[image: image1]Spironolactone Improves the All-Cause Mortality and Re-Hospitalization Rates in Acute Myocardial Infarction with Chronic Kidney Disease Patients

		ORIGINAL RESEARCH
published: 31 May 2021
doi: 10.3389/fphar.2021.632978


[image: image2]
Spironolactone Improves the All-Cause Mortality and Re-Hospitalization Rates in Acute Myocardial Infarction with Chronic Kidney Disease Patients
Xiang Qu1, Hui Yao1, Changxi Chen1, Shuting Kong1, Lingyue Sun2, Leilei Du1, Siqi Liang1, Zhan Gao1, Gaoshu Zheng1, Minghua Zheng1, Chuhuan Zhao1, Xiafei Feng1, Gaojun Wu1 and Hao Zhou1*
1Cardiovascular Medicine, First Affiliated Hospital of Wenzhou Medical University, The Key Lab of Cardiovascular Disease of Wenzhou, Wenzhou, China
2Department of Cardiology, Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai, China
Edited by:
Annalisa Capuano, University of Campania Luigi Vanvitelli, Italy
Reviewed by:
Jonatan Barrera-Chimal, National Autonomous University of Mexico, Mexico
Donato Cappetta, University of Campania Luigi Vanvitelli, Italy
* Correspondence: Hao Zhou, Wyzh66@126.com
Specialty section: This article was submitted to Cardiovascular and Smooth Muscle Pharmacology, a section of the journal Frontiers in Pharmacology
Received: 24 November 2020
Accepted: 07 May 2021
Published: 31 May 2021
Citation: Qu X, Yao H, Chen C, Kong S, Sun L, Du L, Liang S, Gao Z, Zheng G, Zheng M, Zhao C, Feng X, Wu G and Zhou H (2021) Spironolactone Improves the All-Cause Mortality and Re-Hospitalization Rates in Acute Myocardial Infarction with Chronic Kidney Disease Patients. Front. Pharmacol. 12:632978. doi: 10.3389/fphar.2021.632978

