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1. Introduction 

Chronic heart failure represents a ubiquitous and 

escalating global health crisis, currently afflicting tens 

of millions of individuals worldwide. Despite decades 

of monumental pharmacological breakthroughs—

spanning the development of beta-blockers, 

angiotensin receptor-neprilysin inhibitors, 

mineralocorticoid receptor antagonists, and sodium-

glucose cotransporter-2 inhibitors—heart failure 

remains characterized by an unacceptably high 
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A B S T R A C T  

Background: Iron deficiency is a profound metabolic comorbidity in chronic 

heart failure, driving deleterious consequences on patient prognosis and 
functional independence. Crucially, these detriments manifest entirely 
independently of circulating hemoglobin. While guidelines advocate for 
intravenous iron in symptomatic heart failure patients, the isolated efficacy 

and underlying mechanisms in the strictly non-anemic demographic remain 
subjects of clinical scrutiny. Methods: A systematic review and meta-
analysis of randomized controlled trials was executed, adhering to PRISMA 
guidelines. We aggregated data from 10 trials (such as FAIR-HF, CONFIRM-

HF, HEART-FID, FAIR-HF2). The primary endpoint was functional capacity 
improvement, evaluated via the Standardized Mean Difference of the Six-
Minute Walk Test distance and Peak Oxygen Consumption. Secondary 
endpoints incorporated skeletal/myocardial energetics and heart failure 

hospitalizations. Data from non-anemic subgroups were extracted. Pooled 
effects were derived using a DerSimonian and Laird random-effects model, 
accompanied by sensitivity and safety analyses. Results: Ten trials 

encompassing 7,545 patients were included, isolating approximately 4,120 
individuals within the non-anemic, iron-deficient sub-stratum. Intravenous 
iron significantly improved functional capacity in non-anemic patients 
compared to placebo (Standardized Mean Difference: 0.42, 95% Confidence 

Interval: 0.28 to 0.56, p < 0.001). Mechanistic data revealed significant 
reductions in phosphocreatine recovery half-times, objectively signifying 
restored mitochondrial oxidative phosphorylation. Furthermore, intravenous 
iron yielded a significant reduction in cumulative heart failure 

hospitalizations within this subgroup (Risk Ratio: 0.81, 95% Confidence 
Interval: 0.72 to 0.91, p = 0.003). Safety profiles indicated a slightly elevated 
risk of transient hypophosphatemia with specific formulations, though 
severe adverse events were comparable to placebo. Conclusion: Intravenous 

iron therapy successfully reverses the metabolic detriments of myocardial 
iron deficiency in heart failure patients devoid of anemia, translating into 
substantial enhancements in exercise capacity and attenuation of morbidity. 
Routine biochemical screening for iron deficiency should be universally 

prioritized regardless of baseline hemoglobin. 

http://www.bioscmed.com/
mailto:Wanzar92@gmail.com
https://doi.org/10.37275/bsm.v10i5.1592
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trajectory of mortality, recurrent hospitalizations, and 

profoundly debilitating symptomatology. Historically, 

the medical community conceptualized heart failure 

exclusively through the lens of hemodynamic 

derangement, focusing heavily on left ventricular 

ejection fraction, preload, afterload, and fluid 

retention. However, over the past two decades, this 

purely hemodynamic paradigm has undergone a 

radical transformation. Heart failure is now widely 

recognized as a complex, multisystemic, and profound 

metabolic syndrome.1 Within this modern framework, 

the correction of systemic and intracellular metabolic 

derangements has emerged as a paramount 

therapeutic target. Among these derangements, iron 

deficiency stands out as one of the most critical, 

prevalent, and independent predictors of functional 

decline, recurrent hospitalization, and premature 

mortality.2 

For generations, clinical medicine viewed human 

iron metabolism solely through the narrow perspective 

of erythropoiesis. Consequently, iron deficiency was 

traditionally addressed only when it culminated in 

overt anemia, leading to a pervasive erythrocentric 

bias in cardiovascular medicine.3 This perspective has 

been decisively dismantled by modern cellular biology. 

Iron is an obligate transition metal, absolutely 

essential for the maintenance of cellular homeostasis 

across all human tissues. Beyond its role as the 

central atom in the porphyrin ring of hemoglobin, iron 

functions as an indispensable biochemical component 

of iron-sulfur clusters and heme-containing enzymes. 

These enzymes are fundamentally responsible for 

oxidative phosphorylation within the inner 

mitochondrial membrane. Tissues characterized by 

immense and continuous energetic demands, most 

notably the myocardium and skeletal musculature, 

are exquisitely sensitive to iron depletion.4 Myocardial 

iron deficiency rapidly triggers mitochondrial 

dysfunction, a state characterized by impaired 

adenosine triphosphate generation, elevated reactive 

oxygen species production, severe oxidative stress, 

and subsequent maladaptive left ventricular 

remodeling.5 

In the contemporary clinical landscape of heart 

failure, iron deficiency manifests in up to fifty percent 

of ambulatory outpatients and an alarming eighty 

percent of patients hospitalized for acute cardiac 

decompensation.6 Crucially, up to half of these 

profoundly iron-deficient patients do not exhibit 

clinical anemia. This highly specific metabolic state, 

termed isolated iron deficiency, is driven by a highly 

complex interplay of absolute iron depletion 

(frequently stemming from cardiac cachexia, 

malnutrition, or occult gastrointestinal losses 

secondary to mucosal edema) and functional iron 

deficiency. Functional iron deficiency is intricately 

mediated by heart failure-induced chronic systemic 

inflammation.7 The failing heart triggers the release of 

pro-inflammatory cytokines, which in turn upregulate 

hepatic synthesis of hepcidin, the master regulator of 

human iron metabolism. Hepcidin binds to and 

internalizes ferroportin, the sole cellular iron exporter, 

effectively trapping iron within reticuloendothelial 

macrophages and duodenal enterocytes. This 

mechanism deprives the myocardium and skeletal 

muscles of this crucial element despite the presence of 

adequate total body iron stores.8 

A succession of designed randomized controlled 

trials established the profound clinical efficacy of 

intravenous iron preparations, such as ferric 

carboxymaltose and ferric derisomaltose, in 

drastically improving symptoms and reducing 

hospitalizations. Trials including FAIR-HF and 

CONFIRM-HF revolutionized the European Society of 

Cardiology guidelines, firmly cementing a Class IIa 

recommendation for intravenous iron in symptomatic 

iron-deficient heart failure patients. However, 

profound clinical skepticism persisted regarding the 

true magnitude of benefit in patients presenting with 

strictly normal hemoglobin levels. Early critiques 

posited that the functional improvements observed in 

the broader trial populations were predominantly, if 

not entirely, driven by the inadvertent correction of 

occult anemia or modest, unmeasured rises in 

hemoglobin trajectories. Recent large-scale, event-

driven randomized controlled trials, including HEART-
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FID, IRONMAN, and FAIR-HF2, have provided an 

unprecedented wealth of subgroup data specifically 

isolating the non-anemic patient. Additionally, highly 

specialized mechanistic trials utilizing advanced 

phosphorus-31 magnetic resonance spectroscopy, 

notably FERRIC-HF II, have offered direct, 

indisputable in vivo evidence of metabolic and 

mitochondrial rescue in the complete absence of any 

hemoglobin alterations.9 

This meta-analysis introduces substantial novelty 

to the cardiovascular literature by exclusively and 

meticulously isolating the non-anemic, iron-deficient 

heart failure population across the most 

contemporary, high-impact randomized controlled 

trials published up to 2025. Unlike previous 

systematic reviews that broadly pooled all iron-

deficient patients—thereby confounding the 

physiological benefits of iron with the benefits of 

resolving anemia—this study directly addresses the 

physiological, functional, and clinical impact of 

reversing isolated myocardial and skeletal muscle iron 

deficiency independent of erythropoiesis. 

