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ABSTRACT (281 words)
Background: Age and sex influence treatment and outcomes in patients with heart failure (HF).
Objective: We examined their associations with clinical characteristics, background therapies, outcomes, and response to vericiguat in this post-hoc analysis of 5050 VICTORIA patients with HF and reduced ejection fraction. 1568 (31%) aged ≥75 years of whom 445 (24%) were women.
Methods: Clinical characteristics were compared across age  (<65, 65–<75, ≥75) and sex. Vericicguat’s treatment effect was estimated by age and sex on the primary composite outcome (time to first HF hospitalization or cardiovascular death) by Cox proportional hazard regression.
Results: Compared with younger patients, those ≥75 had more class III/IV symptoms, higher N-terminal pro-B-type natriuretic peptides, and worse kidney function, yet the lowest use of triple therapy. No sex differences in triple therapy existed by age but achieving target doses of triple therapy was less likely in older patients. Men ≥75 years were more than twice as likely to receive a defibrillator and 65% more likely to receive cardiac resynchronization than women. The primary composite outcome was nominally lower in women than men across all age groups. Vericiguat dosing did not differ between sexes in each age group and its beneficial effect on the primary endpoint was not modified by age (continuous age, Pinteraction=0.169; categorical age, Pinteraction=0.189); and sex (3-way interaction, P=0.847). 
[bookmark: _Hlk125211084]Conclusions: While elderly women received less intense background HF therapy than men, their prognosis was nominally better. Vericiguat’s benefit was independent of age and sex. 
Clinical Trial Registration: ClinicalTrials.gov (NCT02861534).
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Abbreviations
ACE=angiotensin-converting enzyme
ARB=angiotensin-receptor blocker
ARNI=angiotensin-receptor blocker neprilysin inhibitors
CI=confidence interval
eGFR=estimated glomerular filtration rate
GDMT=guideline-directed medical therapy
HF=heart failure
HR=heart rate
ICD=implantable cardioverter defibrillator
MRA=mineralocorticoid receptor antagonists
NT-proBNP=N-terminal pro-B-type natriuretic peptide
RAS=renin-angiotensin system
VICTORIA=VerICiguaT Global Study in Subjects With Heart Failure With Reduced Ejection Fraction



INTRODUCTION
Both age and sex influence treatment and outcomes in patients with heart failure (HF). The Global Burden of Disease Study estimated that over 64.3 million people worldwide are living with HF (1). In the US alone, there are approximately 6.5 million people with HF and 50% are women (2). The prevalence of HF increases with age, and there is a higher prevalence of HF in women than men after age 80 years (2). In a population-based study of over 4 million individuals, the incidence and prevalence of HF increased after age 55 years in both men and women (3). In over 90,000 patients with HF from the Get With The Guidelines registry, women were older, more likely to have hypertension, anemia, and depression and had higher median natriuretic peptide levels compared with men (4). Similarly in large trials of HF with reduced ejection fraction (EF), women are older than men and exhibit more symptoms and worse health status (5). 
Women, however, are under-represented in HF trials. In a systematic review of completed cardiovascular clinical trials registered in ClinicalTrials.gov over the past decade, the representation of women was less than 30% in HF trials, and remained less than 50% after correcting for their true prevalence in the disease population (6). Older patients are also under-represented in HF trials. In a review of randomized controlled trials cited in HF guidelines, mean age was 61 years, with only 3.5% of HF trials including patients aged 75 years and above (7). This under-representation has limited the ability to test/apply therapies in older patients and women, leading to guideline recommendations generally being based on data in younger men (8). 
The VerICiguaT Global Study in Subjects With Heart Failure With Reduced Ejection Fraction (VICTORIA) trial, which randomized 5050 patients within 6 months of worsening HF with reduced ejection fraction (EF), was broadly inclusive without an upper age limit, and included 1208 (24%) women and 1568 (31%) patients age ≥75 years who had an estimated glomerular filtration rate (eGFR) ≥15 mL/min/1.73m2 and unusually high N-terminal pro-B-type natriuretic peptide (NT-proBNP) inclusion thresholds of ≥1000 pg/mL and 1600 pg/mL for those in sinus rhythm and atrial fibrillation, respectively (9). While VICTORIA showed that the soluble guanylate cyclase stimulator vericiguat significantly reduced the risk for the primary outcome of HF hospitalization or cardiovascular death over a median follow-up of 10.8 months compared with placebo overall (hazard ratio [HR], 0.90; 95% confidence interval [CI] 0.82–0.98), pre-specified subgroup analyses suggested potential heterogeneity by age, with patients <75 years old deriving greater benefit than those ≥75 years old (HR 0.84, 95% CI 0.75–0.94 vs. 1.04, 95% CI 0.88–1.21; Pinteraction=0.03), respectively (9). Notably, there were relatively more women than men in the older age group. 
In the current study, we examined the combined associations of age and sex with clinical characteristics at randomization, background standard HF therapy (both guideline-directed medical therapy [GDMT] and HF devices), target dose achieved (for both background GDMT and vericiguat), outcome events, and treatment response to vericiguat. We also hypothesized that older, female patients would have lesser implementation of background medical therapy despite similar extent of disease.

