

[image: image1]
Efficacy and safety of sodium-glucose cotransporter 2 (SGLT2) inhibitors in patients with acute heart failure: a systematic review and meta-analysis












	
	TYPE Systematic Review

PUBLISHED 11 September 2024
DOI 10.3389/fcvm.2024.1388337






[image: image2]

Efficacy and safety of sodium-glucose cotransporter 2 (SGLT2) inhibitors in patients with acute heart failure: a systematic review and meta-analysis

Jingjin Hou†, Li Ren†, Qingbin Hou, Xiaodong Jia, Zhu Mei, Jiaxin Xu, Zheming Yang, Yiming Li* and Chenghui Yan

State Key Laboratory of Frigid Zone Cardiovascular Disease, Cardiovascular Research Institute and Department of Cardiology, General Hospital of Northern Theater Command, Shenyang, China

EDITED BY
Tatsuya Sato, Sapporo Medical University, Japan

REVIEWED BY
Tarun Dasari, University of Oklahoma Health Sciences Center, United States
Ahmed K. Awad, Ain Shams University, Egypt

*CORRESPONDENCE Yiming Li lymxueguanky@163.com

†These authors have contributed equally to this work

RECEIVED 29 February 2024
ACCEPTED 29 August 2024
PUBLISHED 11 September 2024

CITATION Hou J, Ren L, Hou Q, Jia X, Mei Z, Xu J, Yang Z, Li Y and Yan C (2024) Efficacy and safety of sodium-glucose cotransporter 2 (SGLT2) inhibitors in patients with acute heart failure: a systematic review and meta-analysis.
Front. Cardiovasc. Med. 11:1388337.
doi: 10.3389/fcvm.2024.1388337

COPYRIGHT © 2024 Hou, Ren, Hou, Jia, Mei, Xu, Yang, Li and Yan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Background: The effectiveness and safety of a novel class of hypoglycemic medications known as sodium-glucose cotransporter 2 (SGLT2) inhibitors have not been completely established in relation to acute heart failure (AHF). Consequently, we sought to compare the prognostic and safety outcomes of patients administered SGLT2 inhibitors for the treatment of AHF.



Methods: An extensive search of the Web of Science, PubMed, and EMBASE was conducted for randomized controlled trials and observational studies that have evaluated the use of SGLT2 inhibitors in AHF from the inception of these drugs to the present. We compiled data related to cardiovascular safety and prognosis. Aggregated risk ratios (RR), mean differences (MD), or standardized mean differences (SMD) were generated for all outcomes, with 95% confidence intervals (CIs), to evaluate the predictive significance of SGLT2 inhibitors in patients with AHF.



Results: We identified 4,053 patients from 13 studies. Patients experienced a substantial reduction in all-cause mortality (RR = 0.82, 95% CI: 0.70–0.96, P = 0.01), readmission rates (RR = 0.85, 95% CI: 0.74–0.98, P = 0.02), the number of heart failure exacerbation events (RR = 0.69, 95% CI: 0.50–0.95, P = 0.02), and the number of rehospitalization events due to heart failure (RR = 0.71, 95% CI: 0.58–0.86, P < 0.05) in the SGLT2 inhibitors-treatment group compared to a placebo or standard care (control group). SGLT2 inhibitors improved patient quality of life (SMD = −0.24, 95% CI: −0.40 to −0.09, P = 0.002). SGLT2 inhibitors were associated with enhanced diuresis in patients with AHF (MD = 2.83, 95% CI: 1.36–4.29, P < 0.05). Overall, treatment with SGLT2 inhibitors significantly reduced the level of serum NT-proBNP (MD = −497.62, 95% CI: −762.02 to −233.21, P < 0.05) and did not increase the incidence of adverse events (RR = 0.91, 95% CI: 0.82–1.01, P = 0.06).



Conclusions: This meta-analysis suggests that treatment with SGLT2 inhibitors is associated with a better prognosis in patients with AHF than in patients not treated with SGLT2 inhibitors. It is safe and effective to initiate SGLT2 inhibitors in patients with AHF.



Systematic Review Registration: https://www.doi.org/10.37766/inplasy2024.9.0015, identifier (INPLASY202490015).
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1 Introduction

Heart failure (HF) is a clinical syndrome characterized by signs and symptoms resulting from abnormalities in heart structure and function. Elevated natriuretic peptide levels or apparent pulmonary or systemic congestion frequently accompany these abnormalities (1). Patients with HF face substantial medical expenses, a decreased standard of living, and increased rates of morbidity and mortality. Current estimates indicate that the global HF patient population exceeds 640,000 individuals (2), imposing a significant burden on healthcare expenditure worldwide. Acute heart failure (AHF) is a condition in which the heart suddenly becomes unable to pump blood efficiently and can be caused by a variety of factors, including myocardial infarction, arrhythmia, or infection. AHF is a prevailing cause of unplanned hospital admissions in patients aged >65 years worldwide. Acute decompensated heart failure (ADHF) is a form of AHF that refers to patients with chronic heart conditions characterized by a sudden worsening of their condition that necessitates intensive treatment. AHF is a broader term that can include any cause of sudden decline in heart function; therefore, ADHF is a subtype of AHF (3). Primary treatment objectives are a reduction in congestion and optimization of guideline-directed medical therapies. While diuretics may ameliorate congestion during hospitalization for AHF, they do not enhance the prognosis. Consequently, AHF is associated with adverse outcomes.

Sodium-glucose cotransporter 2 (SGLT2) inhibitors are a new type of antidiabetic medication that includes canagliflozin, dapagliflozin, empagliflozin, ertugliflozin, and henagliflozin. According to current national and international guidelines, individuals with type 2 diabetes who also have HF, chronic renal disease, cardiovascular illness, or cardiovascular risk factors should take SGLT2 inhibitors (4). This recommendation stems from the cardiac and renal benefits that these inhibitors have shown in large-scale clinical studies, including a reduction in hospitalization risk for patients with stable chronic HF and reduced left ventricular ejection fraction (5). Dapagliflozin and empagliflozin, as representatives of SGLT2 inhibitors, have emerged as the first class of therapeutic agents to improve the prognosis of HF across a range of ejection fractions.

Randomized clinically controlled trials (RCTs) and meta-analyses of the results of trials in patients with HF have shown that SGLT2 inhibitors improve cardiovascular outcomes in patients with chronic HF, irrespective of their diabetes status (6). However, whether SGLT2 inhibitors have a clinical benefit in patients with AHF is being explored. Several multicenter RCTs have examined the efficacy of SGLT2 inhibitors in patients with AHF. The EMPA-RESPONSE-AHF study (7) highlighted the safety and potential benefits of the early use of SGLT2 inhibitors in patients with AHF, which reduced the combined endpoint of HF exacerbation, HF rehospitalization, or 60-day death but did not affect diuretic response in patients with AHF. SGLT2 inhibitors significantly lower the renal glucose threshold, reduce reabsorption, and promote the excretion of large amounts of glucose in urine. In addition to concerns regarding adverse events, including urinary infection and diabetic ketoacidosis, research is increasingly focused on the urinary efficiency of SGLT2 inhibitors. Until now, SGLT2 inhibitors have been associated with enhanced diuresis in patients with AHF, for example, in the DICTATE-AHF trial (8). To determine whether SGLT2 inhibitors improve the prognosis of patients with AHF, we performed an extensive literature search, incorporating all pertinent observational studies and randomized controlled trials. This study aimed to clarify the safety and clinical effectiveness of SGLT2 inhibitors in treating AHF.



2 Materials and methods


2.1 Study design and search strategy

Up to April 10, 2024, two separate researchers (J.H. and J.X.) conducted a comprehensive search of PubMed, Embase, and Web of Science databases to identify studies that examined the efficacy of SGLT2 inhibitors in patients with AHF, without restrictions on language or sample size. In the identified trials, patients admitted with AHF were stratified into two groups: those receiving a single SGLT2 inhibitor and those receiving either placebo or conventional treatment. The following search strategy was employed: (“SGLT2 inhibitor” OR “dapagliflozin” OR “empagliflozin” OR “canagliflozin” OR “ertugliflozin” OR “henagliflozin”) AND (“acute heart failure” OR “acute decompensated heart failure”). The reference lists of selected articles were manually examined to identify additional relevant studies. Duplicate publications, studies with incomplete data, and studies in which the participants or interventions did not align with the defined inclusion criteria were excluded.



2.2 Inclusion and exclusion criteria

The inclusion criteria for the studies were: (1) RCTs or observational study design; (2) a focus on AHF; (3) inclusion of an experimental group receiving a single SGLT2 inhibitor regardless of the initiation time of the intervention; (4) patients with or without diabetes; and (5) those that reported predetermined efficacy and safety outcomes. The exclusion criteria were (1) studies in which patients did not have AHF, and (2) studies in which the experimental group received multiple SGLT2 inhibitors.



2.3 Data extraction

From each selected study, the following data were separately collected by two investigators (Z.M. and L.R.). Conflicts in data extraction were resolved by a third investigator (Y.L.). The following data were extracted: first author, publication year, study design, number of participants in the intervention and control groups, specific SGLT2 inhibitor used, participant age (mean or median), duration of follow-up, primary outcomes, and secondary outcomes. The efficacy outcomes included all-cause mortality, frequency of readmission events, heart failure exacerbation (HFE) events, rehospitalization due to HF, deaths attributable to cardiovascular causes, quality of life assessments, and renal function evaluations. Safety outcomes included the total number of adverse events, including urinary tract infections, ketoacidosis, hypotension, hypoglycemia, and acute kidney injury.



2.4 Study quality assessment

Two researchers (Z.Y. and L.R.) separately evaluated the quality of the included studies. Disagreements were resolved through discussion, and a third reviewer was consulted if necessary. We used the Cochrane Risk of Bias instrument (9) for RCTs and the Newcastle-Ottawa Scale (NOS) (9) for observational studies. Each type of bias was classified as presenting a “low”, “unknown,” or “high” risk of bias. For observational studies, we employed the NOS, which focuses on three aspects: selection, comparability, and outcomes. When the risk of bias was “low”, it was awarded one point (“*”), while “unclear” or “high” risk of bias received no points (“-”). Studies achieving a NOS score higher than 6 were considered to be of high quality.