Background: Mineralocorticoid receptor antagonists (MRA) improve outcomes in chronic kidney disease (CKD) and acute myocardial infarction (AMI) patients. However, the lack of evidence regarding long-term clinical outcomes in the use of MRA, including spironolactone, in patients with AMI combined with CKD.
Objectives: This study aimed to investigate whether spironolactone could significantly reduce the risk of all-cause mortality and re-admission in patients with AMI and CKD.
Methods: In this single center, observational, retrospective, registry based clinical study, a total of 2,465 AMI patients were initially screened; after excluding patients with estimated glomerular filtration rate more than 60 ml/min/1.73 m2, 360 patients in the standard treatment group and 200 patients in the spironolactone group met the criteria. All enrolled patients follow-up for 30 months. The primary outcomes were all-cause mortality and re-admission. The key safety outcome was hyperkalemia rates during the 30 months follow-up period.
Results: 160 (44.4%) and 41 (20.5%) patients in the standard treatment and spironolactone groups died, respectively [hazard ratio (HR): 0.389; 95% confidence interval (CI): 0.276–0.548; p < 0.001]. Re-admission occurred in 217 (60.3%) and 95 (47.5%) patients in the standard treatment and spironolactone groups, respectively (HR: 0.664; 95% CI: 0.522–0.846; p = 0.004). The spironolactone group was divided into two based on the daily dose, low dose group (no more than 40 mg) and high dose group (more than 40 mg); the differences in the mortality rate between low dose group (16.7%) and the standard treatment group (44.4%) (HR: 0.309; 95% CI: 0.228–0.418; p < 0.001) and high dose group (34.1%) (HR: 0.429; 95% CI: 0.199–0.925; p = 0.007) were significant. The differences in re-hospitalization rate between low dose group (43.6%) and the standard treatment group (60.3%) (HR: 0.583; 95% CI: 0.457–0.744; p < 0.001) and high dose group (61.4%) (HR: 0.551; 95% CI: 0.326–0.930; p = 0.007) was significant. Hyperkalemia occurred in 18 (9.0%) and 18 (5.0%) patients in the spironolactone group and standard treatment group, respectively (HR: 1.879; 95% CI: 0.954–3.700; p = 0.068). Whereas, Hyperkalemia occurred in high dose group (20.5%) significantly more often than in the standard treatment group (p < 0.001) and low dose group (5.8%) (p = 0.003).
Conclusion: Using MRA, such as spironolactone, may substantially reduce the risk of both all-cause mortality and re-admission in patients with AMI and CKD; the use of low-dose spironolactone has the best efficacy and safety. However, this was a relatively small sample size, single center, observational, retrospective, registry based clinical study and further prospective evaluation in adequately powered randomized trials were needed before further use of spironolactone in AMI with CKD population.
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INTRODUCTION
Chronic kidney disease (CKD) affects approximately 30–40% of all patients with acute myocardial infarction (AMI) (Fox et al., 2010) and has been associated with a particularly high risk of adverse cardiovascular outcomes (Anavekar et al., 2004); in these patients, the age-adjusted mortality is 15- to 30-fold higher than that in the general population (Go et al., 2004; Tonelli et al., 2006). Large-scale trials have shown that medical therapy targeting renin-angiotensin-aldosterone system, including angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs), is beneficial against adverse cardiovascular outcomes in the general population (Evans et al., 2016; Korhonen et al., 2017). However, data supporting the positive effects of mineralocorticoid receptor antagonists (MRA) as a renin-angiotensin-aldosterone system-targeting therapy are limited for cardiovascular outcomes in patients with CKD and AMI because these patients are often excluded from most clinical trials on which guidelines are based (Coca et al., 2006). However, recent studies suggest that the protective mechanisms of MRA may be qualitative or quantitative changes in aldosterone rather than angiotensin II (Struthers and MacDonald, 2004).
High aldosterone plasma levels early after AMI are related to mortality, sudden cardiac death, and heart failure (Beygui et al., 2009). Several experimental studies and clinical trials have confirmed that early MRA administration after myocardial infarction could improve myocardial structure, electrical remodeling, cardiovascular fibrosis, inflammation, oxidative stress, and reduce mortality (Pitt et al., 2005; Kasama et al., 2011; Beygui et al., 2016; Bulluck et al., 2019). In patients with CKD, MRA have been shown to slow renal progression by reducing proteinuria (Bianchi et al., 2006), as well as reduce cardiovascular morbidity and mortality (Matsumoto et al., 2014).
However, the lack of evidence for MRA, including spironolactone, in patients with AMI and CKD, especially regarding long-term clinical outcomes, such as all-cause mortality, have limited their clinical application. On this basis, in this study we aimed to investigate whether spironolactone could significantly reduce the risk of mortality from all causes and re-hospitalization in patients with AMI and CKD.
METHODS
Study Population
This was a single center, observational, retrospective, registry based clinical study. The purpose of this study was to assess whether a spironolactone regimen in patients with AMI and CKD reduced long-term all-cause mortality and re-admission rates. Data from consecutive patients between January 2013 and December 2017 were collected. We enrolled AMI patients undergoing emergency treatment with percutaneous coronary intervention (PCI) at the First Affiliated Hospital of Wenzhou Medical University where treatment for acute cardiac disease is provided. Patients with a diagnosis of AMI were given aspirin, clopidogrel, or ticagrelor loading dose immediately before PCI. Dual antiplatelet therapy was routine used after PCI. Statins, β-blockers or ACEI/ARB or MRA were administered to improve myocardial remodeling after contraindications were excluded. According to whether they were treated with spironolactone after PCI, the patients were divided into two groups: standard treatment group and spironolactone group. Patients in spironolactone regimen received oral spironolactone as soon as possible. The first oral spironolactone was administered in 24 h after PCI, after control of plasma concentrations of potassium. The oral dose was not given if the first blood sample revealed a potassium level more than 5.5 mmol/L. Furthermore, the spironolactone group was then divided into two groups according to their treatment dose, patients took no more than 40 mg per day as low dose group and patients took more than 40 mg per day as high dose group; subgroup analysis was then performed. Patients were received spironolactone during the 30 months of follow-up unless adverse events such as recurrent hyperkalemia occurred. Only the first myocardial infarction during the specified period was considered. A diagnosis of AMI was made according to the universal definition of AMI (detection of a rise in cardiac biomarker, such as troponin, values with at least one value above the 99th percentile upper reference limit and with at least one of the following: symptoms of ischemia, new ST-segment–T wave changes, new left bundle branch block, or pathological Q waves in the electrocardiogram, imaging evidence of new loss of viable myocardium, or intracoronary thrombus on angiography) (Thygesen et al., 2012). The study protocol was approved by the Ethics Review Board of the First Affiliated Hospital of Wenzhou Medical University. Clinical trial registration at chictr.org.cn and the identifier was ChiCTR1900021344.
Renal Function Assessment
