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Introduction

Heart failure (HF) is a common disease in older people with a population prevalence of 10-20% in individuals aged above 75 years [START_REF] Bleumink | Quantifying the heart failure epidemic: prevalence, incidence rate, lifetime risk and prognosis of heart failure The Rotterdam Study[END_REF] ; and with incidence increasing among the very old [START_REF] Zannad | Rising incidence of heart failure demands action[END_REF][START_REF] Conrad | Temporal trends and patterns in heart failure incidence: a population-based study of 4 million individuals[END_REF] . In many developed countries the age of patients hospitalised for HF is above 75 years [START_REF] Dharmarajan | Epidemiology, Pathophysiology, and Prognosis of Heart Failure in Older Adults[END_REF] .

These older patients are underrepresented in randomized clinical trials and the balance of benefits and risks for standard therapies could differ substantially from the young [START_REF] Mogensen | Clinical characteristics and major comorbidities in heart failure patients more than 85 years of age compared with younger age groups[END_REF] . Agerelated physiological changes, multi-comorbidity, frailty, and polypharmacy, all can alter drug pharmacokinetics and change the effect of treatments in elderly HF patients [START_REF] Lazzarini | Heart failure in elderly patients: distinctive features and unresolved issues[END_REF] . Moreover, the prevalence of HF with preserved ejection fraction (HFpEF), is proportionately far greater in the elderly, compared to HF with reduced ejection fraction (HFrEF) [START_REF] Owan | Trends in prevalence and outcome of heart failure with preserved ejection fraction[END_REF] .

In patients with HFrEF and severe symptoms enrolled in RALES (The Effect of Spironolactone on Morbidity and Mortality in Patients with Severe Heart Failure) , treatment with spironolactone (vs. placebo) reduced the relative rate of all-cause death by 30%, without evidence of a treatment by age subgroup (median age: <67 vs. ≥67yr) interaction [START_REF] Pitt | The effect of spironolactone on morbidity and mortality in patients with severe heart failure. Randomized Aldactone Evaluation Study Investigators[END_REF] . In patients with HFrEF and mild symptoms enrolled in EMPHASIS-HF (Eplerenone in Patients with Systolic Heart Failure and Mild Symptoms), treatment with eplerenone (vs. placebo) reduced the relative rate of the time-to-first composite of cardiovascular death or HF hospitalization by 37% and all-cause death by 24%, without evidence of a treatment by age subgroup (<65 vs. ≥65yr and <75 vs. ≥75yr) interaction [START_REF] Zannad | Eplerenone in patients with systolic heart failure and mild symptoms[END_REF] . In TOPCAT (Spironolactone for Heart Failure with Preserved Ejection Fraction) trial, treatment with spironolactone did not reduce the incidence of death due to cardiovascular causes or HF hospitalizations in the overall trial, but the rate of HF hospitalizations was reduced. Due to important heterogeneity in event-rates and treatment effect by geographical region (that have been described in detail [START_REF] Pfeffer | Regional Variation in Patients and Outcomes in the Treatment of Preserved Cardiac Function Heart Failure With an Aldosterone Antagonist (TOPCAT) Trial[END_REF][START_REF] Ferreira | Geographic differences in heart failure trials[END_REF][START_REF] De Denus | Spironolactone Metabolites in TOPCAT -New Insights into Regional Variation[END_REF] ), subsequent analyses of the TOPCAT trial have been limited to patients from "the Americas". The 2017 update of the ACC/AHA/HFSA guidelines gave a class IIb indication to spironolactone for treating HFpEF [START_REF] Yancy | ACC/AHA/HFSA Focused Update on New Pharmacological Therapy for Heart Failure: An Update of the 2013 ACCF/AHA Guideline for the Management of Heart Failure: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines and the Heart Failure Society of America[END_REF] . In TOPCAT, no treatment by age subgroup (<65 vs. 65-74 vs. ≥75yr) was found [START_REF] Pitt | Spironolactone for heart failure with preserved ejection fraction[END_REF] .

Despite the randomized evidence, MRAs continue largely underused, especially in elderly patients [START_REF] Pitt | Mineralocorticoid receptor antagonists in patients with heart failure: current experience and future perspectives[END_REF] .

The individual trials were underpowered to assess the treatment effect in the elderly, hence pooling the individual patient data (IPD) provides more statistical power to assess the efficacy and safety of MRA treatment in this subpopulation. We examined the effects of MRA therapy in older (≥75 years), compared with younger (<75 years), participants using IPD from the major randomized trials with morbidity-mortality outcomes: RALES, EMPHASIS-HF, and TOPCAT-Americas.

