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Abstract

:

It is estimated that in the past two decades the number of patients diagnosed with diabetes mellites (DM) has doubled. Despite significant progress in the treatment of cardiovascular disease (CVD), including novel anti-platelet agents, effective lipid-lowering medications, and advanced revascularization techniques, patients with DM still are least twice as likely to die of cardiovascular causes compared with their non-diabetic counterparts, and current guidelines define patients with DM at the highest risk for atherosclerotic cardiovascular disease and major adverse cardiovascular events (MACE). Over the last few years, there has been a breakthrough in anti-diabetic therapeutics, as two novel anti-diabetic classes have demonstrated cardiovascular benefit with consistently reduced MACE, and for some agents, also improvement in heart failure status as well as reduced cardiovascular and all-cause mortality. These include the sodium-glucose cotransporter-2 inhibitors and the glucagon-like peptide-1 receptor agonists. The benefits of these medications are thought to be derived not only from their anti-diabetic effect but also from additional mechanisms. The purpose of this review is to provide the everyday clinician a detailed review of the various agents within each class with regard to their specific characteristics and the effects on MACE and cardiovascular outcomes.
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1. Introduction


It is estimated that in the past two decades the number of patients diagnosed with diabetes mellites (DM) has doubled [1]. In 2017 there were an estimated 450 million patients with DM worldwide, and this number is projected to rise to almost 700 million patients in 2045 [2]. Moreover, type 2 DM in American youth under 19 has also doubled, with a recent publication showing an increase in prevalence from 0.34 per 1000 to 0.67 per 1000 [3].



The 2017 European Society of Cardiology report states that there were about 20 million new cases of cardiovascular disease (CVD), accounting for 1133 cases per 100,000 citizens [4]. The median prevalence of DM in the same report is estimated around 7% across Europe. Multiple studies [5,6] have shown that controlling the glycemic levels in diabetic patients is associated with a marked reduction in microvascular complications. However, a number of large, well-planned prospective randomized studies comparing intensive glucose control with standard care consistently showed no benefit in reducing macrovascular complications or cardiovascular mortality. Despite significant progress in the treatment of CVD, including novel anti-platelet agents, effective lipid-lowering medications, and advanced revascularization techniques, patients with DM still are at least twice as likely to die of cardiovascular causes compared with their non-diabetic counterparts [7,8]. Indeed, a recent publication from the Swedish National Diabetes Register shows that despite a consistent reduction in the rate of cardiovascular events from 1998 to 2014, the incidence of cardiovascular death in diabetic patients still remained high, at 100 per 10,000 patient-years, and was twice for the rate for heart failure hospitalization compared with non-diabetics [9]. Accordingly, current guidelines define patients with DM at the highest risk for atherosclerotic cardiovascular disease (ASCVD) and major adverse cardiovascular events (MACE) [10,11]. Over the last few years, there has been a breakthrough in anti-diabetic therapeutics, as two novel anti-diabetic classes have demonstrated cardiovascular benefit with consistently reduced MACE, and for some agents, reduced cardiovascular and all-cause mortality [12]. Moreover, these drugs have also changed the treatment of chronic kidney disease patients, due to the close relationship between diabetic patients, cardiovascular risk, and end-stage renal disease [13]. These classes include the sodium-glucose cotransporter-2 inhibitors (SGLT-2i) and the glucagon-like peptide-1 receptor agonists (GLP-1RA). The benefits of these medications are thought to be derived not only from their anti-diabetic effect but also from other mechanisms [9].



The purpose of this review is to provide a detailed review of the various agents within each class with regard to their specific characteristics and effects on MACE and cardiovascular outcomes.




2. Glucagon-like Peptide-1 Receptor Agonists (GLP-1RA)


GLP-1 is an intestinal hormone that belongs to the incretin family. Their primary action is to augment insulin secretion in response to food ingestion. Additionally, GLP-1 inhibits secretion of glucagon, hence decreasing blood glucose levels through the hepatic pathway. Moreover GLP-1 reduces appetite, leading to weight loss [14]. Thus, the GLP-1 pathway has become a focus for developing pharmacological agents to treat diabetes as well as obesity. Since the biological half-life of endogenous GLP-1 is short, lasting about 2 min, modification to the active molecule is needed. Attaching Exendin-4, isolated from lizard saliva (Heloderma suspectum), and a lipid/free fatty-acid chain to the GLP-1 molecule leads to a significant reduction in GLP-1 degradation and extended half-life [15]. The GLP-1RA mimic endogenous GLP-1 activity by binding to the GLP-1R on various tissues. We focus on agents with reported CVOT outcomes, including Liraglutide, Semaglutide, Dulaglutide, and Albiglutide (Table 1 and Table 2).



2.1. Specific Medications


2.1.1. Liraglutide


The half-life of liraglutide is 11–13 h, enabling its administration as a once daily medication. Liraglutide was the first GLP1-RA to demonstrate significant positive cardiovascular outcomes in the Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results (LEADER) trial [16]. A total of 9340 patients were randomized to receive either liraglutide or placebo on top of standard care. The median follow-up was 3.8 years. The primary outcome was a combined composite of first occurrence of death from cardiovascular causes, nonfatal (including silent) myocardial infarction, or nonfatal stroke (HR 0.87; 95% CI: 0.78–0.97, p = 0.01 for superiority). Overall, treatment with liraglutide resulted in a significant decrease in overall death (HR 0.85; 95% CI: 0.74–0.97, p = 0.02) and cardiovascular death (HR 0.78; 95% CI: 0.66–0.93, p = 0.007), as well as the combined types of myocardial infarction (MI) (HR 0.86; 95% CI: 0.73–1.00, p = 0.046). However, when focusing on the different causes of MI, as well as stroke and recurrent heart failure hospitalizations, outcomes were not statistically significant. A sub-analysis of the LEADER trial showed that patients not treated with metformin had a 21% reduction in the first occurrence of the composite outcome of CV death, myocardial infarction, or stroke [17]. A post hoc analysis [18] of the LEADER trial evaluating first and recurrent MACE events showed a relative-risk reduction of 16% (HR 0.84, 95% CI: 0.76–0.93). A recently published European real-world registry including 23,000 patients propensity-score matched with DM showed that liraglutide is superior to any dipeptidyl peptidase-4 (DPP-4) inhibitor in reducing MACE [19].