The estimated glomerular filtration rate (eGFR) was used to assess patients’ renal function. The eGFR was calculated from the creatinine level on admission using the Chronic Kidney Disease Epidemiology Collaboration equation (CKD-EPI) (Levey et al., 2007). The creatinine level measurements were performed by either an enzymatic or corrected Jaffe method (alkaline picrate reaction), both of which are comparable to isotope dilution mass spectrometry standards. Renal function was graded based on eGFR using the Kidney Disease Improving Global Outcomes 2012 Guideline definition (Summary of recommendation statements, 2013). A total of 2465 AMI patients were initially screened and 2,420 had available eGFR data. Among the patients with an identified eGFR, 560 had moderate to severe CKD with eGFR < 60 ml/min/1.73 m2 based on the definition of CKD.
Data Collection
The data were collected from the hospital database using a web-based electronic medical record system, based on inpatient and outpatient follow-up results. The following demographic and clinical characteristics were extracted: age, sex, body mass index, heart rate, pulsed blood pressure (systolic blood pressure minus diastolic blood pressure), and traditional cardiovascular risk factors including smoking, alcohol intake, hypertension, diabetes, coronary heart disease, and stroke. Key laboratory data considered as prognostic markers were also collected, including eGFR (calculated based on serum creatinine), alanine aminotransferase, aspartate aminotransferase, low-density lipoprotein cholesterol, brain natriuretic peptide (BNP), troponin I (cTnI), D-dimer, hemoglobin, and potassium levels. Echocardiography measurements, including the left ventricular ejection fraction (LVEF) as calculated based on four apical four- and two-chamber views using the modified Simpson’s biplane method, left atrial diameter using the M-mode echocardiography in the anteroposterior left atrial dimension of parasternal, and left ventricular end diastolic diameter. Post-PCI medications, such as β-blockers, ACEIs/ABRs, statins, and spironolactone, as well as their dosage, were also identified.
Follow-Up and Outcomes
We examined outcome data in medical records, reviews, and telephone correspondence within 30 months after PCI. The primary outcomes were all-cause mortality and re-hospitalization. Serum potassium levels were also collected during subsequent follow-up and more than 5.5 mmol/L was considered hyperkalemia.
Statistical Analysis
All categorical data are shown as frequencies and percentages. The statistics for continuous variables are expressed as means and standard deviations or as median and interquartile range when the distribution was not normal. Categorical variables as frequencies and proportions. Baseline characteristics were compared between the two groups. A Fisher’s exact test or chi-square test was used to identify differences in categorical data, and independent-sample t test (data with normal distribution) or Mann–Whitney U test (data with non-normal distribution) were used to identify differences in quantitative data.
Kaplan-Meier curves were drawn to visualize all-cause mortality and re-hospitalization distribution over time for patients who did and did not take spironolactone after PCI, and a comparison between the two groups was made using a Cox-Mantel test. In addition, univariate followed by multivariate Cox proportional hazards regression analyses were constructed to determine the risk factors for outcomes after adjusting for individual risk factors. Factors found to have predictive significance (p < 0.10) in the univariate analysis and baseline clinical variables with significant differences (p < 0.05) between the two groups were included in the multivariate regression model. In Cox-Mantel test, alanine aminotransferase, aspartate aminotransferase, BNP, and cTnI data underwent natural log transformation as the data were large numerical range. At last, the consistency of the treatment effect on the two main outcomes was assessed among subgroups including: age, sex, body mass index, LVEF, left ventricular end diastolic diameter, eGFR, low-density lipoprotein cholesterol level, potassium level, history of hypertension, diabetes mellitus, smoking, alcohol use, and use of β-blockers, ACEIs/ABRs, statins. The effect in each subgroup was analyzed with the use of an unadjusted Cox model, and p-values for the interaction were calculated using a Cox proportional hazards regression model. Hazard ratios (HRs), 95% confidence intervals (CIs), and p-values were calculated. All analyses were performed using SPSS software version 26 (SPSS, Inc. Chicago, IL). p-values < 0.05 were considered statistically significant.
RESULTS
Study Group Characteristics
The study profile is presented in Figure 1. The patients’ baseline characteristics are presented in Table 1. Overall, from the initial 2,465 patients who underwent emergency PCI, 360 patients in the standard treatment group and 200 patients in the spironolactone group in the current analysis. The two groups were significantly different in several variables; the spironolactone group had a lower level of potassium, D-dimer and LVEF, but had a higher level of age, eGFR and left ventricular end diastolic diameter and usage of β-blockers, ACEIs/ABRs and statins.
[image: Figure 1]FIGURE 1 | Patient enrollment and follow-up flow diagram. AMI, acute myocardial infarction; PCI, percutaneous coronary intervention; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease.
TABLE 1 | Baseline clinical characteristics of patients.
[image: Table 1]Long-Term Clinical Primary Outcomes in AMI Patients With CKD
The primary outcomes in the standard treatment group and spironolactone group are given in Table 2. Compared with those with standard treatment, spironolactone significantly reduced the risk for all-cause death and re-hospitalization. A total of 201 (35.9%) patients died, comprising 160 (44.4%) receiving standard treatment and 41 (20.5%) treated with spironolactone [hazard ratio (HR): 0.389; 95% confidence interval (CI): 0.276–0.548; p < 0.001] (Figure 2A). In total, 312 (55.7%) patients were readmitted; 217 (60.3%) were in the standard treatment group and 95 (47.5%) patients were in the spironolactone group (HR: 0.664; 95% CI: 0.522–0.846; p = 0.004) (Figure 2B).
TABLE 2 | Primary outcome after follow-up.
[image: Table 2][image: Figure 2]FIGURE 2 | Kaplan-Meier estimates in the standard treatment group and spironolactone group for the rate of all-cause mortality (A) and re-hospitalization (B). Kaplan-Meier estimates of all-cause mortality (C) and re-hospitalization rates (D) grouped by dose of spironolactone. CI, confidence interval; HR, hazard risk.
The results of the long-term clinical primary outcome analyses grouped by daily dose of spironolactone (standard treatment group, low dose group, and high dose group) are shown in Figure 2. After grouping, there were 360 patients in the standard treatment group, 156 patients in low dose group and 44 patients in high dose group. The all-cause death rate in the standard treatment group, low dose group, and high dose group were 44.4% (n = 160), 16.7% (n = 26), and 34.1% (n = 15), respectively. Mortality was significantly different between the three groups (χ2 = 36.564, p < 0.001). On post-hoc analysis, the difference in mortality between low dose group and the standard treatment group (HR: 0.309; 95% CI: 0.228–0.418; p < 0.001) and high dose group (HR: 0.429; 95% CI: 0.199–0.925; p = 0.007) was significant. But there was no significant difference between high dose group and standard treatment group (HR: 0.713; 95% CI: 0.449–1.131; p = 0.201) (Figure 2C). In addition, the re-hospitalization rate in the standard treatment group, low dose group, and high dose group were 60.3% (n = 217), 43.6% (n = 68), and 61.4% (n = 27), respectively, and was significantly different between the three groups (χ2 = 12.902, p = 0.002). On post-hoc analysis, the difference in re-hospitalization rate between low dose group and the standard treatment group (HR: 0.583; 95% CI: 0.457–0.744; p < 0.001) and high dose group (HR: 0.551; 95% CI: 0.326–0.930; p = 0.007) was significant. Also, there was no significant difference between high dose group and standard treatment group (HR: 1.024; 95% CI: 0.684–1.534; p = 0.905) (Figure 2D).
