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Abstract
Background: HFrEF is increasingly a disease of the elderly, and older patients face higher rates of major adverse cardiac events (MACE) than younger cohorts, yet remain underrepresented in the trials that generated current predictive models [1,6].
Objective: This review synthesizes published evidence on predictors of MACE, defined as cardiovascular death, heart failure hospitalization, and recurrent ischemic events, in elderly HFrEF patients, and evaluates how well general-cohort predictors generalize to this subgroup.
Methods: We reviewed cohort studies, trial subgroup analyses, and risk-model validation studies addressing clinical, biomarker, comorbidity, and frailty-based predictors of MACE in HFrEF patients aged 65 years and older.
Findings: Ischemic etiology, impaired renal function, anemia, and low presenting blood pressure remain robust predictors across age groups [21,23], while frailty and multimorbidity add incremental predictive value specific to elderly cohorts [26,27]; natriuretic peptides and pooled risk scores retain prognostic value but show attenuated discrimination outside trial populations [12,34].
Conclusions: Accurate MACE prediction in elderly HFrEF requires integrating traditional cardiac predictors with age-specific comorbidity and frailty measures, validated prospectively in cohorts reflecting contemporary elderly heart failure populations.
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1. Introduction

Heart failure with reduced ejection fraction (HFrEF) is increasingly a disease of old age. Population-based surveillance in Olmsted County found that both the incidence and prevalence of heart failure rise steeply after age 70, with a growing share of newly diagnosed patients now octogenarians [1,2]. The 2016 European Society of Cardiology guideline and the 2017 ACC/AHA/HFSA focused update both note that the median age of heart failure patients in contemporary registries now exceeds 75 years, a shift driven by improved survival after myocardial infarction combined with the accumulating burden of hypertension, diabetes, and coronary disease across an aging population [3,4]. The American Heart Association's annual statistical update places lifetime risk of heart failure at roughly one in five for adults reaching 40 years, with the steepest rise in incidence occurring in the seventh and eighth decades [5].

Elderly HFrEF patients differ from younger cohorts in ways that matter for risk prediction. They carry a heavier burden of noncardiac comorbidity, are more likely to be frail, more often have impaired renal function, and are frequently underrepresented or excluded from the randomized trials that generated the pharmacological evidence base now applied to them [6,7]. Global registry data from the INTER-CHF study confirm that mortality after a heart failure diagnosis varies severalfold across regions and age strata, with older patients consistently at the high end of that range regardless of geography [8]. Major adverse cardiac events (MACE), a composite typically encompassing cardiovascular death, heart failure hospitalization, and sometimes nonfatal myocardial infarction or stroke, remain common in this population despite substantial advances in guideline-directed medical therapy over the past two decades [9,10].

Risk-prediction tools such as the Seattle Heart Failure Model and pooled-cohort risk scores derived from tens of thousands of trial participants were built predominantly in middle-aged populations, and their calibration in patients over 75 years remains uncertain [11,12]. This review synthesizes published evidence on predictors of MACE specifically in elderly HFrEF patients, covering clinical risk factors, biomarker-based prediction, comorbidity and frailty, and the influence of guideline-directed therapy, with the goal of clarifying which predictors generalize from general heart failure cohorts to the elderly HFrEF subgroup and which require age-specific interpretation.

Table 1: Clinical predictors of major adverse cardiac events in elderly HFrEF cohorts and their reported strength of association [19,21,23,17].[image: Table 1: Clinical predictors of major adverse cardiac events in elderly HFrEF cohorts and their reported strength of association [19,21,23,17].]
Table 2: Trial evidence for guideline-directed medical and device therapy on reducing MACE, with elderly subgroup findings where reported [35,36,37,38,39,40].[image: Table 2: Trial evidence for guideline-directed medical and device therapy on reducing MACE, with elderly subgroup findings where reported [35,36,37,38,39,40].]
2. Epidemiology and prognosis in the elderly HFrEF population

The epidemiological trajectory of HFrEF in older adults reflects both rising incidence and improving short-term survival, a combination that expands the prevalent pool of elderly patients at risk for recurrent events. Stewart and colleagues described heart failure as an emerging epidemic of the aging population, projecting that prevalent cases would continue rising even with flat age-specific incidence, purely from demographic aging [13]. Dunlay and colleagues, reviewing heart failure epidemiology across the ejection fraction spectrum, found that patients presenting after age 75 have a distinct risk profile, with noncardiac mortality competing more heavily against cardiovascular death as the dominant outcome [14].

