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Introduction

Randomized trials have shown that sodium glucose cotransporter -2 inhibitors (SGLT2i) prevent hospitalizations for heart failure (HF) and slow the decline of renal function in patients with type II diabetes (T2D) [START_REF] Sharma | Treatment of heart failure with sodium glucose co-transporter-2 inhibitors in people with type 2 diabetes mellitus: current evidence and future directions[END_REF][START_REF] Neuen | SGLT2 inhibitors for the prevention of kidney failure in patients with type 2 diabetes: a systematic review and meta-analysis[END_REF][START_REF] Wanner | Empagliflozin and Progression of Kidney Disease in Type 2 Diabetes[END_REF][START_REF] Zinman | Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes[END_REF][START_REF] Neal | Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes[END_REF][START_REF] Wiviott | Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes[END_REF][START_REF] Cannon | Cardiovascular Outcomes with Ertugliflozin in Type 2 Diabetes[END_REF][START_REF] Sharma | Impact of Regulatory Guidance on Evaluating Cardiovascular Risk of New Glucose-Lowering Therapies to Treat Type 2 Diabetes Mellitus: Lessons Learned and Future Directions[END_REF] , chronic kidney disease (CKD) [START_REF] Perkovic | Canagliflozin and Renal Outcomes in Type 2 Diabetes and Nephropathy[END_REF][START_REF] Heerspink | Dapagliflozin in Patients with Chronic Kidney Disease[END_REF] , and HF with reduced ejection fraction. [START_REF] Packer | Cardiovascular and Renal Outcomes with Empagliflozin in Heart Failure[END_REF][START_REF] Mcmurray | Dapagliflozin in Patients with Heart Failure and Reduced Ejection Fraction[END_REF] While pharmacologic therapies to improve cardiovascular outcomes have been demonstrated across multiple therapeutic classes in patients with HF and reduced ejection fraction, there has been few therapeutic options for those with a preserved ejection fraction. [START_REF] Heidenreich | AHA/ACC/HFSA Guideline for the Management of Heart Failure: A Report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines[END_REF] Recently, in the EMPEROR-Preserved (Empagliflozin Outcome Trial in Patients with Chronic Heart Failure with Preserved Ejection Fraction) trial, empagliflozin versus placebo reduced the composite of cardiovascular death or HF hospitalization and total (first and recurrent) hospitalizations for HF, and slowed the progressive decline in kidney function. [START_REF] Anker | Empagliflozin in Heart Failure with a Preserved Ejection Fraction[END_REF] For the first time, a therapeutic option is now available for patients with HF and preserved ejection fraction.

Among those with HF and preserved ejection fraction, CKD is one of the most common comorbidities being present in up to 50% of patients. [START_REF] Sharma | Trends in Noncardiovascular Comorbidities Among Patients Hospitalized for Heart Failure: Insights From the Get With The Guidelines-Heart Failure Registry[END_REF][START_REF] Smith | Chronic kidney disease and outcomes in heart f lu w th p s v v sus uc j ct n f ct n : th C v scul R s ch Network PRESERVE study[END_REF][START_REF] Patel | Kidney Function and Outcomes in Patients Hospitalized With Heart Failure[END_REF] Reduced renal function, as measured by estimated glomerular filtration rate (eGFR), portends worse prognosis in patients with HF and preserved ejection fraction. [START_REF] Smith | Chronic kidney disease and outcomes in heart f lu w th p s v v sus uc j ct n f ct n : th C v scul R s ch Network PRESERVE study[END_REF][START_REF] Patel | Kidney Function and Outcomes in Patients Hospitalized With Heart Failure[END_REF] Furthermore, the high prevalence of CKD potentially limits the therapeutic options for patients with HF and preserved ejection fraction. [START_REF] Angelini | Eligibility of outpatients with chronic heart failure for sodium-glucose co-transporter-2 inhibitors[END_REF][START_REF] Sharma | Eligibility of sodium-glucose co-transporter-2 inhibitors among patients with diabetes mellitus admitted for heart failure[END_REF] Within EMPEROR-Reduced (Empagliflozin Outcome Trial in Patients with Chronic Heart Failure with Reduced Ejection Fraction), empagliflozin reduced the risk of the primary outcome of time to cardiovascular death or first hospitalization for HF and the decline in eGFR slope in patients with and without CKD. [START_REF] Zannad | Cardiac and Kidney Benefits of Empagliflozin in Heart Failure across the Spectrum of Kidney Function: Insights from EMPEROR-Reduced[END_REF] Within EMPEROR-Preserved, patients with an eGFR as low as 20 ml/min/1.73m 2 were eligible for enrollment; as more than half of the patients had prevalent CKD at baseline, a robust assessment could be conducted regarding the efficacy and safety of empagliflozin on cardiac and kidney outcomes according to the presence of CKD and across a wide range of baseline kidney function. The present analysis reports the prespecified analysis of EMPEROR-Preserved on cardiovascular and kidney outcomes among patients with and without CKD.