METHODS
[bookmark: _Hlk66019126][bookmark: _Hlk66018078]This is a post-hoc analysis of the VICTORIA trial. VICTORIA (NCT02861534) was a multicenter, international, randomized, placebo-controlled trial that investigated the efficacy and safety of vericiguat, on top of evidence-based therapy, in patients with symptomatic chronic HF with an EF <45% and a recent (<6 months) worsening HF event (10). Eligible patients were randomized 1:1 to start on a 2.5 mg dose of vericiguat or matching placebo, and up-titrated to 5 mg followed by the target dose of 10 mg once daily of vericiguat or matching placebo in a blinded fashion. There was a 4-week up-titration protocol based on mean systolic blood pressure and symptoms assessed at 2-week intervals. Patients were evaluated every 4 months, during which additional efforts were taken at the discretion of the investigator to maximize the likelihood of titration to the 10 mg target dose. Background GDMT adherence was also reinforced throughout the trial and reviewed every 4 months. Site personnel entered details regarding medications, including name and dose, as well as reasons why a patient was not on a medication at randomization (i.e., contraindication, side effect or treatment intolerance, patient or physician preference, or not indicated by treatment guidelines). The primary outcome was a composite of the time to first HF hospitalization or cardiovascular death; and the components of the composite endpoint were also examined. Adverse events of clinical interest were symptomatic hypotension and syncope. The trial protocol was approved by institutional review boards or ethics committees at the participating sites and all patients provided informed consent.
The use of background standard of care (both GDMT and HF devices) at randomization included renin-angiotensin system (RAS) blockade (i.e., angiotensin-converting enzyme inhibitors [ACE], angiotensin-receptor blockers [ARB], angiotensin-receptor blocker neprilysin-inhibitors [ARNI]), beta-blockers, and mineralocorticoid receptor antagonists (MRA), and any device (biventricular pacemakers or implantable cardiac defibrillators [ICDs]). Adherence to guidelines is labeled as “adherence” herein. Three definitions for adherence to guidelines were used: (1) basic adherence (including patients who were listed as prescribed the medication at the time of randomization); (2) basic adherence in eligible patients; and (3) dose-corrected adherence for indicated patients achieving the total daily dosing ≥50% of the target dose for medications with documented target doses in the major treatment guidelines (11). Eligibility was defined for each medication class as follows: ACE/ARB: EF ≤40%; ARNI (and all RAS blockade): EF ≤40%, eGFR ≥30 mL/min/1.73m2, serum potassium <5.5 mmol/L or no history of hyperkalemia; beta-blockers: EF ≤40%; and MRA: EF ≤40%, eGFR ≥30 mL/min/1.73m2, serum potassium <5.5 mmol/L or no history of hyperkalemia.

Statistical Analysis
Patients’ characteristics at randomization were summarized by age (<65, 65 to <75, ≥75 years) and sex (male/female) as counts (percentage) for categorical variables and median (25th, 75th percentiles) for continuous variables. Differences across age groups were tested by chi-square or Mann Whitney U, as appropriate; whereas sex differences were tested within each age group. The dosage of, adherence to, and discontinuation of study medication (i.e., vericiguat and placebo) were described according to age and sex, as per intention to treat. 
Clinical outcomes (i.e., composite of HF hospitalization or cardiovascular death; HF hospitalization; cardiovascular death) were expressed as events per 100 patient-years according to age groups (65, 65 to <75, ≥75 years) and sex. Given the apparent age and sex differences in device use at randomization, a post-hoc analysis of the association of age and any device (biventricular pacemakers or implantable cardiac defibrillators [ICDs]) on clinical outcomes (i.e., composite of HF hospitalization or cardiovascular death; HF hospitalization; cardiovascular death) was examined. Observed events are reported along with P-values from testing the interactions of age*device, sex*device, and age*sex*device in Cox proportional hazard models (with and without multivariable adjustment) (12). The association of assigned study treatment with age and sex with these clinical outcomes was examined using Cox proportional hazard regression, and adjusted HRs with 95% CIs were reported for the interaction of assigned study treatment and age or sex. The higher order interaction of sex with age and study treatment was also tested. In addition to expressing age as a categorical variable, age was also tested in the models as a continuous variable. Non-cardiovascular death was balanced between the study treatment arms. The relationship of continuous age with the outcomes was examined for linearity. Other modeling assumptions (including proportional hazards assumptions) were verified. These associations were adjusted for covariates identified in the risk adjustment models developed in the VICTORIA trial (Supplemental Table 1). 
All analyses were performed using SAS version 9.4 (SAS Institute, Inc., Cary, NC). A 2-sided test result with P<0.05 was considered statistically significant. There was no correction of P-values for multiple comparisons.

RESULTS
[bookmark: _Hlk120488097]Among the 5050 patients (1208 [24%] women), the distribution was relatively well balanced with 1873 aged <65 years, 1609 between 65 and <75 years, and 1568 were ≥75 years at enrollment (Table 1). The proportion of women increased with older age groups, from 20% in the <65 years age group, to 24% of the 65 to <75 years age group, and 28% in the ≥75 years age group. Overall women were older than men (median age 70 [61, 78] vs. 68 years [59, 76]) and a larger proportion of women (37%) than men (29%) were ≥75 years old. 



