volume [START_REF] Heerspink | Dapagliflozin a glucoseregulating drug with diuretic properties in subjects with type 2 diabetes[END_REF], decrease of artery stiffness [START_REF] Cherney | The effect of empagliflozin on arterial stiffness and heart rate variability in subjects with uncomplicated type 1 diabetes mellitus[END_REF], direct endothelial-or vascular smooth muscle-mediated vasodilation and indirect vasodilatory compensation to acute decrease in cardiac output [START_REF] Duarte | Mechanisms for blood pressure lowering and metabolic effects of thiazide and thiazide-like diuretics[END_REF][START_REF] Inzucchi | SGLT-2 inhibitors and cardiovascular risk: proposed pathways and review of ongoing outcome trials[END_REF], and the lack of sympathetic activation despite BP decrease [START_REF] Jordan | The effect of empagliflozin on muscle sympathetic nerve activity in patients with type II diabetes mellitus[END_REF].

With GLP-1 RAs, BP decrease may be favored by weight loss and improvement of endothelial function, and possibly some natriuretic effect [START_REF] Gutzwiller | Glucagon-like peptide 1 induces natriuresis in healthy subjects and in insulin-resistant obese men[END_REF]. Regarding the autonomic nervous system activity some data stand in favour of a decrease in vagal activity and enhancement of sympathetic activity, which might account for heart rate acceleration [START_REF] Valensi | Insulin-and glucagon-like peptide-1-induced changes in heart rate and vagosympathetic activity: why they matter[END_REF].

Altogether these data suggest that beyond glucose effects the pleiotropic effects of these new GLDs are likely to play a role in the improvement of macrovascular and renal outcomes. However this role needs to be clarified in further studies.

Safety issues

The duration of the CVOTs can be considered as intermediary since it is higher than most randomized trials but shorter than some intervention studies such as UKPDS or DCCT.

Nevertheless, the large number of patients included in CVOTs with a similar design allow to analyse large cohorts of patients exposed to the new GLDs. In this context, it is important to note that CVOTs brought some reassuring data about some side effects and by contrast pointed out some warning signs on other adverse effects. For instance, considering DPP-4is or GLP-1 RAs, CVOTs provide reassuring data regarding pancreatic complications such as pancreatitis or pancreas neoplasia which had been reported in some randomized control trials. Similarly, CVOTs did not find any increase in the risk of medullary thyroid cancer when using GLP-1 RAs, a risk which was shown in rodent studies. However, the limited duration of these trials do not definitely exclude the lack of any risk of cancer.

Considering SGLT-2is, CVOTs pointed out some side effects. First, euglycemic ketosis was reported although rarely in the three major trials [START_REF] Scheen | An update on the safety of SGLT2 inhibitors[END_REF]. However, it is interesting to note that the incidence successively increased with time (higher in the latest DECLARE TIMI 58) suggesting an increased awareness of this metabolic complication after the regulatory Agencies warnings. This acute complication was more frequently observed in insulin-treated patients [START_REF] Scheen | An update on the safety of SGLT2 inhibitors[END_REF]. Real world data confirm an increased risk of keto-acidosis in patients treated by SGLT-2is, which has been estimated to seven-fold higher compared to DPP-4is treated patients [START_REF] Scheen | An update on the safety of SGLT2 inhibitors[END_REF]. Secondly, the incidence of lower limb amputations was doubled in canagliflozin treated patients in the CANVAS study but this data was confirmed neither in the EMPAREG (the collection of this adverse event was not pre-specified in the study) nor in DECLARE TIMI trial (prospective collection of this complication was performed in the trial). These heterogeneous results have also been reported in the observational studies and RCT meta-analysis. The last meta-analysis rather suggests that canagliflozin could be associated with a specific risk [START_REF] Dicembrini | Peripheral artery disease and amputations with Sodium-Glucose co-Transporter-2 (SGLT-2) inhibitors: A meta-analysis of randomized controlled trials[END_REF]. So whether lower limb amputations should be considered as a class effect or more specifically related to canagliflozin remains to be addressed in further studies. Reassuring data were reported in the large CVOTs with SGLT-2is about urinary tract infections. Although some phase 2-3 studies with SGLT2i have found an increased risk of urinary tract infections, these adverse events were not significantly augmented in the CVOTs. By contrast, in CVOTs mycotic infections were reported to be more frequent, in line with the data obtained from RCTs. Similarly, reassuring data were recently reported about the risk of Fournier's gangrene which was not increased in the patients treated by SGLT-2is [START_REF] Silverii | Fournier's gangrene and SGLT-2 inhibitors: A Meta-Analysis of randomized controlled trials[END_REF].

How should the endocrinologist integrate CVOTs data in clinical practice ?