2.5 Statistical methods

Review Manager Version 5.3 (RevMan) and Stata 18.0 were used for statistical analyses. Risk ratio (RR), mean difference (MD), or standardized mean difference (SMD) were used to represent outcome measures in the treatment vs. control groups. The initial analysis entailed a heterogeneity test using the chi-square test to calculate I2 and detect any heterogeneity between the included studies. The appropriate effect model was then selected based on the I2 or P-value. When considerable heterogeneity was found, that is, an I2 value exceeding 50% or a chi-square P-value lower than 0.10, the use of a random-effects model was justified. Conversely, a fixed-effects model was used when warranted. Furthermore, the origins of heterogeneity were analyzed. In RCTs, a segment of the population in the SOLOIST-WHF study (10) was allocated the SGLT2 inhibitor therapy only after discharge. In an observational study by Nakagaito et al. (11), the decision to continue treatment with the SGLT2 inhibitor was made only at discharge. Consequently, when conducting a combined effect size analysis incorporating the results of these two studies, a sensitivity analysis excluding these two studies was performed to examine how these exclusions affected the outcome measures. Additionally, we utilized Stata software for sensitivity analysis and Egger's test for certain outcomes.




3 Results


3.1 Literature search

The PRISMA diagram representing the study selection process is depicted in Figure 1. The search produced a total of 407 individual articles. After screening titles and abstracts for relevance to the inclusion criteria and removing 66 duplicate reports, 285 articles were excluded. Following a full-text review, 13 studies that met the inclusion criteria were identified (7, 8, 10–20). These included nine RCTs (7, 8, 10, 12–17) and four observational studies (11, 18–20). The characteristics of the included studies are summarized in Supplementary Table 1. The DICTATE-AHF trial (8) initially included 238 study participants; however, because of a primary investigator withdrawing and a participant withdrawing on consent day 1, among other reasons, there were 118 patients in the SGLT2 inhibitor intervention group and 116 patients in the control group at the time of the final study.


[image: Figure 1]
FIGURE 1
PRISMA flow diagram of study selection.




3.2 Risk of bias assessment

All included studies had a low risk of bias (Figures 2A,B, Supplementary Table 2).


[image: Figure 2]
FIGURE 2
Quality assessment results of included randomized clinically controlled trials (RCT) studies. (A) Potential risk of bias for each included study; (B) Total risks included in the study.




3.3 All-cause mortality

Given that the longest follow-up period was nine months in the nine randomized controlled studies, we aimed to reduce bias linked to uncertain factors such as follow-up time. Thus, we selected the 12-month results, which represented a relatively short follow-up time, when extracting outcome events from an observational study by Carballo (20). According to our pooled findings of randomized controlled trials and observational studies, long-term treatment with a SGLT2 inhibitor, either during or post-hospitalization, lowers all-cause mortality in patients with AHF (RR = 0.82, 95% CI: 0.70–0.96, P = 0.01 < 0.05, I2 = 0%, Figure 3A). Compared to the control group, the intervention group showed significant differences in relative risk of death from any cause (RR = 0.77, 95% CI: 0.60–0.99, P = 0.04) and absolute risk of death of any cause [risk difference (RD) = −0.02, 95% CI: −0.05–0.00, P = 0.04] when only RCTs were included in the meta-analysis. In other words, there was an average of 20 fewer fatalities per 1,000 patients treated with SGLT2 inhibitors in comparison to the control group (with a range of 0 to 50 more fatalities in the control group). While SGLT2 inhibitors were administered to 51.2% of participants after hospital discharge in the SOLOIST-WHF (10) trial. In an observational study by Nakagaito (11), adherence to the SGLT2 inhibitor treatment was categorized into two groups at discharge. However, in the other studies, the intervention group received SGLT2 inhibitors during hospitalization. Therefore, we excluded these two studies and performed a sensitivity analysis across the remainder of the studies, which yielded a statistically significant reduction in relative risk of death in the intervention group compared to the control group (RR = 0.80, 95% CI: 0.66–0.97, P = 0.02) (Figure 3B).


[image: Figure 3]
FIGURE 3
Forest plot for all-cause mortality in patients with acute heart failure (AHF) receiving sodium-glucose cotransporter 2 (SGLT2) inhibitors or placebo. (A) Forest plot for all-cause mortality; (B) Sensitivity analysis of all-cause mortality in studies where SGLT2 inhibitors treatment was initiated in a hospital.




3.4 Readmission rate

Readmission rates were reported in five RCTs and two observational studies. The endpoints for readmission were set at 30 days for DICTATE-AHF (8), EMPULSE (13), and Charaya (14); 60 days for EMPA-RESPONSE-AHF (7); 9 months for SOLOIST-WHF (10); and 12 months for two observational studies (18, 19). Meta-analysis of these seven studies showed that intervention with a SGLT2 inhibitor was associated with a significantly reduced risk of the first readmission post-discharge (RR = 0.85, 95% CI: 0.74–0.98, P = 0.02, I2 = 24%, low heterogeneity) (Figure 4). The large heterogeneity among the observational studies did not influence the results.


[image: Figure 4]
FIGURE 4
Forest plot of readmission rates in patients with AHF receiving SGLT2 inhibitors or placebo.




3.5 Cardiovascular events


3.5.1 Number of HFE events

Five RCTs and three observational studies reported the number of HFE events among study participants. When combining these studies, the number of HFE events post-discharge in patients with AHF was significantly reduced in the SGLT2 inhibitors group (RR = 0.69; 95% CI: 0.50–0.95, P = 0.02 < 0.05, I2 = 75%) (Figure 5A).


[image: Figure 5]
FIGURE 5
Forest plot and sensitivity analysis of the number of heart failure (HF) exacerbation events. (A) Forest plot of the number of HF exacerbation events in patients with AHF; (B) Sensitivity analysis; (C) Subgroup analysis of studies with in-hospital treatment initiation with or without SGLT2 inhibitors.




3.5.2 Number of rehospitalization events due to HF

From combining nine studies, it was shown that SGLT2 inhibitors therapy substantially decreased the frequency of rehospitalization among AHF patients as a result of worsening in HF (RR = 0.71, 95% CI: 0.58–0.86, P < 0.05, I2 = 36%) (Figure 6A). However, there was substantial heterogeneity among studies in the number of HFE events (I2 = 75% >50%). In addition, separately combining the observational studies also showed high heterogeneity. Therefore, we performed a sensitivity analysis of the results, iteratively excluding one study at a time to ensure that the statistically significant reduction in HFE and rehospitalization events in the SGLT2 inhibitors group was not reliant on a single study. The results showed that excluding the Carballo 2020 study (20) eliminated heterogeneity (to 0%) for both HFE events and rehospitalizations due to HF. Sensitivity analysis excluding the Carballo 2020 study (20) showed that use of SGLT2 inhibitors significantly decreased the number of HFE events (RR = 0.64, 95% CI: 0.56–0.73, P < 0.05, I2 = 0%) and the number of rehospitalization events (RR = 0.64, 95% CI: 0.57–0.73, P < 0.05, I2 = 0%) (Figures 5B, 6B). To obtain more reliable results, we excluded two studies that grouped patients after discharge, SOLOIST-WHF (10) and Nakagaito (11). This sensitivity analysis showed a 43% reduced risk of HFE events in the SGLT2 inhibitors group compared to the control (RR = 0.57, 95% CI: 0.39–0.81, P = 0.002, I2 = 3%) (Figure 5C). Exclusion of the SOLOIST-WHF (10) trial, the Carballo (2020) study (20), and the trial by Nakagaito et al. (11) resulted in a statistically significant difference in readmissions due to HF in the SGLT2 inhibitors group compared to the control group (RR = 0.62, 95% CI: 0.47–0.80, P < 0.05, I2 = 0%) (Figure 6C). The inclusion of observational studies in this meta-analysis did not affect the final results. Overall, this meta-analysis showed that the use of SGLT2 inhibitors, whether initiated at admission or discharge, significantly reduced the occurrence of HFE as well as the number of rehospitalization events due to HF.


[image: Figure 6]
FIGURE 6
Forest plot and sensitivity analysis of the number of rehospitalization events due to heart failure. (A) Forest plot of the number of rehospitalizations due to heart failure in patients with AHF; (B) Sensitivity analysis; (C) Subgroup analysis of studies with in-hospital treatment initiation with or without SGLT2 inhibitors.




3.5.3 Number of deaths due to cardiovascular causes

Meta-analysis of 5 studies showed a statistically significant reduction in the relative risk of death due to cardiovascular disease among patients treated with SGLT2 inhibitors compared to patients not treated with SGLT2 inhibitors (RR = 0.81; 95% CI: 0.66–1.00; P = 0.05; I2 = 0%) (Figure 7).


[image: Figure 7]
FIGURE 7
Forest plot of the number of deaths due to cardiovascular causes in patients with AHF.





3.6 Quality of life assessment

The EMPULSE trial (13) and the SOLOIST-WHF (10) assessed the impact of SGLT2 inhibitors on patient symptoms, physical activity limitation, and quality of life by administering the Kansas City Cardiomyopathy Questionnaire Total Symptom Score (KCCQ-TSS). Consequently, we evaluated symptoms and health-related quality of life (HRQL) in HF patients using the commonly used KCCQ (21). In addition, the EMPA-RESPONSE-AHF (7), EMPAG-HF (12), and Perez-Belmonte (19) trials assessed patient health status using the visual analogue scale for dyspnea (VAS). The EMPA-RESPONSE-AHF (7) trial showed that treatment with a SGLT2 inhibitor was associated with a lower VAS score for dyspnea than the control group from baseline to day 4; however, the difference was not statistically significant (P = 0.18). Similarly, the EMPAG-HF (12) and Perez-Belmonte (19) studies showed larger absolute improvements in health status assessed using the VAS in the SGLT2 inhibitors group compared to the control group; however, these differences were not statistically significant. Using a five-point Likert scale (5PLS) to measure patients’ dyspnea, Ibrahim's study (15) showed a statistically significant improvement in the intervention group compared with the control group (P < 0.002). By extracting the pre- and post-treatment differences between the groups and combining the KCCQ and VAS scores for a unified quality of life analysis, we found that patients receiving SGLT2 inhibitors had significantly lower post-operative scores indicating the improved post-operative quality of life among patients in the SGLT2 inhibitors group (SMD = −0.24, 95% CI: −0.40 to −0.09, P = 0.002, I2 = 38%) (Figure 8).