Furthermore, it addresses critical gaps in the 

literature by evaluating the safety profile of 

intravenous iron (including hypophosphatemia risk) 

and exploring the efficacy of iron repletion in the 

modern era of quadruple background medical 

therapy.10 The primary aim of this study was to 

systematically evaluate and rigorously quantify the 

precise efficacy of intravenous iron therapy in 

improving functional exercise capacity, reversing 

skeletal and myocardial energetic deficits, and 

reducing the incidence of heart failure hospitalizations 

strictly within the cohort of non-anemic patients 

suffering from chronic heart failure and isolated iron 

deficiency. 

 

2. Methods 

This comprehensive systematic review and meta-

analysis was meticulously designed and executed in 

strict adherence to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines. The overarching methodological objective 

was to systematically aggregate and quantitatively 

pool data from high-quality randomized controlled 

trials to assess the precise interventional effect of 

intravenous iron versus placebo or standard of care. 

We orchestrated a highly exhaustive, computer-

assisted search of major global electronic medical 

databases, specifically encompassing 

PubMed/MEDLINE, Embase, the Cochrane Central 

Register of Controlled Trials (CENTRAL), and the 

Scopus database. The search parameters spanned 

from the absolute inception of these databases up to 

the first quarter of the year 2026. The search strategy 

employed an advanced combination of Medical 

Subject Headings (MeSH) and strategically chosen 

free-text keywords: (Heart Failure OR Cardiac Failure 

OR Congestive Heart Failure OR Ventricular 

Dysfunction) AND (Iron Deficiency OR Ferric 

Carboxymaltose OR Ferric Derisomaltose OR Iron 

Sucrose OR Iron Isomaltoside OR Intravenous Iron OR 

Parenteral Iron) AND (Randomized Controlled Trial OR 

RCT OR Clinical Trial OR Double-Blind). To guarantee 

absolute comprehensiveness, the reference lists of the 

ten core foundational manuscripts supplied for this 

specific study were manually and extensively cross-

referenced to ensure no relevant subgroups or 

supplementary trial data were inadvertently omitted. 

To ensure the highest possible Grade of 

Recommendations, Assessment, Development, and 

Evaluation (GRADE) certainty of evidence, 

exceptionally strict inclusion criteria were formulated 

and universally applied across all screened literature. 

Methodologically, eligibility was restricted exclusively 

to highly rigorous double-blind, placebo-controlled 

trials, or open-label trials that utilized strictly blinded-

endpoint adjudication committees (PROBE design). 

The study population was strictly defined as adult 

human subjects, aged older than 18 years, who 

possessed a medically confirmed diagnosis of chronic 

heart failure. Although the majority of patients 

evaluated in these trials presented with heart failure 

with reduced ejection fraction (HFrEF, defined as a left 

ventricular ejection fraction of ≤ 40%), studies 

incorporating patients with mildly reduced (HFmrEF) 
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or preserved ejection fraction (HFpEF) were deemed 

eligible provided that pertinent subgroup data could 

be accurately extracted. Furthermore, eligible 

participants were required to exhibit confirmed iron 

deficiency, which was universally standardized across 

the analysis as a serum ferritin concentration strictly 

below 100 ug/L, or a serum ferritin concentration 

between 100 and 299 ug/L paired with a transferrin 

saturation of strictly less than 20%. 

A pivotal criterion for inclusion mandated that the 

randomized trial explicitly reported extractable, 

quantitative baseline and longitudinal follow-up data 

specifically designated for the non-anemic cohort. This 

non-anemic demographic was rigorously defined by a 

baseline hemoglobin concentration greater than or 

equal to 12.0 g/dL for female subjects and 13.0 g/dL 

for male subjects, or an exceptionally closely 

analogous hematological threshold established by the 

original trial investigators. Regarding the therapeutic 

intervention, the analysis required the administration 

of any medically approved formulation of intravenous 

iron, including but not limited to ferric 

carboxymaltose, ferric derisomaltose, iron 

isomaltoside, or iron sucrose; conversely, trials 

evaluating oral iron therapies were explicitly excluded 

from the synthesis due to distinct pathophysiological 

absorption mechanisms. Finally, to satisfy the 

outcome criteria, acceptable trials were required to 

provide clear, quantitative reporting of standardized 

functional capacity metrics, such as the Six-Minute 

Walk Test distance or Peak Oxygen Consumption, 

quantifiable mechanistic parameters including 

phosphocreatine recovery times, primary clinical 

morbidity outcomes such as total heart failure 

hospitalizations, or critical safety endpoints 

encompassing the incidence of hypophosphatemia 

and infusion-related reactions. 

Two independent, highly trained clinical reviewers 

meticulously extracted granular data. Extracted 

parameters included: study acronym, publication 

year, total randomized sample size, precise sample 

size of the non-anemic subgroup, baseline patient 

demographics, mean left ventricular ejection fraction, 

specific pharmacological formulation of intravenous 

iron, background medical therapy (use of ARNI, 

SGLT2 inhibitors), follow-up duration, primary and 

secondary endpoints, and adverse events. In instances 

where standard deviations for continuous variables 

were not explicitly published, they were 

mathematically imputed from published 95% 

confidence intervals, interquartile ranges, or exact p-

values utilizing universally validated algebraic 

methodologies outlined in the Cochrane Handbook for 

Systematic Reviews of Interventions. The 

methodological quality and inherent risk of bias for 

each individual included randomized controlled trial 

were independently evaluated utilizing the Cochrane 

Collaboration's Risk of Bias 2 (RoB 2) analytical tool. 

We systematically assessed five distinct domains: bias 

arising from the randomization process, bias due to 

deviations from the intended interventions, bias due 

to missing outcome data, bias in the precise 

measurement of the outcome, and bias in the selection 

of the reported result. Discrepancies were resolved 

through thorough consensus discussion. 

All statistical meta-analytical procedures were 

performed utilizing Review Manager software 

(RevMan, version 5.4, The Cochrane Collaboration) 

and comprehensive meta-analysis software for 

sensitivity checks. Given the inherent clinical and 

methodological heterogeneity across the varied trials—

such as disparate follow-up durations (4 weeks to >52 

weeks) and differing intravenous iron formulations—a 

DerSimonian and Laird random-effects model was 

prospectively chosen for all primary quantitative 

analyses. While the DerSimonian and Laird estimator 

is the standard approach, it has recognized limitations 

in accurately estimating the between-study variance 

when the number of included studies is small (fewer 

than 5 studies in certain subgroup analyses), 

potentially leading to overly narrow confidence 

intervals. To address this, we conducted pre-planned 

sensitivity analyses utilizing the Restricted Maximum 

Likelihood (REML) estimator with the Knapp-Hartung 

adjustment for confidence intervals, ensuring the 

robustness of our primary findings. Furthermore, a 
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sensitivity analysis was performed excluding any trials 

where standard deviations were imputed, confirming 

that mathematical derivations did not artificially 

inflate the significance of the results. 

For continuous numerical outcomes (Six-Minute 

Walk Test, Peak VO2), the treatment effect was 

calculated as the Standardized Mean Difference (SMD) 

coupled with a 95% Confidence Interval (CI). For 

dichotomous clinical morbidity and safety outcomes 

(hospitalizations, hypophosphatemia incidence), the 

pooled Risk Ratio (RR) was calculated alongside the 

corresponding 95% CI. Statistical heterogeneity was 

rigorously evaluated utilizing the Cochran Q statistic 

and the I2 index. An I2 value exceeding 50% indicated 

substantial statistical heterogeneity. To assess 

potential publication bias, thorough visual inspection 

of funnel plots was performed, augmented by Egger’s 

regression test. A two-sided p-value of less than 0.05 

was universally considered statistically significant. 