Methods

The design and rationale of the EMPEROR-Preserved trial have been previously published. [START_REF] Anker | Empagliflozin in Heart Failure with a Preserved Ejection Fraction[END_REF][START_REF] Anker | Evaluation of the effects of sodium-glucose cotransporter 2 inhibition with empagliflozin on morbidity and mortality in patients with chronic heart failure and a preserved ejection fraction: rationale for and design of the EMPEROR-Preserved Trial[END_REF] To summarize, EMPEROR-Preserved was a double-blind placebo-controlled trial that randomized 5,988 patients with symptomatic HF (New York Heart Association [NYHA] of 2 or greater) and a left ventricular ejection fraction (LVEF) of more than 40% to receive empagliflozin (10 mg orally once per day) or matching placebo.

Randomization was performed with a permuted block design and was stratified by geographic region, diabetes status, estimated glomerular filtration rate (eGFR) of less than 60 ml or 60 ml or more per minute per 1.73 m 2 , and a LVEF of less than 50% or ≥ 50% (all measured at screening). The primary outcome and the first two secondary outcomes were included in a hierarchical testing procedure. The primary outcome was analyzed as the time to the first event of the composite of adjudicated cardiovascular death or hospitalization for HF. The first secondary outcome was the occurrence of all adjudicated hospitalizations for HF, including first and recurrent events. The second secondary outcome was the rate of decline in the eGFR during double blind treatment. In the main trial, empagliflozin, versus placebo, reduced the risk of the primary composite outcome: 13.8% in empagliflozin group versus 17.1% in placebo group; hazard ratio, 0.79; 95% confidence interval [CI], 0.69-0.90. Ethics approval was obtained at each study site, and all patients provided informed consent to participate in the study; the registration identifier at ClinicalTrials.gov is NCT03057951.

Baseline categorization of kidney impairment

For the prespecified subgroup analyses, patients were categorized by the presence or absence of CKD at baseline. Prevalent CKD at baseline was defined by the presence of an eGFR <60 ml/min/1.73m 2 (as measured by the CKD-EPI equation) or urine albumin-to-creatine ratio (UACR) > 300 mg/g. Conversely, no CKD was defined by an eGFR ≥60 ml/min/1.73m 2 and UACR </=300 mg/g. We evaluated the treatment effect on all three of the hierarchically-ranked outcomes and on several cardio-kidney outcomes within the following patients: (1) presence or absence of baseline CKD; and (2) five baseline eGFR categories (<30, 30-<45, 45-<60, 60-<90, n ≥90 ml/m n/1.73m 2 ).

Kidney endpoint definition

The pre-specified composite kidney outcome was defined as time to first occurrence of chronic 

Statistical Analyses

Patient characteristics and adverse events were analyzed descriptively. Time-to-first event analyses were performed with a Cox proportional-hazards model, adjusted for age, sex, region, diabetes status, and ejection fraction at baseline. These analyses were performed according to the intention-to-treat principle for all randomized patients, and included data up to the end of the planned treatment period. Total (first and recurrent) hospitalizations for HF were evaluated accordingly with a joint frailty model that accounted for cardiovascular death, adjusted for the same covariates as the Cox model. As prespecified, the slope of eGFR decline was analyzed based on on-treatment data (baseline and other off-treatment data were not included in the model) by a random coefficient model allowing for random intercept and random slope per patient. Continuous endpoints were analyzed in a mixed model with repeated measures (MMRM). An ANCOVA analysis was used to compare eGFR change from baseline to follow-up (planned 30 days after treatment discontinuation) between the two treatment groups.