[image: Figure 8]
FIGURE 8
Forest plot of patient quality of life scores.




3.7 Evaluation of kidney-related indicators

The effect of SGLT2 inhibitors on the diuretic response in patients with AHF remains unclear. The EMPAG-HF (12) trial used ml/mg furosemide equivalents to measure diuretic efficiency, whereas the other trials used kg/40 mg furosemide equivalents. The EMPAG-HF (12), Ibrahim (15), and López-Vilella 2022 (18) trials demonstrated a significant difference in diuretic efficiency between the SGLT2 inhibitors and placebo groups (P < 0.05). However, there was no difference detected between the placebo and empagliflozin groups in terms of the diuretic response on day 4 of the EMPA-RESPONSE-AHF (7) trial (P = 0.37). Similarly, there was no difference in the OR for improved diuretic efficiency between dapagliflozin and usual care in DICTATE-AHF 2024 (8). In combining the data of diuretic efficiency, a random-effects model suggested that, while the SGLT2 inhibitors group demonstrated higher diuretic efficiency than the placebo group, the difference was not statistically significant (SMD = 0.27, 95% CI: −0.40–0.95, P = 0.43, I2 = 97%) (Figure 9A). Patients treated with the SGLT2 inhibitor Dagliagazine exhibited a statistically significant reduction in estimated glomerular filtration rate (eGFR) throughout the observation period, in the Charaya 2022 (14) trial (P = 0.049). Conversely, the EMPAG-HF (12) trial revealed no variation in eGFR over the course of treatment between the two groups (P = 0.598). Furthermore, at six hours, one day, three days, and seven days, Thiele (17) did not observe any statistically significant variation in the eGFR between the treatment and control groups. A comparison of the eGFR research results between the groups showed no statistically significant decline in eGFR (MD = −0.07, 95% CI: −1.08–0.95, P = 0.89, I2 = 28%) (Figure 9B). However, treatment with a SGLT2 inhibitor led to a statistically significant decrease in 24-hour total furosemide dose (MD = −38.81, 95% CI:−55.97 to −21.65, P < 0.05, I2= 68%) and an increase in cumulative urine output during hospitalization in patients with AHF (MD = 2.83, 95% CI: 1.36–4.29, P < 0.001, I2= 97%) (Figures 9C,D). Sensitivity analysis showed that no single factor significantly affected the results of this meta-analysis, indicating the stability of this study (Figure 10). There was no evidence of bias across trials by visual inspection of funnel plots and using Egger's test for diuretic response (P = 0.541 > 0.05), eGFR (P = 0.732 > 0.05), 24-hour total furosemide dose (P = 0.296 > 0.05), and accumulated urine volume during hospitalization (P = 0.508 > 0.05) (Figure 11).


[image: Figure 9]
FIGURE 9
Forest plot of renal-related parameters. (A) Diuretic response (kg/40 mg furosemide equivalent); (B) estimated glomerular filtration rate (eGFR) (ml/min per 1.73 m2); (C) 24-hour total furosemide dose (mg); (D) Cumulative urine output during hospitalization.



[image: Figure 10]
FIGURE 10
Sensitivity analysis. (A) Diuretic response (kg/40 mg furosemide equivalent); (B) eGFR (ml/min per 1.73 m2); (C) 24-hour total furosemide dose (mg); (D) Cumulative urine output during hospitalization.



[image: Figure 11]
FIGURE 11
Funnel plots and Egger's test for kidney-related indicators. (A) Diuretic response (kg/40 mg furosemide equivalent); (B) eGFR (ml/min per 1.73 m2); (C) 24-hour total furosemide dose (mg); (D) Cumulative urine output during hospitalization.




3.8 N-terminal pro-brain natriuretic peptide levels

The EMPA-RESPONSE-AHF 2020 (7) trial indicated that although the reduction in NT-proBNP at day 4 was greater with empagliflozin than with placebo, the difference was not statistically significant (P = 0.63). Similarly, in the DICTATE-AHF trial (8), although the decrease in NT-proBNP levels was 4% larger in the dapagliflozin group (median: 47% reduction) than in the usual care group (median: 43% reduction), this difference was not statistically significantly different. The EMPULSE trial 2022 (13) and Thiele (17) demonstrated a greater reduction in NT-proBNP concentrations on day 30 in patients receiving empagliflozin than in those receiving placebo; however, it was not stated whether this difference was statistically significant in either trial. In the EMPAG-HF (12), Tamaki (16), Pérez-Belmonte 2021 (19), and Nakagaito (11) trials, compared to the placebo, there were significantly larger decreases in mean NT-proBNP from baseline in the empagliflozin group compared to the control group. Combining the patients’ NT-proBNP levels at the final post-treatment follow-up revealed that the SGLT2 inhibitors-treated group had significantly lower NT-proBNP levels than the control group (MD = −497.62, 95% CI: −762.02 to −233.21, P < 0.001, I2 = 0%) (Figure 12).


[image: Figure 12]
FIGURE 12
Forest plot of serum N-terminal Pro-brain natriuretic peptide (NT-proBNP) change in patients.




3.9 Safety outcomes

The impact of SGLT2 inhibitors on adverse events among patients with AHF is displayed in Figure 13. Intervention with SGLT2 inhibitors was not associated with a statistically significant difference in the incidence of adverse events (RR = 0.91, 95% CI: 0.82–1.01, P = 0.06, I2 = 24%) (Figure 13A), risk of urinary tract infections (RR = 0.83, 95% CI: 0.56–1.21, P = 0.32, I2 = 0%) (Figure 13B), risk of diabetic ketoacidosis (RR = 0.66, 95% CI: 0.19–2.35, P = 0.53, I2 = 0%) (Figure 13C), risk of hypotension (RR = 1.01, 95% CI: 0.74–1.38, P = 0.94, I2 = 0%) (Figure 13D), risk of hypoglycemia (RR = 1.27, 95% CI: 0.80–2.03, P = 0.31, I2 = 0%) (Figure 13E), or risk of acute kidney injury (AkI) (RR = 1.03, 95% CI: 0.70–1.51, P = 0.88, I2 = 0%) (Figure 13F). Overall, current data support the safe use of SGLT2 inhibitors for the management of AHF.


[image: Figure 13]
FIGURE 13
Forest plot of adverse events for SGLT2 inhibitors compared to controls. (A) Total number of adverse events; (B) Urinary tract infection; (C) diabetic ketoacidosis (DKA); (D) Hypotension; (E) Hypoglycemia; (F) Acute kidney injury (AKI).





4 Discussion

Prevention and treatment strategies for HF have evolved significantly over the past two decades. SGLT2 inhibitors are increasingly recognized for their role in reducing the risk of HF and improving patient prognosis. Several RCTs (21, 22) and a meta-analysis (23) have demonstrated that the use of SGLT2 inhibitors lowers cardiovascular mortality and reduces hospitalizations due to HF in patients irrespective of the presence of diabetes. In addition, researchers have evaluated the quality of life and functional ability of patients with HF. Gao et al. (24) conducted a meta-analysis of RCTs related to SGLT2 inhibitors and HF and which involved formal assessments of patients’ functional capacity. They showed that the use of SGLT2 inhibitors is associated with improvement in patient outcomes, as measured by objective assessments of maximal exercise capacity and validated quality of life questionnaires, regardless of sex or ejection fraction. The most recent and largest meta-analysis on HF patients and SGLT2 inhibitors was conducted by Mohammed Tarek Hasan et al. (25). This meta-analysis categorized patients with HF based on the presence or absence of diabetes and showed that SGLT2 inhibitors significantly lowered the risk of hospitalizations for heart failure (HHF) among patients with and without diabetes; however, there was no statistically significant difference in cardiovascular mortality or serious adverse events.

The most recent HF guidelines in the United States and Europe recommend that first-line treatment for patients with HF with reduced ejection fraction (HFrEF) or HF with preserved ejection fraction (HFpEF) should include SGLT2 inhibitors and diuretics (26). Large clinical studies, such as the EMPEROR-Preserved (27) and DELIVER trials (28), have shown that empagliflozin and dapagliflozin reduce cardiovascular death and HHF in patients with HFrEF or HFpEF, irrespective of diabetes status, when added to a standard HF regimen. Furthermore, the findings of a meta-analysis suggest that SGLT2 inhibitors can significantly reduce all-cause mortality, cardiovascular death, and the incidence of first hospitalization for HF in patients with HFrEF and HFpEF (29). However, the effect of SGLT2 inhibitors on patients with AHF remains contentious. Thus, our meta-analysis aimed to evaluate the efficacy of SGLT2 inhibitors specifically in patients with AHF.

We reviewed several relevant studies on the effectiveness of SGLT2 inhibitors in patients with AHF. Notably, the meta-analyses conducted by Salah (30) and Amin (31) in 2022 focused only on three RCTs, whereas Patoulias included six RCTs (32). However, Carvalho's (33) meta-analysis incorporated the DELIVER trial (28), which did not exclusively include patients with AHF. We excluded the DELIVER trial from our analysis to maintain consistency in the patient population and reduce bias. In addition to RCTs, we considered observational studies in our meta-analysis to ensure a comprehensive evaluation of SGLT2 inhibitors in patients with AHF. By including all available trials, regardless of their study design, we aimed to capture a broader perspective on the topic. The DICTATE-AHF trial (8) showed that early use of dapagliflozin in hospitalized patients with ADHF does not worsen any pre-specified safety outcomes, suggesting that dapagliflozin can be safely initiated upon admission and can be used to rapidly optimize guideline-guided drug regimens. The DICTATE-AHF trial provided additional evidence supporting the prognostic benefits of SGLT2 inhibitors in patients with AHF. Thus, we included the results of this trial in our meta-analysis, resulting in a total sample size of 4,053 patients.