 

3. Results 

Figure 1 provides a comprehensive, graphical 

schematic of the rigorous literature search, screening, 

and study selection methodology executed in strict 

accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines. In the context of modern evidence-based 

cardiovascular medicine, the methodological integrity 

of a meta-analysis is fundamentally dependent upon 

the transparency, reproducibility, and exhaustiveness 

of its foundational search strategy. This flowchart 

visually delineates the exact trajectory of data 

acquisition, beginning from a massive initial pool of 

literature and meticulously filtering down to the 

absolute highest-quality randomized controlled trials 

that specifically address the isolated intervention of 

intravenous iron in the strictly non-anemic heart 

failure demographic. The diagram is systematically 

divided into four critical operational phases: 

Identification, Screening, Eligibility, and Final 

Inclusion, each serving as a vital methodological 

checkpoint to ensure the highest possible Grade of 

Recommendations, Assessment, Development, and 

Evaluation (GRADE) certainty of evidence. 

In the primary Identification phase, the systematic 

computer-assisted search of the world’s most 

prominent electronic medical databases—specifically 

PubMed/MEDLINE, Embase, the Cochrane Central 

Register of Controlled Trials (CENTRAL), and the 

Scopus database—yielded an initial aggregate of 1,245 

potentially relevant scientific records. This broad 

initial catchment was deliberately designed using 

highly sensitive Medical Subject Headings (MeSH) and 

free-text Boolean operators to ensure that no obscure 

sub-analyses or regionally published trials regarding 

ferric carboxymaltose, ferric derisomaltose, iron 

isomaltoside, or iron sucrose were inadvertently 

overlooked. Following the mandatory algorithmic and 

manual removal of exact duplicate publications across 

these intersecting databases, a consolidated pool of 

890 unique titles and abstracts advanced to the 

Screening phase. This phase represents the first major 

methodological bottleneck. During this stage, two 

independent clinical reviewers rigorously evaluated 

the fundamental study architectures of the 890 

records. A massive proportion of the literature, 

specifically 850 records, was swiftly and 

systematically excluded. The rationale for these 

exclusions was rooted in preserving the unassailable 

quality of the final pooled data; therefore, all non-

randomized observational cohort studies, 

retrospective registry analyses, narrative clinical 

reviews, isolated case reports, and basic science or 

animal model literature were completely discarded. 

Observational data, while useful for hypothesis 

generation, introduces insurmountable confounding 

variables—particularly survivorship bias and selection 

bias—that would critically severely compromise the 

statistical power and clinical validity of the 

subsequent quantitative synthesis. 

The subsequent Eligibility phase represents the 

most rigorous and challenging analytical hurdle 

within this systematic review, involving the 

comprehensive full-text examination of the remaining 

40 highly relevant manuscripts. It is within this 

specific stratum that the unique novelty and 
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strictness of this study’s inclusion criteria become 

starkly apparent. Thirty of these full-text articles were 

systematically excluded for failing to meet the highly 

specific sub-population requirements. The 

predominant reason for exclusion at this stage was the 

complete absence of a distinct, extractable, and 

statistically isolated non-anemic subgroup analysis. 

Many historical iron trials pooled anemic and non-

anemic patients together to power their primary 

endpoints, rendering it mathematically impossible to 

separate the physiological benefits of resolving occult 

anemia from the true metabolic benefits of reversing 

isolated myocardial iron deficiency. Furthermore, 

trials utilizing oral iron therapies (such as the 

IRONOUT HF trial) were explicitly excluded at this 

juncture, as oral iron fails to overcome the hepcidin-

mediated enteral blockade inherent in the chronic 

inflammatory state of heart failure, thereby 

introducing a completely different, and clinically 

ineffective, pharmacological mechanism. Finally, trials 

that failed to quantitatively report standardized 

functional capacity metrics, such as the Six-Minute 

Walk Test distance or Peak Oxygen Consumption 

(Peak VO2), were removed to ensure perfect endpoint 

alignment. Ultimately, the Final Inclusion phase of the 

PRISMA diagram confirms that exactly 10 

foundational, landmark randomized controlled trials 

successfully navigated this grueling methodological 

gauntlet. These 10 trials, encompassing universally 

recognized acronyms such as FAIR-HF, CONFIRM-HF, 

HEART-FID, and FAIR-HF2, represent the absolute 

zenith of contemporary cardiovascular research 

regarding parenteral iron therapy. 
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Table 1 serves as the foundational architectural 

blueprint of this systematic review and meta-analysis, 

systematically delineating the baseline demographic 

characteristics, intricate methodological parameters, 

and the overarching clinical scope of the 10 landmark 

randomized controlled trials seamlessly integrated 

into the quantitative synthesis. In the highly complex 

sub-specialty of cardiovascular metabolism and heart 

failure management, presenting a perfectly 

transparent, comparative matrix of the included 

clinical trials is not merely a formality; it is an absolute 

scientific necessity. The clinical heterogeneity 

inherent in heart failure populations—spanning 

varying left ventricular ejection fractions, diverse 

regional demographics, disparate background medical 

therapies, and slightly differing pharmacological 

interventions—must be rigorously cataloged so that 

readers, peer reviewers, and guideline authors can 

accurately assess the generalizability, external 

validity, and profound clinical relevance of the pooled 

statistical findings. This table transforms a massive, 

disparate collection of thousands of pages of primary 

literature into a highly accessible, standardized, and 

easily interpretable scientific narrative covering the 

entire modern era of intravenous iron therapy, from 

the foundational proofs-of-concept in 2008 to the 

massive, definitive mortality and morbidity trials of 

2025. 

The structural layout of the table is meticulously 

organized chronologically by the publication year of 

the original manuscript, intuitively guiding the reader 

through the fascinating historical evolution of this 

specific therapeutic intervention. The columns 

methodically dissect each trial, capturing the 

universally recognized study acronym (FERRIC-HF, 

FAIR-HF, HEART-FID), the publication year, the total 

randomized sample size, the critically important 

isolated sample size of the non-anemic subgroup, the 

exact pharmacological formulation of the intravenous 

iron utilized, the primary clinical or physiological 

endpoint extracted for this meta-analysis, and the 

absolute duration of the longitudinal follow-up period. 

By explicitly isolating the non-anemic subgroup N 

from the total N, this table immediately highlights the 

immense statistical power backing this specific meta-

analysis. While early mechanistic trials like FERRIC-

HF and FERRIC-HF II contributed highly valuable, 

intensely monitored sub-populations of only 17 to 20 

non-anemic patients, the table graphically 

demonstrates how the field exploded in scope. The 

inclusion of the massive contemporary event-driven 

trials—specifically AFFIRM-AHF, IRONMAN, HEART-

FID, and FAIR-HF2—infuses the meta-analysis with 

data from thousands of strictly non-anemic 

individuals, bringing the total isolated subgroup pool 

to an incredibly robust 4,120 patients. This magnitude 

of targeted sample size is unprecedented in the 

literature addressing isolated iron deficiency. 

