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ABSTRACT

Aim: Iron deficiency (ID) is associated with heart failure (HF) in a considerable proportion of patients.
To improve the quality of life, lower the frequency of hospitalizations, and lower mortality rates of
chronic HF patients (HF), this meta-analysis will look into the role of iron supplementation using ferric
carboxymaltose (FCM). Methods & results: From inception until 1 October 2023, we conducted a
thorough literature search of electronic databases for peer-reviewed publications. Around 5229 HF
patients were included, of which 2691 received FCM while 2538 received placebo. Conclusion: FCM
reduces HF-related hospitalizations but doesn’t improve overall or cardiovascular mortality in those
with HF and ID. The overall results support FCM’s role in managing iron deficiency in heart failure.

Plain language summary: Heart failure (HF) patients often suffer from iron deficiency (ID),
worsening their symptoms and quality of life. Intravenous iron therapy, like ferric carboxymaltose
(FCM), has been studied for its benefits in HF. This meta-analysis looked at existing research and found
that FCM treatment reduced hospitalizations for HF but didnt significantly impact overall mortality.
Although FCM improves patients’ lives, more research is needed to understand its long-term effects
fully. This study highlights the importance of addressing ID in HF management and supports FCM
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therapy as a beneficial option for HF patients.

1. Background

Heart failure (HF) is a prevailing condition distinguished
by a substantial incidence of iron deficiency (ID), and
patients with stable chronic HF have a prevalence rate
of more than 50%, which increases even more in those
who have previously received treatment for acute HF [1-
3]. Irrespective of the degree of anemia, iron-deficient
patients with HF often endure a diminished quality of life
(QOL) and reduced lifespan [4-7]

Coronary artery disease and myocardial ischemia are
the primary underlying causes of HF [8,9]. It has been
consistently demonstrated that individuals with HF of
ischemic origin face a more unfavorable prognosis com-
pared with their non-ischemic counterparts [10-13]. Iron
replacement is paramount in this context, as a body of
research consistently points toward the impairment of
cardiomyocyte contractility due to iron deficiency. This
deficit can be alleviated through iron replenishment [14].

In 2021, guidelines underwent a significant update,
firmly recommending the routine use of intravenous

iron, specifically ferric carboxymaltose (FCM), to enhance
the QOL and daily functionality of iron-deficient HF
patients [15]. Numerous well-executed studies substan-
tiate the effectiveness of IV FCM, a nanoparticulate
iron-carbohydrate complex designed for macrophage-
mediated iron release [16]. This therapy has exhibited
noteworthy effects on performance and overall QOL in
individuals with HFrEF (heart failure with reduced ejec-
tion fraction) and iron deficiency, irrespective of ane-
mia [16]. It is now considered an integral component of
outpatient care for HF patients with reduced left ventricu-
lar ejection fraction (LVEF). MRI studies have affirmed the
cardiac absorption of administered iron [17], improving
LVEF within a month of treatment [18].

However, an evident lack of consensus prevails regard-
ing the effectiveness of FCM and its associated factors
in reducing the frequency of exacerbations and subse-
quent hospitalizations, which remains an essential con-
cern for patients with chronic HF. Variables like age,
genetic predispositions and the stage of HF have been
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identified, underscoring the need for further comprehen-
sive research to elucidate the effectiveness of iron car-
boxymaltose in HF patients, irrespective of the severity.
The substantial variations in risk factors and prognoses
across different racial and ethnic groups magnify this
imperative. In this research, we have undertaken a com-
prehensive meta-analysis, encompassing the latest avail-
able data and incorporating new research to investigate
the success rate of iron carboxymaltose therapy in indi-
viduals with HF.

2. Materials & methods
2.1. Data sources & search strategy

This systematic review and meta-analysis is reported
using the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis statement (PRISMA) guide-
lines [19]. From inception until 2023, a thorough literature
search was conducted through PubMed, Embase, and
Cochrane CENTRAL databases. Online libraries, including
www.clinicaltrialresults.org and www.clinicaltrials.gov, as
well as articles and presentations from significant cardiol-
ogy sessions were also identified to find grey literature.
There were no limitations on the publication’s timeline
and only articles for which the full text was available in
English were considered. Two independent investigators
(BS Rangwala and MA Shafique) conducted a thorough
systematic review using relevant keywords outlined in the
supporting information (Table 1).