Baseline characteristics by age and sex
Compared with the younger age groups, those in the ≥75 age group had more comorbidities and higher MAGGIC risk scores, higher NT-proBNP levels, and lower eGFR despite a higher EF (Supplemental Table 2). Within each age group, women had higher EFs, shorter intervals from HF diagnosis to randomization, and lower burden of some comorbidities (atrial fibrillation, hyperlipidemia, coronary artery disease), but similar functional status and NT-proBNP compared with men (Table 1). Although the oldest age group had more indicators of advanced disease, they had the lowest use of triple therapy (Supplemental Table 2).

Background HF therapies by age and sex
There were no sex differences in use (vs. non-use) of triple therapy within each age group at baseline; however, women were less likely than men to receive either biventricular pacemakers or ICDs, a discrepancy that widened with increasing age (Table 1). Despite lesser use of devices in women, their composite outcomes as well as individual endpoints of both cardiovascular death and HF hospitalization were nominally better in all age categories (except for the composite outcomes in patients ≥75 years) irrespective of device use (Supplemental Tables 3–5). 
When HF medications were examined according to patient eligibility, there were no sex differences within the age categories (Table 2). The adherence to GDMT at randomization, however, decreased with older age across all medication classes (all P≤0.01) except beta-blockers (Supplemental Table 6). 
When GDMT were further examined by target dose achieved among eligible patients, no sex differences within the three age categories were observed (Table 3, Central Illustration). Reaching target dose-corrected adherence for RAS blockade and triple therapy in older patients was less likely compared with younger age groups but not for MRA or beta-blockers (Supplemental Table 7). 

Vericiguat dose and adherence by age and sex
[bookmark: _Hlk115018397][bookmark: _Hlk120284036]Although the target dose of vericiguat (10 mg daily) was achieved by the majority (82%) of patients in VICTORIA (Supplemental Table 8), the proportion of patients achieving full target dose decreased across older age groups, from 84% in the <65 years age group to 83% in the 65 to <75 years, and 78% in the ≥75 years age group (P<0.001) (Supplemental Table 8). Within each age group, there were no sex differences in the proportion of women versus men achieving target doses of vericiguat (Supplemental Table 8). Rates of vericiguat discontinuation were comparable between men and women, but a significant increase in the rate of this occurrence was evident in patients ≥75 years. A similar pattern emerged relating to the incidence of adverse events prompting discontinuation. 
In the placebo arm, the proportion of patients achieving full target dose was also lower in the older age groups (65 to <75 years and ≥75 years) compared with those <65 years old, with no differences between the sexes within each age group (Supplemental Table 9). Similarly, rates of placebo discontinuation were comparable between men and women, but higher in the older age groups compared with those <65 years old (Supplemental Table 9).
Clinical outcomes according to age, sex, and study treatment
Clinical outcomes according to age and sex are shown in Table 4. As expected, the risk of the primary composite outcome and its components increased with increasing age. In each age group, clinical events were nominally higher in men than women (Table 4).
The benefit of vericiguat on HF hospitalization or cardiovascular death was not modified across the spectrum of age (Figure 1A) (continuous age, Pinteraction=0.169; categorical age, Pinteraction=0.189). A similar pattern was observed for the relationship of vericiguat’s treatment effect with age on the individual component endpoints of HF hospitalization or cardiovascular death (Figures 1B and 1C). Sex did not modify the treatment effect of vericiguat on the primary composite endpoint and each of its components (Figure 2). There was also no sex difference in the association of age and study treatment primary composite endpoint (Figure 3) (Pinteraction=0.847). 