Framingham Heart Study data established the foundational observation that survival after heart failure onset declines steeply with advancing age at diagnosis, a finding replicated in nearly every subsequent cohort examining age as a covariate [15]. Shah and colleagues, using a large multicenter registry stratified by ejection fraction category, showed that five-year outcomes for HFrEF remain worse than for heart failure with preserved ejection fraction across age strata, though the gap narrows in the oldest patients as competing noncardiac mortality rises [16]. In-hospital risk models for acute decompensated heart failure, including the ADHERE and EFFECT models, consistently identify advanced age as one of the strongest independent predictors of short-term mortality, alongside blood urea nitrogen, systolic blood pressure, and serum sodium [17,18].

[image: Figure 1: Five-year survival after heart failure diagnosis by age at onset, illustrating the steep decline in survival with increasing age at diagnosis observed in Framingham and contemporary registry cohorts [15,16].]Figure 1: Five-year survival after heart failure diagnosis by age at onset, illustrating the steep decline in survival with increasing age at diagnosis observed in Framingham and contemporary registry cohorts [15,16].
3. Demographic and clinical predictors of MACE

Beyond age itself, several clinical variables consistently predict MACE in elderly HFrEF cohorts. Ischemic etiology remains a robust predictor: patients whose HFrEF arises from prior myocardial infarction or significant coronary disease, per standardized criteria for ischemic cardiomyopathy, experience higher rates of recurrent ischemic events and cardiovascular death than those with nonischemic etiology, even after adjustment for ejection fraction and functional class [19]. Gheorghiade and colleagues emphasized that the myocardial substrate left by prior infarction predisposes to both pump failure and malignant arrhythmia, two principal pathways to MACE in this population [20].

Renal function is among the most consistently reproduced predictors of adverse outcomes in HFrEF, and its prognostic weight appears to increase with age. Damman and colleagues' synthesis of the cardiorenal literature found that both baseline renal impairment and worsening renal function during hospitalization independently predict mortality and rehospitalization, most pronounced in reduced ejection fraction cohorts [21]. Smith and colleagues' meta-analysis similarly found a graded, dose-dependent relationship between estimated glomerular filtration rate and mortality, with the steepest gradient in cohorts with mean age above 70 [22]. Distinguishing intrinsic chronic kidney disease from cardiorenal syndrome driven by low cardiac output remains a persistent interpretive challenge in this population.

Anemia is similarly common and prognostically important. Groenveld and colleagues' systematic review found that anemia, more common with advancing age, independently predicts mortality across dozens of pooled cohorts [23]. Filippatos and colleagues described the interrelated cardiorenal-anemia syndrome as a particularly high-risk phenotype in elderly patients, in whom renal impairment, anemia, and heart failure severity compound one another's prognostic effect [24]. Systolic blood pressure at presentation behaves paradoxically in advanced HFrEF: lower presenting blood pressure, reflecting reduced cardiac reserve, predicts worse outcomes, a pattern captured explicitly in both the ADHERE and EFFECT risk models [17,18].

4. Comorbidity burden and frailty

Elderly HFrEF patients rarely have heart failure as an isolated diagnosis. Forman and colleagues' review of multimorbidity in older cardiovascular patients found that the median elderly heart failure patient carries five or more chronic comorbid conditions, and that comorbidity count itself, independent of any single condition's severity, predicts hospitalization and mortality [6]. Rich's early but still influential work on heart failure in the oldest patients identified comorbid burden as a central driver of both event risk and the complexity of managing therapy safely [7].

Frailty captures risk not explained by traditional cardiac variables alone. Fried and colleagues' frailty phenotype, comprising unintentional weight loss, weakness, slowness, exhaustion, and low activity, was developed in a general older-adult cohort but has since been widely applied in cardiovascular populations [25]. Afilalo and colleagues concluded that frailty adds incremental predictive value for adverse outcomes beyond standard clinical risk factors, including in heart failure specifically, and argued for its routine incorporation into risk stratification [26]. Vidan and colleagues, studying non-dependent elderly heart failure patients directly, found that frailty and its components, particularly slow gait speed and weakness, independently predicted mortality and readmission even in patients not overtly disabled at baseline [27]. Flint and colleagues, in the context of left ventricular assist device candidacy, similarly found frailty assessment materially changed risk stratification beyond standard severity measures, a principle extending to MACE prediction more broadly in

[image: Figure 2: One-year major adverse cardiac event rate by frailty category in non-dependent elderly heart failure patients, showing a graded increase in risk from robust through frail phenotypes [27,26].]Figure 2: One-year major adverse cardiac event rate by frailty category in non-dependent elderly heart failure patients, showing a graded increase in risk from robust through frail phenotypes [27,26].
5. Biomarkers and risk stratification tools

Natriuretic peptides remain the most widely validated biomarker-based predictor of adverse events, including in elderly cohorts. Maisel and colleagues' Breathing Not Properly study established B-type natriuretic peptide as both diagnostic and prognostic in dyspneic patients, with rising levels tracking heart failure severity [29]. Januzzi and colleagues' PRIDE study extended this to N-terminal pro-BNP, confirming its utility for risk stratification across a broad age range [30]. Felker and colleagues' biomarker-guided therapy trial found that natriuretic-peptide-guided intensification reduced the composite of hospitalization and cardiovascular mortality, though elderly participants experienced higher rates of both events and treatment-related adverse effects than younger ones [31].