Consistent with previous studies, our findings suggest that long-term treatment with SGLT2 inhibitors, either during hospitalization or after discharge, can lead to a considerable decrease in all-cause mortality. This meta-analysis showed that the mortality risk in the intervention group was 18% lower than in the control group, highlighting the potential life-saving benefits of SGLT2 inhibitors in patients with AHF. To further assess the effect of SGLT2 inhibitors on mortality, we conducted sensitivity analyses according to the study design. Suggested mechanisms by which SGLT2 inhibitors lower the risk of mortality in patients with HF include their anti-inflammatory properties, support of antioxidant defense systems, and reduced cardiac remodeling or fibrosis (34–36). Proposed alternative mechanisms include cardioprotective effects by promotion of ketolysis and ketone body levels (37). Thus, SGLT2 inhibitors may play comparable roles in patients with AHF. Further research is required to investigate how SGLT2 inhibitors lower the mortality rates in individuals with AHF.

Although SGLT2 inhibitors reduce the number of cardiovascular deaths and hospitalizations for HF in patients with HFpEF with or without diabetes, it remains unclear (38, 39) as to whether SGLT2 inhibitors added to the standard HF regime reduce the readmission rate. Our meta-analysis provides insights to this question. The overall analysis showed a statistically significant 15% reduction in the risk of readmissions in the SGLT2 inhibitors group compared to the control group. Furthermore, the reduction in readmission rates observed when all studies were combined suggests that SGLT2 inhibitors have the potential to improve post-discharge outcomes in patients with AHF.

A meta-analysis showed that patients with HF and a decreased ejection fraction who were treated with dapagliflozin had a lower risk of worsening HF and better symptom scores than those who received a placebo, regardless of diabetes status (40). Our analysis also showed a significant reduction in the number of HFE events post-discharge in the SGLT2 inhibitors group compared with the placebo group. This finding is consistent with previous studies that have shown the beneficial effects of SGLT2 inhibitors in reducing the risk of HF events (40–42). Additionally, our meta-analysis revealed a significant decrease in the frequency of rehospitalization events due to HF in patients receiving SGLT2 inhibitors therapy. Sensitivity analysis confirmed the robustness of these results, reinforcing the significant reduction in both HFE events and rehospitalization due to HF resulting from treatment with SGLT2 inhibitors. However, it is important to acknowledge the substantial heterogeneity observed in the combined results of both HFE events and rehospitalization rates. This heterogeneity may be attributed to variations in study design, patient characteristics, or other factors. Sensitivity analyses according to the study type still showed statistically significant reductions in HFE events and rehospitalizations, indicating the consistency of the findings. We additionally evaluated the impact of SGLT2 inhibitors on patient quality of life and showed that patients in the SGLT2 inhibitors group exhibited a significantly improved quality of life compared to those in the control group. Overall, these findings demonstrate the positive effects of SGLT2 inhibitors on symptoms, physical activity limitations, and health-related quality of life in patients with HF.

It has been proposed that SGLT2 inhibitors regulate the interstitial vs. intravascular volume differently from other diuretics. Compared with conventional diuretics, SGLT2 inhibitors facilitate a higher volume of fluid clearance from the interstitial fluid space as opposed to circulation, perhaps leading to an increase in urine production in the SGLT2 inhibitors group (28). Our meta-analysis showed no statistically significant difference in the diuretic response between the SGLT2 inhibitors and control groups. However, SGLT2 inhibitors caused a significant increase in urine volume in patients with AHF, suggesting that SGLT2 inhibitors positively affect diuresis in patients with HF.

In terms of safety outcomes, the analysis indicated that SGLT2 inhibitors were associated with a lower risk of major adverse events than the control group. Additionally, there was no significant difference in the risk of urinary tract infections, hypotension, or hypoglycemia in the SGLT2 inhibitors group. Importantly, the use of SGLT2 inhibitors did not increase the risk of acute kidney injury in patients with AHF.



5 Strengths and limitations

Although this study has certain limitations, such as its regional focus and potential selection bias due to small sample sizes in some RCTs, it provides valuable insights into the benefits of SGLT2 inhibitors in patients with AHF. Combining both randomized controlled trials and observational studies may introduce some bias; however, the overall data support the conclusion that treatment with SGLT2 inhibitors in AHF can contribute to reduced mortality and a decrease in the total number of adverse events.



6 Conclusion

The findings from this meta-analysis of 13 RCTs and observational studies support the benefit of SGLT2 inhibitors in improving AHF outcomes, including reduced mortality, HF events, and rehospitalizations in patients with AHF. These inhibitors also have positive effects on quality of life and diuresis. Although some safety concerns exist, the overall risk-benefit profile favors using SGLT2 inhibitors in this patient population. Further studies with diverse populations and longer follow-up periods are required to validate and expand upon these findings.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Author contributions

JH: Formal Analysis, Methodology, Visualization, Writing – original draft, Writing – review & editing. LR: Formal Analysis, Methodology, Supervision, Writing – review & editing. QH: Methodology, Writing – review & editing. XJ: Investigation, Writing – review & editing. ZM: Visualization, Writing – review & editing. JX: Visualization, Writing – review & editing. ZY: Methodology, Visualization, Writing – review & editing. YL: Data curation, Formal Analysis, Funding acquisition, Supervision, Writing – original draft, Writing – review & editing. CY: Formal Analysis, Visualization, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by the National Natural Science Foundation of China (82200535), the National Social Science Foundation of China (21ARK005), China Postdoctoral Science Foundation (2023M734295), and the Natural Science Foundation of Liaoning Province (2022-BS-035).



Acknowledgments

The authors thank the State Key Laboratory of Frigid Zone Cardiovascular Disease at the General Hospital of Northern Theater Command for providing a platform for us to conduct this study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.1388337/full#supplementary-material



References

1. Bozkurt B, Coats AJS, Tsutsui H, Abdelhamid CM, Adamopoulos S, Albert N, et al. Universal definition and classification of heart failure: a report of the heart failure society of America, heart failure association of the European Society of Cardiology, Japanese heart failure society and writing committee of the universal definition of heart failure: endorsed by the Canadian heart failure society, heart failure association of India, cardiac society of Australia and New Zealand, and Chinese heart failure association. Eur J Heart Fail. (2021) 23(3):352–80. doi: 10.1002/ejhf.2115

2. Savarese G, Becher PM, Lund LH, Seferovic P, Rosano GMC, Coats AJS. Global burden of heart failure: a comprehensive and updated review of epidemiology. Cardiovasc Res. (2023) 118(17):3272–87. doi: 10.1093/cvr/cvac013

3. Arrigo M, Jessup M, Mullens W, Reza N, Shah AM, Sliwa K, et al. Acute heart failure. Nat Rev Dis Primers. (2020) 6(1):16. doi: 10.1038/s41572-020-0151-7

4. Packer M, Anker SD, Butler J, Filippatos G, Pocock SJ, Carson P, et al. EMPEROR-reduced Trial investigators. Cardiovascular and renal outcomes with empagliflozin in heart failure. N Engl J Med. (2020) 383(15):1413–24. doi: 10.1056/NEJMoa2022190

5. Packer M, Butler J, Zeller C, Pocock SJ, Brueckmann M, Ferreira JP, et al. Blinded withdrawal of long-term randomized treatment with empagliflozin or placebo in patients with heart failure. Circulation. (2023) 148(13):1011–22. doi: 10.1161/CIRCULATIONAHA.123.065748

6. Lu Y, Li F, Fan Y, Yang Y, Chen M, Xi J. Effect of SGLT-2 inhibitors on cardiovascular outcomes in heart failure patients: a meta-analysis of randomized controlled trials. Eur J Intern Med. (2021) 87:20–8. doi: 10.1016/j.ejim.2021.03.020

7. Damman K, Beusekamp JC, Boorsma EM, Swart HP, Smilde TDJ, Elvan A, et al. Randomized, double-blind, placebo-controlled, multicentre pilot study on the effects of empagliflozin on clinical outcomes in patients with acute decompensated heart failure (EMPA-RESPONSE-AHF). Eur J Heart Fail. (2020) 22(4):713–22. doi: 10.1002/ejhf.1713

8. Cox ZL, Collins SP, Hernandez GA, McRae 3rd AT, Davidson BT, Adams K, et al. Efficacy and safety of dapagliflozin in patients with acute heart failure. J Am Coll Cardiol. (2024) 83(14):1295–306. doi: 10.1016/j.jacc.2024.02.009

9. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. (2010) 25(9):603–5. doi: 10.1007/s10654-010-9491-z

10. Bhatt DL, Szarek M, Steg PG, Cannon CP, Leiter LA, McGuire DK, et al. SOLOIST-WHF trial investigators. Sotagliflozin in patients with diabetes and recent worsening heart failure. N Engl J Med. (2021) 384(2):117–28. doi: 10.1056/NEJMoa2030183

11. Nakagaito M, Imamura T, Joho S, Ushijima R, Nakamura M, Kinugawa K. Efficacy of continuing SGLT2 inhibitors on outcomes in patients with acute decompensated heart failure. Int Heart J. (2021) 62(4):885–90. doi: 10.1536/ihj.21-022

12. Schulze PC, Bogoviku J, Westphal J, Aftanski P, Haertel F, Grund S, et al. Effects of early empagliflozin initiation on diuresis and kidney function in patients with acute decompensated heart failure (EMPAG-HF). Circulation. (2022) 146(4):289–98. doi: 10.1161/CIRCULATIONAHA.122.059038