2.1.2. Semaglutide


Subcutaneous Semaglutide was developed as a once weekly GLP1-RA. Its long-acting property is explained by its tight attachment to albumin by a free fatty acid side chain, facilitating a pharmacological half-life of 165 to 184 h. The Trial to Evaluate Cardiovascular and Other Long-term Outcomes with Semaglutide in Subjects with Type 2 Diabetes (SUSTAIN-6) [20] included 3297 patients. The design of this trial was similar to the design of the LEADER trial, with the exception of the statistical design, which was powered for non-inferiority. Semaglutide, as compared to placebo, was proven better in lowering MACE, the occurrence of death from cardiovascular causes, nonfatal MI (including silent) or nonfatal stroke by 26% (HR: 0.74, 95% CI: 0.58–0.95, p < 0.001 for non-inferiority; p = 0.02 for superiority). Interestingly, there was a prominent decrease in non-fatal stroke by 39% (HR: 0.61; 95% CI: 0.38–0.99, p = 0.04) and only a trend towards a reduction in nonfatal MI (HR: 0.74; 95% CI: 0.51–1.08, p = 0.12). Both end-points of CV mortality (HR: 0.98; 95% CI: 0.65–1.48, p = 0.92) and all-cause mortality (HR: 1.05; 95% CI: 0.74–1.50, p = 0.79) were similar between the groups.



Oral Semaglutide was co-formulated with sodium N-(8-(2hydroxybenzoyl) amino) caprylate (SNAC) to enable gut absorption of the intact Semaglutide molecule. However, bioavailability of the oral formulation remains low, requiring daily ingestion of the medication. The Peptide Innovation for Early Diabetes Treatment (PIONEER) 6 trial [21] had a similar design to that of the SUSTAIN-6 trial and was designed to prove non-inferiority compared to placebo. Despite a higher numerical MACE in the placebo group, no statistical difference was noted (HR 0.79; 95% CI: 0.57–1.11; p < 0.001 for noninferiority). In an exploratory analysis, a decrease of 50% in CV death (HR 0.49; 95% CI: 0.27–0.92) and a similar reduction in all-cause mortality (HR 0.51; 95% CI: 0.31–0.84) was seen. The end-point of non-fatal stroke was not statistically significant.




2.1.3. Dulaglutide


Dulaglutide consists of two modified human GLP1 molecules covalently bonded to an IgG4 heavy chain molecule. It is administered subcutaneously at a weekly dose and has a half-life of approximate 5 days. The Researching Cardiovascular Events with a Weekly Incretin in Diabetes (REWIND) trial [22] included 9901 participants who were followed up for a median 5.4 years. In this study, 31% of patients had a history of prior CV disease. There was a 12% significant reduction (HR 0.88; 95% CI: 0.79–0.99, p = 0.026) in the primary end point, which was defined as a composite of nonfatal MI, nonfatal stroke, and death from CV or unknown causes. The main driving force for the reduction of the primary end-point was reduction in non-fatal stroke (HR 0.76; 95% CI 0.61–0.95, p = 0.017). No significant benefit was shown with regards to other end-points.




2.1.4. Albiglutide


Albiglutide is once weekly subcutaneously administered GLP1-RA. Its property is achieved by genetic fusion of two tandem copies of modified human GLP-1 (with 97% amino acid sequence homology to endogenous human GLP-1 fragment 7–36) to human albumin [23]. The Albiglutide and cardiovascular outcomes in patients with type 2 diabetes and cardiovascular disease (Harmony Outcomes) trial [24] enrolled a total of 9463 patients to receive albiglutide or placebo. All patients had type 2 diabetes and known cardiovascular disease. The primary end-point (in an intention-to-treat population) was the first occurrence of any component of the composite outcome, which was comprised of death from cardiovascular causes, myocardial infarction, and stroke. Patients who were treated with albiglutide had a 22% lower chance of suffering the primary outcome (95% CI: 0.68–0.90, p < 0.0001 for non-inferiority, p = 0.0006 for superiority) than those treated with placebo. Besides a 25% decrease in the outcome of fatal or non-fatal MI (95% CI: 0.61–0.90, p = 0.003), all other outcomes were non-significantly different to the placebo treated arm.



There are no head-to-head comparisons between the different GLP-1RA regarding clinical outcomes. Real-world data have shown that the use of GLP-1RA compared to dipeptidyl peptidase-4 (DPP-4) inhibitors is associated with lower MACE [25,26,27]. One study comparing the use of GLP-1RA to standard of care in insulin-treated patients demonstrated a reduction of 36% in MACE (adjusted HR 0.64; 95% CI: 0.42–0.98; p = 0.038) [28].





2.2. Cardio-Protection Mechanism


As shown in Table 1, GLP-1RA effects include a decrease in HBA1c, weight reduction, and improved renal outcomes [29], which are beyond the scope of the current review. The mechanism by which GLP-1RA exert their cardiovascular benefit is not clearly understood. The benefit of these medications, as demonstrated by the separation of the Kaplan–Meier curves for the primary end-point, usually appears months after initiation of therapy. This effect is similar to that seen in statin trials [30], suggesting that some of the beneficial effects may be mediated, directly or indirectly, in atherosclerosis progression and stabilization. Other potential mechanisms are attributed to blood pressure reduction as well as beneficial metabolic and renal effects, and a reduction in the need for prescription of other anti-diabetic therapies, such as insulin and/or sulfonylureas. A recent study found that both Liraglutide and Semaglutide directly decreased the atherosclerotic burden in a murine model of apo E knockout mice fed a high fat diet. This effect was mediated by a reduction in inflammation [31]. A similar effect on inflammation was found in a human model [32,33]. Other direct mechanisms on improving cardiomyocyte/cardiac fibroblast dysfunction were postulated. It was shown thar GLP-1RA improve energy balance and metabolism through multiple pathways, such as (1) preventing apoptosis through the AMPK pathway and (2) suppression of inflammation, cardiac fibrosis, and hypertrophy with GLP-1RA treatment [34].