DISCUSSION  
[bookmark: _Hlk120487817]The VICTORIA trial studied an unusually high-risk population with resulting event rates exceeding those of most other trials in patients with HF and reduced EF. This provided a large number of primary outcome events (n=1865) and cardiovascular deaths (n=736) to power subgroup analyses. The inclusion of a large cohort of much older patients (n=1568 ≥75 years old) and women (n=1208), with higher event rates allowed this novel analysis of the combined effects of age and sex on clinical characteristics, background standard of care, outcomes, and treatment response.
[bookmark: _Hlk120488607]There were relatively more women than men in the ≥75 years age group with recent worsening HF and reduced EF in VICTORIA. Compared with younger patients, those ≥75 years old had more clinical features of advanced disease and worse outcomes; yet this age group had the lowest use of GDMT. Within each age group, women had higher EF but similar functional status and NT-proBNP as men. Contrary to our prior expectations, no sex differences were evident in the background use (versus non-use) of GDMT. We observed striking sex disparity in the use of HF device therapy, which increased in the older age groups such that men ≥75 years old were more than twice as likely to receive an ICD and 65% more likely to receive cardiac resynchronization therapy compared with women ≥75 years old. Similar sex disparity in the use of HF device therapy was reported in the DAPA-HF (Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure) trial, although the concomitant effect of age and sex was not examined (13). Despite these findings and after multivariable adjustment, the primary outcome and each of its components were nominally lower in females without devices across all age groups. Importantly, vericiguat dosing did not differ between the sexes in each age group, such that the proportion of women versus men in a given age group achieving target doses of vericiguat were similar. However, compared with younger age groups, fewer patients achieved the 10 mg target dose in the ≥75 years age group; a pattern that was observed in both women and men and with both vericiguat and placebo. Discontinuation of vericiguat therapy occurred with equal frequency in men and women and became significantly more common in the oldest age group; adverse events accounted for approximately one-fifth of these occurrences. Of note, the beneficial effect of vericiguat on the primary endpoint was not modified by age and sex, and this was consistent for each of the components of the primary endpoint. 
[bookmark: _Hlk129710474]Women and older adults are under-represented in HF trials (6,7). The incidence and prevalence of HF increases with age. HF is associated with significant mortality and morbidity particularly among older adults, reflecting the chronic course of frequent hospitalizations among patients living with HF (14). As shown in the current study, epidemiologic studies, and other clinical trials, older patients with HF are more often women (15–17). Our results therefore address an increasingly prevalent population of elderly women with HF in clinical practice. Given the age of populations around the world is steeply rising, the number of elderly patients with HF will similarly increase over time presenting a major future public health challenge. 
[bookmark: _Hlk129710585]We previously reported the pre-specified age subgroup analysis in VICTORIA showing potential heterogeneity of vericiguat’s treatment effect on the primary composite endpoint (cardiovascular death or first HF hospitalization) by age, with patients <75 years old deriving greater benefit than those ≥75 years old (HR 0.84, 95% CI 0.75–0.94 vs. 1.04, 95% CI 0.88–1.21, respectively) (9). Of note, the point estimates for the patients in the ≥75 years age group were wide. The limitations of subgroup analyses are well-known, as is the impact of using different cutoffs in the categorization of subgroups versus analyzing a factor as a continuous variable. For instance in the pooled analysis of the EMPEROR-Reduced (Empagliflozin Outcomes Trial in Heart Failure and a Reduced Ejection Fraction) and EMPEROR-Preserved (Empagliflozin Outcomes Trial in Heart Failure and a Preserved Ejection Fraction) trials, subgroup analyses by discrete EF groups showed an attenuation of treatment effect in the subgroup with EF ≥65% which was not apparent when analyzing treatment effect across EF as a continuous linear variable (18). It was reassuring to find in the current analyses that there was no evidence of treatment heterogeneity by age when age was analyzed as a continuous variable, whether looking at the primary composite endpoint or its components. Figure 1A clearly shows consistency of benefit with vericiguat across the entire age spectrum studied. Combined with the previously reported safety of vericiguat in the older age groups in VICTORIA (19), our results suggest a favorable benefit to risk ratio of treating older patients with worsening HF and reduced EF, particularly given their relative under-treatment with GDMT and higher baseline risk of adverse outcomes compared with younger patients. The benefits and safety observed underscore that advanced age should not be used as an excuse to undertreat patients with worsening HF.
[bookmark: _Hlk129711072]The sex differences in baseline characteristics and outcomes observed in VICTORIA are consistent with prior reports from both clinical trials and observational registries (20), wherein women with HF are generally older with more age-related comorbidities (e.g., hypertension, atrial fibrillation) albeit less coronary artery disease, and better outcomes compared with men with HF. In contrast to prior reports of under-treatment of women versus men with HF from the contemporary global REPORT-HF (International REgistry to assess medical Practice with lOngitudinal obseRvation for Treatment of Heart Failure) registry (21), we found no sex disparity in use of GDMT for HF in VICTORIA. While this finding is encouraging, the under-dosage of GDMT in women ≥75 years old and under-utilization of HF devices regardless of age remain notable. Indeed, there is legitimate reason to question what constitutes the optimal dose of HF GDMT in women versus men. Both large international observational studies (22) and clinical trials of lisinopril (23) and losartan (24) have suggested that optimal target doses of ACE inhibitors and ARBs may be lower in women compared with men. Pharmacological studies have shown that the maximum plasma concentrations of these medication classes, as well as beta-blockers, can be up to 2.5 times higher in women than men at the same administered dose (25–28). These differences may be related to known sex differences in body composition, with women having lower weight and height, a higher proportion of body fat, and a lower peripheral distribution volume (28); or other sex differences (e.g., lower cytochrome P450 isoenzyme expression in women) (29). Similar considerations apply to older patients. It is noteworthy that 78% of patients in the ≥75 years age group achieved the full target dose of vericiguat in VICTORIA, and that there were no sex differences in the proportion of women versus men achieving target doses of vericiguat. Vericiguat pharmacokinetics (apparent drug clearance) has been shown to be influenced by body weight, but not age, sex, race, bilirubin, eGFR, albumin, or disease-related factors, such as left ventricular EF, New York Heart Association class, and NT-proBNP. Furthermore, the ability to reach and maintain dosing at the target 10 mg dose was not related to vericiguat exposure in VICTORIA (30).
[bookmark: _Hlk129711413]While lower use of device therapy may in part be related to higher EFs and less ischemic etiology compared with men, women remained less likely to receive an ICD after adjustment for known clinical confounders (31). Indeed, the efficacy of ICDs in women has been debated, with meta-analyses showing either no benefit in women, or a similar survival in men and women but with fewer appropriate antitachycardia pacing therapy and shocks in women (32,33). Results from the DANISH (Danish Study to Assess the Efficacy of ICDs in Patients with Non-ischemic Systolic Heart Failure on Mortality) trial further call to question the efficacy of ICDs in non-ischemic systolic HF among older patients (34,35). To what extent this has contributed to our observed gaps in device treatment in older women compared with men remains unclear. Women have also been shown to suffer higher rates of device implantation-related complications than men (36). On the other hand, women are more likely to benefit from cardiac resynchronization therapy than men (37,38); potentially attributable to sex differences in QRS duration or the smaller height and heart size of women compared with men (39–41). In aggregate, our results highlight that while the gap in GDMT between sexes may be narrowing, much more attention is needed to understand and address the sex disparity in HF device use.
Limitations of the current analysis include the post hoc multiple comparisons and selection bias of a clinical trial with inclusion/exclusion criteria that could affect the generalizability of our results. Nonetheless, VICTORIA was broadly inclusive without an upper age limit and had event rates exceeding most HF trials, providing the power for these subgroup analyses.
[bookmark: _Hlk125211631]In conclusion, women in VICTORIA were older than men, and while older women received less intense background HF therapy, their prognosis was nominally better than older men. Vericiguat reduced the risk of cardiovascular death and HF hospitalization across the broad spectrum of age studied in VICTORIA, and similarly in women and men. 