13. Voors AA, Angermann CE, Teerlink JR, Collins SP, Kosiborod M, Biegus J, et al. The SGLT2 inhibitor empagliflozin in patients hospitalized for acute heart failure: a multinational randomized trial. Nat Med. (2022) 28(3):568–74. doi: 10.1038/s41591-021-01659-1

14. Charaya K, Shchekochikhin D, Andreev D, Dyachuk I, Tarasenko S, Poltavskaya M, et al. Impact of dapagliflozin treatment on renal function and diuretics use in acute heart failure: a pilot study. Open Heart. (2022) 9(1):e001936. doi: 10.1136/openhrt-2021-001936

15. Ibrahim A, Ghaleb R, Mansour H, Hanafy A, Mahmoud NM, Abdelfatah Elsharef M, et al. Safety and efficacy of adding dapagliflozin to furosemide in type 2 diabetic patients with decompensated heart failure and reduced ejection fraction. Front Cardiovasc Med. (2020) 7:602251. doi: 10.3389/fcvm.2020.602251

16. Tamaki S, Yamada T, Watanabe T, Morita T, Furukawa Y, Kawasaki M, et al. Effect of empagliflozin as an add-on therapy on decongestion and renal function in patients with diabetes hospitalized for acute decompensated heart failure: a prospective randomized controlled study. Circ Heart Fail. (2021) 14(3):e007048. doi: 10.1161/CIRCHEARTFAILURE.120.007048

17. Thiele K, Rau M, Hartmann NK, Möller M, Möllmann J, Jankowski J, et al. Empagliflozin reduces markers of acute kidney injury in patients with acute decompensated heart failure. ESC Heart Fail. (2022) 9(4):2233–8. doi: 10.1002/ehf2.13955

18. López-Vilella R, Trenado VD, Cervera BG, Sánchez-Lázaro I, Bonet LA. Sodium-glucose cotransporter 2 inhibitors reduce cardiovascular events in acute heart failure. A real-world analysis. Eur J Intern Med. (2022) 104:128–30. doi: 10.1016/j.ejim.2022.06.008

19. Pérez-Belmonte LM, Sanz-Cánovas J, Millán-Gómez M, Osuna-Sánchez J, López-Sampalo A, Ricci M, et al. Clinical benefits of empagliflozin in very old patients with type 2 diabetes hospitalized for acute heart failure. J Am Geriatr Soc. (2022) 70(3):862–71. doi: 10.1111/jgs.17585

20. Carballo S, Stirnemann J, Garin N, Darbellay Farhoumand P, Serratrice J, Carballo D. Prognosis of patients eligible for dapagliflozin in acute heart failure. Eur J Clin Invest. (2020) 50(6):e13245. doi: 10.1111/eci.13245

21. McMurray JJV, Solomon SD, Inzucchi SE, Køber L, Kosiborod MN, Martinez FA, et al. Dapagliflozin in patients with heart failure and reduced ejection fraction. N Engl J Med. (2019) 381(21):1995–2008. doi: 10.1056/NEJMoa1911303

22. Spertus JA, Birmingham MC, Nassif M, Damaraju CV, Abbate A, Butler J, et al. The SGLT2 inhibitor canagliflozin in heart failure: the CHIEF-HF remote, patient-centered randomized trial. Nat Med. (2022) 28(4):809–13. doi: 10.1038/s41591-022-01703-8

23. Younes AM, Salem M, Maraey A, Nomigolzar S, Sewell K, Khalil M, et al. Safety outcomes of SGLT2i in the heart failure trials: a systematic review and meta-analysis. Int J Cardiol. (2022) 366:51–6. doi: 10.1016/j.ijcard.2022.06.059

24. Gao M, Bhatia K, Kapoor A, Badimon J, Pinney SP, Mancini DM, et al. SGLT2 inhibitors, functional capacity, and quality of life in patients with heart failure: a systematic review and meta-analysis. JAMA Netw Open. (2024) 7(4):e245135. doi: 10.1001/jamanetworkopen.2024.5135

25. Hasan MT, Awad AK, Shih M, Attia AN, Aboeldahab H, Bendary M, et al. Meta-analysis on the safety and efficacy of sodium glucose cotransporters 2 inhibitors in patients with heart failure with and without diabetes. Am J Cardiol. (2023) 187:93–9. doi: 10.1016/j.amjcard.2022.10.027

26. Bozkurt B. Contemporary pharmacological treatment and management of heart failure. Nat Rev Cardiol. (2024) 21(8):545–55. doi: 10.1038/s41569-024-00997-0

27. Anker SD, Butler J, Filippatos G, Ferreira JP, Bocchi E, Böhm M, et al. Empagliflozin in heart failure with a preserved ejection fraction. N Engl J Med. (2021) 385(16):1451–61. doi: 10.1056/NEJMoa2107038

28. Solomon SD, Vaduganathan M, Claggett BL, de Boer RA, DeMets D, Hernandez AF, et al. Baseline characteristics of patients with HF with mildly reduced and preserved ejection fraction: dELIVER trial. JACC Heart Fail. (2022) 10(3):184–97. doi: 10.1016/j.jchf.2021.11.006

29. Vaduganathan M, Docherty KF, Claggett BL, Jhund PS, de Boer RA, Hernandez AF, et al. SGLT-2 inhibitors in patients with heart failure: a comprehensive meta-analysis of five randomised controlled trials. Lancet. (2022) 400(10354):757–67. doi: 10.1016/S0140-6736(22)01429-5

30. Salah HM, Al'Aref SJ, Khan MS, Al-Hawwas M, Vallurupalli S, Mehta JL, et al. Efficacy and safety of sodium-glucose cotransporter 2 inhibitors initiation in patients with acute heart failure, with and without type 2 diabetes: a systematic review and meta-analysis. Cardiovasc Diabetol. (2022) 21(1):20. doi: 10.1186/s12933-022-01455-2

31. Amin N U, Sabir F, Amin T, Sarfraz Z, Sarfraz A, Robles-Velasco K, et al. SGLT2 inhibitors in acute heart failure: a meta-analysis of randomized controlled trials. Healthcare (Basel). (2022) 10(12):2356. doi: 10.3390/healthcare10122356

32. Patoulias D, Fragakis N, Rizzo M. The therapeutic role of SGLT-2 inhibitors in acute heart failure: from pathophysiologic mechanisms to clinical evidence with pooled analysis of relevant studies across safety and efficacy endpoints of interest. Life (Basel). (2022) 12(12):2062. doi: 10.3390/life12122062

33. Carvalho PEP, Veiga TMA, Simões E Silva AC, Gewehr DM, Dagostin CS, Fernandes A, et al. Cardiovascular and renal effects of SGLT2 inhibitor initiation in acute heart failure: a meta-analysis of randomized controlled trials. Clin Res Cardiol. (2023) 112(8):1044–55. doi: 10.1007/s00392-022-02148-2

34. Cunningham JW, Vaduganathan M, Claggett BL, Kulac IJ, Desai AS, Jhund PS, et al. Dapagliflozin in patients recently hospitalized with heart failure and mildly reduced or preserved ejection fraction. J Am Coll Cardiol. (2022) 80(14):1302–10. doi: 10.1016/j.jacc.2022.07.021

35. Li C, Zhang J, Xue M, Li X, Han F, Liu X, et al. SGLT2 inhibition with empagliflozin attenuates myocardial oxidative stress and fibrosis in diabetic mice heart. Cardiovasc Diabetol. (2019) 18(1):15. doi: 10.1186/s12933-019-0816-2

36. Sun X, Han F, Lu Q, Li X, Ren D, Zhang J, et al. Empagliflozin ameliorates obesity-related cardiac dysfunction by regulating sestrin2-mediated AMPK-mTOR signaling and redox homeostasis in high-fat diet-induced obese mice. Diabetes. (2020) 69(6):1292–305. doi: 10.2337/db19-0991

37. Ferrannini E, Mark M, Mayoux E. CV protection in the EMPA-REG OUTCOME trial: a “thrifty substrate” hypothesis. Diabetes Care. (2016) 39(7):1108–14. doi: 10.2337/dc16-0330

38. Sarafidis PA, Tsapas A. Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. N Engl J Med. (2016) 374(11):1092. doi: 10.1056/NEJMc160082

39. Shao SC, Lin YH, Chang KC, Chan YY, Hung MJ, Kao Yang YH, et al. Sodium glucose co-transporter 2 inhibitors and cardiovascular event protections: how applicable are clinical trials and observational studies to real-world patients? BMJ Open Diabetes Res Care. (2019) 7(1):e000742. doi: 10.1136/bmjdrc-2019-000742

40. Shi Q, Nong K, Vandvik PO, Guyatt GH, Schnell O, Rydén L, et al. Benefits and harms of drug treatment for type 2 diabetes: systematic review and network meta-analysis of randomised controlled trials. Br Med J. (2023) 381:e074068. doi: 10.1136/bmj-2022-074068

41. Hallow KM, Helmlinger G, Greasley PJ, McMurray JJV, Boulton DW. Why do SGLT2 inhibitors reduce heart failure hospitalization? A differential volume regulation hypothesis. Diabetes Obes Metab. (2018) 20(3):479–87. doi: 10.1111/dom.13126

42. Greenberg BH. Emerging treatment approaches to improve outcomes in patients with heart failure. Cardiology Discovery. (2022) 2(4):231–40. doi: 10.1097/CD9.0000000000000060



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Efficacy and safety of sodium-glucose cotransporter 2 (SGLT2) inhibitors in patients with acute heart failure: a systematic review and meta-analysis

		1 Introduction



		2 Materials and methods



		2.1 Study design and search strategy



		2.2 Inclusion and exclusion criteria



		2.3 Data extraction



		2.4 Study quality assessment



		2.5 Statistical methods











		3 Results



		3.1 Literature search



		3.2 Risk of bias assessment



		3.3 All-cause mortality



		3.4 Readmission rate



		3.5 Cardiovascular events



		3.5.1 Number of HFE events



		3.5.2 Number of rehospitalization events due to HF



		3.5.3 Number of deaths due to cardiovascular causes











		3.6 Quality of life assessment



		3.7 Evaluation of kidney-related indicators



		3.8 N-terminal pro-brain natriuretic peptide levels



		3.9 Safety outcomes











		4 Discussion



		5 Strengths and limitations



		6 Conclusion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/fcvm-11-1388337-g002.jpg
CHaraya 2022
DICTATE-AHF 2024
EMPAG-HF 2022
EMPA-RESPONSE-AHF 2020
EMPULSE trial 2022