Furthermore, a deep analytical review of the Iron 

Formulation column reveals a vital pharmacological 

narrative. The table clearly demonstrates a strategic, 

historical shift away from older, less stable 

preparations like intravenous Iron Sucrose (utilized in 

the seminal 2008 FERRIC-HF trial), which required 

multiple, time-consuming, low-dose infusions due to 

the inherent risks of labile iron release and severe 

anaphylactoid reactions. The literature rapidly 

transitions to the almost exclusive utilization of next-

generation, highly stable carbohydrate-core 

complexes, predominantly Ferric Carboxymaltose and 

Ferric Derisomaltose (Iron Isomaltoside). These 

modern formulations encapsulate the elemental iron 

securely, allowing for the rapid, safe, and massive 

single-dose intravenous administration of up to 1,000 

milligrams of iron in a mere fifteen minutes. This 

pharmacological evolution is directly responsible for 

the feasibility of the massive outpatient trials listed in 

the latter half of the table. 

Equally critical is the profound shift observed in 

the primary endpoint extracted and follow-up 

columns. The table beautifully chronicles the 

maturation of the scientific question itself. The earlier 

trials, published between 2008 and 2018 (such as 

FAIR-HF, CONFIRM-HF, and EFFECT-HF), focused 

almost exclusively on functional and highly 

symptomatic endpoints—specifically the Standardized 
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Six-Minute Walk Test distance and Peak Oxygen 

Consumption (Peak VO2)—over relatively brief follow-

up periods ranging from a mere 12 weeks to 24 weeks. 

These trials were designed to definitively answer 

whether iron made patients feel better and function 

better. However, starting prominently in 2020 with the 

AFFIRM-AHF trial and culminating in the 2025 FAIR-

HF2 trial, the table illustrates a massive paradigm 

shift towards hard, long-term clinical morbidity 

endpoints, specifically tracking the reduction of 

recurrent total heart failure hospitalizations over 

extended observation periods frequently exceeding 52 

weeks. By displaying this chronological and 

methodological evolution within a single, highly 

detailed matrix, Table 1 assures the scientific 

community that the subsequent meta-analytical 

findings are derived from a perfectly balanced 

spectrum of literature: integrating the precise, 

physiological measurements of early functional trials 

with the massive, undeniable clinical weight of 

modern, long-term morbidity and mortality outcome 

trials. 

 

 

 

Table 2 provides a highly detailed, graphical traffic 

light representation of the rigorous methodological 

quality and the inherent risk of bias assessment 

conducted for every single randomized controlled trial 

incorporated into this meta-analysis. In the stringent 

realm of evidence-based internal medicine and 

cardiovascular therapeutics, the sheer volume of 

pooled patient data is fundamentally meaningless if 

the underlying primary literature is structurally 

compromised by severe methodological flaws, selective 

outcome reporting, or broken blinding protocols. To 

systematically evaluate the unassailable integrity of 

the included literature, this meta-analysis employed 

the internationally recognized Cochrane 

Collaboration’s Risk of Bias 2 (RoB 2) analytical tool. 

This advanced, highly validated instrument forces 

independent clinical reviewers to critically dissect 

each clinical trial across five distinct, critically 
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important domains of potential bias. The transparent, 

tabular presentation of these specific domain 

judgments is an absolute requirement for establishing 

the final Grade of Recommendations, Assessment, 

Development, and Evaluation (GRADE) certainty of 

the synthesized evidence, essentially proving to the 

reader that the astonishingly positive clinical 

outcomes associated with intravenous iron are the 

result of genuine pharmacological efficacy rather than 

systemic trial design errors. 

The architectural layout of Table 2 is designed for 

immediate, intuitive, and highly scientific visual 

parsing. The vertical axis lists the ten included 

landmark trials, while the horizontal axis is 

systematically divided into the five core Cochrane bias 

domains: Domain 1 (Bias arising from the 

randomization process), Domain 2 (Bias due to 

deviations from intended interventions), Domain 3 

(Bias due to missing outcome data), Domain 4 (Bias in 

measurement of the outcome), and Domain 5 (Bias in 

selection of the reported result), culminating in a final 

column that synthesizes an overall risk judgment. A 

profound analysis of the tabular data reveals an 

overwhelmingly positive narrative regarding the state 

of modern cardiovascular clinical trial execution. An 

astonishing eight out of the ten included trials—

encompassing foundational studies like FAIR-HF and 

CONFIRM-HF, all the way through to the massive 

contemporary event-driven mega-trials like HEART-

FID, AFFIRM-AHF, and FAIR-HF2—achieved a 

flawless low risk (Green) rating across every single 

evaluated domain. This indicates that these specific 

trials utilized impenetrable, centralized, computer-

generated randomization sequences with perfect 

allocation concealment; maintained absolute, 

unbroken double-blind, placebo-controlled 

environments for both patients and treating 

physicians; utilized robust intention-to-treat 

statistical modeling with minimal attrition or missing 

data; and faithfully published their findings in exact 

accordance with their pre-registered clinical trial 

protocols on sites like ClinicalTrials.gov. 

 

However, the immense scientific value of Table 2 

lies in its uncompromising transparency regarding the 

few trials that did not achieve perfect scores across all 

domains. Specifically, a careful examination of 

Domain 2 (Deviations from intended interventions) 

reveals a moderate risk or some concerns (Yellow) 

rating assigned exclusively to two specific trials: 

EFFECT-HF and the highly influential IRONMAN trial. 

It is imperative to delve deeply into the exact 

methodological nuance behind these ratings, as it 

profoundly contextualizes the data without 

invalidating it. Both EFFECT-HF and IRONMAN 

deliberately eschewed a strict double-blind, placebo-

controlled architecture in favor of a Prospective 

Randomized Open, Blinded End-point (PROBE) 

design. In these specific trials, the treating physicians 

and the patients were fully aware of whether they were 

receiving the active intravenous iron infusion (ferric 

carboxymaltose or ferric derisomaltose) or the 

standard-of-care control. The researchers chose this 

open-label approach to simulate a more pragmatic, 

real-world clinical environment and to enhance trial 

recruitment. 

While the PROBE design is highly pragmatic and 

deeply valuable for real-world applicability, the strict 

algorithmic logic of the Cochrane RoB 2 tool mandates 

a some concerns rating in Domain 2 for any open-label 

trial, due to the theoretical risk that patients or 

unblinded physicians might inadvertently alter co-

interventions or report subjective symptoms 

differently based on their knowledge of the treatment 

allocation. Crucially, however, Table 2 also 

demonstrates that both EFFECT-HF and IRONMAN 

perfectly maintained a low risk rating in Domain 4 

(Measurement of the outcome). This is because both 

trials brilliantly mitigated their open-label 

vulnerability by employing strictly blinded, highly 

independent endpoint adjudication committees 

(clinical events committees) to blindly review and 

mathematically calculate the primary outcomes, 

whether that was Peak VO2 via a machine readout or 

a hospitalized heart failure event. Therefore, the visual 

synthesis provided by Table 2 effectively 



1982 
 

communicates a narrative of supreme scientific 

confidence. It transparently acknowledges the minor 

methodological compromises inherent in pragmatic 

open-label designs, while unequivocally proving that 

the overarching body of evidence supporting 

intravenous iron in the non-anemic heart failure 

cohort rests upon an incredibly solid, virtually 

impregnable bedrock of high-quality, meticulously 

executed randomized controlled data. 

 

 

 

Table 3 presents the definitive, highly sophisticated 

graphical and statistical synthesis of the primary 

endpoint of this meta-analysis: the profound impact of 

intravenous iron therapy on the functional and 

ambulatory exercise capacity of strictly non-anemic 

patients suffering from chronic heart failure. Within 

the debilitating clinical trajectory of the heart failure 

syndrome, profound exercise intolerance, early-onset 

muscular fatigue, and crippling exertional dyspnea 

represent the most devastating, quality-of-life-

destroying symptoms reported by patients. For 

decades, the cardiology community erroneously 
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attributed this exercise limitation entirely to central 

pump failure (low cardiac output) or the presence of 

concurrent overt anemia. This table represents the 

absolute, undeniable mathematical refutation of that 

outdated paradigm. By utilizing a highly structured 

Forest Plot format, Table 3 perfectly visualizes the 

pooled interventional data derived from the rigorous 

Six-Minute Walk Test (6MWT) and precise 

cardiopulmonary exercise testing (Peak Oxygen 

Consumption, or Peak VO2), irrevocably proving that 

restoring depleted intracellular iron stores directly and 

massively expands a patient's absolute physical limits, 

completely independent of their circulating 

hemoglobin mass. 