In clinical practice, the glycaemic goals should be defined on an individual basis. Tight glucose control is mandatory for the prevention of microangiopathic complications and improves CV prognosis in patients without CV disease while achieving such control is limited by the risk of hypoglycaemia in the patients with coronary artery disease (CAD) or HF. Interestingly the new GLDs are able to improve significantly CV and renal outcomes in patients with CV disease or very high CV risk, with a good safety profile and without increased risk of hypoglycaemia, and may thus allow to achieve a tighter HbA1c goal even in some frail patients. In this regard it may be noted that the CVOTs did not report any difference for CV benefits according to age, and in the EMPAREG study, the MACE reduction was even larger in people above 65 years [START_REF] Zinman | Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes[END_REF]. However if GLP-1 RAs and SGLT-2is are associated with a low risk of hypoglycaemia their glucose-lowering effect needs to be considered when initiating these treatments in patients already treated by other GLDs.

For the first time CVOTs provide evidence that by using the new GLDs it is now possible to improve significantly CV and renal prognosis and reduce mortality in T2DM patients and to do this during several years with reassurance concerning overall safety. Based on CVOTs results it is time, as stated in the new EASD-ADA [START_REF] Davies | Management of hyperglycaemia in type 2 diabetes, 2018. A consensus report by the American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD)[END_REF] and ESC/EASD guidelines [START_REF] Cosentino | ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with the EASD[END_REF], to take into consideration such opportunities in the decision-making process when treating T2DM patients, favoring the use of drugs that have shown clear CV and renal benefits. The greatest effect in the prevention of ischemic events is shown in the patients with established atherosclerotic disease, both with or without clinical manifestations of the disease. CAD is often silent in T2DM patients. For this reason the ESC/EASD guidelines highlight specific indications for patients in secondary prevention and also for some patients considered as being in "primary" prevention but having a high or very high cardiovascular risk profile, especially those with other target organ damage (proteinuria, renal impairment defined as eGFR <30 mL/min/1.73 m 2 , left ventricular hypertrophy or retinopathy) and those with three or more major risk factors in addition to diabetes [START_REF] Cosentino | ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with the EASD[END_REF]. Therefore, as recommended in these guidelines, it is of utmost importance to classify this risk using simple clinical and biological criteria and performing some additional investigations which may modify the risk like carotid and/or femoral ultrasound examination, ankle-brachial index or coronary calcium score (obtained with CT scan). In selected very high risk patients functional imaging (myocardial scintiscanning, exercise or pharmacological stress echocardiography or stress cardiac magnetic resonance imaging) or computed tomography coronary angiography may be indicated in order to detect silent CAD.

Regarding hHF a clinical risk score was recently developed based on the data from the patients in the placebo arm of SAVOR-TIMI 53 and externally validated in the patients of the placebo arm of DECLARE-TIMI 58. This score which uses 5 clinical predictors: prior HF, history of atrial fibrillation, CAD, eGFR and urine albumin-to-creatinine ratio, was shown to identify patients at higher risk of hHF who derive greater absolute benefit from SGLT-2is [START_REF] Berg | Heart Failure Risk Stratification and Efficacy of Sodium-Glucose Cotransporter-2 Inhibitors in Patients With Type 2 Diabetes Mellitus[END_REF]. This score could be considered to identify with cardiologists the profile of patients eligible for this treatment.

Due to their inclusion criteria CVOTs cannot definitely conclude about the CV benefit of the new GLDs in T2DM patients in primary prevention with moderate risk. However in such patients GLP-1 RAs and SGLT-2is are positioned as appropriate in combination with metformin when the risk of hypoglycaemia needs to be minimized and when weight loss needs to be favored [START_REF] Davies | Management of hyperglycaemia in type 2 diabetes, 2018. A consensus report by the American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD)[END_REF].

Regarding the mechanisms which mediate CV and renal benefits more mechanistic studies are required in humans and further CVOTs should include some surrogate markers to determine which are the main drivers.

Conclusion

The recent CVOTs afford major informations on the long-term metabolic effects of the new GLDs and their potential to prevent serious outcomes. The arsenal of treatments available in T2DM patients is enriched with new possibilities to prevent CV complications and renal function impairment beyond their glycaemic effects. In some patients they may be positioned as the best choice for a bitherapy in metformin-treated patients or even as first-line therapy with a high level of evidence, like RAS blockers are now positioned as first-line therapy in hypertension due to their cardio-and nephro-protective effects, mostly independent from BP decrease. T2D management must be more and more patient-centered, both for glucose targets and the choice of GLDs. The treatment decisions require more expertise in the evaluation of CV and renal risk, the choice of GLD treatment, the target for lipids, the adjustment of antihypertensive treatments and the prescription of aspirin. In this context it is essential that endocrinologists-diabetologists communicate more with cardiologists and nephrologists and with the primary care practitioner [START_REF] Valensi | Type 2 diabetes: Why should diabetologists and cardiologists work more closely together?[END_REF].
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