Methods

Study design, setting, and participants

In RALES, 1663 patients who had HF with severe symptoms and a left ventricular ejection fraction (LVEF) ≤35%, were randomly assigned to spironolactone (up to 50 mg/day) or matching placebo. The primary outcome was all-cause death. In EMPHASIS-HF, 2737 patients who had HF and mild symptoms and a LVEF ≤35% were randomly assigned to eplerenone (up to 50 mg/day) or matching placebo. The primary outcome was a composite of cardiovascular death or HF hospitalization. In TOPCAT, 3445 patients with symptomatic HF and a LVEF ≥45% were randomly assigned to spironolactone (15 to 45 mg daily) or matching placebo. The primary outcome was a composite of death from cardiovascular causes, aborted cardiac arrest, or hospitalization for the management of heart failure [START_REF] Pitt | Spironolactone for heart failure with preserved ejection fraction[END_REF] . As stated in the introduction, due to the major regional variations found in the TOPCAT trial, we report only data regarding patients enrolled in "the Americas" (n =1767) [START_REF] Pfeffer | Regional Variation in Patients and Outcomes in the Treatment of Preserved Cardiac Function Heart Failure With an Aldosterone Antagonist (TOPCAT) Trial[END_REF] .

Each individual randomized controlled trial was conducted in accordance with the Declaration of Helsinki and approved by the site ethics committees. All participants gave written informed consent to participate in the respective studies.

Study outcomes

For consistency across trials the primary outcome was a composite of cardiovascular death or HF hospitalization in the present analysis. Cardiovascular death alone and all-cause death were also assessed.

The major clinical outcomes were centrally adjudicated by endpoint committees and defined by the conventional criteria (definitions have been published in the respective studies).

Statistical analysis

A fixed-effect model for a one-stage IPD meta-analysis was conducted [START_REF] Da Costa | Systematic reviews and meta-analyses of randomized trials: principles and pitfalls[END_REF] . Baseline clinical characteristics of patients were summarised by treatment group with means and standard deviation for continuous variables, with frequencies and percentages for categorical variables, hazard ratios (HRs) with their respective 95% confidence interval (95% CI) for treatment effect estimates. Time-to-first-event curves were obtained using the Kaplan-Meier method and compared using the log-rank test. Univariate Cox proportional hazards' modelling was used to explore the association of the intervention and the outcomes. A Cox model stratified by study was used to obtain the overall HR for this individual patient meta-analysis (assuming equal effects across strata but with a baseline hazard unique to each study) [START_REF] Riley | Meta-analysis of individual participant data: rationale, conduct, and reporting[END_REF] .

Event-rates, absolute treatment effects and number needed-to-treat to benefit were also computed. Beyond the group of patients aged 75 or more, we also studied patients aged 80 or more as exploratory analysis.

Statistical analyses were performed using the STATA/SE software, version 15.1 (Stata Corp, College Station, TX, USA).

Statistical heterogeneity

The individual effect size for each trial and overall effect size estimations and their 95%CIs are depicted in the Central Illustration, and suggest the lack of substantial statistical heterogeneity. To further investigate the variation of primary outcome treatment effect estimates between trials, the Cochran's Q test and the Wald test of the overall interaction were computed.

Results

Patient characteristics

In the present analysis, 1756 patients were aged ≥75 years (853 allocated to placebo and 903 to MRA) and 4411 were aged <75 years (2242 randomized to placebo and 2169 to MRA).

The number (proportion) of patients aged ≥75 years in RALES was 352 (21%), in EMPHASIS-HF was 657 (24%), and in TOPCAT-Americas was 747 (42%) (Supplemental The baseline characteristics were well balanced between treatment arms. Patients with HFrEF (i.e. RALES plus EMPHASIS-HF trials) had some characteristics (beyond ejection fraction) quite different from those with HFpEF (i.e. TOPCAT-Americas). Patients with HFpEF were older, more often female, hypertensive, with diabetes, and with peripheral vascular disease; and had less often a previous MI, had lower hemoglobin, and were less often treated with ACEi/ARBs (Table 1).

The median (percentile25-75) follow-up time was 1.8 (0.8-2.6) years in the HFrEF population, 2.9 (1.9-4.4) years in the HFpEF population, which gave a median follow-up of 2.2 (1.2-3.1) years in the overall population.