The slope model, the MMRM, and the ANCOVA model included baseline eGFR and the covariates of the Cox model. To assess the consistency of effects across CKD subgroups, subgroup-by-treatment interaction terms were added to the models. Adverse event analyses were based on patients with events occurring during the on-treatment period (including 7 days after last drug consumption by the patient). SAS® Version 9.4 was used for all analyses.

Results

Patient characteristics

Among the 5,976 patients in the trial, who could be classified according to CKD categories (99.8% of trial population), 3,198 (53.5%) had prevalent CKD at baseline (Table 1). Compared with patients without CKD, those with CKD were older (74.2 vs. 69.2 years), had a longer duration of HF (mean time since diagnosis: 4.6 vs 4.1 years), were more likely to have a hospitalization for HF in the past 12 months (24.9 vs. 20.5%), and were more likely to have diabetes (52.3 vs. 45.3%). Furthermore, compared to those without CKD, those with CKD were less likely to be treated with an ACEi or ARBs (76.9 vs. 80.5%). Compared to those without CKD, as expected and reflective of the subgroup definition for prevalent CKD, baseline eGFR was lower for patients with CKD (mean: 46.3 vs. 77.1 ml/min/1.73m 2 ), and UACR was higher (median: 32 vs. 15 mg/g). The baseline characteristics in the placebo and empagliflozin groups were well balanced in patients with and without CKD as described in Supplemental Table 1. The patient characteristics across the 5 eGFR categories are presented in Supplemental Table 2.

Primary and key secondary endpoints

Compared to patients without CKD those with CKD had a higher rate of the primary composite outcome, first and recurrent hospitalizations for HF, composite kidney outcome, all-cause hospitalizations, cardiovascular and all-cause death (Table 2).

Compared to placebo, empagliflozin reduced the primary outcome of time-to-first cardiovascular death or hospitalization for HF irrespective of CKD status (Figure 1 and Supplementary Figure 1): HR 0.80 (95% CI 0.69-0.94) in patients with CKD and HR 0.75 (95% CI 0.60-0.95) in patients without CKD; interaction P =0.67. Empagliflozin reduced the key secondary endpoint of total (first and recurrent) HF hospitalizations irrespective of CKD status: HR 0.68 (95% CI 0.54, 0.86) in patients with CKD and HR 0.89 (95% CI 0.66, 1.21) in patients without CKD; interaction P =0.17 (Figure 1). Empagliflozin reduced the absolute difference in the slope of decline in eGFR irrespective of CKD: 1.43 (95% CI 1.01, 1.85) ml/min/1.73m 2 /year in patients with CKD and 1.31 (95% CI 0.88, 1.74) ml/min/1.73m 2 /year in patients without CKD; interaction P =0.70 (Table 3). Results were consistent across eGFR and UACR categories (Table 3). The change of eGFR over time for patients with and without CKD is shown in Figure 2. An early eGFR decrease ("dip") was only observed in the empagliflozin-treated arms. ll w ng th s " p", st b l z t n f th G R t j ct s w s bs v n th mp gl fl z ntreated groups; in patients with CKD, eGFR was similar after week 76 in empagliflozin versus placebo; in patients without CKD, the placebo arm had a greater decline in eGFR until the end of the study (Figure 2).

In a subset of 3,170 patients (1,573 with CKD and 1,597 without CKD), that had CKD categorization and measurements of eGFR at baseline and 30 days after discontinuation of treatment, empagliflozin reduced the decline in eGFR from baseline to 30 days after drug discontinuation by 2.4 (95% CI 1.3, 3.5) ml/min/1.73m 2 in patients with CKD and by 2.4 (95% CI 1.2, 3.5) ml/min/1.73m 2 in patients without CKD; interaction P =0.97 (Table 4).