Ibrahim A 2020

Kirsten Thiele 2022
‘SOLOIST-WHF 2021

‘Tamaki 2021

(performance bias)

©(®55|®|®|®]® @ ] rancom seauence generaton (selection bias)

0050 ®|®|®|®|® | Aocaton conceaiment (seieciion ias)

® 0000/ ®|®|®| ®]sidigorpariiants and personn

(@95 @|®|®|®|@]sincing o cutcome assessment (dstection bias)

0000 ®®|®|®|®scce eporing reporingbios)
9 ® 0@ OO O @ @ oo

Random sequence generaton (slecion biss) N |

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

[

Binding o oucome assessment (detection bins)
Incomplete outcome data (atiion ios)
Seletive reportng (rporing bias)

Oiner o [ ——

_—
0% 25% 50% 75%  100%

[ B ow sk ottios B Uncloar ik o bies Wlich ik ot bies |






OPS/images/fcvm-11-1388337-g001.jpg
Records identified through
database searching(n=407 )
Pubmed: 40
Embase: 94
Web of Science: 273

|

Records after

duplicates
removed(n=341)

Number of preliminary
screening literature(n=56 )

Exclude literature by title,
abstract(n=285)
-Animal experiment (n = 1)
-review, meta-analysis (n = 68)
- study subjects did not meet (n
=216)

13 studies included in
quantitative synthesis
RCTs (n=9)
Observational study (n = 4)

43 full-text articles
excluded,with reasons (n=43)
-Intervention not appropriate
(n=33)
-Requied data not available
(n=10)










OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





OPS/images/fcvm-11-1388337-g009.jpg
DICTATE-AHF 2024
EMPAG-HF 2022

EMPA-RESPONSE-AHF 2020

EMPULSE trial 2022
Ibrahim A 2020
Lépez-Vilella R 2022

Total (95% CI)

Heterogeneity: Tau* = 0.68; Chi*
Test for overall effect: Z = 0.79 (

CHaraya 2022
DICTATE-AHF 2024
EMPAG-HF 2022
EMPULSE trial 2022
Kirsten Thiele 2022
SOLOIST-WHF 2021

Total (95% CI)

Test for overall effect:

Heterogeneity: Chi? = 6.95, df = 5 (P = 0.22); I = 28%
89)

Experimental Control Std. Mean Difference
042 014 118 -031 012 116 17.1% -0.84 [-1.11,-0.57)
11.61 71.38 30 -30.07 7571 29 159% 0.56 [0.04, 1.
035 044 40 012 152 39 163%  -020[-0.65,0.24]
-38 1315 265 -1.01 13.06 265 17.3% -0.21[-0.38, -0.04]
-0.042 0.03 50 -0.089 0.04 50 16.3% 1.32[0.89, 1.75]
-0.14  0.06 83 -0.24 0.1 453 17.1% 1.05(0.81, 1.29]
952 100.0% 0.27 [-0.40, 0.95]
154.60, df = 5 (P < 0.00001); I* = 97%
Experimental Control Mean Difference
458 1477 50 261 98 52 43% -4.19[-9.07,069]
2 16894 118 32 20778 116  44%  1.20[-366,6.06]
53 2184 30 -147 1597 29 11% 940[0.34,19.14]
19 1648 220 14 1751 225 10.5%  0.80[-2.33,3.93]
-7 2227 9 -7 1386 10 0.4% 0.00 [-16.90, 16.90]
-0.34 1017 608 -0.18 10.17 614 79.3% -0.16[-1.30, 0.98]
1035 1046 100.0% -0.07 [-1.08, 0.95]

013(P=

2 -1 1
Favours [experimental] - Favours [control]

Mean Difference

0 10 0 10 2
Favours [experimental] - Favours [control]

Mean Difference

-

Experimental Control Mean Difference
CHaraya 2022 7846 3895 50 10282 3126 52 33.3% -24.36(-38.10,-10.62)
DICTATE-AHF 2024 188 180 118 287 260 116  7.4% -99.00 [-156.39, 41.61]
Ibrahim A 2020 12607 43 50 17078 97 50 418% -44.71[47.65,-41.77)
Kirsten Thiele 2022 993 879 9 1217 425 10 63% -2240[-85.58,40.78]
‘Tamaki 2021 1532 817 30 1825 897 20 113% -20.30[-73.12,14.52]
Total (95% CI) 257 257 100.0% -38.81 [-55.97, -21.65]
Heterogeneity: Tau® = 181.11; Chi* = 12.47, df = 4 (P = 0.01); I = 68%

Test for overall effect: Z = 4.43 (P < 0.00001)
Experimental Control Mean Difference

EMPAG-HF 2022 10.775 0937 30 865 304 29 294%  2.13[0.97,3.28]

Ibrahim A 2020 1846 07 50 1443 07 50 355%  4.03(3.76,4.30]

PérezBelmonte LM. 2021 161 151 99 139 122 109 351%  220[1.82,258]

Total (95% CI) 179 8 100.0%  2.83[1.36,4.29]

8
: Chi* = 63.95, df = 2 (P < 0.00001); I = 97%
78 (P = 0.0002)

Heterogeneity: Tau? = 1
Test for overall effect

200 -100
Favours [experimental]

Mean Di

100 200
Favours [control]

ifference
——

-
-

B =3

-4 2
Favours [experimental]

2
Favours [control]





OPS/images/fcvm-11-1388337-g008.jpg
Control
EMPULSE trial 2022 362 2375 260 -31.7 24.26
Pérez-Belmonte LM. 2021  -46 131 99 -4 131
SOLOIST-WHF 2021 -17.7 2496 608 -136 24.96

Total (95% CI) 967
Heterogeneity: Tau® = 0.01; Chi? = 3.23, df = 2 (P = 0.20); I = 38%
Test for overall effect: 05 (P =0.002)

264
109
109

482

42.1%
23.2%
34.7%

100.0%

Std. Mean Difference

-0.19[-0.36,-0.02) »
-046[-073,-0.18) ¢
-0.16[-0.37, 0.04] ] IE
-0.24 [-0.40, -0.09] ——
05 05

Favours [experimental] Favours [control]





OPS/images/fcvm-11-1388337-g007.jpg
| Wei
116 2.8%
265  6.9%
453  4.5%
30 27%
595 83.2%
1459 100.0%

Experimental Control

Id T Event
DICTATE-AHF 2024 1118 4
EMPULSE trial 2022 5 265 10
Lopez-Vilella R 2022 2 8 21
Masaki Nakagaito 2021 4 56 3
Sebastian Carballo 2020 73 220 225
Total (95% Cl) 742
Total events 85 263
Heterogeneity: Chi* = 2.86, df = 4 (P = 0.58); I = 0%
Test for overall effect: Z = 1.96 (P = 0.05)

Risk Ratio
xt

0.25[0.03, 2.17)
050[0.17, 1.44]
052[0.12, 2.18]
0.71[0.17, 2.98]
0.88[0.71, 1.09]

0.810.66, 1.00]

Risk Ratio

0.01

Favours

0.1 1 10
[experimental] Favours [control]

100





OPS/images/fcvm-11-1388337-g006.jpg
Experimental  Control Risk Ratio Risk Ratio
lom.95%Cl
44.1RCTs,
CHaraya 2022 4 50 17 52 85% 0.86(0.47, 1.55] —
DICTATE-AHF 2024 6 118 8 116 33% 0.74(0.26, 2.06]
EMPA-RESPONSE-AHF 2020 2 a0 5 39 15% 0.39(0.08, 189 ¥
EMPULSE trial 2022 36 265 52 265 151% 069(047, 1.02] =1
SOLOIST-WHF 2021 194 608 207 614 318% 0.66(0.57,0.76] -
Subtotal (95% CI) 1081 1086 60.1% 0.67[0.59, 0.76] <>
Total events 252
Heterogeneity: Tau? = 0.00; Chi = 1.22, df = 4 (P = 0.87); I
Test for overall effect: Z = 6.10 (P < 0.00001)
4.4.2 Observational
Lopez-Vilella R 2022 1183 145 453 9.0% 041[023,073) T
Masaki Nakagaito 2021 14 56 13 30 80% 0.58(0.31, 1.06] ——
Pérez-Belmonte L M. 2021 4 99 109 22% 088[024,319) T |
Sebastian Carballo 2020 49 220 128 595 207% 1.04 (0.77,1.38] —
Subtotal (95% CI) 458 187 39.9% 068 [[0.41. 1.151] e
Total events 2
Heterogeneity: Tau? = 0.18; Chi = 9.52, df = 3 (P = 0.02); I = 68%
Test for overall effect: Z = 1.4 (P = 0.1
Total (95% CI) 1539 2273 100.0% 0.71[0.58, 0.86] >
Total events. 330 670
Heterogeneity: Tau? = 0.03; Ch = 12.44, df = 8 (P = 0.13); F = 36% P i 3
Test for overall effect: Z = 3.46 (P = 0.0005) g :
Test for subarouo differences: Chi* = 0.00. df = 1 (P = 0.95). = 0% Favaurs lexperimontal] {Favours (ool
Experimental  Control Risk Ratio Risk Ratio
tudy or Subgroup Events Total Events Total Weight M-H, Fi a M-H, Fixed, 95% CI
41.1RCTs
CHaraya 2022 1450 17 52 38%  0.86[047,155 -
DICTATE-AHF 2024 6 118 8 116 18%  074(0.26,206]
EMPA-RESPONSE-AHF 2020 2 40 5 39 11%  039(008189 ¢ |
EMPULSE trial 2022 36 265 52 265 117%  069[047,1.02] —=
SOLOIST-WHF 2021 194 608 207 614 666%  0.66[057,0.76] -+
Subtotal (95% Cl) 1081 1086 85.0%  0.67[0.59,0.76] <
Total events 252 379
Heterogeneity: Chi* = 1.2, df = 4 (P = 0.87); F = 0%
Test for overalleffect: Z = 6.04 (P < 0.00001)
4.1.2 Observational
Lopez-Vilella R 2022 " 83 145 453 10.1%  0.41(0.23,073] e
Masaki Nakagaito 2021 1486 13 30 38%  058[0.31,106] f——
Pérez Belmonte L.M. 2021 4 % 5 109 1.1%  088[024,3.19]
Sebastian Carballo 2020 49 220 128 595 00%  1.04[0.77,1.38)
Subtotal (95% CI) 238 592 15.0% 049 [[o.az, n.u]] —~
Total events 29 163
Heterogeneity: Chi* = 1.42, df = 2 (P = 0.49); I = 0%
Test for overall effect: Z = 3.43 (P = 0.0006)
Total (95% C) 1319 1678 1000%  0.64[0.57,0.73] L 4
Total events 542