Clinical Perspectives: Competency in Medical Knowledge
Clinical Implications
Results from our analysis of the combined effects of age and sex in VICTORIA address an increasingly prevalent population of elderly women with HF in clinical practice. Given that older patients are relatively under-treated with GDMT, have higher baseline risk of adverse outcomes, and derive similar benefits from vericiguat with similar safety compared to younger patients, the benefit to risk ratio favors treating older patients with worsening HF and reduced EF with vericiguat; conversely, advanced age should not be used as an excuse to undertreat these patients. While there was no sex disparity in use of GDMT for HF in VICTORIA, the under-dosage of GDMT in women ≥75 years old and under-utilization of HF devices regardless of age remain important clinical gaps to address.
Translational Outlook
Future studies should continue to address the under-representation of women and older adults in clinical trials and understand the sex disparity in HF device use.
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Figure Legends
Figure 1A. Treatment effect of vericiguat versus placebo on the primary composite endpoint according to age.
Treatment effect of vericiguat versus placebo on the primary composite endpoint (HF hospitalization or cardiovascular death) according to age at randomization (continuous, Pinteraction=0.169; categorical, Pinteraction=0.189). Adjusted HRs (95% CIs) presented.
Figure 1B. Treatment effect of vericiguat versus placebo on cardiovascular death according to age.
Treatment effect of vericiguat versus placebo on cardiovascular death according to age at randomization (continuous, Pinteraction=0.371; categorical, Pinteraction=0.109). Adjusted HRs (95% CIs) presented.
Figure 1C. Treatment effect of vericiguat versus placebo on HF hospitalization according to age.
Treatment effect of vericiguat versus placebo on HF hospitalization according to age at randomization (continuous, Pinteraction=0.153; categorical, Pinteraction=0.107). Adjusted HRs (95% CIs) presented.
Figure 2. Treatment effect of vericiguat versus placebo on the primary composite endpoint according to sex.
Treatment effect of vericiguat versus placebo on the primary composite endpoint (HF hospitalization or cardiovascular death) and its components according to sex. Adjusted HRs (95% CIs) presented.
Figure 3. Treatment effect of vericiguat versus placebo on the primary composite endpoint according to age and sex.
Treatment effect of vericiguat on primary composite endpoint (HF hospitalization or cardiovascular death) according to age and sex (continuous, Pinteraction=0.847). Adjusted HRs (95% CIs) presented (pink line [HR] and shading [95% CI], female; blue line [HR] and shading [95% CI], male).
Central Illustration. 
Upper panel shows target doses triple guideline-directed medical therapy according to sex and age domains; Lower Panel shows treatment effect expressed as adjusted HRs (95% CIs) of effect of vericiguat versus placebo on primary composite endpoint [pink line (HR) and shading (95% CI), female; blue line (HR) and shading (95% CI), male].
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Table 1. Patient characteristics at randomization by age and sex.
	Characteristic
	Age <65 Years
(n=1873)
	Age 65 to <75 Years
(n=1609)
	Age ≥75 Years
(n=1568)

	
	Male
(n=1494)
	Female
(n=379)
	P-value
	Male
(n=1225)
	Female
(n=384)
	P-value
	Male
(n=1123)
	Female
(n=445)
	P-value

	Age, median (25th, 75th), years
	57 (50, 61)
	57 (51, 61)
	0.610
	70 (67, 72)
	69 (67, 72)
	0.885
	80 (77, 83)
	80 (77, 84)
	0.032

	Race/Ethnicity, n (%)
	
	
	<0.001
	
	
	0.039
	
	
	0.002

	Asian
	453 (30.3%)
	73 (19.3%)
	
	234 (19.1%)
	69 (18.0%)
	
	207 (18.4%)
	96 (21.6%)
	

	Black
	102 (6.8%)
	69 (18.2%)
	
	34 (2.8%)
	19 (4.9%)
	