Novel biomarkers have been explored as adjuncts. De Berardinis and colleagues found that combining galectin-3, a fibrosis marker, with BNP improved prognostic discrimination beyond BNP alone in a cohort with substantial elderly representation [32]. Inflammatory cytokines, including tumor necrosis factor-alpha and interleukin-6, have also been linked to disease progression and adverse outcomes, consistent with systemic inflammation contributing to myocardial remodeling and event risk [33].

Multivariable risk scores integrating these predictors have been developed and externally validated. Pocock and colleagues' meta-analysis-derived score, built from more than 39,000 patients across 30 studies, identified age, ejection fraction, natriuretic peptide level, renal function, and functional class as dominant predictors, a composition mirroring what elderly-specific HFrEF cohorts report [12]. Allen and colleagues, testing model performance in routine ambulatory practice, found discrimination degraded modestly outside the derivation setting, a caution relevant to applying these tools uncritically in elderly, multimorbid, real-world patients [34].

6. Guideline-directed therapy, device interventions, and care coordination

The relationship between guideline-directed therapy and observed MACE rates in elderly HFrEF is complicated by underrepresentation of the oldest patients in pivotal trials. Zannad and colleagues' EMPHASIS-HF trial of eplerenone demonstrated a substantial reduction in cardiovascular death and heart failure hospitalization, with subgroup analyses suggesting benefit preserved, though somewhat attenuated, in older participants [35]. McMurray and colleagues' PARADIGM-HF trial established angiotensin receptor-neprilysin inhibition as superior to enalapril for reducing the same composite, again with a proportionally smaller elderly subgroup [36]. Packer and colleagues' EMPEROR-Reduced trial of empagliflozin extended the evidence base for SGLT2 inhibition, with consistent effect estimates across age subgroups including patients over 75 [37].

Device therapy adds further complexity, since eligibility and expected benefit interact with age and comorbidity. Cleland and colleagues' CARE-HF trial established cardiac resynchronization therapy's mortality and morbidity benefit in wide-QRS HFrEF, while Moss and colleagues' MADIT-CRT trial extended resynchronization benefit to milder symptoms, both informing the device-eligible subgroup within which MACE rates differ substantially from medically managed patients [38,39]. Swedberg and colleagues' SHIFT trial identified elevated resting heart rate as both a modifiable risk factor and an independent predictor of the composite outcome, particularly relevant in elderly patients unable to tolerate target beta-blocker doses [40]. Across these interventions, elderly patients on full guideline-directed regimens consistently show lower observed event rates than those on reduced-intensity therapy, though causal inference is complicated by healthier, less frail patients also being those most able to tolerate full-dose therapy [3,4].

Nonpharmacological transitional-care interventions add a further, modifiable layer to MACE risk. Rich and colleagues' multidisciplinary intervention trial, enrolling elderly congestive heart failure patients specifically, demonstrated that coordinated education, dietary counseling, and structured follow-up significantly reduced readmission compared with usual care, a finding replicated across subsequent disease-management trials [41]. This underscores that predictors of MACE in elderly HFrEF are not purely biological; system-level factors such as care coordination and post-discharge monitoring interact with the clinical and biomarker predictors above to determine observed event rates in practice.

7. Conclusion

Predicting MACE in elderly HFrEF requires integrating traditional clinical predictors, chiefly ischemic etiology, renal function, anemia, and presenting blood pressure, with age-specific factors carrying disproportionate weight, particularly comorbidity burden and frailty [6,26,27]. Natriuretic peptide-based biomarkers and pooled multivariable risk scores retain prognostic value in older cohorts, but external validation studies caution that discrimination in routine elderly practice is imperfect and should inform rather than replace clinical judgment [12,34]. Guideline-directed medical and device therapy continue to reduce event rates in elderly HFrEF patients who can tolerate them, even though pivotal trials enrolled relatively few of the oldest and most comorbid patients seen in routine practice [35,36,37]. Future prediction models will likely need to move beyond cardiac-specific variables toward integrated frailty- and comorbidity-adjusted scores validated prospectively in cohorts reflecting the true age and multimorbidity distribution of elderly heart failure care.
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