Subgroup and Multivariate Analysis of Primary Outcomes in AMI with CKD Patients
The subgroup analysis for all-cause mortality and re-admission (by age, sex, body mass index, LVEF, left ventricular end diastolic diameter, eGFR, low-density lipoprotein cholesterol level, potassium level, the history of hypertension, diabetes mellitus, smoking, alcohol use and the use of β-blockers, ACEIs/ABRs, and statins) is given in Figures 3, 4. The reduction in the risk of the primary outcomes in the spironolactone group was consistent among subgroups. Considering mortality and re-admission, a significant interaction was found between the use of spironolactone and use of ACEIs/ARBs (p < 0.001) or β-blockers (p < 0.001). In addition, Spironolactone significantly increased serum potassium in patients using ACEI/ARB (standard treatment: 4.64 ± 0.46 mmol/L vs spironolactone: 5.04 ± 0.62 mmol/L; p < 0.001) or β-blocker (standard treatment: 4.69 ± 0.60 mmol/L vs spironolactone: 4.94 ± 0.45 mmol/L; p = 0.011).
[image: Figure 3]FIGURE 3 | Subgroup analysis of all-cause mortality based on the long-term follow-up. LVEF, left ventricular ejection fraction; eGFR, estimated glomerular filtration rate; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; CI, confidence interval.
[image: Figure 4]FIGURE 4 | Subgroup analysis of re-hospitalization based on long-term follow-up. LVEF, left ventricular ejection fraction; eGFR, estimated glomerular filtration rate; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; CI, confidence interval.
Based on the univariate analysis, the following factors were associated with all-cause mortality in patients with AMI and CKD: use of spironolactone (HR: 0.389; 95% CI: 0.276–0.548; p < 0.001), use of β-blocker, ACEIs/ABRs or statins, age, gender, heart rate, Ln alanine aminotransferase, Ln aspartate aminotransferase, CKD stage, low-density lipoprotein cholesterol, LnBNP, D-dimer, hemoglobin, potassium, history of smoking, alcohol use, coronary heart disease, and LVEF. After adjusting for confounding factors, the Cox regression analysis showed the use of spironolactone was independently associated with a 47% reduction in risk of all-cause death in patients with AMI and CKD (HR: 0.530; 95% CI: 0.339–0.828; p = 0.005). Younger age, higher LVEF, and use of β-blockers, ACEIs/ABRs and statins were also significant independent negative predictors of all-cause mortality; CKD stage 5 and history of coronary heart disease were independent positive predictors (Table 3). In addition, the use of spironolactone (HR: 0.664; 95% CI: 0.522–0.846; p = 0.004), use of β-blocker, ACEIs/ABRs or statins, age, gender, heart rate, Ln alanine aminotransferase, Ln aspartate aminotransferase, CKD stage, low-density lipoprotein cholesterol, LnBNP, D-dimer, hemoglobin, potassium, history of diabetes, smoking, alcohol use, coronary heart disease and LVEF. were also associated with re-admission in the univariate analysis. In the Cox regression analysis, the use of spironolactone was independently associated with a 27.1% reduced risk of re-admission in patients with AMI and CKD (HR: 0.729; 95% CI: 0.533 to 0.997; p = 0.048). Younger age, male, higher LVEF and use of statins were also significant independent negative predictors of re-hospitalization and higher CKD level, higher LnBNP and left ventricular end diastolic diameter and history of diabetes mellitus were independent positive predictor (Table 4).
TABLE 3 | Independent predictors for mortality in AMI patients with CKD.
[image: Table 3]TABLE 4 | Independent predictors for Re-hospitalization in AMI patients with CKD.
[image: Table 4]Safety
Hyperkalemia occurred in 18 (9.0%) and 18 (5.0%) patients in the spironolactone group and standard treatment group, respectively (HR: 1.879; 95% CI: 0.954–3.700; p = 0.068). Furthermore, the spironolactone group was divided by daily dose; nine (5.8%) patients in low dose group and nine (20.5%) patients in high dose group developed hyperkalemia. Hyperkalemia occurred in high dose group significantly more often than in the standard treatment group (p < 0.001) and low dose group (p = 0.003). There was no significant difference between the standard treatment group and low dose group (p = 0.719). After grouped by eGFR, hyperkalemia occurred in 19 (5.0%), 12 (9.8%) and 5 (8.5%) patients in CKD stage 3, 4 and 5 groups, respectively. There was no statistically significant difference among the three groups (p = 0.133). The change of serum potassium after use spironolactone was also no statistically significant difference among CKD stage 3, 4 and 5 groups (0.85 ± 0.68 mmol/L vs 0.93 ± 0.64 mmol/L vs 1.08 ± 0.67 mmol/L; p = 0.246).
In the spironolactone group, there were five patients in low dose spironolactone group and six patients in high dose spironolactone group discontinued taking spironolactone because of recurrent hyperkalemia. Three patients in high dose spironolactone group had occurred life-threatening hyperkalemia such as malignant arrhythmia and dialysis was required to lower serum potassium levels. There were 1 (11.1%) patient in low dose spironolactone group and 2 (22.2%) patients in high dose spironolactone group had severe hyperkalemia but no statistical difference between two groups (p = 0.527).
DISCUSSION
Based on the results from this cohort clinical registry trial, 22.7% of patients with AMI had concomitant moderate to severe CKD with an eGFR < 60 ml/min/1.73 m2. A total of 560 patients were included in the current analysis, 35.7% of whom received spironolactone. Although MRA are proven beneficial against adverse cardiovascular outcomes, whether the use of spironolactone confers a benefit in AMI patients with CKD is questionable. We showed that treatment with spironolactone was associated with a 47% lower risk of death and 27.1% lower risk of re-admission as compared with those following standard treatment and the benefit remained in various subgroups (Figures 3, 4). In addition, spironolactone daily doses of ≤ 40 mg had better clinical primary outcomes (Figure 2). Notably, AMI patients with an eGFR <60 ml/min/1.73 m2 taking > 40 mg spironolactone per day did not benefit from spironolactone use.
Elevated aldosterone levels in AMI patient have been shown to correlate with worse adverse clinical outcomes, including mortality (Beygui et al., 2006). Therefore, MRA have been used to improve short- and long-term clinical outcomes in patients who have AMI. Previous studies, such as the RALES trial (Pitt et al., 1999) and EMPHASIS–HF (Zannad et al., 2011) trial, have attributed this reduction to improved heart failure after AMI. In the EMPHASIS–HF trial, patients with eGFR < 30 ml/min/1.73 m2 were excluded and renal insufficiency patients were only analyzed in the subgroup analysis. Whereas, in our study, we focused on the long-term clinical outcomes of spironolactone in patients with renal insufficiency (including eGFR <30 ml/min/1.73 m2). For patients with AMI without heart failure, such as in the REMINDER trial (Montalescot et al., 2014), ALBATROSS trial (Beygui et al., 2016) and MINIMIZE STEMI trial (Bulluck et al., 2019), the application of MRA reduced BNP levels, mortality, and size of ST-segment elevation myocardial infarction. Recently, two large meta-analyses have also shown the benefits of MRA in reducing mortality and re-admission in post-myocardial infarction patients with or without heart failure (Bossard et al., 2018; Dahal et al., 2018). Moreover, MRA-based treatment models to reduce cardiovascular event risk in patients with CKD have been gaining increasing interest. The risk factors for cardiovascular disease in CKD patients was significantly different from those of the general population, specifically, raised plasma aldosterone levels. In heart failure with preserved ejection fraction (HFpEF) with CKD