Event rates by eGFR categories across outcomes are presented in Figure 3. The effect of empagliflozin on the primary composite outcome and the key secondary outcomes across the 5 eGFR categories, is shown in Figure 3. Overall, baseline kidney function did not influence the impact of empagliflozin on the primary endpoint, total hospitalizations for heart failure, or other outcomes (all trend p-values > 0.05; Figure 3).

Additional kidney outcomes

The pre-specified composite kidney outcome (of a greater than 40% sustained decline in eGFR, chronic dialysis or kidney transplant or sustained eGFR <15 ml/min/1.73 m 2 [for patients with b s l n G R ≥30] or sustained eGFR <10 (for patients with baseline eGFR <30]) was not reduced in patients with and without CKD: HR 0.97 (95% CI 0.71,1.34) in patients with CKD and HR 0.92 (95% CI 0.58, 1.48) in patients without CKD; interaction P =0.86 (Figure 4). The results were consistent across eGFR categories (Figure 5) and across alternative definitions of kidney outcomes (Supplementary Figure 2). 4 and Supplemental Figure 3). Adverse Events by CKD status at baseline

Investigator
Compared to those without CKD, patients in the empagliflozin group with CKD were more likely to have adverse events including symptomatic hypotension (8.1 vs. 4.8%), hyperkalemia (8.1 vs. 4.1%), volume depletion (14.4 vs. 9.0%), and urinary tract infection (11.0 vs. 8.6%) (Table 5). However, empagliflozin appeared to be well tolerated and frequencies of adverse events were similar between those randomized to empagliflozin versus placebo regardless of CKD status (Table 5). Discussion

This prespecified study of the EMPEROR-Preserved trial evaluated the effect of empagliflozin versus placebo in HF patients with prevalent CKD at baseline on the primary outcome, key secondary outcomes, and kidney outcomes. Our study has the following key findings: 1) empagliflozin reduced the risk of the primary outcome of the composite of cardiovascular death or hospitalization for HF, the key secondary outcome of total hospitalizations for HF, and of eGFR slope, in patients with and without CKD; 2) the benefit across the primary and key secondary outcomes was consistent across the spectrum of eGFR; 3) empagliflozin reduced the reporting of acute kidney injury and slowed progression to macroalbuminuria overall and across CKD and eGFR categories; and 4) empagliflozin was well-tolerated in patients with and without CKD.

Overall, among patients with T2D, HF with reduced ejection fraction, CKD, and Acute HF, SGLT2i have demonstrated broad clinical benefit. [START_REF] Sharma | Treatment of heart failure with sodium glucose co-transporter-2 inhibitors in people with type 2 diabetes mellitus: current evidence and future directions[END_REF][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][START_REF] Zannad | SGLT2 inhibitors in patients with heart failure with reduced ejection fraction: a meta-analysis of the EMPEROR-Reduced and DAPA-HF trials[END_REF][START_REF] Voors | The SGLT2 inhibitor empagliflozin in patients hospitalized for acute heart failure: a multinational randomized trial[END_REF] These findings also extended to subgroups of those with CKD among patients with T2D [START_REF] Kaze | Association of SGLT2 inhibitors with cardiovascular, kidney, and safety outcomes among patients with diabetic kidney disease: a meta-analysis[END_REF] or in HF with reduced ejection fraction. [START_REF] Zannad | Cardiac and Kidney Benefits of Empagliflozin in Heart Failure across the Spectrum of Kidney Function: Insights from EMPEROR-Reduced[END_REF][START_REF] Jhund | Efficacy of Dapagliflozin on Renal Function and Outcomes in Patients with Heart Failure with Reduced Ejection Fraction: Results of DAPA-HF[END_REF] A pooled meta-analysis of the DAPA-HF (Dapagliflozin and Adverse Events in Chronic Heart Failure and a Reduced Ejection Fraction) and EMPEROR-Reduced trial have demonstrated efficacy of the SGLT2i dapagliflozin and empagliflozin to reduce the risk of the composite of cardiovascular death or first hospitalization for HF in patients with eGFR < 60 ml/min/1.73m 2 (HR 0.77, 95% CI 0.86, 0.88) and those with eGFR >/= 60 ml/min/1.73m 2 (HR 0.72, 95% CI 0.62, 0.82). [START_REF] Zannad | SGLT2 inhibitors in patients with heart failure with reduced ejection fraction: a meta-analysis of the EMPEROR-Reduced and DAPA-HF trials[END_REF] However, a detailed analysis of the benefit of SGLT2i across CKD populations in patients with HFpEF, including evaluation of eGFR slopes, has not been conducted. The present findings further expand on the existing literature by demonstrating that among patients with HF with LVEF greater than 40%, in those with and without CKD, empagliflozin reduces the risk of cardiovascular death or hospitalization for HF and reduces the decline in eGFR slopes.