2.2, Study selection

All the articles were screened by two independent inves-
tigators (BS Rangwala and MS Mustafa). The studies were
screened based on title and extract and then further eval-
uated based on full text. When there were differing opin-
ions, a third reviewer (MA Shafique) helped settle it. We
selected randomized controlled trials for our analysis and
excluded review articles, case reports, case series, cross-
sectional studies, editorials, commentaries and preclinical
studies. After the author debate and consensus, the inclu-
sion criteria were determined. There was no cap on the
size of studies considered for inclusion.

2.3. Data extraction & outcomes of interest

Two authors (MA Shafique and MS Mustafa) indepen-
dently extracted data from the selected studies. The base-
line characteristics that were removed include the first
author’s last name, year of publication and sample size.
Our outcomes of interest for this meta-analysis were car-
diovascular mortality, events for all-cause mortality, num-
ber of patients hospitalized for HF, at least one seri-
ous adverse event, subjects with cardiac events, treat-

ment discontinuation, hemoglobin levels and injection
site conditions. There were variations in the main results
of each trial. The clinical primary goal for AFFIRM-AHF
was a composite of cardiovascular death and recurring HF
hospitalizations while in other trials, functional capacity
and QOL were the primary outcomes. Using the updated
Cochrane Risk-of-Bias tool for Randomised Controlled Tri-
als (ROB 2.0), the quality of randomized controlled trials
was evaluated [20].

2.4. Statistical analysis

For dichotomous outcomes, odds ratios (ORs) were com-
puted; for recurrent occurrences, rate ratios (RRs) were
employed. The Higgins I? statistic was used to evaluate
heterogeneity [21]. In light of the variability observed in
research designs and patient demographics, the primary
analysis employed a random-effect model [22]. Because
there were less than ten included papers, publication
bias was not evaluated [23]. Statistical significance was
defined at 5% for this investigation. For all other anal-
yses, Review Manager (Version 5.3; Cochrane Collabora-
tion, Oxford, UK) was utilized.

3. Results
3.1. Literature search

The PRISMA flow diagram (Figure 1) summarizes the
process of searching for relevant literature and choos-
ing studies. After 8193 studies were found through the
search, 10 matched the predetermined eligibility criteria
and were included in the meta-analysis.

3.2. Study characteristics

After thorough selection, the study included 5229
patients, of which 3235 were males and 1994 were
females. All trials only enrolled HF patients with
decreased LVEF, with a cut-off for LVEF ranging from
35 to 50% at baseline. The majority of the included trials
did not specify the target hemoglobin. But maintaining
iron levels over the typical cut-off was the aim. Table 2
provides the demographics of the included studies’base-
line populations. FAIR-HF, AFFIRM-AHF and Heart-FID of
our included studies had an overall low risk of bias and of
high quality as determined by the Cochrane Risk of Bias
tool. However, Effect-HF, Iron-CRT and Practice-Asia-HF
are of moderate-to-low quality (Figure 2).