patients, the efficacy of spironolactone is still unclear. In HFpEF patients, Pitt B et al. (Pitt et al., 2014) discovered that treatment with spironolactone did not significantly reduce the incidence of death from cardiovascular causes or hospitalization for the management of heart failure. Whereas, Beldhuis IE et al. (Beldhuis et al., 2019) analyzed data from HFpEF patients enrolled in the TOPCAT Americas study and found consistent efficacy of spironolactone was observed in decreased eGFR. These data supported use of spironolactone to treat HFpEF with CKD patients. Data derived from the DOHAS trial (Matsumoto et al., 2014) have confirmed that spironolactone leads to substantive benefits in both death from all causes and re-admission, even in hemodialysis patients. Therefore, high plasma aldosterone is recognized as a common risk factor for adverse cardiovascular events in CKD and AMI patients. However, the influence of MRA therapy on clinical outcomes in AMI patients with CKD is less well established. As a consequence, our study was important as it was the first to assess whether MRA therapy provided a benefit against long-term all-cause mortality and re-hospitalization. Furthermore, different dosages of spironolactone were preliminarily explored in subgroups in order to determine which daily dose of spironolactone is the optimal choice for long-term clinical outcomes in AMI with CKD patients.
For patients with AMI and CKD, the optimal dosing of spironolactone remains to be established. Our study found that the low-dose spironolactone group had the best long-term prognosis among these patients. A previous paper also had noted that low-dose spironolactone treatment (≤40 mg per day) of patients with CKD and an eGFR < 60 ml/min/1.73 m2 tended to reduce all-cause death and cardiogenic re-admission rather than among those with an eGFR > 60 ml/min/1.73 m2 (Vardeny et al., 2012). Even in hemodialysis patients, low-dose spironolactone was also associated with reduced cardiovascular mortality (Matsumoto et al., 2014). Low-dose spironolactone is considered beneficial for left ventricular remodeling in patients with preserved cardiac function after AMI, although no studies have compared the mortality and re-admission of AMI patients given different doses of spironolactone (Vatankulu et al., 2013; Bulluck et al., 2019). David et al. found that with increased spironolactone dosages ( > 40 mg per day), the rate of potential adverse effects, especially hyperkalemia, also increased. Simultaneously, the all-cause mortality rate and re-hospitalization rate increased by a factor of about three. Among them, the rates for hyperkalemia-associated hospital admission and hyperkalemia-associated death were nearly doubled (Juurlink et al., 2004). Our study discovered high dose group had higher rate of hyperkalemia and further found that a high dose of spironolactone may offset the benefit of low dose of spironolactone, resulting in a long-term clinical outcome comparable to that of patients who did not take spironolactone.
Hyperkalemia is a well-recognized adverse outcome in patients treated with MRA. Previous research also shows that 44% of patients who experienced hyperkalemia were on a high daily dose of spironolactone (>50 mg per day) (Wei et al., 2010). In a study on the safety of spironolactone for regular hemodialysis, 32% of cases of hyperkalemia were associated with high doses of spironolactone (>50 mg per day) (Charytan et al., 2019).
In our research, the risk for hyperkalemia in patients with high dose of spironolactone was significantly increased. Thus, we considered closer laboratory monitoring of serum potassium and more judicious use of spironolactone in both inpatient and outpatient settings may reduce the occurrence of this complication. In contrast, the safety of taking low doses of spironolactone was supported because the incidence of hyperkalemia was comparable to that of the standard treatment group. Furthermore, we considered that the interaction between spironolactone treatment and β-blockers or ACEI/ARB may primarily due to increased serum potassium levels after use of spironolactone in AMI with CKD patients. With the increased of serum potassium, the rate of adverse clinical outcomes in AMI with CKD population also increased. These findings underscore the importance of close monitoring of serum potassium levels with MRA treatment, particularly in CKD patients and in combination of β-blockers or ACEI/ARB patients, and carefully assessment of the risks and benefits for MRA in the context of elevated potassium levels.
Study Limitations
This study was not a randomized blinded multicenter trial; thus, we cannot exclude residual confounds despite performing extensive adjustments. The analysis should be considered as only exploratory and further prospective trials were needed. Furthermore, the number of patients in high dose group was relatively small, and the results should be interpreted with caution. At last, we paid less attention to other side effects of spironolactone such as gynecomastia or other sex-hormones related effects.
CONCLUSION
This study showed that using spironolactone may substantially reduce the risk of both all-cause mortality and re-admission in patients with AMI and CKD; low-dose spironolactone ( < 40 mg per day) was found to have the best effect and safety. We consider that spironolactone may be a useful therapy for improving the currently poor prognosis of patients with AMI and CKD. However, this was a relatively small sample size, single center, observational, retrospective, registry based clinical study and further prospective evaluation in adequately powered randomized trials were needed before further use of spironolactone in AMI with CKD population.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by The study protocol was approved by the Ethics Review Board of the First Affiliated Hospital of Wenzhou Medical University. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS
The concept of this paper was proposed by XQ, HY, and HZ. Data supervised by HY, SK, LD, and SL. Data analysis was performed by XQ and ZG. The funding was acquired by HZ. Follow-up was performed by CC, ZG, GZ, HY, SK, LD, and SL. The Methodology of this study was presented by XQ, LS, and HZ. The project administration was performed by MZ. Supervision and validation were performed by CZ, XF, and GW. The writing of the article was done by XQ and HZ. HZ was responsible for the overall content as guarantor.
FUNDING
HZ is supported by a grant from the National Nature Science Foundation of China (No.81873468, http://www.nsfc.gov.cn). The funding organizations had no involvement in the design or conduct of the study, data collection, analysis of the results, or writing of the manuscript. All other authors have reported that they have no relationships relevant to the contents of this paper to disclose.
ACKNOWLEDGMENTS
We would like to thank Prof. Chaoshu Tang, Guangyun Mao for their strong encouragement and assistance in the preparation of the manuscript.
ABBREVIATIONS
CKD, chronic kidney disease; AMI, acute myocardial infarction; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; MRA, mineralocorticoid receptor antagonists; PCI, percutaneous coronary intervention; eGFR, estimated glomerular filtration rate; BNP, brain natriuretic peptide; cTnI, troponin I; LVEF, left ventricular ejection fraction; HFpEF, heart failure with preserved ejection fraction.
REFERENCES
 Anavekar, N. S., McMurray, J. J. V., Velazquez, E. J., Solomon, S. D., Kober, L., Rouleau, J.-L., et al. (2004). Relation between Renal Dysfunction and Cardiovascular Outcomes after Myocardial Infarction. N. Engl. J. Med. 351, 1285–1295. doi:10.1056/nejmoa041365
 Beldhuis, I. E., Myhre, P. L., Claggett, B., Damman, K., Fang, J. C., Lewis, E. F., et al. (2019). Efficacy and Safety of Spironolactone in Patients with HFpEF and Chronic Kidney Disease. JACC Heart Fail. 7, 25–32. doi:10.1016/j.jchf.2018.10.017