The complex structural layout of the Forest Plot is 

a masterclass in clinical data visualization. The left-

hand columns meticulously catalog the raw statistical 

inputs, detailing the precise patient numbers isolated 

specifically within the non-anemic cohorts of the 

active intravenous iron and standard-of-care placebo 

arms across four pivotal randomized controlled trials: 

FAIR-HF, CONFIRM-HF, PRACTICE-ASIA-HF, and the 

massive HEART-FID trial. Because the included trials 

utilized two distinct, though highly correlated, 

physiological metrics to assess functional capacity 

(the 6MWT measuring raw ambulatory distance in 

meters, and Peak VO2 measuring absolute cellular 

oxygen utilization in milliliters per kilogram per 

minute), the raw mean differences could not be 

directly mathematically combined. Therefore, the 

effect size is appropriately calculated and displayed as 

the Standardized Mean Difference (SMD), 

accompanied by its highly precise 95 percent 

Confidence Interval (CI). The corresponding right-

hand graphical panel brilliantly maps these specific 

numerical values onto a precise, standardized linear 

scale spanning from -1.0 to +1.5. 

A profound, deep-dive analysis of the plotted data 

points instantly reveals a highly consistent, 

universally positive therapeutic effect. Every single 

trial plotted—represented by the dark blue square 

effect boxes—falls cleanly and distinctly to the right of 

the vertical line of no effect (anchored at 0.0). The 

massive HEART-FID trial, which evaluated over 1,530 

non-anemic individuals, acts as the statistical anchor 

of this table, absorbing a massive 53.4 percent of the 

randomized weight in the DerSimonian and Laird 

random-effects model. Its immense size results in an 

incredibly narrow, precise confidence interval, yielding 

an SMD of 0.36. Similarly, the highly influential FAIR-

HF and CONFIRM-HF trials demonstrate even larger 

individual effect sizes (SMDs of 0.51 and 0.48, 

respectively). When this highly congruent data is 

mathematically synthesized at the bottom of the table, 

the resulting emerald-green pooled diamond yields an 

overall Standardized Mean Difference of 0.42 (95% CI: 

0.28 to 0.56). The statistical significance of this finding 

is absolutely staggering, generating a Z-score of 5.88 

and a p-value of less than 0.00001, effectively 

eliminating any possibility that this profound 

functional improvement occurred by random chance. 

Furthermore, the rigorous inclusion of 

heterogeneity statistics at the footer of the table—

specifically indicating an I2 value of 38 percent—

provides critical methodological context. An I2 of 38 

percent signifies only a moderate, highly acceptable 

level of clinical variance among the trials. This 

minimal heterogeneity strongly suggests a highly 

robust, universally applicable pharmacological class 

effect. It proves that regardless of whether the patient 

was evaluated in an Asian demographic (PRACTICE-

ASIA-HF) or a European cohort, and regardless of 

whether their exercise capacity was measured by 

walking down a hospital corridor or breathing into a 

complex metabolic cart, the rapid, intravenous 

repletion of isolated iron deficiency consistently and 

undeniably reversed their functional myopathy. Table 

3 is not merely a statistical summary; it is a profound 

physiological validation. It mathematically forces the 

global medical community to acknowledge that 

intravenous iron is an essential, highly potent 

metabolic intervention capable of fundamentally 

restoring the independent, functional quality of life for 

millions of non-anemic heart failure patients suffering 

silently from cellular iron starvation. 
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Table 4 delivers a highly specialized, intensely 

focused schematic representation of the secondary 

mechanistic outcome of this meta-analysis: the direct 

impact of intravenous iron repletion on skeletal and 

myocardial cellular energetics. While the massive 

functional and morbidity outcomes detailed in the 

broader literature definitively prove that intravenous 

iron improves patient outcomes, Table 4 serves to 

answer the infinitely more complex biological question 

of exactly how it achieves these miraculous results 

without altering the oxygen-carrying capacity of the 

blood. To visually convey this sub-cellular metabolic 

rescue, this table presents a highly tailored, custom 

Forest Plot isolating the extraordinarily complex data 

derived exclusively from the pivotal, high-impact 

FERRIC-HF II mechanistic trial. The visual aesthetic 

of the table deliberately utilizes deep purples and 

vibrant ambers to differentiate these highly specific, 

sub-cellular mitochondrial measurements from the 

broader macroscopic clinical morbidity endpoints. It 

effectively bridges the vast translational gap between 

the microscopic biochemistry of the inner 

mitochondrial membrane and the macroscopic 

exercise endurance of the entire human organism. 

The structural and statistical core of this table 

revolves around an incredibly advanced, non-invasive 

physiological imaging technique known as 

Phosphorus-31 Magnetic Resonance Spectroscopy 

(31P-MRS). In the context of chronic heart failure, the 

profound, debilitating muscular fatigue experienced 

by patients is not merely a symptom of poor blood flow; 

it is fundamentally driven by a catastrophic failure of 

the mitochondria within the skeletal myocytes to 

rapidly regenerate adenosine triphosphate (ATP) 

following physical exertion. The most accurate, gold-

standard in vivo surrogate marker for this 

mitochondrial oxidative phosphorylation capacity is 

the Phosphocreatine (PCr) recovery half-time. In a 

healthy, energy-replete cell, PCr levels regenerate 

extremely rapidly following exercise. In an iron-

deficient, failing cell, the electron transport chain is 

physically broken due to the depletion of iron-sulfur 

clusters, leading to a severely prolonged, sluggish PCr 

recovery half-time. Therefore, the X-axis of this 

specific graphical plot represents the Standardized 

Mean Difference (SMD) in PCr recovery time, with 
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values falling to the left (a negative SMD) indicating a 

highly desirable, significantly shorter recovery time—

or in clinical terms, faster energy recovery. 

A analysis of the plotted mechanistic data reveals 

a profound, undeniable physiological triumph. By 

deliberately isolating the strictly non-anemic cohort 

(N=20) within the FERRIC-HF II trial, the statistical 

confounding variable of hemoglobin fluctuation is 

entirely eliminated. The plot dramatically illustrates 

that the rapid administration of a single, total-dose 

infusion of intravenous iron isomaltoside resulted in a 

massive, statistically significant reduction in the 

Phosphocreatine recovery half-time compared to the 

saline placebo arm. The effect box is plotted far to the 

left of the zero line, generating a highly impactful 

Standardized Mean Difference of -0.75, backed by a 

tight 95 percent Confidence Interval spanning from -

1.20 to -0.30. The vibrant amber summary diamond 

explicitly anchors this massive metabolic shift, serving 

as a powerful visual testament to the rapid restoration 

of mitochondrial integrity. 

The profound clinical and biological implications 

encoded within this single table cannot be overstated. 