2.3. Chronic Kidney Disease (CKD)


In the REWIND study [22], secondary renal outcomes, which were defined as new macroalbuminuria, a sustained decline in estimated glomerular filtration rate of 30% or more from baseline, or chronic renal replacement therapy, were evaluated. The use of dulaglutide, as compared to a placebo, was associated with a reduction in renal outcomes by 15% (95% CI: 0.77–0.93, p = 0.0004). In the Harmony Outcome trial [24], which evaluated albiglutide, no statistical difference was demonstrated with respect to renal outcomes, defined as a decline in the estimated glomerular filtration rate. Contrary to the above-mentioned trials, both in the LEADER trial [16] and the SUSTAIN-6 trial [20], evaluating Liraglutide and Semaglutide, respectively, there were no prespecified renal outcomes. In a recent pooled analysis of these trials, a decrease in albuminuria and eGFR decline was noted [35]. These effects were pronounced in patients with preexisting renal failure. Moreover, in an additional analysis, the use of Semaglutide, 1.0 mg weekly, was shown to provide the most benefit when compared to Liraglutide and lower doses of Semaglutide [34].




2.4. Adverse Outcomes/Side Effects


For GLP1-RA, the most common side effects include nausea (≈25%) and gastrointestinal discomfort (15%). These are one of the main reasons for discontinuation of these medications and are usually associated with increasing therapeutic doses, which should be done very cautiously. Slow and lenient up-titration of GLP1-RA doses helps to avoid these adverse events in some cases. Site injection reaction/sensitivity was also reported. There are reports of pancreatitis associated with GLP-1RA (0.1–2%). However, the concerning issue was a tendency toward malignancy, especially pancreatic cancer (0.1–1%). Recent meta-analysis [36] reported that no added risk was found when evaluating the current available data from the different GLP-1RA CVOTs and comparing them to DDP-4 inhibitors. Furthermore, an additional meta-analysis comparing the different CVOTs showed no difference when comparing GLP-1RA to the placebo with respect to pancreatic cancer and pancreatitis [37].



Since thyroid cell (C cells) express GLP-1 receptors, chronic activation of these cells might result in this type of cancer [38]. Thus, patients with medullary thyroid carcinoma were excluded from GLP-1RA trials and should not receive GLP-1RA. The other main adverse event is hypoglycemia, which occurs in different rates at the different trials. In the majority of the trials no difference was seen between GLP-1RA and placebo. The majority of hypoglycemic episodes were related to concomitated treatment with sulfonylureas [39].





3. Sodium-Glucose Cotransporter-2 Inhibitors (SGLT2i)


In the early 19th century, Phlorizin was isolated from the bark of an apple tree and was initially used to treat malaria. It was later found to have a glucosuric effect and reduce plasma glucose levels. However, a thorough understanding of the mechanism of action inhibiting glucose secretion and transport from the kidney through inhibition in SGLT-2 and SGLT-1 was established only in the 1990s [40], leading to the development of Phlorizin-like molecules. Since 2012, both the EMA and the FDA have approved several SGLT2i for the treatment of diabetes. When comparing the cardiovascular effect of SGLT2i with DDP-4 inhibitors [41] or sulfonylureas derivates [42] in real world data, SGLT2i have demonstrated superior reduction in all-cause mortality, while other outcomes were inconclusive. Further real-world observational studies have strengthened these findings [43,44,45,46]. To date, several SGLT2i have been approved: Empagliflozin, Canagliflozin, Dapagliflozin, and Sotagliflozin, which is a combined SGLT1 and SGLT2 inhibitor (Table 1 and Table 2).



3.1. Specific Medication


3.1.1. Empagliflozin


The Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes (EMPA-REG OUTCOME) trial [47] was the first cardiovascular outcome trial (CVOT) to demonstrate a reduction in cardiovascular outcomes and death in diabetic patients. The primary outcome was a composite end-point of cardiovascular death, non-fatal MI, or non-fatal stroke. There was a 14% reduction in the empagliflozin group compared to placebo (HR 0.86; 95% CI: 0.74–0.99, p = 0.004). A significant reduction in all-cause mortality (HR = 0.68; 95% CI: 0.57–0.82, p < 0.001) and cardiovascular mortality was noted (HR = 0.62; 95% CI: 0.49–0.77, p < 0.001). No difference was seen in neurological or different MI outcomes. Surprisingly, a significant 35% decrease in heart failure hospitalizations (HR = 0.65; 95% CI: 0.50–0.85, p = 0.002) in the empagliflozin group was seen [48].




3.1.2. Canagliflozin


Following EMPA-REG, the results of the Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes (CANVAS) program (collaboration of the CANVAS and CANVAS-R trials) were published [49]. The primary end-point was a combination of death from cardiovascular causes, nonfatal MI, and nonfatal stroke. A 14% reduction in the primary end-point was noted (HR 0.86; 95% CI: 0.75–0.97, p = 0.02). However, there was no difference in all other pre-specified end-points (except for renal outcomes, which are beyond the scope of this review). On the downside, in CANVAS, patients randomized to canagliflozin had almost twice the risk of lower limb amputations (HR 1.97; 95% CI: 1.41–2.75) and increased risk for bone fractures of any kind.




3.1.3. Dapagliflozin


The impressive results of the previous trials set the ground for the Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes (DECLARE TIMI-58-) trial [50]. In this trial of diabetic patients, not only were patients with proven ASCVD included, but also patients with multiple morbidities and high cardiovascular risk (60% of total cohort). The primary safety end-point was a combination of cardiovascular death, MI, and ischemic stroke. There was no reduction in MACE (HR 0.93; 95% CI: 0.84–1.03) or all-cause mortality (HR 0.93; 95% CI: 0.82–1.04). Yet, the co-primary efficacy end-point in this trial was a combination of cardiovascular death or hospitalization for heart failure, showing a significant 17% reduction in the dapagliflozin group (95% CI: 0.73–0.95, p = 0.005). In a subgroup analysis of the trial, when examining only the multiple morbidity group, dapagliflozin did not show any differences with respect to the prespecified end-points. However, in the subgroup of patients with ASCVD, there was a 17% decrease (0.71–0.98) in the primary end-point of cardiovascular death or hospitalization for heart failure, but with no significant reduction in MACE (HR 0.90; 95% CI: 0.79–1.02).





3.2. Cardio-Protection Mechanisms


In totality, the above-mentioned trials have changed common practice, as reflected in the most recent ESC guidelines [51], which now recommend the use of SGLT2i as first-line treatment for ASCVD patients with diabetes.