Real-world registries clearly indicate an increase in the risk of cardiovascular outcomes in patients with HF and preserved ejection fraction associated with worse baseline eGFR. [START_REF] Smith | Chronic kidney disease and outcomes in heart f lu w th p s v v sus uc j ct n f ct n : th C v scul R s ch Network PRESERVE study[END_REF]1716,[START_REF] Patel | Kidney Function and Outcomes in Patients Hospitalized With Heart Failure[END_REF] Until recently, there were limited therapeutic options for patients with HF and preserved ejection fraction with reduced eGFR. The EMPEROR-Preserved trial recruited patients with eGFR as low as 20 ml/min/1.73m 2 aligning with the EMPEROR-Reduced trial eGFR exclusion criteria. [START_REF] Packer | Cardiovascular and Renal Outcomes with Empagliflozin in Heart Failure[END_REF] The DAPA-HF trial excluded patients with eGFR < 30 ml/min/1.73m 2 while the DELIVER trial (Dapagliflozin Evaluation to Improve the Lives of Patients With Preserved Ejection Fraction Heart Failure) excluded patients with eGFR < 25 ml/min/1.73m 2 . The EMPEROR-Preserved trial had a similar proportion of patients with eGFR < 60 ml/min/1.73m 2 (50%) when compared to EMPEROR-Reduced (48%) [START_REF] Zannad | Cardiac and Kidney Benefits of Empagliflozin in Heart Failure across the Spectrum of Kidney Function: Insights from EMPEROR-Reduced[END_REF] , DAPA-HF (41%) [START_REF] Jhund | Efficacy of Dapagliflozin on Renal Function and Outcomes in Patients with Heart Failure with Reduced Ejection Fraction: Results of DAPA-HF[END_REF] , and DELIVER (49.9%). [START_REF] Solomon | Baseline Characteristics of Patients With HF With Mildly Reduced and Preserved Ejection Fraction: DELIVER Trial[END_REF] The present results highlight the efficacy of empagliflozin in reducing the risk of the primary and key secondary outcomes across the spectrum of eGFR categories, even in those with baseline eGFR ranging from 20-30 ml/min/1.73m 2 . Given the large proportion of patients with reduced eGFR in those with HF and preserved ejection fraction, our results support a treatment strategy with empagliflozin in patients who would have limited therapeutic options.