Events and treatment effects

In patients aged ≥75 years that participated the HFrEF trials (RALES plus EMPHASIS-HF), the primary outcome of cardiovascular death or HF hospitalization occurred in 215 (43.2%) patients taking placebo and 170 (33.3%) taking a MRA, with a corresponding HR (95%CI) of 0.69 (0.56-0.84), heterogeneityp between trials =0.70. A similar beneficial MRA effect was observed for the outcomes of cardiovascular and all-cause death. In patients with ≥75 years and HFpEF from the TOPCAT-Americas trial, the primary outcome of cardiovascular death or HF hospitalization occurred in 116 (32.7%) patients taking placebo and 111 (28.1%) taking a MRA, with a corresponding HR (95%CI) of 0.83 (0.63-1.08). Cardiovascular and all-cause death were also numerically lower in MRA-treated patients, but also did not reach statistical significance (p-value ≥0.1 for all outcomes). In the combined (HFrEF plus HFpEF) population aged ≥75 years, the primary outcome of cardiovascular death or HF hospitalization occurred in 331 (38.8%) patients taking placebo and 281 (31.1%) taking a MRA, with a corresponding HR (95%CI) of 0.74 (0.63-0.83), heterogeneityp between trials =0.52. A similar and homogenous treatment effect was also observed for the outcomes of cardiovascular and all-cause death (Table 2 & Central Illustration).

The treatment effect was similar in patients aged <75 years (compared with those aged ≥75 years) without significant statistical interactions by age subgroups (interactionp >0.1 for all outcomes). The cumulative hazard curves (MRA vs. placebo) are presented in the Figure 1.

The adjusted predictions of the treatment effect across the continuum of age is represented in the Figure 2. For any given age, treatment with MRA reduces the risk of events associated with ageing. The adjusted predictions of the treatment effect across continuum of age and renal function is represented in the Figure 3. For any given age and eGFR, MRAs reduce the event rate.

The absolute event reduction and number needed to treat to benefit was also similar between younger and older patients, and ranged from 8 to 31 patients for the primary composite outcome of cardiovascular or HF hospitalization (Supplemental Table 3).

Patients with ≥80 years, represented less than 10% of the RALES and EMPHASIS populations, and 24% of the TOPCAT-Americas (Supplemental Table 2). The primary outcome HR (95%CI) of the treatment in patients aged 80 or more was 0.86 (0.68-1.08), translating the reduced power to assess the efficacy in this population (Supplemental Figure 1).

Event rates

The event rates (per 100 person-years) of the composite of cardiovascular or HF hospitalization and cardiovascular death were nearly 3-fold higher for placebo-treated patients with HFrEF compared to HFpEF: 30.7 (26.8-35.1) vs. 12.5 (10.4-15.0); and 2-fold higher for MRA treated patients with HFrEF compared to HFpEF: 21.1 (18.2-24.6) vs. 10.5 (8.7-12.6). In consequence, the absolute incidence rate difference was higher in HFrEF than in HFpEF: -9.6 (-14.7 to -4.3) vs. -2.0 (-5.0 to 1.0). The rate of CV death was 3-fold higher and all-cause death 2-fold higher in HFrEF compared with HFpEF (Supplemental Table 4).

The events rates (per 100 person-years) of the composite of cardiovascular or HF hospitalization and cardiovascular death were similar between patients ≥75 vs. <75 years (primary composite outcome =17.2 [16.3-18.1] in <75yr vs. 17.9 [16.5-19.4] in ≥75yr; p =0.41). The rate of all-cause death was higher in elderly patients derived by an increase rate of death from non-cardiovascular causes: 1.7 (1.5-2.0) in <75yr vs. 3.4 (2.9-4.1) in ≥75yr; p <0.001 (Supplemental Table 5).

Adverse events

Older and younger patients in the placebo group, experienced similar frequency of adverse events (6% for hyperkalemia and 24% for worsening renal function. Older patients (≥75 years) taking a MRA experienced more frequently worsening renal function (eGFR drop >30%) during the follow-up compared to those <75 years (39% vs. 31%; interactionp =0.017), but not hyperkalemia (16% vs. 14%; interactionp =0.30) (Table 3).

Discussion

Our IPD meta-analysis suggests that MRAs are equally beneficial in younger and older HF patients, a beneficial effect that is more marked in HFrEF but homogenous across HFrEF and HFpEF. Compared to the younger, older patients may experience more worsening renal function episodes (but not hyperkalemia ones), in consequence a closer treatment monitoring may be required in this subpopulation.