At therapeutic doses, SGLT2i cause glucose excretion in the urine, increasing urinary glucose excretion and osmotic diuresis, which is associated with multiple and complex secondary effects including reduction in blood pressure and “decongestion” of the cardiovascular system (Table 1). These mechanisms might explain the early separation of the Kaplan–Meier curves for the primary end-point, which appears only weeks after the initiation of therapy. Reduction in heart failure hospitalization has now been shown in heart failure patients without diabetes, setting the stage for utilization of these medications as a heart failure medication, irrespective of diabetes status [52,53]. Proposed mechanisms for the observed effects include the novel diuretic effect [54,55], improvement in myocardial energetic mechanisms towards fatty substrate utilization [56], increased Ca2+ efficacy at the cell level [57], and induction of autophagy due to constant glucosuria [58,59]. Furthermore, it is postulated that the inhibition of sodium-hydrogen exchangers (NHE1 at heart and vessels and NHE3 at kidney) by SGLT2i may improve treatment of heart failure patients through beneficial effects on insulin sensitivity, improved diabetic treatment, and decrease of the sympathetic tone [60].




3.3. Heart Failure


The usefulness of SGLT2i for the treatment of heart failure patients has been assessed in patients with reduced ejection fraction (HFrEF) and in patients with preserved ejection fraction (HFpEF).



3.3.1. Heart Failure with Reduced Ejection Fraction (HFrEF)


Dapagliflozin


The first trial evaluating treatment with SGLT2i for heart failure patients was the Dapagliflozin in Patients with Heart Failure and Reduced Ejection Fraction (DAPA-HF) trial, published in 2019 [52]. This was the first SGLT2i trial to include both diabetic and non-diabetic patients. Included patients had an LVEF ≤ 40%, NYHA class ≥ II, and elevated NT-proBNP levels, and had been hospitalized due to heart failure in the year prior to enrolment. The primary composite outcome was the occurrence of the first event of either worsening heart failure (hospitalization or an unplanned clinic visit) or cardiovascular death. The trial recruited 4744 patients, and the incidence of the primary composite outcome was 26% lower in the dapagliflozin group compared to the placebo group (95% CI: 0.65–0.85, p < 0.001). Moreover, there was a prominent decrease in the rate of heart failure hospitalization in the dapagliflozin group (HR 0.7; 95% CI: 0.59–0.83). This effect was consistent whether patients were diabetic or not. No major side effects were noted between the groups, including no events of hypoglycemia in the non-diabetic patients.




Empagliflozin


The Empagliflozin Outcome Trial in Patients with Chronic Heart Failure and a Reduced Ejection Fraction (EMPEROR-reduced) trial was published in late 2020 [53]. As with DAPA-HF, patients included had a LVEF ≤ 40% and NYHA class ≥ II. The primary composite end-point was cardiovascular death or heart failure re-hospitalization. Of the total 3730 patients recruited, the incidence of the primary composite outcome was 25% lower in the empagliflozin group compared to placebo (95% CI: 0.65–0.86, p < 0.001). Similar to the DAPA-HF trial, a 30% reduction in heart failure re-hospitalization was noted in the empagliflozin group compared to placebo (95% CI: 0.58–0.85, p < 0.001). However, no difference was seen between the treatment groups, either all-cause or cardiovascular death. Outcomes in this trial were, again, irrespective of diabetic status.



Regarding the composite end-point of cardiovascular death and first heart failure hospitalization, both medications showed a similar reduction of about 25%. A similar trend was observed when comparing the outcome of all heart failure re-hospitalization (first and recurrent) to the above-mentioned composite outcome [61]. In the EMPEROR-reduced trial, a 58% decrease in all-cause mortality, heart failure hospitalization, or urgent visit due to worsening heart failure was noted already 12 days after randomization [62]. In the DAPA-HF trial, a reduction of 49% in the composite outcome of cardiovascular death or worsening heart failure was noted 28 days after drug initiation [63]. Given the rapid clinical effect, initiating SGLT2i therapy during heart failure hospitalization has been advocated [64].




Sotagliflozin


Sotagliflozin is an SGLT2i, but with an additional active site inhibiting the SGLT1 receptor in the gastrointestinal tract. SGLT1 inhibition is postulated to decrease/delay glucose reabsorption from the gastrointestinal tract, decreasing mainly post-prandial glucose levels [65,66]. Moreover, SGLT1 is responsible for about 10% of the glucose reabsorption that is filtered through the renal proximal tubule segment 3 [67].



The aim of the recent published Sotagliflozin in Patients with Diabetes and Recent Worsening Heart Failure (SOLOIST-WHF) trial [68] was to evaluate the use of Sotagliflozin in diabetic patients with acute heart failure. Patients were enrolled during hospitalization due to acute heart failure with elevated natriuretic peptide and were hemodynamically stable with no need for inotropic support. There was no LVEF limit, and the primary end-point was cardiovascular death and heart failure hospital re-admission (first and subsequent). A 33% decrease in the primary end-point was noted in the Sotagliflozin group (95% CI: 0.52–0.85, p < 0.001). This trend was maintained when considering only first heart failure hospitalization (HR 0.71; 95% CI: 0.56–0.89, p < 0.001). When evaluating the outcome of heart failure hospitalization or urgent visit due heart failure, patients treated with Sotagliflozin had a 36% lower risk compared to the placebo (95% CI: 0.49–0.83, p < 0.001). No difference was noted in all-cause mortality. Interestingly, since the trial also enrolled patients with preserved LVEF, a sub-group analysis found that patients with an LVEF ≥ 50% had a 52% reduction in the HR for the primary end-point events (95% CI 0.27–0.86).





3.3.2. Heart Failure with Preserved Ejection Fraction (HFpEF)


The recent results of the SOLOIST-WHF trial [68] and a post hoc analysis from the DECLARE-TIMI 58 [69] set the framework for dedicated clinical trials in patients with heart failure and preserved ejection fraction (HFpEF).



The first trial evaluating specifically patients with HFpEF was the EMPEROR-Preserved Trial [70] enrolling patients with an LVEF > 40% and NYHA ≥ II. As seen in most HFrEF trials, half of the patients were diabetic. The primary end-point was death from cardiovascular causes or hospitalization for heart failure. A 21% decrease in the occurrence of the primary end-point was observed in patients treated with empagliflozin compared to placebo (95% CI: 0.69–0.90 p < 0.001). The main driving event was a reduction in re-hospitalization (95% CI: 0.71, 0.60–0.83). No difference was noted in cardiovascular death. Total heart failure rehospitalizations were reduced by 27% in the empagliflozin group (95% CI: 0.61–0.88, p < 0.001). These results were consistent in the majority of sub-groups, including diabetic and non-diabatic patients. There was a more pronounced effect in patients with an LVEF > 60% compared to those with an LVEF of 41–59%.