The kidney-protective effects of SGLT2i have previously been shown in patients with type 2 diabetes and chronic kidney disease in the CREDENCE trial [START_REF] Perkovic | Canagliflozin and Renal Outcomes in Type 2 Diabetes and Nephropathy[END_REF]109,[START_REF] Heerspink | Dapagliflozin in Patients with Chronic Kidney Disease[END_REF] and in patients irrespective of diabetic status in the DAPA-CKD trial. [START_REF] Heerspink | Dapagliflozin in Patients with Chronic Kidney Disease[END_REF] The EMPEROR-Preserved trial demonstrated that empagliflozin significantly reduced the rate of decline in eGFRa prespecified outcome that was explored within the hierarchical testing model for the trialand slowed the progression to macroalbuminuria. Such results align with the data from previously published randomized trials of SGLT2i in patients with T2D 2 and HF. [START_REF] Zannad | Cardiac and Kidney Benefits of Empagliflozin in Heart Failure across the Spectrum of Kidney Function: Insights from EMPEROR-Reduced[END_REF][START_REF] Jhund | Efficacy of Dapagliflozin on Renal Function and Outcomes in Patients with Heart Failure with Reduced Ejection Fraction: Results of DAPA-HF[END_REF] However, empagliflozin did not reduce the risk of major renal outcomes in those with or without CKD, consistent with the findings from the overall trial. This is in contrast to the effect in EMPEROR-Reduced, whereby empagliflozin reduced the risk of major renal outcomes (which was defined in the same way in EMPEROR-Preserved) in patients with and without CKD: HR 0.53, 95%CI 0.31-0.91 with CKD and HR 0.46, 95% CI 0.22-0.99 without CKD. [START_REF] Zannad | Cardiac and Kidney Benefits of Empagliflozin in Heart Failure across the Spectrum of Kidney Function: Insights from EMPEROR-Reduced[END_REF] There was a greater eGFR decline in participants without baseline CKD (Figure 2, Table 3), a finding noted also within the EMPEROR-Reduced trial. With lower baseline values for eGFR in patients with prevalent CKD, the magnitude of benefit on eGFR slope with empagliflozin was proportionally similar in patients with and without CKD. In EMPEROR-Preserved, there was no statistically significant difference in the effect of empagliflozin versus placebo on the eGFR slope by prevalent baseline CKD. Whilst in both treatment arms, participants with higher baseline eGFR have larger absolute decline, loss in eGFR are likely to be more clinically meaningful in patients with CKD in whom even smaller decline in eGFR indicates more earlier progression towards end-stage kidney disease. Overall, the incidence of renal events was relatively small and lower in EMPEROR-Preserved than EMPEROR-Reduced in patients with CKD (2.87 vs 3.77 per 100-patient years respectively) and without CKD (1.52 vs. 2.27 per 100-patient years respectively). The manuscript evaluating data from EMPROR-Reduced identified a (nominally) significant treatment effect when evaluating baseline eGFR interaction for the effect of empagliflozin on eGFR slope. This was identified whether the analysis categorized patients by CKD or by 5 eGFR subgroups. However, these analyses are model-dependent and are based on absolute differences. Our analysis did not indicate a significant interaction of the treatment effect with baseline eGFR. The differences between the two trials may have arisen due to differences in trial inclusion criteria, duration of follow-up, comorbidity burden which may influence risk of progression of CKD, or chance (due to multiple hypothesis testing). Longer follow-up may have uncovered whether slowing both, the eGFR decline and progression to macroalbuminuria, would have translated into a difference in renal outcomes over time.

The proposed mechanisms of action of SGLT2i on glomerular function remains unclear.