The great majority of patients with HF are aged above 65 years, and in many contemporary studies a significant proportion of patients are 75 or more. These older patients are often female and have multiple comorbidities [START_REF] Conrad | Temporal trends and patterns in heart failure incidence: a population-based study of 4 million individuals[END_REF][START_REF] Levy | Long-term trends in the incidence of and survival with heart failure[END_REF] . In contrast, the mean age of the patients participating in each of RALES, EMPHASIS-HF and TOPCAT-Americas was 65, 69 and 72 years and the majority were male, in keeping with most other trials. However, by pooling the three trials we had a sufficient number of patients and events to assess the efficacy and safety of MRAs in truly elderly individuals with HF.

In the elderly (≥75 years) HF patients the rate of death from non-cardiovascular causes was overall low (3.4 events per 100 person-years), but higher than in younger patients (1.7 events per 100 person-years), supporting the notion that elderly HF patients are more prone to non-cardiovascular competing-events, on which cardiovascular drugs may fail to act [START_REF] Vaduganathan | Mode of Death in Heart Failure With Preserved Ejection Fraction[END_REF] ; it should be however noted that the relative and absolute reduction in all-cause death with MRAs was marked and similar to that observed in younger patients. Given that MRAs are inexpensive, widely available and overall well-tolerated, they should be given more priority for treating HF patients around the world [START_REF] Ferreira | Tailoring mineralocorticoid receptor antagonist therapy in heart failure patients: are we moving towards a personalized approach?[END_REF] . Notwithstanding, a close monitoring and assessment of serum potassium and renal function are warranted in patients taking MRAs, particularly in the elderly and those with renal impairment [START_REF] Eschalier | Safety and efficacy of eplerenone in patients at high risk for hyperkalemia and/or worsening renal function: analyses of the EMPHASIS-HF study subgroups (Eplerenone in Mild Patients Hospitalization And SurvIval Study in Heart Failure)[END_REF] ; however, it should be stressed out that the beneficial effect of MRAs in reduced major cardiovascular events is preserved across the continuum of age and renal function. Careful dose adjustment may also be required [START_REF] Rossignol | Balancing Benefits and Risks of Spironolactone in HFpEF and Chronic Kidney Disease Patients: Mind the Gap of Biological Monitoring! JACC Heart Fail[END_REF] . For example, in EMPHASIS-HF eplerenone dose was stratified by renal function, whereby patients with an eGFR of 50 ml/min or above received 50 mg/day of eplerenone and those with eGFR below 50 ml/min received 25 mg/day. The effect of eplerenone was similar between the renal function/dose strata [START_REF] Ferreira | Renal function stratified dose comparisons of eplerenone versus placebo in the EMPHASIS-HF trial[END_REF] . Inn view of this, eplerenone should not be given at a dose above 25 mg/day in patients with renal impairment. Whether elderly patients also require lower MRA dose requires further study, but this possibility underlay the design of TOPCAT, where spironolactone was initiated at a dose of 15 mg/day, which could be increased to 45 mg/day over a period of 4 months.

The anti-fibrotic properties of MRAs may also be of interest in elderly populations, where organ fibrosis (e.g. myocardium, kidney, joints) contribute to the impairment of lifequality, progression of HF, arrhythmias and ultimately death [START_REF] Ferreira | Collagen biomarker bioprofiles predicting the antifibrotic response to eplerenone in myocardial infarction: findings from the REMINDER trial[END_REF][START_REF] Ferreira | Potential spironolactone effects on collagen metabolism biomarkers in patients with uncontrolled blood pressure[END_REF] .

Another note to highlight that the cardiovascular event rates were lower (about 3-fold) in HFpEF patients (i.e. TOPCAT-Americas) compared with HFrEF (RALES plus EMPHASIS-HF), which consistently provided an absolute treatment benefit of higher magnitude in HFrEF; without evidence of relative treatment effect differences. The differences in all-cause death were less marked, suggesting that patients with HFpEF may be at higher risk to die from non-cardiovascular causes. These findings are relevant for the design of future trials, where the cardiovascular and competing non-cardiovascular eventrates should be taken in account.

Overall, our findings strongly support the use of MRAs in elderly HF patients. We hope that this information may serve a "nudge" for a better prescription.