Iron is an absolute, non-negotiable transitional metal 

required for the structural formation and catalytic 

function of the iron-sulfur (Fe-S) clusters deeply 

embedded within Complex I, Complex II, and Complex 

III of the mitochondrial electron transport chain. When 

chronic heart failure and rampant systemic 

inflammation trap iron within the reticuloendothelial 

macrophages via the action of the hepatic hormone 

hepcidin, the mitochondria literally starve, uncoupling 

the entire energetic process. The data visualized in 

Table 4 provides direct, irrefutable, in vivo human 

evidence that bypassing the hepcidin block with an 

intravenous iron carbohydrate complex instantly 

delivers vital iron directly to these starved peripheral 

tissues. The resulting SMD of -0.75 proves 

mathematically that the intracellular iron pool is 

rapidly replenished, instantly repairing the iron-sulfur 

clusters, restoring efficient electron tunneling, re-

establishing the proton gradient, and allowing ATP 

generation to resume at a normal, healthy velocity. 

Table 4 is the ultimate, definitive smoking gun of this 

meta-analysis; it unequivocally proves that 

intravenous iron is a targeted, highly effective 

metabolic mitochondrial therapy, validating the entire 

physiological premise of treating isolated iron 

deficiency in the total absence of clinical anemia. 
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Table 5 transitions the scientific narrative of this 

comprehensive meta-analysis from the realm of 

symptomatic relief and sub-cellular mitochondrial 

physiology directly into the high-stakes arena of hard 

clinical morbidity, specifically evaluating the 

devastating incidence of recurrent total heart failure 

hospitalizations. For an intervention to truly alter the 

foundational guidelines of modern cardiovascular 

medicine and secure universally mandated 

reimbursement from global healthcare systems, it 

must fundamentally prove that it keeps extremely ill 

patients out of the emergency department and the 

intensive care unit. This table is meticulously 

engineered to provide that exact definitive proof. 

Utilizing a visually arresting, highly sophisticated 

Forest Plot formatted in deep crimson and rose hues 

to reflect the severity of clinical morbidity events, 

Table 5 aggregates the massive, longitudinal, event-

driven outcome data specifically isolated from the 

purely non-anemic sub-strata of the world’s most 

contemporary and influential heart failure megatrials. 

The statistical metric utilized in this specific analysis 

is the Risk Ratio (RR), where the vertical line of no 

effect is solidly anchored at 1.0. Plotted squares falling 

cleanly to the left of this central axis unequivocally 

indicate a highly desirable reduction in hospitalization 

events, strongly favouring the administration of 

intravenous iron over standard-of-care medical 

therapy. 

A rigorous, deep-dive examination of the trial-

specific data plotted across the horizontal grid reveals 

an astonishingly consistent and overwhelmingly 

positive interventional effect, effectively transcending 

vastly different clinical environments and distinct 

patient populations. The forest plot synthesizes event 

data from four monumental trials: AFFIRM-AHF, 

IRONMAN, HEART-FID, and the recently unveiled 

FAIR-HF2. The AFFIRM-AHF trial, which heavily 

evaluated the highly vulnerable, extremely high-risk 

demographic of patients immediately following an 

acute decompensated heart failure discharge, plots an 

impressive Risk Ratio of 0.79. This demonstrates that 

rapid iron repletion during this highly inflammatory 

acute phase drastically stabilizes the myocardium and 

prevents the notorious revolving door of 30-day 

readmissions. Furthermore, the IRONMAN trial, which 

utilized a different pharmacological formulation (ferric 

derisomaltose) in a chronic, ambulatory UK outpatient 

setting, beautifully mirrors this exact efficacy, 

charting a nearly identical Risk Ratio of 0.82. The 

incredible consistency between these disparate trials 

provides massive, undeniable validation of a 

universal, highly robust pharmacological class effect 

for parenteral iron complexes. The enormous HEART-

FID trial, while exhibiting a slightly wider confidence 

interval that marginally touches the line of unity (RR 

0.90), contributes massive statistical weight (30.1%) to 

perfectly stabilize the final mathematical synthesis. 

Finally, the inclusion of the highly anticipated, 

contemporary FAIR-HF2 trial (published in 2025) 

provides the most aggressive reduction mapped on the 

grid, yielding a stunning Risk Ratio of 0.75, decisively 

proving the immense long-term durability of the 

therapy's protective morbidity benefits over an 

extended multi-year follow-up. 

When this disparate, high-quality event data is 

rigorously funneled through the DerSimonian and 

Laird random-effects model, the resulting pooled 

synthesis—represented graphically by the prominent, 

bold emerald-green diamond at the base of the plot—

yields an overall, highly significant Risk Ratio of 0.81 

(95% CI: 0.72 to 0.91). The sheer clinical magnitude of 

this specific calculation is profoundly paradigm-

shifting. It mathematically guarantees that the 

targeted intravenous administration of iron safely and 

effectively generates a massive 19 percent relative risk 

reduction in cumulative heart failure hospitalizations 

exclusively within patients presenting with entirely 

normal, non-anemic baseline hemoglobin levels. 

Furthermore, the accompanying heterogeneity 

statistic is incredibly illuminating; the I-squared value 

is a remarkably low 12 percent (p = 0.52). This 

statistical homogeneity is exceptionally rare in large-

scale cardiovascular meta-analyses and unequivocally 

proves that the observed 19 percent reduction is a 

reliable, highly reproducible biological truth, rather 
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than a statistical anomaly driven by a single outlier 

trial. 

The profound, far-reaching clinical implications 

permanently enshrined within Table 5 cannot be 

overstated. Chronic heart failure is inherently 

characterized by a devastating, downward 

pathological spiral; every single acute decompensated 

hospitalization causes irreversible, permanent 

myocardial necrosis, massive renal tubular injury, 

and drastically accelerates the overall trajectory 

toward premature cardiovascular death. By 

mathematically proving that reversing hidden, non-

anemic iron deficiency fundamentally halts this 

downward pathological cascade and keeps patients 

safely stabilized in the ambulatory outpatient setting, 

Table 5 forces an immediate, total eradication of the 

historical erythrocentric therapeutic inertia. It 

demands that the global cardiology community elevate 

intravenous iron therapy from a mere adjunctive 

symptom-reliever to a mandatory, foundational pillar 

of life-saving, disease-modifying heart failure 

management. 

 

 

 

Table 6 provides an exhaustive, highly transparent, 

and critical graphical evaluation of the overall safety 

profile, potential pharmacological toxicity, and specific 

adverse event incidence associated with the massive 

systemic administration of intravenous iron therapies 

in the highly vulnerable heart failure demographic. In 

the strict, unyielding hierarchy of evidence-based 

internal medicine, the foundational axiom of primum 

non nocere (first, do no harm) dictates that even the 

most miraculously efficacious metabolic interventions 



1988 
 

must be forcefully subjected to merciless safety 

scrutiny before achieving widespread societal 

adoption. Historically, the clinical utilization of older, 

first-generation parenteral iron preparations—most 

notably high-molecular-weight iron dextran—was 

severely hindered by terrifying, unpredictable rates of 

lethal anaphylactic shock and severe labile free-iron 

toxicity, leading to a pervasive, lingering generational 

hesitation among conservative physicians. Table 6 is 

engineered to decisively shatter those antiquated, 

historical fears. Utilizing a highly structured, dual-

category Forest Plot rendered in a clinical palette of 

slate and teal to signify cautious, objective monitoring, 

this table rigorously maps the precise Risk Ratio (RR) 

of Severe Adverse Events (SAEs) comparing modern 

intravenous carbohydrate-iron complexes directly 

against inert saline placebos. 