Potentially, the initial drop in the eGFR with initiation of SGLT2i is related to the hemodynamic effect of diminishment of proximal nephron sodium reabsorption resulting in a restoration of tubuloglomerular feedback and a decrease in intraglomerular hydrostatic pressures. [START_REF] Mullens | Renal effects of guideline-directed medical therapies in heart failure: a consensus document from the Heart Failure Association of the European Society of Cardiology[END_REF][START_REF] Zannad | Early changes in estimated glomerular filtration rate post-initiation of empagliflozin in EMPEROR-Reduced[END_REF] However, animal models evaluating gene knock out of SGLT2 suggests that the hemodynamic effect may not be related to longer term renal protection. [START_REF] Nespoux | Gene knockout of the Na +-glucose cotransporter SGLT2 in a murine model of acute kidney injury induced by ischemia-reperfusion[END_REF][START_REF] Vallon | Knockout of Na-glucose transporter SGLT2 attenuates hyperglycemia and glomerular hyperfiltration but not kidney growth or injury in diabetes mellitus[END_REF] Emerging evidence suggests that a critical determinant of injury in the diabetic kidney is through oxidative and endoplasmic reticulum stress; such stress impacts glomerular podocytes and renal tubules by dysregulating autophagy processes which increases susceptibility to injury. [START_REF] Giacco | Oxidative stress and diabetic complications[END_REF][START_REF] Packer | Role of Impaired Nutrient and Oxygen Deprivation Signaling and Deficient Autophagic Flux in Diabetic CKD Development: Implications for Understanding the Effects of Sodium-Glucose Cotransporter 2-Inhibitors[END_REF] SGLT2i may be able to reduce oxidative stress by inducing a state of nutrient and oxygen deprivation by increasing sirtuin-1 (SIRT1), AMP-activated protein kinase (AMPK), and hypoxia-inducible factors (HIF-1α and HIF-2α) which can exert renoprotective effects through the promotion of autophagic flux in addition to direct effects on sodium transport and inflammasome activation. [START_REF] Packer | Role of Impaired Nutrient and Oxygen Deprivation Signaling and Deficient Autophagic Flux in Diabetic CKD Development: Implications for Understanding the Effects of Sodium-Glucose Cotransporter 2-Inhibitors[END_REF][START_REF] Sasaki | Dual Regulation of Gluconeogenesis by Insulin and Glucose in the Proximal Tubules of the Kidney[END_REF][START_REF] Umino | High Basolateral Glucose Increases Sodium-Glucose Cotransporter 2 and Reduces Sirtuin-1 in Renal Tubules through Glucose Transporter-2 Detection[END_REF] The impact of SGLT2i on albuminuria has been extensively described and may be related to a variety of mechanisms. [START_REF] Cherney | Effects of the SGLT2 inhibitor dapagliflozin on proteinuria in non-diabetic patients with chronic kidney disease (DIAMOND): a randomised, double-blind, crossover trial[END_REF][START_REF] Sternlicht | Reductions in albuminuria with SGLT2 inhibitors: a marker for improved renal outcomes in patients without diabetes?[END_REF] Animal models suggest that SGLT2i may reduce albuminuria through direct effects on the kidney; for instance, in diabetic mice, SGLT2i reduced albuminuria by ameliorating intraglomerular hypertension in addition to tubulointerstitial fibrosis, which are the major contributors to chronic kidney damage. [START_REF] Terami | Long-term treatment with the sodium glucose cotransporter 2 inhibitor, dapagliflozin, ameliorates glucose homeostasis and diabetic nephropathy in db/db mice[END_REF][START_REF] Vallon | SGLT2 inhibitor empagliflozin reduces renal growth and albuminuria in proportion to hyperglycemia and prevents glomerular hyperfiltration in diabetic Akita mice[END_REF][40] Whether such mechanisms are dominant among patients with HF and preserved ejection fractions warrants further exploration. The results of the DELIVER trial will provide further insights into the intersection of kidney outcomes with SGLT2i in HFpEF populations.

Overall, the likelihood of serious adverse events was numerically lower in the EMPEROR-Preserved trial compared to the EMPEROR-Reduced trial as reflected by the placebo event rate of serious adverse events in patients with and without CKD: 49.5 vs. 61.2 per 100 patient-years with CKD and 29.9 vs. 48.6 per 100 patient-years without CKD. Consistent with the result of the EMPEROR-Reduced trial, patients with CKD in EMPEROR-Preserved had a greater likelihood of adverse events compared to those without CKD. This likely represents a frail physiologic phenotype that increases the risk of adverse outcomes even among placebo-treated patients with CKD compared to those without CKD. Of note, in totality serious adverse events were lower in the empagliflozin-treated groups in both patients with and without CKD; furthermore, adverse events leading to drug discontinuation were balanced between treatment groups in those with and without CKD. And acute kidney injury was reported less frequently in the empagliflozin group, regardless of baseline CKD status. These results highlight the overall safety and tolerability of empagliflozin across the spectrum of HF.