	14 (1.2%)
	11 (2.5%)
	

	Other
	139 (9.3%)
	59 (15.6%)
	
	85 (6.9%)
	38 (9.9%)
	
	65 (5.8%)
	43 (9.7%)
	

	White
	799 (53.5%)
	178 (47.0%)
	
	872 (71.2%)
	258 (67.2%)
	
	837 (74.5%)
	295 (66.3%)
	

	Region, n (%)
	
	
	<0.001
	
	
	0.078
	
	
	<0.001

	Asia Pacific
	455 (30.5%)
	72 (19.0%)
	
	237 (19.3%)
	68 (17.7%)
	
	241 (21.5%)
	110 (24.7%)
	

	Eastern Europe
	548 (36.7%)
	154 (40.6%)
	
	436 (35.6%)
	141 (36.7%)
	
	314 (28.0%)
	101 (22.7%)
	

	Latin and South America
	187 (12.5%)
	66 (17.4%)
	
	172 (14.0%)
	63 (16.4%)
	
	142 (12.6%)
	94 (21.1%)
	

	North America
	164 (11.0%)
	62 (16.4%)
	
	129 (10.5%)
	53 (13.8%)
	
	117 (10.4%)
	35 (7.9%)
	

	Western Europe
	140 (9.4%)
	25 (6.6%)
	
	251 (20.5%)
	59 (15.4%)
	
	309 (27.5%)
	105 (23.6%)
	

	Index event, n (%)
	
	
	0.519
	
	
	0.313
	
	
	0.130

	HF hospitalization 3-6 months
	248 (16.6%)
	60 (15.8%)
	
	194 (15.8%)
	69 (18.0%)
	
	225 (20.0%)
	75 (16.9%)
	

	HF hospitalization within 3 months
	1047 (70.1%)
	260 (68.6%)
	
	836 (68.2%)
	246 (64.1%)
	
	691 (61.5%)
	298 (67.0%)
	

	IV diuretic for HF (without hospitalization) within 3 months
	199 (13.3%)
	59 (15.6%)
	
	195 (15.9%)
	69 (18.0%)
	
	207 (18.4%)
	72 (16.2%)
	

	BMI, median (25th, 75th), kg/m2 
	28 (25, 33)
	29 (24, 34)
	0.080
	27 (24, 31)
	27 (24, 32)
	0.920
	25 (23, 29)
	25 (22, 29)
	0.524

	EF, median (25th, 75th), %
	26 (20, 33)
	28 (22, 35)
	0.005
	30 (23, 35)
	30 (25, 36)
	0.010
	30 (25, 37)
	33 (26, 39)
	<0.001

	EF ≤40%, n (%)
	1413 (94.8%)
	355 (93.9%)
	0.479
	1134 (93.0%)
	354 (92.4%)
	0.730
	1023 (91.3%)
	388 (87.4%)
	0.020

	NYHA, no.(%)
	
	
	0.477
	
	
	0.531
	
	
	0.606

	Class I/II
	914 (61.3%)
	224 (59.3%)
	
	717 (58.6%)
	218 (56.8%)
	
	652 (58.1%)
	252 (56.6%)
	

	Class III/IV
	578 (38.7%)
	154 (40.7%)
	
	507 (41.4%)
	166 (43.2%)
	
	471 (41.9%)
	193 (43.4%)
	

	MAGGIC risk score, median (25th, 75th)
	20 (16, 23)
	18 (14, 21)
	<0.001
	25 (21, 28)
	22 (18, 25)
	<0.001
	30 (26, 33)
	27 (24, 30)
	<0.001

	Time from diagnosis of any HF to randomization, median (25th, 75th), years
	3 (1, 6)
	2 (1, 6)
	0.276
	4 (1, 8)
	3 (1, 6)
	<0.001
	4 (1, 9)
	3 (1, 7)
	<0.001

	Medical history, n (%)
	
	
	
	
	
	
	
	
	

	Atrial fibrillation
	491 (32.9%)
	81 (21.4%)
	<0.001
	637 (52.0%)
	140 (36.5%)
	<0.001
	685 (61.0%)
	234 (52.6%)
	0.002

	Diabetes
	697 (46.7%)
	177 (46.7%)
	0.995
	613 (50.1%)
	198 (51.6%)
	0.613
	510 (45.4%)
	174 (39.1%)
	0.023

	Hypertension
	1076 (72.1%)
	274 (72.3%)
	0.930
	989 (80.8%)
	327 (85.2%)
	0.053
	929 (82.7%)
	400 (89.9%)
	<0.001

	Hyperlipidemia
	778 (52.1%)
	173 (45.6%)
	0.025
	770 (62.9%)
	213 (55.5%)
	0.009
	710 (63.2%)
	251 (56.4%)
	0.012

	Anemia
	181 (12.1%)
	73 (19.3%)
	<0.001
	252 (20.6%)
	91 (23.7%)
	0.194
	337 (30.0%)
	136 (30.6%)
	0.830

	CAD
	726 (48.6%)
	149 (39.3%)
	0.001
	782 (63.9%)
	192 (50.0%)
	<0.001
	791 (70.4%)
	222 (49.9%)
	<0.001

	History of MI
	561 (37.6%)
	108 (28.5%)
	<0.001
	595 (48.6%)
	140 (36.5%)
	<0.001
	578 (51.5%)
	139 (31.2%)
	<0.001