 Beygui, F., Cayla, G., Roule, V., Roubille, F., Delarche, N., Silvain, J., et al. (2016). Early Aldosterone Blockade in Acute Myocardial Infarction. J. Am. Coll. Cardiol. 67, 1917–1927. doi:10.1016/j.jacc.2016.02.033
 Beygui, F., Collet, J.-P., Benoliel, J.-J., Vignolles, N., Dumaine, R., Barthélémy, O., et al. (2006). High Plasma Aldosterone Levels on Admission Are Associated with Death in Patients Presenting with Acute ST-Elevation Myocardial Infarction. Circulation 114, 2604–2610. doi:10.1161/circulationaha.106.634626
 Beygui, F., Montalescot, G., Vicaut, E., Rouanet, S., Van Belle, E., Baulac, C., et al. (2009). Aldosterone and long-term outcome after myocardial infarction: A substudy of the French nationwide Observatoire sur la Prise en charge hospitalière, l'Evolution à un an et les caRactéristiques de patients présentant un infArctus du myocarde avec ou sans onde Q (OPERA) study. Am. Heart J. 157, 680–687. doi:10.1016/j.ahj.2008.12.013
 Bianchi, S., Bigazzi, R., and Campese, V. M. (2006). Long-term Effects of Spironolactone on Proteinuria and Kidney Function in Patients with Chronic Kidney Disease. Kidney Int. 70, 2116–2123. doi:10.1038/sj.ki.5001854
 Bossard, M., Binbraik, Y., Beygui, F., Pitt, B., Zannad, F., Montalescot, G., et al. (2018). Mineralocorticoid Receptor Antagonists in Patients with Acute Myocardial Infarction - A Systematic Review and Meta-Analysis of Randomized Trials. Am. Heart J. 195, 60–69. doi:10.1016/j.ahj.2017.09.010
 Bulluck, H., Fröhlich, G. M., Nicholas, J. M., Mohdnazri, S., Gamma, R., Davies, J., et al. (2019). Mineralocorticoid Receptor Antagonist Pre-treatment and Early post-treatment to Minimize Reperfusion Injury after ST-Elevation Myocardial Infarction: The MINIMIZE STEMI Trial. Am. Heart J. 211, 60–67. doi:10.1016/j.ahj.2019.02.005
 Charytan, D. M., Himmelfarb, J., Ikizler, T. A., Raj, D. S., Hsu, J. Y., Landis, J. R., et al. (2019). Safety and Cardiovascular Efficacy of Spironolactone in Dialysis-dependent ESRD (SPin-D): a Randomized, Placebo-Controlled, Multiple Dosage Trial. Kidney Int. 95, 973–982. doi:10.1016/j.kint.2018.08.034
 Coca, S. G., Krumholz, H. M., Garg, A. X., and Parikh, C. R. (2006). Underrepresentation of Renal Disease in Randomized Controlled Trials of Cardiovascular Disease. JAMA 296, 1377–1384. doi:10.1001/jama.296.11.1377
 Dahal, K., Hendrani, A., Sharma, S. P., Singireddy, S., Mina, G., Reddy, P., et al. (2018). Aldosterone Antagonist Therapy and Mortality in Patients with ST-Segment Elevation Myocardial Infarction without Heart Failure. JAMA Intern. Med. 178, 913–920. doi:10.1001/jamainternmed.2018.0850
 Evans, M., Carrero, J.-J., Szummer, K., Åkerblom, A., Edfors, R., Spaak, J., et al. (2016). Angiotensin-Converting Enzyme Inhibitors and Angiotensin Receptor Blockers in Myocardial Infarction Patients with Renal Dysfunction. J. Am. Coll. Cardiol. 67, 1687–1697. doi:10.1016/j.jacc.2016.01.050
 Fox, C. S., Muntner, P., Chen, A. Y., Alexander, K. P., Roe, M. T., Cannon, C. P., et al. (2010). Use of Evidence-Based Therapies in Short-Term Outcomes of ST-Segment Elevation Myocardial Infarction and Non-ST-segment Elevation Myocardial Infarction in Patients with Chronic Kidney Disease. Circulation 121, 357–365. doi:10.1161/circulationaha.109.865352
 Go, A. S., Chertow, G. M., Fan, D., McCulloch, C. E., and Hsu, C.-y. (2004). Chronic Kidney Disease and the Risks of Death, Cardiovascular Events, and Hospitalization. N. Engl. J. Med. 351, 1296–1305. doi:10.1056/nejmoa041031
 Juurlink, D. N., Mamdani, M. M., Lee, D. S., Kopp, A., Austin, P. C., Laupacis, A., et al. (2004). Rates of Hyperkalemia after Publication of the Randomized Aldactone Evaluation Study. N. Engl. J. Med. 351, 543–551. doi:10.1056/nejmoa040135
 Kasama, S., Toyama, T., Sumino, H., Kumakura, H., Takayama, Y., Minami, K., et al. (2011). Effects of Spironolactone on Cardiac Sympathetic Nerve Activity and Left Ventricular Remodelling after Reperfusion Therapy in Patients with First ST-Segment Elevation Myocardial Infarction. Heart 97, 817–822. doi:10.1136/hrt.2010.215459
 Korhonen, M. J., Robinson, J. G., Annis, I. E., Hickson, R. P., Bell, J. S., Hartikainen, J., et al. (2017). Adherence Tradeoff to Multiple Preventive Therapies and All-Cause Mortality after Acute Myocardial Infarction. J. Am. Coll. Cardiol. 70, 1543–1554. doi:10.1016/j.jacc.2017.07.783
 Levey, A. S., Coresh, J., Greene, T., Marsh, J., Stevens, L. A., Kusek, J. W., et al. (2007). Expressing the Modification of Diet in Renal Disease Study Equation for Estimating Glomerular Filtration Rate with Standardized Serum Creatinine Values. Clin. Chem. 53, 766–772. doi:10.1373/clinchem.2006.077180
 Matsumoto, Y., Mori, Y., Kageyama, S., Arihara, K., Sugiyama, T., Ohmura, H., et al. (2014). Spironolactone Reduces Cardiovascular and Cerebrovascular Morbidity and Mortality in Hemodialysis Patients. J. Am. Coll. Cardiol. 63, 528–536. doi:10.1016/j.jacc.2013.09.056
 Montalescot, G., Pitt, B., Lopez de Sa, E., Hamm, C. W., Flather, M., Verheugt, F., et al. (2014). Early Eplerenone Treatment in Patients with Acute ST-Elevation Myocardial Infarction without Heart Failure: the Randomized Double-Blind Reminder Study. Eur. Heart J. 35, 2295–2302. doi:10.1093/eurheartj/ehu164
 Pitt, B., Pfeffer, M. A., Assmann, S. F., Boineau, R., Anand, I. S., Claggett, B., et al. (2014). Spironolactone for Heart Failure with Preserved Ejection Fraction. N. Engl. J. Med. 370, 1383–1392. doi:10.1056/NEJMoa1313731
 Pitt, B., White, H., Nicolau, J., Martinez, F., Gheorghiade, M., Aschermann, M., et al. (2005). Eplerenone Reduces Mortality 30 Days after Randomization Following Acute Myocardial Infarction in Patients with Left Ventricular Systolic Dysfunction and Heart Failure. J. Am. Coll. Cardiol. 46, 425–431. doi:10.1016/j.jacc.2005.04.038
 Pitt, B., Zannad, F., Remme, W. J., Cody, R., Castaigne, A., Perez, A., et al. (1999). The Effect of Spironolactone on Morbidity and Mortality in Patients with Severe Heart Failure. N. Engl. J. Med. 341, 709–717. doi:10.1056/nejm199909023411001
 Struthers, A., and MacDonald, T. M. (2004). Review of Aldosterone- and Angiotensin II-Induced Target Organ Damage and Prevention. Cardiovasc. Res. 61, 663–670. doi:10.1016/j.cardiores.2003.11.037
 Summary of Recommendation Statements. Kidney Int. Suppl. 2013; 3:5–14. |
 Thygesen, K., Alpert, J. S., Jaffe, A. S., Simoons, M. L., Chaitman, B. R., and White, H. D. (2012). Third Universal Definition of Myocardial Infarction. Glob. Heart 7, 275–295. doi:10.1016/j.gheart.2012.08.001
 Tonelli, M., Wiebe, N., Culleton, B., House, A., Rabbat, C., Fok, M., et al. (2006). Chronic Kidney Disease and Mortality Risk: a Systematic Review. Jasn 17, 2034–2047. doi:10.1681/asn.2005101085
 Vardeny, O., Wu, D. H., Desai, A., Rossignol, P., Zannad, F., Pitt, B., et al. (2012). Influence of Baseline and Worsening Renal Function on Efficacy of Spironolactone in Patients with Severe Heart Failure. J. Am. Coll. Cardiol. 60, 2082–2089. doi:10.1016/j.jacc.2012.07.048
 Vatankulu, M. A., Bacaksiz, A., Sonmez, O., Alihanoglu, Y., Koc, F., Demir, K., et al. (2013). Does Spironolactone Have a Dose-dependent Effect on Left Ventricular Remodeling in Patients with Preserved Left Ventricular Function after an Acute Myocardial Infarction?. Cardiovasc. Ther. 31, 224–229. doi:10.1111/1755-5922.12006
 Wei, L., Struthers, A. D., Fahey, T., Watson, A. D., and MacDonald, T. M. (2010). Spironolactone Use and Renal Toxicity: Population Based Longitudinal Analysis. BMJ 340, c1768. doi:10.1136/bmj.c1768
 Zannad, F., McMurray, J. J. V., Krum, H., van Veldhuisen, D. J., Swedberg, K., Shi, H., et al. (2011). Eplerenone in Patients with Systolic Heart Failure and Mild Symptoms. N. Engl. J. Med. 364, 11–21. doi:10.1056/nejmoa1009492
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.
Copyright © 2021 Qu, Yao, Chen, Kong, Sun, Du, Liang, Gao, Zheng, Zheng, Zhao, Feng, Wu and Zhou. 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.
OPS/images/fphar-12-632978-t001.jpg
Clinical parameters