The SGLT2 inhibitor dapagliflozin in heart failure with preserved ejection fraction: a multicenter randomized trial (PRESERVED-HF) [71] examined the effect of dapagliflozin in HFpEF patients with respect to symptoms, physical limitations, and exercise function as measured by the KCCQ-CS after 12 weeks. The primary outcome (improvement in KCCQ-CS) was improved in the dapagliflozin group (effect size, 5.8 points (95% CI 2.3–9.2, p = 0.001)). Moreover, there was an increase in the six-minute walk test for patients treated with dapagliflozin, with an effect size of 20.1 m (95% CI 5.6–34.7, p = 0.007). Similar results were reported for the EMPEROR-Preserved Trial [72] across the different KCCQ tertiles. The odds ratio for preventing ≥ 5-point deterioration was 0.85 (95% CI: 0.75–0.97) for the empagliflozin treated patients, resulting in a number needed to treat of 35 in order to prevent deterioration. The currently ongoing DELIVER study will evaluate the effect of dapagliflozin in patients with HFpEF [73].




3.3.3. Acute Heart Failure


The effect of empagliflozin on clinical outcomes in patients with acute decompensated heart failure trial (EMPA-RESPONSE-AHF) was a randomized, double-blind, placebo-controlled, multicenter pilot study on the effects of empagliflozin on clinical outcomes in patients with acute decompensated heart failure); this was a pivotal trial for exploring the usefulness of empagliflozin in acute heart failure patients [74]. The trial included 80 acute heart failure patients randomized to either empagliflozin or a placebo. The results of this trial demonstrated good tolerance and safety of empagliflozin in the setting of acute heart failure. Although there was no improvement in dyspnea, decrease in NT-proBNP, or change in the length of hospital stay, a reduction of the combined end-point of worsening HF, rehospitalization for HF, and death at 60 days was noted (10% vs. 33.3%, p = 0.014).



The SGLT2 inhibitor empagliflozin in patients hospitalized for acute heart failure (EMPULSE) trial [75] further evaluated the efficacy and safety of empagliflozin. In this trial, 530 patients with acute heart failure were randomized to empagliflozin or placebo groups. The median time to initiation of empagliflozin was 3 (2–4) days from presentation. The combined end-point included a composite of death, heart failure hospitalizations, time to first heart failure hospitalization, and change from baseline in the Kansas City Cardiomyopathy Questionnaire Total Symptom Score after 90 days of treatment. Patients treated with empagliflozin had a 36% improvement in the primary outcome as compared to placebo. Additionally, when evaluating individual secondary end-points, patients treated with empagliflozin had lower mortality (4.2% vs. 8.3) and lower heart failure events (10.6% vs. 14.7). No safety issues were reported with the early initiation of empagliflozin.





3.4. Chronic Kidney Disease (CKD)


In the abovementioned SGLT-2i trials, renal outcomes were considered as a secondary outcome. In these trials, patients with an eGFR below 30 mL/min/1.73 m2 were excluded. Along with the differences in the baseline characteristics of patients between the different trials, there were also different definitions regarding renal outcomes. In the EMPA-REG trial, a post hoc analysis [76] defined renal outcomes as doubling of serum creatinine, ESRD, or renal death. The use of empagliflozin was associated with a 46% reduction in renal outcomes (95% CI: 0.40–0.75, p < 0.001). In the DECLARE TIMI-58 trial [50], renal outcomes that were defined as a ≥40% reduction in eGFR to a threshold <60 mL/min/1.73 m2, renal/cardiovascular death, end stage renal disease (which was defined as dialysis ≥ 90 days or sustained eGFR < 15 mL/min/1.73 m2), or kidney transplantation were reported with an HR  of 0.53 (95% CI 0.43–0.66, p < 0.001). In the SCORED trial [66], renal outcomes were defined as first occurrence of a sustained decrease of ≥50% in eGFR from baseline for ≥30 days, long-term dialysis, renal transplantation, or sustained eGFR of <15 mL/min/1.73 m2 for ≥30 days. No statistical difference was seen between the SGLT-2i and placebo groups.



In both SGLT2i heart failure trials DAPA-HF [52] and EMPEROR-Reduced [53], renal outcomes were prespecified. In the DAPA-HF, renal outcome was defined as composite outcome of a reduction of 50% or more in the estimated GFR sustained for at least 28 days, end-stage renal disease, or death from renal causes. End-stage renal disease was defined as an estimated GFR of less than 15 mL/min/1.73 m2 that was sustained for at least 28 days, long-term dialysis treatment (sustained for ≥28 days), or kidney transplantation. No difference was noticed between dapagliflozin and placebo (HR 0.71; 95% CI: 0.44–1.16). In the EMPEROR-Reduced trial, the composite renal outcome included chronic dialysis; renal transplantation; a sustained reduction of 40% or more in the estimated GFR; a sustained estimated GFR of less than 15 mL/min/1.73 m2 in patients with a baseline estimated GFR of 30 mL/min/1.73 m2 or more; or a sustained estimated GFR of less than 10 mL/min/1.73 m2 in those with a baseline estimated GFR of less than 30 mL/min/1.73 m2. A 50% reduction in renal outcomes was noted between patients treated with empagliflozin compared to those treated with a placebo (95% CI: 0.32–0.77).



Perhaps the most important and dedicated trial to date evaluating renal outcomes associated with treatment with SGLT2i is the Dapagliflozin and Prevention of Adverse Outcomes in Chronic Kidney Disease (DAPA-CKD) trial [77]. In this trial, which evaluated 4304 patients with or without diabetes and with an estimated GFR of 25–75 mL/min/1.73 m2 and a urinary albumin-to-creatinine ratio of 2000–5000, patients were randomized to therapy with either dapagliflozin 10 mg daily or placebo and were followed up for a median of 2.4 years. The primary outcome was a composite of a sustained decline in the estimated GFR of at least 50%, end-stage kidney disease, or death from renal or cardiovascular causes. It was shown that regardless of the presence or absence of diabetes, the risk of a composite of a sustained decline in the estimated GFR of at least 50%, end-stage kidney disease, or death from renal or cardiovascular causes was significantly lower with dapagliflozin than with the placebo (9.2% vs. 14.5%, HR 0.61; 95% CI 0.45–0.72, p < 0.001); the number needed to treat to prevent one primary outcome event was 19 (95% CI 15–27).