	History of stroke
	146 (9.8%)
	37 (9.8%)
	0.992
	141 (11.5%)
	53 (13.8%)
	0.231
	151 (13.4%)
	50 (11.2%)
	0.238

	Prior PCI
	420 (28.1%)
	69 (18.2%)
	<0.001
	496 (40.5%)
	116 (30.2%)
	<0.001
	462 (41.1%)
	114 (25.6%)
	<0.001

	Tobacco use
	1013 (67.8%)
	155 (40.9%)
	<0.001
	876 (71.5%)
	138 (35.9%)
	<0.001
	686 (61.1%)
	104 (23.4%)
	<0.001

	Vitals at randomization
	
	
	
	
	
	
	
	
	

	SBP, median (25th, 75th), mm Hg
	117 (108, 130)
	115 (106, 128)
	0.032
	119 (109, 131)
	120 (111, 132)
	0.123
	119 (109, 131)
	123 (111, 135)
	0.002

	DBP, median (25th, 75th), mm Hg
	76 (69, 84)
	74 (67, 81)
	<0.001
	72 (65, 80)
	72 (65, 78)
	0.407
	68 (61, 75)
	70 (62, 78)
	0.002

	Heart rate, median (25th, 75th), beats/min
	75 (66, 85)
	74 (65, 84)
	0.269
	70 (63, 79)
	72 (64, 81)
	0.021
	69 (62, 78)
	71 (64, 81)
	<0.001

	GDMT and devices at randomization, n (%)
	
	
	
	
	
	
	
	
	

	RAS blockade
	1358 (91.1%)
	345 (91.0%)
	0.975
	1053 (86.2%)
	341 (88.8%)
	0.184
	939 (83.8%)
	368 (83.1%)
	0.738

	Beta blocker
	1398 (93.8%)
	349 (92.1%)
	0.239
	1135 (92.9%)
	367 (95.6%)
	0.061
	1032 (92.1%)
	410 (92.6%)
	0.745

	MRA
	1201 (80.5%)
	307 (81.0%)
	0.842
	871 (71.3%)
	276 (71.9%)
	0.821
	645 (57.5%)
	245 (55.3%)
	0.422

	Triple therapy
	1049 (70.4%)
	264 (69.7%)
	0.791
	729 (59.7%)
	241 (62.8%)
	0.278
	517 (46.1%)
	209 (47.2%)
	0.705

	Loop diuretics
	1290 (86.5%)
	327 (86.3%)
	0.903
	1097 (89.8%)
	339 (88.3%)
	0.408
	987 (88.1%)
	388 (87.6%)
	0.801

	Biventricular Pacer
	140 (9.4%)
	31 (8.2%)
	0.465
	224 (18.3%)
	48 (12.5%)
	0.008
	239 (21.3%)
	57 (12.9%)
	<0.001

	ICD
	384 (25.8%)
	79 (20.8%)
	0.048
	434 (35.5%)
	83 (21.6%)
	<0.001
	351 (31.3%)
	68 (15.3%)
	<0.001

	Labs at randomization
	
	
	
	
	
	
	
	
	

	NT-proBNP, median (25th, 75th), pg/mL
	2392 (1369, 4341)
	2392 (1355, 5254)
	0.400
	2816 (1516, 5355)
	2788 (1576, 5282)
	0.624
	3441 (1894, 6007)
	3346 (2053, 6588)
	0.472

	eGFR, median (25th, 75th), mL/min/1.73 m2 
	70 (54, 88)
	73 (47, 88)
	0.163
	59 (43, 74)
	55 (40, 71)
	0.086
	49 (35, 64)
	43 (33, 60)
	0.014


BMI=body mass index; CAD=coronary artery disease; DBP=diastolic blood pressure; EF=ejection fraction; eGFR=estimated glomerular filtration rate; GDMT=guideline-directed medical therapy; HF=heart failure; ICD=implantable cardioverter defibrillator; IV=intravenous; MAGGIC=Meta-Analysis Global Group in Chronic Heart Failure; MI=myocardial infarction; MRA=mineralocorticoid receptor antagonist; NT-proBNP=N-terminal pro-B-type natriuretic peptide; NYHA=New York Heart Association; PCI=percutaneous coronary intervention; RAS=renin-angiotensin system; SBP=systolic blood pressure.