Limitations

The present study has limitations. Our results cannot be extrapolated to patients that were excluded from the RALES, EMPHASIS-HF and TOPCAT trials, particularly patients with "severe" renal impairment (i.e. eGFR <30 ml/min) and hyperkalemia (K + >5.5 mmol/L). Our results are based on the assumption that both spironolactone and eplerenone provide similar treatment effect; although spironolactone and eplerenone differ in their molecular structure, pharmacokinetics, and pharmacodynamics, it is generally accepted that the benefits of different MRAs represent a "class effect" [START_REF] Iqbal | Selection of a mineralocorticoid receptor antagonist for patients with hypertension or heart failure[END_REF] . As these are selected trial populations, the rate of safety events may be under-represented when compared to "real world" patients. These are three distinct patient-populations, especially patients with HFpEF, that have more co-morbid conditions and lower cardiovascular event rates. Nonetheless, the treatment effect in the elderly populations from these trials was homogeneous and strongly suggests a beneficial MRA effect. The present study was underpowered to assess the effect of the treatment in patients aged above 80 years, however no signal of harm was observed in this "very elderly" population. The doses and the treatments (spironolactone or eplerenone) could vary between trials and according to the respective dose-adjustment algorithms, but for the purpose of this analysis we assume that MRAs have a "class effect".

Conclusion

MRAs reduce morbidity and mortality in elderly patients (aged 75 or more) with HF, with a homogenous treatment effect between HFrEF and HFpEF (and between younger and older patients). Compared to the younger patients, the older ones may experience more frequent episodes of worsening renal function when treated with a MRA, warranting close surveillance and dose adaptations in this population.

Clinical Perspectives

The findings presented herein, strongly support the use of MRAs in older HF patients, as they benefit similarly to younger patients without excessive hyperkalemia.

Translational Outlook

Future trials with MRAs could focus on elderly populations, assessing the trade-off between the benefits and risks incorporating quality of life measures. Age continuous interaction p Hyperkalemia 0.30 0.51 Worsening renal function 0.017 0.049 Hyperkalemia was defined as any laboratory value of serum potassium above 5.5 mmol/L during the follow-up and worsening renal function was defined as an estimated glomerular filtration rate drop greater than 30% during the follow-up. P-value from the Chi-square test.

Figure 1 .

 1 Figure 1. Survival curves of the MRA treatment effect (primary outcome of CV death or HF hospitalization) (a) Age ≥75 years (b) Age <75 years Log-rank test p-value <0.001 for both age subgroups; p for interaction with age =0.39. Legend: MRA, mineralocorticoid receptor antagonist; CV, cardiovascular; HF, heart failure.

Figure 2 .

 2 Figure 2. Adjusted predictions of the MRA treatment effect (for the primary outcome of cardiovascular death or heart failure hospitalization) across the continuum of age Legend: MRA, mineralocorticoid receptor antagonist.For any given age, MRA treatment reduces the risk of events associated with ageing.

Figure 3 .

 3 Figure 3. Adjusted predictions of the MRA treatment effect (for the primary outcome of cardiovascular death or heart failure hospitalization) across the continuum of age and renal function Legend: MRA, mineralocorticoid receptor antagonist; eGFR, estimated glomerular filtration rate.For any given age and eGFR, MRA treatment reduces the risk of major cardiovascular events

Table 1 & Supplemental Table 2). The

 1 mean age in the older age group was 80±4 years and the mean age in the younger age group was 64±7 years.

Table 1 . Baseline characteristics of the study population.

 1 

	Age ≥75 years
	Patient characteristics

Table 2 . MRA treatment effect on the study population Outcome/Events Placebo MRA HR (95%CI) p-value Heterogeneity p Age ≥75 years HFrEF (RALES+EMPHASIS-HF); Total n =1009; Placebo n =498; MRA n =511.

 2 

	CV death or HF hosp.	215	170	0.69 (0.56-	<0.001	0.70
		(43.2%)	(33.3%)	0.84)		
	CV death	137	113	0.74 (0.58-	0.020	0.062
		(27.5%)	(22.1%)	0.96)		
	All-cause death	160	134	0.75 (0.60-	0.016	0.059
		(32.1%)	(26.2%)	0.95)		
	HFpEF (TOPCAT-Americas); Total n =747; Placebo n =355; MRA n =392.	
	CV death or HF hosp.	116	111	0.83 (0.63-	0.20	-
		(32.7%)	(28.3%)	1.08)		
	CV death	61 (17.2%) 50 (12.8%)	0.73 (0.50-	0.10	-
				1.06)		
	All-cause death	105	102	0.87 (0.66-	0.32	-
		(29.6%)	(26.0%)	1.14)		
	Overall population (HFrEF+HFpEF combined); Total n =1756; Placebo n =853; MRA n
	=903.					
	CV death or HF hosp.	331	281	0.74 (0.63-	<0.001	0.52
		(38.8%)	(31.1%)	0.86)		
	CV death	198	163	0.74 (0.60-	0.005	0.17
		(23.2%)	(18.1%)	0.91)		
	All-cause death	265	236	0.80 (0.66-	0.013	0.13
		(31.1%)	(26.1%)	0.95)		

Age <75 years HFrEF (RALES+EMPHASIS-HF); Total n =3391; Placebo n =1716; MRA n =1675.