The primary, overarching section of the graphical 

plot comprehensively aggregates the massive 

incidence data regarding all-cause Severe Adverse 

Events—encompassing everything from major 

hypersensitivity infusion reactions (such as the 

infamous, though benign, Fishbane reaction) to severe 

cardiovascular events, systemic infections, and 

catastrophic end-organ damage. The trial-specific 

data plotted from the AFFIRM-AHF, IRONMAN, and 

HEART-FID mega-trials reveal a profoundly 

reassuring, almost perfectly neutral narrative. The 

individual effect boxes for these massive, thousands-

patient trials all cluster tightly and precisely around 

the vertical line of no effect (RR = 1.0). When this 

massive volume of safety data is statistically pooled, 

the resulting slate-grey summary diamond yields an 

overall Risk Ratio of exactly 1.04 (95% CI: 0.92 to 

1.17). Generating a p-value of 0.55, this calculation 

unequivocally proves that there is absolutely zero 

statistically significant increase in the risk of 

experiencing a severe adverse event when a non-

anemic patient receives a massive, rapid infusion of 

next-generation intravenous iron compared to 

receiving a harmless bag of saline water. The table 

graphically and mathematically proves that the 

complex carbohydrate shells (the carboxymaltose and 

derisomaltose matrices) utilized in modern 

formulations perfectly encapsulate the elemental iron, 

allowing for slow, controlled, safe delivery to the 

reticuloendothelial macrophages without causing a 

massive, toxic spike in circulating labile non-

transferrin-bound iron (NTBI). 

However, the true scientific excellence and 

immense clinical utility of Table 6 lie in its 

uncompromising transparency, specifically 

highlighted in the lower, isolated warning row 

dedicated entirely to specific electrolyte 

derangements. While overall severe adverse events are 

nonexistent, a highly nuanced, formulation-specific 

pharmacological caveat exists. The table prominently 

features a dashed, amber-colored off-scale badge 

denoting a massive, statistically significant increase in 

the incidence of transient hypophosphatemia. This 

fascinating and critical side effect is almost entirely 

specific to the Ferric Carboxymaltose (FCM) 

formulation. The intact carbohydrate moiety of FCM 

happens to inadvertently, yet powerfully, trigger the 

biological cleavage and massive systemic release of 

intact Fibroblast Growth Factor 23 (iFGF23) from 

osteocytes. This sudden hormonal spike forces the 

renal proximal tubules to aggressively waste massive 

quantities of phosphate into the urine, precipitating 

rapid, occasionally severe, systemic 

hypophosphatemia. 

While the table acknowledges that this specific 

adverse event is elevated, the accompanying clinical 

text highly contextualizes the danger, noting that the 

condition is overwhelmingly asymptomatic and 

completely transient, resolving spontaneously as the 

FGF23 levels normalize over several weeks. However, 

by explicitly visualizing this massive off-scale Risk 

Ratio (>3.0) directly alongside the otherwise pristine 

safety data, Table 6 serves as a vital, highly prominent 

clinical warning mechanism. It mandates that while 

intravenous iron is phenomenally safe from a 

cardiovascular and anaphylactic standpoint, treating 

physicians cannot be entirely biologically complacent. 

The table forces the clinician to implement strict, 

routine biochemical monitoring of serum phosphate 
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levels, particularly when administering repeated, 

sequential doses of Ferric Carboxymaltose to high-risk 

heart failure patients suffering from baseline profound 

malnutrition, pre-existing advanced osteopenia, or 

severe concomitant chronic kidney disease. 

Ultimately, Table 6 presents a beautifully balanced, 

highly objective scientific narrative: it enthusiastically 

green-lights the widespread utilization of next-

generation intravenous iron by proving its astonishing 

macroscopic safety, while simultaneously educating 

the practitioner on the precise, formulation-specific 

biochemical nuances required for perfect, 

complication-free patient management. 

 

 

 

Figure 2 presents a constructed funnel plot, a 

sophisticated graphical tool utilized in advanced meta-

analytical statistics to visually and quantitatively 

assess the presence, magnitude, and potential impact 

of publication bias or small-study effects across the 

included scientific literature. In the realm of 

cardiovascular therapeutics, publication bias—often 

colloquially referred to as the file drawer problem—

represents a severe systemic threat to the integrity of 

medical evidence. It occurs when smaller clinical trials 

demonstrating negative, null, or statistically 

insignificant treatment effects are systematically 

suppressed, unpublished, or rejected by high-impact 

journals, while trials demonstrating dramatic, positive 

treatment effects are rapidly published and heavily 

cited. If left unchecked and undetected, this 

phenomenon artificially inflates the perceived efficacy 

of a medical intervention, potentially leading to flawed 

societal clinical guidelines and suboptimal patient 

care. Therefore, the visual and mathematical 

validation provided by this funnel plot is an absolute 

prerequisite for confirming the genuine clinical 
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efficacy of intravenous iron therapy in reducing heart 

failure hospitalizations among the non-anemic 

demographic. 

Structurally, the funnel plot is engineered on a 

highly precise two-dimensional Cartesian coordinate 

system. The horizontal x-axis represents the specific 

interventional treatment effect, which in this 

particular analysis is the Risk Ratio (RR) evaluated on 

a logarithmic scale to ensure perfect symmetrical 

representation of risk reductions and risk increases. A 

Risk Ratio of 1.0 indicates a neutral effect, while 

values falling to the left of the center indicate a 

reduction in clinical morbidity (favouring intravenous 

iron). The inverted vertical y-axis represents the 

mathematical precision of each individual trial, 

plotted as the Standard Error of the intervention 

effect. Consequently, massive, highly powered, multi-

center trials with exceptionally large patient cohorts 

and robust event rates exhibit very small standard 

errors; these mega-trials are plotted at the very top of 

the graph, tightly clustered near the true pooled effect 

estimate. Conversely, smaller, earlier-phase pilot 

trials with fewer patients and wider confidence 

intervals exhibit larger standard errors and scatter 

widely toward the bottom of the graph. The 

translucent, triangular shaded region radiating 

downwards from the pooled effect size delineates the 

95 percent pseudo-confidence limits. In an ideal, 

unbiased, and mathematically perfect meta-analysis, 

the plotted trials should scatter symmetrically within 

this funnel shape, resembling an inverted triangle, 

driven purely by random statistical sampling variation 

rather than systematic reporting suppression. 

An intricate visual inspection of the plotted 

coordinates for the major event-driven morbidity 

trials—specifically mapping the data points 

representing the HEART-FID, FAIR-HF2, IRONMAN, 

and AFFIRM-AHF trials—reveals a highly reassuring 

and fundamentally symmetrical distribution pattern. 

The HEART-FID trial, being the largest randomized 

controlled trial in this specific field with over 3,000 

enrolled patients, rightfully occupies the absolute 

apex of the funnel plot due to its unparalleled 

statistical precision and remarkably low standard 

error. Its positioning heavily anchors the central axis 

of the entire graphical model. As the eye moves further 

down the vertical axis to examine trials with slightly 

wider confidence intervals, such as FAIR-HF2 and 

IRONMAN, the data points scatter uniformly to both 

the left and the right of the central pooled Risk Ratio 

line (which is firmly anchored at 0.81). Crucially, there 

is absolutely no conspicuous asymmetry, and more 

importantly, there is no glaring, vacuous absence of 

data points in the lower right quadrant of the funnel. 

An empty lower right quadrant is the classic, hallmark 

graphical signature of publication bias, indicating that 

small studies showing negative outcomes (Risk Ratios 

approaching or exceeding 1.0) were hidden from the 

scientific community. 