Demographics
Age ()
Male sex, n (%)
Body mass index (kg/m?)
Heart rate (bpm)
Puised blood pressure (mmHg)
Laboratory measurements
Alnine aminotransferase (U/L)
Aspartate aminotransferase (UL)
eGFR (ml/min/1.73 m?)
Low-density lipoprotein cholesterol level (mmol/L)
BNP (pg/mi)
oTnl (ng/m)
D-dimer (mg/L)
Hemoglobin (g/L)
Potassium levels (mmol/L)
Medical history, n (%)
Diabetes melitus
Hypertension
Smoking
Alcohol use
Coronary heart disease
Stroke
Echocardiography measurements
LVEF (%)
Left atrial diameter (mm)
left Ventricular
End diastolic diameter (mm)
Medications, n (%)
p-blockers
ACEIS/ABRs
Statins

Standard treatment group
(n = 360)

7199 = 1058
260 (72.2)
23.88 £ 352
85.76 + 22.44
49.84 + 20.56

54.00 (33.00-98.50)
232,00 (99.00-444.00)
35.56 + 16.55
291 +1.14
236.00 (76.00-768.00)
17.73 (1.34-51.51)
330 + 438
119.64 £ 2140
437 +0.75

109 (30.3)
246 (68.9)
123 (34.2)
67 (18.6)
308.3)
34(9.4)

47.72 + 1070
39.98 £ 501
50.00 + 6.41

148 (41.1)
114 (31.7)
274 (76.1)

Spironolactone
group (n = 200)

7394 9.46
129 (64.5)
2385+ 3.14
8458 £ 20.73
4852 + 18.31

58.00 (31.00-109.50)
277.50 (122.00-299.50)
41.48 + 13.26
291+1.06
439.50 (123.75-979.25)
3321 (5.35-49.96)
241359
12272 £ 18.13
420+ 0.60

61(305)
138 (69.0)
55 (27.5)
27 (13.5)
16 8.0)
20 (10.0)

4381 +9.41
40.63 + 5.80
51.25+7.35

119 (59.5)
108 (54.0)
181 (905)

p Value

0.031*
0.057
0916
0539
0.450

0464
0375
<0.001*
0.970
0.085
0.686
0.021*
0.087
0.006"

0.956
0871
0.105
0121
0.891
0.831

<0.001*
0214
0.038"

<0.001*
<0.001*
<0.001*

Data are mean + SD or number (%). éGFR, estimated glomerular fitration rate; BNP, brain natriuretic peptide; cTn, troponin I; LVEF, left ventricular ejection fraction; ACETs, angiotensin-

converting enzyme inhibitors; ARBS, angiotensin receptor blockers.

0 < 0.05.
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Primary outcome Spironolactone Standard treatment group Hazard p Value

group (n = 200) (n = 360) Ratio (95% Cl)
All-cause mortality, n (%) 41 (20.5%) 160 (44.4%) 0.389 (0.276-0.548) <0.001
Re-hospitalization, n (%) 95 (47.5%) 217 (60.3%) 0.664 (0.522-0.846) 0.004

Cl. confidence interval.
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Age (y)

Male sex, n (%)

Body mass index (kg/m?)