  MRA, mineralocorticoid receptor antagonist; CV, cardiovascular; Heterogeneity p, Cochran's Q p-value of treatment effect by study interaction.

	CV death or HF hosp.	797	572	0.67 (0.60-	<0.001	0.30
		(35.6%)	(26.4%)	0.75)		
	CV death	452	328	0.71 (0.61-	<0.001	0.91
		(20.2%)	(15.1%)	0.82)		
	All-cause death	539	403	0.74 (0.65-	<0.001	0.81
		(24.0%)	(18.6%)	0.84)		
	Overall population treatment effect in Older vs. Younger patients		
	Outcome/Interaction	Age dichotomic (<75 vs. ≥75) interaction	Age continuous interaction
	test	p			p	
	CV death or HF hosp.		0.39		0.26	
	CV death		0.80		0.37	
	All-cause death		0.52		0.69	
	Legend:					
	CV death or HF hosp.	633	441	0.65 (0.57-	<0.001	0.75
		(36.9%)	(26.3%)	0.72)		
	CV death	386	282	0.72 (0.62-	<0.001	0.90
		(22.5%)	(16.8%)	0.84)		
	All-cause death	439	323	0.72 (0.63-	<0.001	0.94
		(25.6%)	(19.3%)	0.83)		
	HFpEF (TOPCAT-Americas); Total n =1020; Placebo n =526; MRA n =494.	
	CV death or HF hosp.	164	131	0.81 (0.64-	0.069	-
		(31.2%)	(26.5%)	1.02)		
	CV death	66 (12.6%)	46 (9.3%)	0.72 (0.50-	0.094	-
				1.06)		
	All-cause death	100	80 (16.2%)	0.83 (0.62-	0.21	-
		(19.0%)		1.11)		
	Overall population (HFrEF+HFpEF combined); Total n =4411; Placebo n =2242; MRA n
	=2169.					
						21

Table 3 . Side-effects during the follow-up Side-effects Placebo MRA P-value Age ≥75 years HFrEF (RALES+EMPHASIS-HF); Total n =1009; Placebo n =498; MRA n =511.

 3 

	Hyperkalemia	35 (7.0%)	81 (15.9%)	<0.001
	Worsening renal function	104 (20.9%)	183 (35.8%)	<0.001
	HFpEF (TOPCAT-Americas); Total n =747; Placebo n =355; MRA n =392.	
	Hyperkalemia	18 (5.1%)	67 (17.1%)	<0.001
	Worsening renal function	110 (31.0%)	172 (43.9%)	<0.001
	Overall population (HFrEF+HFpEF combined); Total n =1756; Placebo n =853; MRA n
	=903.			
	Hyperkalemia	54 (6.3%)	148 (16.4%)	<0.001
	Worsening renal function	214 (25.1%)	355 (39.3%)	<0.001
	Age <75 years			
	HFrEF (			

RALES+EMPHASIS-HF); Total n =3391; Placebo n =1716; MRA n =1675.

  

	Hyperkalemia	117 (7.0%)	231 (14.1%)	<0.001
	Worsening renal function	330 (20.7%)	428 (27.4%)	<0.001
	HFpEF (TOPCAT			

-Americas); Total n =1020; Placebo n =526; MRA n =494.

  

	Hyperkalemia	27 (5.2%)	74 (15.0%)	<0.001
	Worsening renal function	179 (34.0%)	217 (43.9%)	0.001
	Overall population (HFrEF+HFpEF combined); Total n =4411; Placebo n =2242; MRA n
	=2169.			
	Hyperkalemia	144 (6.6%)	305 (14.3%)	<0.001
	Worsening renal function	509 (24.0%)	645 (31.3%)	<0.001
	Overall			

population side effects in Older vs. Younger patients

  

	Side-effect/Interaction	Age dichotomic (<75 vs. ≥75) interaction
		p
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