Table 2. Basic adherence to guideline-directed medical therapy at randomization according to age and sex in eligible patients.*
	
	Age <65 Years
(n=1873)
	Age 65 to <75 Years
(n=1609)
	Age ≥75 Years
(n=1568)

	
	Male
(n=1494)
	Female
(n=379)
	P-value
	Male
(n=1225)
	Female
(n=384)
	P-value
	Male
(n=1123)
	Female
(n=445)
	P-value

	n
	1285
	308
	
	954
	279
	
	779
	287
	

	All RAS blockade†
	1178 (91.7%)
	287 (93.2%)
	0.382
	849 (89.0%)
	255 (91.4%)
	0.248
	669 (85.9%)
	247 (86.1%)
	0.939

	n
	1411
	355
	
	1132
	354
	
	1021
	386
	

	Beta blocker
	1320 (93.6%)
	326 (91.8%)
	0.250
	1055 (93.2%)
	337 (95.2%)
	0.177
	945 (92.6%)
	355 (92.0%)
	0.711

	n
	1285
	308
	
	954
	209
	
	779
	287
	

	MRA
	1059 (82.4%)
	263 (85.4%)
	0.212
	702 (73.6%)
	209 (74.9%)
	0.658
	490 (62.9%)
	164 (57.1%)
	0.087

	n
	1285
	308
	
	954
	209
	
	779
	287
	

	Triple therapy
	928 (72.2%)
	229 (74.4%)
	0.451
	600 (62.9%)
	187 (67.0%)
	0.206
	400 (51.3%)
	142 (49.5%)
	0.588


RAS blockade (i.e., angiotensin-converting enzyme inhibitors [ACEi], angiotensin-receptor blockers [ARB], angiotensin-receptor blocker neprilysin-inhibitors [ARNI]); MRA=mineralocorticoid receptor antagonists.
[bookmark: _Hlk114934379]*Eligibility per medication class: ACE/ARB: LVEF ≤40%; ARNI: LVEF ≤40%, eGFR ≥30 mL/min/1.73m2, serum K <5.5 mmol/L or no history of hyperkalemia; BB: LVEF ≤40%; MRA: LVEF ≤40%, eGFR ≥30 mL/min/1.73m2, serum K <5.5 mmol/L or no history of hyperkalemia.
†Restricted to patients eligible for all three RAS blockade agents (ACE-i, ARB, ARNI).
RAS indicates renin-angiotensin system.



Table 3. Target dose achieved for guideline-directed medical therapy at randomization according to age and sex*
	
	Age <65 years
(n=1873)
	Age 65 to <75 years
(n=1609)
	Age ≥75 years
(n=1568)

	
	Male
(n=1494)
	Female
(n=379)
	P-value
	Male
(n=1225)
	Female
(n=384)
	P-value
	Male
(n=1123)
	Female
(n=445)
	P-value

	n
	1047
	254
	
	739
	217
	
	563
	215
	

	All RAS blockade†
	553 (52.8%)
	146 (57.5%)
	0.181
	369 (49.9%)
	112 (51.6%)
	0.663
	257 (45.6%)
	107 (49.8%)
	0.303

	n
	1238
	306
	
	992
	320
	
	860
	331
	

	Beta blocker
	564 (45.6%)
	149 (48.7%)
	0.325
	472 (47.6%)
	147 (45.9%)
	0.609
	369 (42.9%)
	137 (41.4%)
	0.635

	n 
	988
	244
	
	656
	195
	
	447
	148
	

	MRA
	812 (82.2%)
	209 (85.7%)
	0.198
	546 (83.2%)
	159 (81.5%)
	0.582
	363 (81.2%)
	113 (76.4%)
	0.200

	n
	776
	198
	
	488
	151
	
	317
	115
	

	Triple therapy
	209 (26.9%)
	58 (29.3%)
	0.506
	129 (26.4%)
	37 (24.5%)
	0.636
	61 (19.2%)
	28 (24.3%)
	0.246


RAS blockade (i.e., angiotensin-converting enzyme inhibitors [ACEi], angiotensin-receptor blockers [ARB], angiotensin-receptor blocker neprilysin-inhibitors [ARNI]); MRA=mineralocorticoid receptor antagonists; RAS=renin angiotensin system;
*Patients with oral dosing data available and were eligible for the medication class.
†Restricted to patients eligible for all three RAS blockade agents (ACE-i, ARB, ARNI).
RAS indicates renin-angiotensin system.

Table 4. Clinical outcomes according to sex and age.
	
	Age <65 Years
	Age 65 to <75 Years
	Age ≥75 Years

	
	Male
Rate* (events)
	Female
Rate* (events)
	aHR (95%CI)†
	Male
Rate* (events)
	Female
Rate* (events)
	aHR (95%CI)†
	Male
Rate* (events)
	Female
Rate* (events)
	aHR (95%CI)†

	n
	1494
	379
	
	1225
	384
	
	1123
	445
	

	CV death/HF hospitalization
	34.0 (530)
	27.8 (108)
	1.23 (1.00 - 1.51)
	37.7 (480)
	31.1 (130)
	1.12 (0.92 - 1.36)
	39.7 (456)
	36.1 (165)
	1.06 (0.88 - 1.27)

	CV death
	11.2 (215)
	11.6 (53)
	0.99 (0.73 - 1.34)
	14.7 (228)
	11.9 (58)
	1.17 (0.87 - 1.56)
	16.3 (229)
	13.0 (72)
	1.15 (0.88 - 1.50)

	HF hospitalization
	27.2 (424)
	19.4 (75)
	1.40 (1.09 - 1.79)
	28.5 (363)
	23.9 (100)
	1.08 (0.87 - 1.35)
	30.8 (353)
	26.9 (123)
	1.09 (0.88 - 1.33)


CV=cardiovascular; HF=heart failure.
*Event rate per 100 patient-years.
†aHR, adjusted hazard ratio: men vs. women, (95% confidence intervals)