Heart rate (opm)

Puised blood pressure (mmHg)
Ln alanine aminotransferase

Ln aspartate aminotransferase
CKD Stage 3

CKD Stage 4

CKD Stage 5

Low-density lipoprotein cholesterol level (mmol/L)
Ln BNP

Ln cTnl

D-dimer (mg/L)

Hemoglobin (g/L)

Potassium levels (mmol/L)
History of diabetes melitus
History of hypertension

History of smoking

History of alcohol use

History of coronary heart disease
History of stroke

LVEF (%)

Left atrial diameter (mm)

Left ventricular end diastolic diameter (mm)
Use of p-blockers

Use of ACEIS/ABRs

Use of statins

Use of spironolactone

Univariate Multivariate
HR 95% CI p Value HR 95% CI p Value
1.031 1.015-1.046 <0.001 1.040 1.017-1.064 <0.001*
0.606 0.457-0.804 0001 0811 0.521-1.263 0355
1.003 0.963-1.046 0870
1.004 1.008-1.020 <0.001 1.005 0.996-1.014 0252
0994 0987-1.002 0.152
1.234 1.082-1.407 0.002 1.030 0.737-1.440 0861
1.180 1.030-1.353 0017 1.154 0.843-1.578 0372
1 1
2.647 1.934-3.624 <0.001 1.482 0.936-2.346 0093
4.202 2876-6.140 <0.001 2.721 1.641-4.803 0001*
0873 0.750-1.017 0.081 0920 0.773-1.095 0348
1.192 1.315-1.451 <0.001 g 1.003-1.382 0.046"
1.012 0.950-1.079 0.711
1.069 1.041-1.009 <0.001 1.005 0.958-1.055 0825
0.987 0981-0.993 <0001 0999 0.989-1010 0907
1.340 1.101-1.631 0004 0976 0.734-1.209 0869
1.248 0.932-1.672 0.137
1.091 0.806-1.475 0.574
1.270 1.080-1.493 0.004 1.120 0.662-1.896 0672
0628 0.410-0.962 0033 1.007 0.536-1.804 0982
1,505 0966-2.343 0071 2.193 1.244-3.866 0007*
1.322 0863-2.025 0.199
0955 0940-0971 <0.001 0975 0954-0.996 0019
1.008 0978-1.040 0,602
1.005 0982-1.028 0679 1.015 0985-1.045 0325
0277 0201-0.383 <0.001 0508 0.334-0.757 0001*
0.268 0.187-0.385 <0001 0612 0.390-0.961 0033"
0314 0235-0.421 <0.001 0583 0375-0.907 0017*
0389 0276-0.548 <0.001 0530 0.339-0.828 0005

Significance variables in the univariate analysis (p < 0.10) were included in the multivariate regression model. Abbreviations: AM, acute myocardialinfarction; CKD, chronic kidney disease;
BNP, brain natriuretic peptide; cTr, troponin I; LVEF, left ventricular ejection fraction; ACEIs, angiotensin-converting enzyme inhibitors; ARBS, angiotensin receptor blockers; HR, Hazard

risk; Ci, confidence interval.
"5 < 0.05.
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Univariate Multivariate

HR 95% CI p Value HR 95% CI p Value
Age (y) 1.022 1.010-1.034 <0.001 1.035 1.017-1.053 <0.001*
Male sex, n (%) 0.869 0.531-0.843 0.001 0.640 0.451-0.908 0013
Body mass index (kg/m2) 0.993 0.961-1.027 0.690
Heart rate (bpm) 1.010 1.005-1.015 <0.001 1.002 0.995-1.008 0.635
Pulsed blood pressure (mmHg) 0.996 0.990-1.002 0.207
Ln alanine aminotransferase 17 1.089-1.359 0.001 0.972 0.742-1.273 0.834
Ln aspartate aminotransferase 1.109 0.994-1.236 0.064 1171 0.921-1.489 0.198
CKD Stage 3 1 1
Stage 4 2.356 1.820-3.050 <0.001 1.530 1.060-2.209 0.023"
Stage 5 3.667 2.638-5.097 <0.001 3.478 2.187-6.532 <0.001*
Low-density lipoprotein cholesterol level (mmol/L) 0.854 0.758-0.963 0.010 0.869 0.754-1.001 0.052
LnBNP 1.288 1.190-1.393 <0.001 1.129 1.005-1.269 0.040*
LncTnl 1.001 0.951-1.053 0.979
D-dimer (mg/L) 1.073 1.049-1.097 <0.001 1.030 0.994-1.068 0.100
Hemoglobin (g/L) 0.989 0.984-0.994 <0.001 0.999 0.991-1.008 0.886
Potassium levels (mmol/L) 1.432 1.216-1.686 <0.001 1142 0.913-1.428 0.244
History of diabetes mellitus 1.429 1.132-1.804 0.003 1.451 1.059-1.987 0.020*
History of hypertension 1.170 0918-1.491 0.205
History of smoking 1.491 1.160-1.917 0.002 0.666 1.089-0.738 1.607
History of alcohol use 0.755 0.549-1.039 0.084 1.066 0.677-1.680 0.783
History of coronary heart disease 1.377 0.950-1.996 0.091 1.496 0.946-2.368 0.085
History of stroke 1137 0.793-1.632 0.485
LVEF (%) 0.968 0.956-0.980 <0.001 0.974 0.958-0.990 0.002*
Left atrial diameter (mm) 1.015 0.990-1.039 0.240
Left ventricular end diastolic diameter (mm) 1.014 0.996-1.031 0.122 1.026 1.003-1.050 0.027*
Use of p-blockers 0.568 0.452-0.713 <0.001 0.852 0.635-1.141 0.282
Use of ACEIS/ABRs 0.615 0.485-0.779 <0.001 1.012 0.744-1.376 0941
Use of statins 0.478 0.370-0.616 <0.001 0.654 0.462-0.926 0017
Use of spironolactone 0.664 0.522-0.846 0.001 0.729 0.533-0.997 0.048"

Significance variables in the univariate analysis (o < 0.10) were included in the multivariate regression model. Abbreviations as in Table 3.
0 < 0.05.
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