: Z=6.94 (P <0.00001)
Test for subarouo differences: Chi

Experimental
CHaraya 2022 14 50
DICTATE-AHF 2024 6 118
EMPA-RESPONSE-AHF 2020 2 4
EMPULSE trial 2022 36 265
Lopez-Vilella R 2022 1 83
Pérez-Belmonte LM. 2021 4 99
Total (95% CI) 655

Total events 73
Heterogeneity: Chit = 4.16, df = 5 (P = 0.53); I = 0%

Test for overall effect: Z = 3.59 (P = 0.0003)

.28, 6f =7 (P = 0.75); F = 0%

Control
17 52
8 116
5 39
52 265
145 453
5 109
1034

232

2.00.df=1(P =0.15). = 52.2%

Risk Ratio

0.86[0.47, 1.55]
0.74[0.26, 2.06]
0.39(0.08, 1.89]
0.69[047,1.02]
041023,0.73)
088(0.24,3.19]

0.62[0.47, 0.80]

02 05 4
Favours [experimental]

2
Favours [control]

Risk Ratio

b H'I"‘l

10
Favours [experimental] - Favours [control]





OPS/images/fcvm-11-1388337-g005.jpg
Experimental  Control Risk Ratio Risk Ratio
om.95%Cl
31.1RCTs
EMPAG-HF 2022 13 4 29 21% 024003200 [
DICTATE-AHF 2024 4 118 3 116 41% 131(0.30,5.73) —t
EMPA-RESPONSE-AHF 2020 3 40 10 3 57% 0.29(0.09,0.98]
EMPULSE trial 2022 28 260 39 264 19.0% 0.73[0.46, 1.15] il
‘SOLOIST-WHF 2021 194 608 207 614 28.8% 0.66(0.57, 0.76] =
Subtotal (95% CI) 1056 1062 50.7% 0,66 [0.58, 0.75] *
Total events
Heterogeneity: Tau* = 0.00; Chi
Testfor overall effect: Z = 6.08 (P < 0.00001)
3.1.2 Observational
Pérez-Belmonte LM. 2021 3 9 8 109 51% 041(0.11,151] e
LopezVilella R 2022 3 83 48 453 63% 0.34(0.11,1.07) —r ]
Sebastian Carballo 2020 122 220 323 595 289% 102089, 1.17] +
Subtota (95% o) iz e e sz e
Total events
Heterogeneity: Tau* = 0.37; Chi = = 65%
Test for overall effect: Z = 1.11 (P = 0.27)
Total (95% CI) 1458 2219 100.0% 0.69[0.50, 0.95] >
Total events
Helrcgendhy: T8 = 000: i 27,70 o7 P = 000IZY P = 75% A x E
Testfor overall effect: Z ) i ¢
Test for subarou differences: Ghi = 0.02. df = 1 (P = 0.88). = 0% RS [sEpenimenisl, avouss (oomio]
Experimental  Control Risk Ratio Risk Rati
tudy or Subaroup Events Total Events Total Weight M-H, Fixed, 95% Cl W-H, Fixed, 95% Cl
34.1RCTs
DICTATE-AHF 2024 4 18 3 116 08%  1.31[030,573) ==
EMPAG-HF 2022 13 4 29 11%  024[0.03,204) &
EMPA-RESPONSE-AHF 2020 3 40 10 39 27%  029[0.09,098]
EMPULSE trial 2022 28 260 39 264 10.3%  0.73[046,1.15] = |
‘SOLOIST-WHF 2021 194 608 297 614 790%  0.66[0.57,0.76) u
Subtotal (95% Cl) 1056 1062 94.0%  0.66[0.57,0.75] *
Total events
Heterogeneity: Chi* =3.60, df =4 (P = o 45) #=0%
Test for overall effect: Z = 6.10 (P < 0.00001)
3.1.2 Observational
Pérez-Belmonte LM. 2021 3 9 8 109 20%  041[0.11,151] —
Lopez-Vilella R 2022 3 83 48 453 40%  034[0.11,1.07] = =
Sebastian Carballo 2020 122 220 323 595 00%  1.02(0.89,1.17]
Sumnm (95-/‘ c) 182 562 6.0%  0.37[0.15,0.87] e
Tota
Hetemgene\(y Chi*=0.05, df = 1 (P 0. es) #=0%
Test for overall effect: Z = 2.28 (P = 0.02)
Total (95% C1) 1238 1624 100.0%  0.64[0.56,0.73] *

Total events 236
Heterogeneity: Chi* =5.41, df = 6 (P = 0.49); 1= 0%
Test for overall effect: Z = 6.51 (P < 0.00001)

Test for subarouo differences: Chit = 1.72. df =

1(P=0.19). = 41.9%

Experimental  Control
DICTATE-AHF 2024 4 118 3 116 39%
EMPAG-HF 2022 130 4 29 52%
EMPA-RESPONSE-AHF 2020 3 40 10 39 129%
EMPULSE trial 2022 28 260 39 264 494%
Lopez-Vilella R 2022 3 8 48 453 190%
Pérez-Belmonte L M. 2021 3 % 8 109 97%
Total (95% CI) 630 1010 100.0%

Total events 42 112
Heterogeneity: Chi* = 5.17, df = 5 (P = 0.40); 1= 3%
10 (P =0.002)

Test for overall effect:

Risk Ratio

1.31(030,5.73]
0.24[0.03, 2.04]
0.29(0.09, 0.98]
0.73[0.46, 1.15]
0.34[0.11,1.07)
041[0.11,151]

0.57[0.39, 0.81]

5 1 2 5
Favours [experimental] - Favours [control]

Risk Ratio
pd, 95%C1

01 01 10
Favours [experimental] Favours [control]






OPS/images/fcvm-11-1388337-g004.jpg
Experimental Control Risk Ratio

214 RCTs
CHaraya 2022 14 50 17 52 51%  086[0.47,155] -

DICTATE-AHF 2024 19 118 20 116 62%  0.93[053,1.66) G
EMPA-RESPONSE-AHF 2020 2 40 5 39 15%  0.39[0.08,189] —

EMPULSE trial 2022 14 265 12 265 37%  117[0.55,247) =

SOLOIST-WHF 2021 112 608 153 614 464%  0.74[0.60,0.92] =

Subtotal (95% CI) 1081 1086 629%  0.78[0.65,0.94] *

Total events 161 207

Heterogeneity: Chi =064); 7= 0%

Test for overall effect: Z = 2.59 (P = 0.010)

2.1.2 Observational

Masaki Nakagaito 2021 14 56 1330 52%  058[0.31,1.06] =7

Sebastian Carballo 2020 74 220 194 595 31.9%  1.03[083,1.28) *

Subtotal (95% CI) 276 625 37.1%  0.97[0.79,1.19] L

Total events 88 207

Heterogeneity: Chi = 3.08, df = 1 (P = 0.08); I = 68%

Test for overall effect: Z = 0.31 (P = 0.76)

Total (95% Cl) 100.0%  0.85[0.74,098] ¢

Total events

Heterogeneity: Chiz = 7. o1 mn o=

. 10
Test for overall effect: Z Favours [experimental] - Favours [control]

Test for subarouo differences: 5 3 55.6%






OPS/images/fcvm-11-1388337-g003.jpg
B

Experimental

14.1RCTs
CHaraya 2022

DICTATE-AHF 2024
EMPAG-HF 2022
EMPA-RESPONSE-AHF 2020
EMPULSE trial 2022

Ibrahim A 2020
SOLOIST-WHF 2021
Subtotal (95% Cl)

Total events.