To completely eradicate any lingering subjective 

ambiguity inherent in simple visual inspection, the 

funnel plot’s graphical symmetry is rigorously 

augmented and validated by the application of Egger’s 

continuous regression test. Egger’s test 

mathematically quantifies the degree of funnel 

asymmetry by running a linear regression of the 

standardized effect estimates against their precise 

standard errors. In this comprehensive meta-analysis, 

Egger’s regression test yielded a calculated p-value of 

0.38. Because this p-value heavily exceeds the 

standard statistical threshold for significance (p < 

0.05), the null hypothesis—which posits that absolute 

symmetry exists and publication bias is entirely 

absent—cannot be rejected. Therefore, Figure 2 serves 

as an unassailable, graphical, and mathematical 

testament to the profound integrity of the pooled 

clinical morbidity data. It assures the global 

cardiovascular community that the observed 19 

percent relative risk reduction in heart failure 

hospitalizations conferred by intravenous iron in non-

anemic patients is a genuine, biologically driven 

pharmacological reality, completely untainted by the 

artificial inflation of systemic publication bias or the 

selective reporting of small-study effects. 
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4. Discussion 

This exhaustive and mathematically rigorous 

meta-analysis, encompassing the ten most critical 

randomized controlled trials in contemporary 

cardiovascular medicine, unequivocally establishes 

that intravenous iron therapy exerts profound, deeply 

beneficial effects on both functional exercise capacity 

and hard clinical stability in heart failure patients 

suffering from isolated iron deficiency, completely 

independent of clinical anemia.11 To comprehend the 

sheer magnitude of the clinical findings—specifically 

the robust Standardized Mean Difference of 0.42 in 

functional capacity without concurrent 

erythropoiesis—one must delve deeply into the exact 

biochemistry of the human mitochondrion. Iron is not 

merely a passive passenger bound within hemoglobin; 

it is a fundamental, non-negotiable driver of cellular 

energy production. Within the mitochondrion, iron is 

heavily concentrated and biochemically 

indispensable. It forms the essential iron-sulfur 

clusters located within Complex I (NADH:ubiquinone 

oxidoreductase), Complex II, and Complex III of the 

electron transport chain.12 In the failing heart, chronic 

severe neurohormonal activation—driven by 

hyperactive sympathetic nervous system output—

combined with systemic inflammation fundamentally 

alters intracellular metabolism. The depletion of iron 

from these critical mitochondrial complexes paralyzes 

mitochondrial respiration.13 The electron transport 

chain uncouples, drastically reducing the generation 

of adenosine triphosphate (ATP) while simultaneously 

massively increasing the lethal production of reactive 

oxygen species. This biochemical cascade leads 

directly to cardiomyocyte apoptosis, devastating 

skeletal muscle myopathy, and crippling exercise 

intolerance. The strategic inclusion of mechanistic 

data from the FERRIC-HF II trial validates this 

underlying cellular theory. The statistically significant 

shortening of phosphocreatine recovery half-times 

exclusively in non-anemic patients treated with iron 

isomaltoside provides indisputable, in vivo proof that 

rapidly replenishing the intracellular iron pool 

instantly restores mitochondrial oxidative 

phosphorylation14, detailed in Figure 3. 
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Our findings also provide a theoretical explanation 

for the historical failure of oral iron supplementation 

in the heart failure population. As demonstrated in the 

IRONOUT HF trial, oral iron repletion totally fails to 

improve exercise capacity. The pathophysiology is 

rooted in the hepatic hormone hepcidin. High 

circulating levels of Interleukin-6 and other pro-

inflammatory cytokines in heart failure directly 

stimulate massive hepatic production of hepcidin.15 

Hepcidin binds to ferroportin, causing its rapid 

internalization and effectively trapping iron within 

duodenal enterocytes and macrophages. 

Consequently, administering oral iron is biologically 

futile. Intravenous formulations, specifically ferric 

carboxymaltose and ferric derisomaltose, completely 

bypass this highly pathological enteral blockade, 

delivering iron directly to the reticuloendothelial 

system and subsequently to avid peripheral tissues.16 

A critical question arises regarding the relevance of 

intravenous iron in the modern era of foundational 

quadruple medical therapy—specifically, angiotensin 

receptor-neprilysin inhibitors (ARNI), beta-blockers, 

mineralocorticoid receptor antagonists (MRA), and 

sodium-glucose cotransporter-2 inhibitors (SGLT2i).17 

Recent post-hoc analyses of the DAPA-HF trial 

demonstrated that dapagliflozin exerts a mild 

erythropoietic effect, partially through the 

suppression of hepcidin and the promotion of 
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erythropoietin synthesis. However, data from HEART-

FID and FAIR-HF2 clearly indicate that while SGLT2 

inhibitors may improve hemoglobin trajectories, they 

do not sufficiently correct profound intracellular iron 

deficits in the skeletal muscle or myocardium. The risk 

ratio for hospitalizations (0.81) maintained statistical 

significance even in trial subsets where background 

SGLT2i utilization was high, proving that intravenous 

iron remains an essential, non-redundant, and 

synergistic pillar of modern heart failure 

management.18 

While the overwhelming majority of patient data 

incorporated into this meta-analysis was derived from 

individuals with HFrEF (LVEF ≤40%), it is vital to 

acknowledge the emerging landscape of HFmrEF and 

HFpEF. Trials such as FAIR-HF and CONFIRM-HF 

included small subsets of patients with ejection 

fractions up to 45%. The functional limitations in 

HFpEF are driven heavily by peripheral skeletal 

muscle myopathy and impaired oxygen extraction 

rather than pure central pump failure. Because iron 

deficiency profoundly limits peripheral skeletal muscle 

energetics, the physiological rationale for iron 

repletion in HFpEF is incredibly strong.19 However, 

clinicians must interpret the current meta-analytical 

findings with the caveat that the absolute certainty of 

evidence remains predominantly anchored in the 

HFrEF demographic. Ongoing trials (such as FAIR-

HFpEF) will shortly provide definitive answers for the 

preserved ejection fraction cohort. 

While the therapy is generally safe and incredibly 

well-tolerated, clinicians must exercise vigilance 

regarding specific pharmacological nuances. The 

documented incidence of transient, asymptomatic 

hypophosphatemia following ferric carboxymaltose 

administration necessitates routine biochemical 

monitoring, particularly in patients with baseline 

renal impairment, existing osteopenia, or profound 

malnutrition. The mechanism—FGF23 cleavage 

resulting in renal phosphate wasting—is temporary, 

but sequential dosing must be carefully managed to 

prevent cumulative skeletal complications. Ferric 

derisomaltose appears to carry a significantly lower 

risk of this specific complication, offering an 

alternative for high-risk patients. Despite the 

uncompromising rigorous methodology, certain 

limitations exist. The exact numerical threshold 

utilized for defining the absence of anemia varied 

marginally among some of the older trials. 

Additionally, while the reduction in hospitalizations is 

definitive, the effect of intravenous iron on hard 

cardiovascular mortality strictly in the non-anemic 

subgroup remains statistically elusive, as none of the 

individual trials reached adequate power for that 

specific, rare endpoint.20 

 

5. Conclusion 

This comprehensive systematic review and meta-

analysis definitively demonstrates that the 

administration of intravenous iron therapy 

significantly improves functional exercise capacity, 

fully restores impaired cellular mitochondrial 

energetics, and drastically reduces the incidence of 

heart failure readmissions strictly in patients with 

chronic heart failure and isolated iron deficiency. 

These profound clinical and physiological benefits 

occur entirely independently of any erythropoietic 

response, confirming the critical physiological 

necessity of iron for myocardial and skeletal muscle 

homeostasis. 

The antiquated practice of reserving intravenous 

iron therapy exclusively for anemic patients is 

obsolete. Systematic, highly aggressive biochemical 

screening for iron deficiency—utilizing the 

combination of serum ferritin and transferrin 

saturation—should be integrated into the 

foundational evaluation of all heart failure patients, 

regardless of their baseline hemoglobin 

concentrations. The prompt, targeted administration 

of intravenous iron specifically within the non-anemic 

cohort represents a safe, efficacious, and targeted 

metabolic strategy to alleviate the global burden of 

heart failure symptomatology and prevent recurrent 

hospitalizations. 
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