3.5. Adverse Outcome/Side Effects


The main adverse events reported with SGLT2i are the tendency to develop urosepsis or pyelonephritis (0.4%), genital mycotic infections (0.9%), and hypoglycemia (up to 1.4%), which is augmented by intake of insulin intake or sulfonylureas [78]. Additionally, as a consequence of their diuretic effects, patients, especially the elderly, can be more prone to dehydration and orthostatic hypotension. Physicians administrating SGLT2i should bear in mind to adequately adjust doses of additional diuretics administrated concomitantly when initiating SGLT2i. The early and most worrisome adverse event that was reported, and was solely associated with the use of Canagliflozin, was an increased risk of lower limb amputation. An additional major adverse event is the development of euglycemic ketoacidosis, which was reported in the different SGLT2i CVOTs to be between 0.1–0.3%; however, this is probably considered to be more common in daily practice [79]. The major predisposing risk factors for SGLT2i-associated ketoacidosis are (1) an acute stressogenic event such as reduced caloric intake due to illness or surgery and/or an acute febrile illness, (2) insulin dose reduction, (3) pancreatic disorders related to insulin deficiency (DM type I, pancreatitis, and pancreatic surgery), and (4) alcohol abuse.





4. Current Guidelines


Based on the current findings from the CVOTs mentioned, the European Society of Cardiology released the diabetes treatment guidelines in 2019 [51]. In these guidelines, there was a shift in the recommendations on how to treat diabetic patients with ASCVD. For drug-naïve diabetic patients, it is recommended to initiate therapy with either an SGLT2i or a GLP-1RA as the first line of treatment. For patients already treated with metformin, the guidelines recommended adding either an SGLT2i or a GLP-1RA (Class I recommendation). The recent American Diabetes Association (ADA) “Standards of Medical Care in Diabetes” publication [80] concurs with the ESC guidelines regarding the use of SGLT2i or GLP-1RA in patients with diabetes and established ASCVD (Class A recommendation). An analogous approach was recently adopted by the American College of Cardiology (ACC) [81].



Additionally, the emerging data regarding the use of SGLT2i from heart failure studies have paved the way for these medications (initially dapagliflozin) as a class I recommendation for heart failure patients, irrespective of their diabetes status, in the recent ESC heart failure guidelines [82] and in an expert consensus update published by the ACC in 2021 [83].




5. Non-Pharmacological Interventions


Although novel anti-diabetic medications have enhanced our ability to treat diabetic cardiovascular patients, it is of outmost importance not to neglect non-pharmacological interventions such as adherence to healthy lifestyle, including adequate physical activity, avoidance of sedentary behavior, maintaining adequate dietary habits, and adhering to weight reduction programs when appropriate. This is recommended to prevent the chronic complications associated with diabetes [84,85]. It has been well proven that for the diabetic patient, physical activity is associated with better glycemic control [86,87] and an improved quality of life [88]. Moreover, several studies have shown the association between enhanced physical activity and a reduction in mortality [89,90], the prevention of recurrent cardiovascular events [91], and a decrease in the incidence of heart failure [92] among diabetic patients.




6. Conclusions and Future Perspective


In less than a decade, GLP-1 RA and SGLT2i have led to a revolution in the field of medical cardiovascular care. The results of the CVOTs have given us the opportunity to adjust and tailor treatment for diabetic patients with ASCVD, as well as for those with heart failure, irrespective of diabetic status, for SGLT2i, with either reduced or preserved ejection fraction. We now eagerly await the results of ongoing clinical trials evaluating the use of GLP1-RA for non-diabetic patients with overweight or obesity [93], as well as for diabetic patients with cardiovascular disease (SOUL trial, www.clinicaltrials.gov, NCT03914326), and for trials evaluating the use of SGLT2i for diabetic and non-diabetic patients with acute coronary syndromes (EMPACT-MI, NCT04509674 and DAPA-MI, NCT04564742; www.clinicaltrials.gov) trials as well ACS and acute heart failure as DAPA-ACT HF TIMI-68 (www.clinicaltrials.gov, NCT04363697)). With their widespread use in various cardiovascular scenarios, SGLT2i have been coined “the statins of the 21st century” [94]. Both SGLT2i and GLP1-RA should be considered as first line therapy for every diabetic patient with ASCVD.



Figure 1 title: The various indications as well upcoming and future perspectives for novel diabetes medications for the cardiovascular patients, for both diabetic as well as non-diabetic, patients.



Figure 1 legend: ACS = Acute Coronary Syndrome; ASCVD = Atherosclerotic Cardiovascular Disease; GLP-1RA = Glucagon-like peptide-1 Receptor Agonists; HF = Heart Failure; HFrEF = HF with reduced Ejection Fraction; HfpEF = HF with preserved Ejection Fraction; SGLT2i = Sodium-glucose cotransporter 2 inhibitor.



In Green: Guideline Class I Recommendation; In Black: Currently, no recommendation available; In Gray: GLP-1RA Class medications; In Red: SGLT2i Class medications.



Table 1 title: Major pharmacological effects and side-effects from cardiovascular outcome trials evaluating novel anti-diabetic medications.



Table 1 Legend: ASCVD definition = Coronary heart disease, cerebrovascular disease, peripheral vascular disease, chronic kidney disease of stage 3 or greater.



Table 2 title: Major clinical outcomes from cardiovascular outcome trials evaluating novel anti-diabetic medications.



Table 3 title: Major clinical outcomes from heart failure studies evaluating SGLT2i.



Table 3 Legend: HFrEF: Heart failure with reduced ejection fraction; HFpEF: Heart failure with preserved ejection fraction. & The primary outcome was a composite of adjudicated cardiovascular death or hospitalization for heart failure. * The primary end-point was the composite of worsening heart failure (hospitalization or an urgent visit resulting in intravenous therapy for heart failure) or death from cardiovascular causes. $ Trial included both HFrEF and HFpEF patients. # Primary end-point included death from cardiovascular causes and hospitalizations and urgent visits for heart failure—total number of events.