Heterogeneity: Chi? = 2.96, df = 6
Test for overall effect: Z = 2.07 (i

1:1:2 Observational

Gpez-Vilella R 2022 2 83
Masak\ Nakagaito 2021 4 56
Pérez-Belmonte L.M. 2021 4 99
Sebastian Carballo 2020 73 220
Subtotal (95% CI) 458

Total events
Heterogeneity: Chi* = 1.50, df =3 (P = o ea) #=0%
Test for overall effect: Z = 1.42 (P = 0.16)
Total (95% Cl) 1619
Total events 178
Heterogeneity: Chi = 4.91, df = 10 (P = 0.90); I = 0%
Test for overall effect: Z = 2.48 (P
Test for subarouo differences: Chi*

Experimental
CHaraya 2022 13 50
DICTATE-AHF 2024 3 118
EMPAG-HF 2022 130
EMPA-RESPONSE-AHF 2020 1 40
EMPULSE trial 2022 1 265
Ibrahim A 2020 1 50
Lopez-Vilella R 2022 2 83
Pérez-Belmonte L.M. 2021 4 9
Sebastian Carballo 2020 73 220
Total (95% CI) 955

Total events 109
Heterogeneity: Chi? = 4.96, df = 8 (P = 0.76); I = 0%
Test for overall effect: Z = 2.30 (P = 0.02)

Control
16 52
5 116
2 29
3 39
22 265
150
76 614
1165

125
21 453
4 30
6 199
225 595
1217
2442

381

01)
0.48.df =1 (P =0.49). 1= 0%

Control

16 52
5 116
2 29
3 20
22 265
1 50
21 453
6 199
225 595
1788

301

6.0%
1.9%
0.8%
12%
8.4%
0.4%
28.9%
47.6%

25%
2.0%
15%
46.4%
52.4%

100.0%

8.7%
28%
11%
1.9%
12.1%
0.6%
3.6%
2.2%
67.0%

100.0%

Risk Ratio

0.84[0.45,1.57)
0.59[0.14, 2.41])
0.48 [0.05, 5.05]
0.33[0.04, 2.99)
0.50 [0.25, 1.01)
1.000.06, 15.55]
0.86 [0.63, 1.18]
0.77[0.60, 0.99]

0.52[0.12, 2.18]
0.54 [0.14,1.99)
1.34[0.39, 4.64]
0.88 [0.71, 1.09]
0.86[0.70, 1.06]

0.82[0.70, 0.96]

Risk Ratio

0.84[0.45, 1.57)
0.59[0.14, 2.41]
0.48 [0.05, 5.05)
0.24[0.03, 2.21)
0.50 [0.25, 1.01)

1.00(0.06, 15.55]
052(0.12,2.18)
1.34[0.39, 4.64]
0.88(0.71, 1.09]

0.80 0.6, 0.97]

0.01

100

01 1 10
Favours [experimental] - Favours [control]

Risk Ratio

*

0.01

100

0.1 10
Favours [experimental] Favours [control]





OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Efficacy and safety of sodium-glucose
cotransporter 2 (SGLT2) inhibitors in patients
with acute heart failure: a systematic
review and meta-analysis





OPS/images/fcvm-11-1388337-g013.jpg
Experimental Control Risk Ratio Risk Ratio
DICTATE-AHF 2024 59 118 57 116 125%  1.02[0.79,132]
EMPAG-HF 2022 9 30 13 29 9% 0.67(0.34, 1.32) i
EMPA-RESPONSE-AHF 2020 8 40 1" 39 24% 0.71[0.32, 1.57) [
EMPULSE trial 2022 8 260 115 264 24.8%  0.74[0.59,093] -
Masaki Nakagaito 2021 5 56 1 30 03% 268[0.33,21.89] _——j———
Pérez-Belmonte L.M. 2021 13 99 19 199 27%  1.38(0.71,267] ]
SOLOIST-WHF 2021 235 608 251 614 54.3% 0.95[0.82, 1.09) -
Total (95% CI) 1211 1291 100.0% 0.91[0.82, 1.01]
Total events. 413 487
eterogeneity: Chi = 7.90, df = 6 (P = 0.25);
2 01 02 05 2 5
est K averal ffeck: 21,86 =0.06) Favours [experimental] - Favours [control]
Experimental Control Risk Ratio Risk Ratio
CHaraya 2022 o s 0 s Not estimable
DICTATE-AHF 2024 0 18 1 116 27% 0.33(0.01, 7.96)
EMPAG-HF 2022 1 30 4 29 72% 0.24[0.03, 2.04) =t
EMPA-RESPONSE-AHF 2020 1 40 4 39  18%  0.97[0.06, 15.05]
EMPULSE trial 2022 " 260 17 264 30.0% 0.66 (0.31, 1.38] -
Masaki Nakagaito 2021 3 56 0 30 12% 3.81[0.20,71.35 —
Pérez-Belmonte L.M. 2021 1 99 2 199 24%  1.01[0.09, 10.95]
SOLOIST-WHF 2021 29 608 31 614 548%  094[0.58155] -
Total (95% Cl) 1261 1343 100.0° 0.83 [0.56, 1.21]
% CI) % -
Total events. 46
Heterogeneily: Ch* =334, df = 6 (P = 0.7), = 0% ¥ s e
Test for overall effect: 2 = 0.9 (P = 0.32) Favours. IexDeNmemaIJ Favours [control]
Experimental _ Control Risk Ratio Risk Ratio
(CHaraya 2022 o 50 0 52 Not estimable
DICTATE-AHF 2024 10118 0 116 84%  295[012,7167)
EMPAG-HF 2022 o 30 0 29 Not estimable
EMPA-RESPONSE-AHF 2020 o 4 139 253%  033(0.01,7.75) —_—
EMPULSE tral 2022 o 20 0 2 Not estimable
SOLOIST-WHF 2021 : 608 4 614 66.3% 0.50 [0.09, 2.75] ——
Total (95% CI) 1106 1114 100.0%  0.66[0.19,2.35] —~
Total events. 3 5
Heterogeneity: Chi? = 1.13, df = 2 (P = 0.57); I = 0%
0005 0.1 10 00
Test for overall effect: 2 = 0.63 (P = 0.53) Favours [experimental] - Favours [control]
Experimental _ Control Risk Ratio Risk Ratio
CHaraya 2022 3 50 5 52 67% 0.62(0.16, 2.47)
DICTATE-AHF 2024 5 118 10 116 138%  049[0.17,1.39] —
EMPA-RESPONSE-AHF 2020 0 40 2 39 35% 0200001,394) ¥
EMPULSE trial 2022 27 260 27 264 368% 1.02[0.61, 1.68] -
Masaki Nakagaito 2021 2 56 0 30 09% 272[0.13,54.88]
SOLOIST-WHF 2021 36 608 28 614 38.3% 1.30 [0.80, 2.10] o
Total (95% CI) 132 1115 1000%  1.01[0.74,1.38] *
Total events 7 2
Heterogeneity: Chit = 4.92, df = 5 (P = 0.43); I = 0% i 3 7 o
et o overal effect:2=0.07 (= 0.94) Favours [experimental]  Favours [control]
Experimental _ Control Ratio Risk Ratio
DICTATE-AHF 2024 7 118 9 116 30.3%  0.76[0.29, 1.98]
EMPULSE trial 2022 5 260 4 264 132% 1.27[0.34, 4.67]
SOLOIST-WHF 2021 % 608 17 614 565%  154[0.85,282)
Total (95% CI) 986 994 100.0% 1.27 [0.80, 2.03]
‘otal events 38 30
Heterogeneity: Ct 49, df=2 lP 0 AT P =
001 01 10 100
Tt v st £+ 101 (B=051) Favours [experimental] - Favours [control]
Ecparinantd _ Conrl Risk Ratio Risk Ratio
tudy or Subaroup. Events _Total Events Total Weight M-H, Fixed, 95% CI M.H, Fixed, 95% CI
DICTATE-AHF 2024 4 118 1 116 20%  3.93(045,34.66] —
EMPA-RESPONSE-AHF 2020 1 40 0 3 10% 2930126074 =
EMPULSE tial 2022 20 260 21 264 423% 097054, 1.74] —a—
'SOLOIST-WHF 2021 25 608 27 614 54.6% 0.94[0.55, 1.59] ——
Total (95% CI) 1026 1033 100.0%  1.03[0.70,1.51] >
Total events 50 49
Heterogeneity: Chi? = 2.04, df = 3 (P = 0.56); I = 0% o 02 3
Test for overall effect: Z = 0.15 (¢ ) Favours [experimental] - Favours [control]






OPS/images/fcvm-11-1388337-g012.jpg
Expe \ental Control Mean Difference Mean Difference
tudy or Subgroup Mean D_Total Mean SD Total Weight 1V, Fixed, 95% Cl 1V, Fixed, 95% CI
DICTATE-AHF 2024 1287 1601 118 1,611 1770 116 37.3%  -324.00 [-756.66, 108.66] —
Kirsten Thiele 2022 2,050 3,243 9 2202 5807 10 0.4% -152.00 [-4328.46, 4024.46]
PérezBelmonte LM. 2021 1699 522 99 2303 1699 109 623% -604.00(-939.12,-268.88] — M

Total (95% C) 226
Heterogeneity: Chi* = 1.03, df =2 (P = uso) #=0%
Test for overall effect: Z = 3.69 (i

235

100.0% -497.62 [-762.02, -233.21] e

~1000 500 500
Favours [experimental] Favours [control]

1000





OPS/images/fcvm-11-1388337-g011.jpg
[
Effect size

@
.
o
.
A o
S 2
e g
e 2
<< | u
S o
o el o

0.732

Egger’s test p

0.541

Egger’s test p

[a)

.
o3
P 5

)
. e
0 v z € v s
o715 100)0 J0 1040 PiEpUEIS
Sest T ®

2
Effect size

Egger’s test p

0.508

Egger’s test p

0.296





OPS/images/fcvm-11-1388337-g010.jpg
1 Upper Ci Limit

A e seites, thon et sluay (e ol
ILower Gl Limit stimate
Ibrahim A (2020) o '
Lopez-VilelaR 2022) | 1 o '
EMPAGHF (2022) | 1 o
EMPARESPONSE-AHF (2020) o

EMPULSE tial (2022) | 1 ° |
DICTATE-AHF (2024) i °
063 040 027 095 k
Mela-analyss estimaes, ghen named stuty s omitied
ILowerCl it Ostimate Upper Ci Limil
CHaraya 2022 2022) | 1 o
DICTATE-AHF 2024 (2024) °
orahim A 2020 (2020) 1o
Kirsten Thile 2022 (2022) | °
Tamaki 2021 2021) | 1 ° |

CHaraya (2022)

DICTATE-AHF (2024)

EMPAGHF (2022)

EMPULSE ial (2022)

Kirsten Thicle (2022)

SOLOIST-WHF (2021)

iyt Selnateh. et rnad iy I ot
imae

Lower imate 1 Upper C1 Limit
' o |
I o '
' ° '
E '
1

' ° ]
o an 001 X3 ¥

EMPAG-HF 2022 (2022)

oranim A 2020 (2020)

PerezBeimonte L M. 2021 (2021)

Meta-analysi estmaes, given named studyIs omited
ILover CILImt  OEstimate. Upper CiLimit

37