Limitations

Several limitations of this analysis warrant noting. While this was a prespecified analysis, the EMPEROR-Preserved trial was not powered to assess the effect of empagliflozin in subgroups such as CKD. In addition, the trial was not sufficiently powered to evaluate adverse renal outcomes across subgroups of patients with and without CKD, nor primary and key secondary outcomes in further CKD subgroups such as the 5 categories of eGFR. The definition of acute kidney injury was based on MedRA coded reporting of investigator-reported adverse events and therefore may have some heterogeneity in reporting across trial sites. Our results must be kept within context that our statistical analysis plan had prespecified that the slope of eGFR decline was analyzed based on on-treatment data whereby baseline and other off-treatment data were not included in the model.

Conclusion

In the EMPEROR-Preserved trial, empagliflozin reduced the key efficacy outcomes of time-tofirst cardiovascular death or hospitalization HF, total (first and recurrent) HF hospitalizations, and slowed the rate of eGFR decline and the progression to macroalbuminuria, in patients with and without CKD. These results were consistent across a broad kidney function spectrum. These benefits on clinical outcomes in addition to the well tolerated and consistent safety profile provide further evidence for the benefit of empagliflozin in patients with HF and preserved ejection fraction independent of CKD. These results are consistent across the broad spectrum of eGFR including those with severe kidney function impairment down to an eGFR of 20 ml/min/1.73m ‡ UACR >300 mg/g in patients with baseline UACR ≤300 mg/g. § P value: 0.0264. ‡ UACR >300 mg/g n p t nts w th b s l n UACR ≤300 mg/g. § P value: 0.0264.
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Table 1 . Baseline characteristics of the patients by CKD status at baseline. 1

 1 Atrial fibrillation/flutter reported in any electrocardiogram before treatment intake or history of atrial fibrillation/flutter reported as medical history. †Impl nt bl c v t f b ll t w th w th ut c c synch n z t n th py. ‡Exclu ng v ls t n wh n t k n w th s cub t l. §Diuretics other than MRAs

	No CKD	CKD	
	n=2778	n=3198	P value

mass index; CKD, chronic kidney disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration *

Table 2 . Event Rates by CKD status at baseline.

 2 

				Empagliflozin				Placebo
		CKD (N=1615)		No CKD (N=1378)	CKD (N=1583)		No CKD (N=1400)
		n (%)	Rate per 100 patient-years	n (%)	Rate per 100 patient-years	n (%)	Rate per 100 patient-years	n (%)	Rate per 100 patient-years
	Adjudicated HHF or CV death	292 (18.1)	9.24	123 (8.9)	4.27	344 (21.7)	11.52	165 (11.8)	5.71
	First HHF	189 (11.7)	5.98	70 (5.1)	2.43	254 (16.0)	8.51	97 (6.9)	3.36
	CV death	151 (9.3)	4.46	68 (4.9)	2.26	152 (9.6)	4.54	91 (6.5)	3.0
	First and recurrent HHF	284	-		123	-	395	-		144	-
	All-cause hospitalization	795 (49.2)	33.45	474 (34.4)	20.15	807 (51.0)	35.70	528 (37.7)	22.74
	All-cause mortality	281 (17.4)	8.30	140 (10.2)	4.66	273 (17.2)	8.15	153 (10.9)	5.04
	Composite kidney endpoint*	75 (4.6)	2.82	33 (2.4)	1.37	74 (4.7)	2.87	37 (2.6)	1.52
	Data for randomized patients. CKD indicates chronic kidney disease; CKD-EPI, Chronic Kidney Disease
	Epidemiology Collaboration equation; CV, cardiovascular; eGFR, estimated glomerular filtration rate (mL/min/1.73
	m 2 by CKD-EPI]); and HHF, hospitalization for heart failure.				
	*C mp s t xpl t y n p nt nclu	ch n c lys s	n l t nspl nt sust n	uct n f ≥40% n
	eGFR or sustained eGFR <15 ml/min/1.73 m 2 (f p t nts w th b s l n G R ≥30) sustained eGFR <10 (for
	patients with baseline eGFR <30).							

equation; eGFR, estimated glomerular filtration rate; HHF, hospitalization for heart failure; IQR, interquartile range; 6 LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT-pro BNP, N-terminal pro-

natriuretic brain peptide; NYHA, New York Heart Association; and UACR, urine albumin-to-creatinine ratio.
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