Tables: The impact of novel anti-diabetic medications on CV outcomes: A new therapeutic horizon for diabetic and non-diabetic cardiac patients.
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	ASCVD
	Atherosclerotic cardiovascular disease



	CVD
	Cardiovascular disease



	CVOTs
	Cardiovascular outcome trials



	DM
	Diabetes mellitus



	DPP-4
	Dipeptidyl peptidase-4



	GLP-1
	Glucagon-like peptide-1



	GLP-1RA
	Glucagon-like peptide-1 receptor agonists



	HFrEF
	Heart Failure with reduced ejection fraction



	HFpEF
	Heart Failure with Preserved ejection fraction



	MACE
	Major adverse cardiovascular events



	MI
	Myocardial infarction



	SGLT2i
	Sodium-glucose cotransporter 2 inhibitor
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Figure 1. The various indications as well upcoming and future perspectives for novel diabetes medications for the cardiovascular patients, for both diabetic as well as non-diabetic, patients. ACS = Acute Coronary Syndrome; ASCVD = Atherosclerotic Cardiovascular Disease; GLP-1RA = Glucagon-like peptide-1 Receptor Agonists; HF = Heart Failure; HFrEF = HF with reduced Ejection Fraction; HfpEF = HF with preserved Ejection Fraction; SGLT2i = Sodium-glucose cotransporter 2 inhibitor. 
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Table 1. Major pharmacological effects and side-effects from cardiovascular outcome trials evaluating novel anti-diabetic medications.
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Drug Class

	
Name of Anti-Diabetic Drug Evaluated, Study Name, Number of Patients Enrolled (N)

	
Patient Population

	
Effect on HBA1c

	
Effect on Weight

	
Effect on Blood Pressure

	
Renal Deterioration (Decrease in eGFR, Proteinuria and Dialysis)

	
Major Side

Effects






	
GLP1-RA

	
Liraglutide vs. Placebo

(LEADER) (16) (29)

N = 9340

All diabetic

Follow-up duration (Median): 3.8 years

	
(1) ≥50 years of age with ASCVD or HF NYHA II/III

(2) ≥60 years or more with at least one cardiovascular risk factor:

	
Microalbuminuria or proteinuria,



	
Hypertension and left ventricular hypertrophy,



	
Left ventricular systolic or diastolic dysfunction, or



	
Ankle–brachial index < 0.9






	
↓

−0.40%

	
↓↓

−2.3 kg

	
↑

Systolic 1.2 mmHg Diastolic 0.6 mmHg

	
Prevent deterioration

	
Gastrointestinal disorders, Acute gallstone disease,

↑ Heart Rate




	
Semaglutide vs. Placebo

(SUSTAIN-6) (20) (29)

N = 3297

All diabetic

Follow-up duration (Median): 2.1 years

	
(1) Age ≥ 50 years with ASCVD

(2) Age ≥ 60 years of age with cardiovascular risk factors only (as above)

	
↓↓

(−1.1%) to

(−1.4%)

	
↓↓↓

(−3.6 kg) to (−4.9 kg)

	
↓

Systolic

−3.4 mmHg to −5.4 mmHg

/Diastolic −2.2 mm/Hg to −2.8 mmHg

	
Prevent deterioration

	
Gastrointestinal disorders,

↑ Heart Rate, Retinopathy




	
Semaglutide (Oral)

vs. Placebo

(PIONEER-6) (21)(29)

N = 3183

All diabetic

Follow-up duration (Median): 1.4 years

	
↓

≈1.0%

	
↓↓

≈4.2 kg

	
↓

Systolic −2.6 (−3.7 to −1.5) mmHg/Diastolic 0.7 (0.0 to 1.3)

	
Prevent deterioration

	
Gastrointestinal disorders,

↑ Heart Rate




	
Dulaglutide

vs. Placebo

(REWIND) (22) (29)

N = 9901

All diabetic

Follow-up duration (Median): 5.4 years

	
(1) Age ≥ 50 years with ASCVD or unstable angina or cardiac ischemia evident on imaging

(2) Age ≥ 55 years with ASCVD

(3) Age ≥ 60 years ASCVD + 2 of conditions: tobacco use, dyslipidaemia, hypertension, or abdominal obesity

	
↓

−0.61%

	
↓

−1.46 kg (1.25 to 1.67)

	
↓

−1.70 mmHg (1.33 to 1.07)

	
Prevent deterioration

	
Gastrointestinal disorders,

↑ Heart Rate




	
Albiglutide

vs. Placebo

(Harmony Outcomes) (24) (29)

N = 9463

All diabetic

Follow-up duration (Median): 1.5 years

	
Age ≥ 40 years with ASCVD and glycated haemoglobin concentration > 7.0% (53 mmol/mole)

	
↓

−0.52%

	
 [image: Jcm 11 01904 i001]

−0.83 kg

	
 [image: Jcm 11 01904 i001]

Systolic

−0.67 mmHg

	
Natural effect

	
Injection site reactions




	
SGLT2i

	
Empagliflozin

vs. Placebo

(EMPA-REG) (47)

N = 7020

All diabetic

Follow-up duration (Median): 3.1 years

	
Patients with type 2 diabetes with established ASCVD

	
↓

−0.54%

	
↓

−2–3 kg

	
↓

Systolic

−(4–5) mmHg/

Diastolic

−(1–2) mmHg

	
Prevent deterioration

	
Diabetic ketoacidosis, Genital infection, Urosepsis




	
Dapagliflozin

vs. Placebo

(DECLARE) (50)

N = 17,160

All diabetic

Follow-up duration (Median): 4.2 years

	
Age ≥ 40 years with type 2 diabetes, a glycated hemoglobin of 6.5–12.0% and eGFR > 60 mL/min with:

(1) ASCVD or

(2) multiple risk factors for atherosclerotic cardiovascular disease

	
↓

0.42%

	
↓

1.8 kg

	
↓

Systolic −2.7 mmHg (95%/

Diastolic −0.7 mmHg

	
Prevent deterioration

	
Diabetic ketoacidosis, Genital infection,




	
Canagliflozin

vs. Placebo

(CANVAS) (49)

N = 10,142

All diabetic

Follow-up duration (Median): 2.4 years

	
Age ≥ 30 years with type 2 diabetes, a glycated hemoglobin of ≥7.0% and ≤10.5% with:

(1) ASCVD

(2) Age > 50 years with two or more of the following:

Duration of diabetes of at least 10 years,

Systolic blood pressure > 140 mmHg while they were receiving one or more antihypertensive agents,

Current smoking,

Microalbuminuria or macroalbuminuria

High-density lipoprotein cholesterol level of <1 mmol/L (38.7 mg/dL)

	
↓

−0.58%

	
↓

−1.60 kg

	
↓

Systolic −3.93 mmHg/

Diastolic

−1.39 mmHg

	
Prevent deterioration

	
Diabetic ketoacidosis, Amputation, Fractures, Infection of male genitalia, Mycotic genital infection in women




	

	
Sotagliflozin

vs. Placebo

(SCORED) (65,66)

N = 1222

All diabetic

Follow-up duration (Median): 1.3 years

	
Glycated hemoglobin level of >7%, chronic kidney disease (eGFR, 25 to 60 mL/min/1.73 m2), with either:

(1) At least one major cardiovascular risk factor (HF, LVEF ≤ 40%, LVH, CAC score > 300 or elevated hsTrop or NT-BNP)

(2) Age > 55 years and at least two minor cardiovascular risk factors (BMI > 35, dyslipidemia, smoker, CAC score 100–300, hypertension despite treatment, or positive cardiac family history)

	
↓

−0.60%

	
↓

−1.40 K

	
↓

Systolic −3.54 mmHg/

Diastolic

2.05 mmHg

	
Natural Effect

	
Diarrhea, Genital mycotic infections, Diabetic ketoacidosis








Legend: ASCVD definition = Coronary heart disease, cerebrovascular disease, peripheral vascular disease, chronic kidney disease of stage 3 or greater.
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Table 2. Major clinical outcomes from cardiovascular outcome trials evaluating novel anti-diabetic medications.
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	Drug Name
	3-Point MACE
	Cardiovascular Death
	Non-Fatal MI
	Non-Fatal Stroke
	All-Cause Mortality
	Heart Failure Re-Hospitalization





	GLP1-RA
	Liraglutide LEADER(16)
	0.87 (0.78–0.97)
	0.78 (0.66–0.93)
	0.88 (0.75–1.03)
	0.89 (0.72–1.11)
	0.85 (0.74–0.97)
	0.87 (0.73–1.05)



	
	Semaglutide SUSTAIN-6 (20)
	0.74 (0.58–0.95)
	0.98 (0.65–1.48)
	0.74 (0.51–1.08)
	0.61 (0.38–0.99)
	1.05 (0.74–1.50)
	1.11 (0.77–1.61)



	
	Semaglutide (Oral) PIONEER-6 (21)
	0.79 (0.57–1.11)
	0.49 (0.27–0.92)
	1.18 (0.73–1.90)
	0.74 (0.35–1.57)
	0.51 (0.31–0.84)
	0.86 (0.48–1.55)



	
	Dulaglutide REWIND (22)
	0.88 (0.79–0.99)
	0.91 (0.78–1.06)
	0.96 (0.79–1.16)
	0.76 (0.61–0.95)
	0.90 (0.80–1.01)
	0.93 (0.77–1.12)



	
	Albiglutide Harmony Outcomes (24)
	0.78 (0.68–0.90)
	0.93 (0.73–1.19)
	Not Reported
	Not Reported
	0.95 (0.79–1.16)
	Not Reported



	SGLT2i
	Empagliflozin EMPA-REG OUTCOME (47)
	0.86 (0.74–0.99)
	0.62 (0.49–0.77)
	0.87 (0.70–1.09)
	1.24 (0.92–1.67)
	0.68 (0.57–0.82)
	0.65 (0.50–0.85)



	
	Dapagliflozin DECLARE TIMI-58 (50)
	0.93 (0.84–1.03)
	0.98 (0.82–1.17)
	0.89 (0.77–1.01)
	1.01 (0.84–1.21)
	0.93 (0.82–1.04)
	0.73 (0.61–0.88)



	
	Canagliflozin CANVAS (49)
	0.86 (0.75–0.97)
	0.87 (0.72–1.06)
	0.85 (0.69–1.05)
	0.90 (0.71–1.15)
	0.87 (0.74–1.01)
	0.67 (0.52–0.87)



	
	Sotagliflozin SCORED (65)
	0.77 (0.65–0.91)
	0.90 (0.73–1.12)
	Not Reported
	Not Reported
	0.99 (0.83–1.18)
	0.67 (0.55–0.82)



	
	Significant (p < 0.05)
	
	
	Non-significant
	
	
	p value not reported







See colors in each square: Green—Significant, Orange—Non-significant, Gray—Not reported.
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Table 3. Major clinical outcomes from heart failure studies evaluating SGLT2i.
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Drug Name

	
Primary End-Point

	
Heart Failure Hospitalization

	
Cardiovascular Death

	
All Cause Mortality

	
Worsening Renal Function






	
HFrEF

	

	

	

	

	

	




	

	
Empagliflozin EMPEROR-reduced (62)

	
0.75 (0.65 to 0.86) &

	
0.69 (0.59 to 0.81)

	
0.92 (0.75 to 1.12)

	
0.92 (0.77 to 1.10)

	
0.50 (0.32 to 0.77)




	

	
Dapagliflozin DAPA-HF (63)

	
0.74 (0.65 to 0.85) *

	
0.70 (0.59 to 0.83)

	
0.82 (0.69 to 0.98)

	
0.83 (0.71 to 0.97)

	
0.71 (0.44 to 1.16)




	

	
Sotagliflozin $ SOLOIST-WHF (66)

	
0.67 (0.52 to 0.85) #

	
0.64 (0.49 to 0.83)

	
0.84 (0.58 to 1.22)

	
0.82 (0.59 to 1.14)

	
No data




	
HFpEF

	

	

	

	

	

	




	

	
Empagliflozin EMPEROR-Preserved (70)

	
0.79 (0.69 to 0.90) &

	
0.71 (0.60 to 0.83)

	
0.91 (0.76 to 1.09)

	
1.00 (0.87 to 1.15)

	
1.36 (1.06 to 1.66)




	

	
Dapagliflozin

	
Ongoing, results expected mid 2022.




	

	
Significant (p < 0.05)

	

	

	

	

	
p value not re-ported








HFrEF: Heart failure with reduced ejection fraction; HFpEF: Heart failure with preserved ejection fraction. & The primary outcome was a composite of adjudicated cardiovascular death or hospitalization for heart failure. * The primary end-point was the composite of worsening heart failure (hospitalization or an urgent visit resulting in intravenous therapy for heart failure) or death from cardiovascular causes. $ Trial included both HFrEF and HFpEF patients. # Primary end-point included death from cardiovascular causes and hospitalizations and urgent visits for heart failure—total number of events.
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