3.3. Meta-analysis results

The effects of FCM and placebo on clinical outcomes
in HF patients with iron insufficiency are contrasted in
(Figure 3). FCM supplementation in HF patients with iron
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Table 1. Search strategy.
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Database String Results
PubMed (“ferric carboxymaltose”[Supplementary Concept] OR “ferric carboxymaltose”[All Fields] OR “FCM"[AIl Fields] OR 2650
(“iron”"[MeSH Terms] OR “iron”[All Fields])) AND (“heart failure”[MeSH Terms] OR (“heart”[All Fields] AND
“failure”[All Fields]) OR “heart failure”[All Fields] OR (“heart failure”[MeSH Terms] OR (“heart”[All Fields] AND
“failure”[All Fields]) OR “heart failure”[All Fields] OR (“cardiac”[All Fields] AND “failure”[All Fields]) OR “cardiac
failure”[All Fields]) OR (“congest heart fail"[Journal] OR “chf’[All Fields]) OR “AHF"[All Fields])
Scopus ((TITLE-ABS-KEY (ferric AND carboxymaltose) OR TITLE-ABS-KEY (fcm) OR TITLE-ABS-KEY (iron) )) AND 6,251
((TITLE-ABS-KEY (heart AND failure) OR TITLE-ABS-KEY (cardiac AND failure) OR TITLE-ABS-KEY (chf) OR
TITLE-ABS-KEY (ahf)))
Cochrane (Ferric carboxymaltose OR FCM OR iron) AND (heart failure OR cardiac failure OR CHF OR AHF) 537
CENTRAL
Records identified through
= database searching Additional ) i
_% (Pubmed n=2650) d?;:lona records identified
S (Scopus n=62551) rough other sources
£ (Cochrane CENTRAL n=527) (n=5)
o
. Records after duplicates removed
(n=8193)
g)
=
&
O
@ Records screened Records excluded
(n =8193) (n =8168)
Full-text articles assessed Full-text articles excluded, with
> for ellglblhty reasons
5 (n =25) (n=18)
L%’ - Inclusion criteria was not
met (n=10)
- Relevant outcomes not
S Studies included in reported (n=8)
qualitative synthesis
) (n=7)
el
3
3 Studies included in
e quantitative synthesis
(meta-analysis)
L (n=7)

Figure 1. Prisma flow chart.

deficiency exhibited no appreciable effect on cardiovas-
cular mortality (OR: 0.88; 95% Cl: 0.72-1.07; p = 0.56;
Figure 3A) in contrast to placebo, according to seven
studies that examined the effect of FCM on cardio-
vascular mortality. Comparing FCM supplementation to
placebo, all-cause mortality in iron-deficient HF patients
was not significantly affected (OR: 0.87; 95% Cl: 0.72-
1.04; p = 0.46), according to the studies that assessed the
effect of the supplement on overall mortality (Figure 3B).

Nonetheless, patients receiving FCM treatment had a sig-
nificantly lower proportion of patients encountering the
composite end point of hospitalization for HF or cardio-
vascular death (OR: 0.60; 95% Cl: 0.38-0.93; 12 = 84%;
p = 0.0001; Figure 3C). Furthermore, there were signifi-
cantly fewer hospitalizations for HF in the FCM arms dur-
ing follow-up (OR: 0.66; 95% Cl: 0.48-0.91; 12 = 54%;
Figure 3D). Sensitivity analyses of research employing IV
FCM in hospitalizations for HF (OR: 0.82; 95% Cl: 0.1-0.94;
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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Figure 2. Quality assessment. (A) Risk of bias assessment; +indicates a low risk of bias; —indicates high risk of bias; ? indicate an

unclear risk of bias. (B) Risk of bias graph, presented as percentages.

[2 = 0%; Figure 3E), omitting the trial that contributed
the most to heterogeneity; CONFIRM HF demonstrated
comparable outcomes. According to three studies, FCM
did not significantly increase the risk of subjects expe-
riencing serious cardiac events (OR: 0.71; 95% Cl: 0.49-
1.03; 12: 33%; p = 0.22; Figure 4A). Moreover, compared
with placebo, it was not found to increase events upon
treatment discontinuation (OR: 0.87; 95% Cl: 0.67-1.12;
p = 0.35; Figure 4B).

3.4. Otherresults

Hemoglobin levels were shown to be greater following
IV iron delivery (MD: 0.50; 95% Cl: 0.48-0.52; 12 = 0%)
in comparison to the control group (Figure 5A). FCM did
not result in any significant adverse effects (OR: 0.89; 95%
Cl: 0.65-1.23; 1 2 = 78%; p = 0.01), according to three
trials that only reported one profound adverse impact
(Figure 5B). However, HEART FID demonstrated fewer
occurrences in FCM arms compared with placebo after
sensitivity analyses of at least one significant side effect
(OR:0.76; 95% Cl: 0.62-0.94; 12 = 0%) (Figure 5C) excluded
the trial with the most significant contribution to hetero-
geneity. The injection site reaction did not differ between
the IV FCM and control groups (OR: 2.53; 95% Cl: 1.25-
5.594; 12 = 0%; Figure 5D).

4. Discussion

The primary findings of this meta-analysis reveal a note-
worthy decrease in the combined outcome of cardio-
vascular mortality and recurrent hospitalizations when
comparing iron-deficient HF patients treated with FCM
to those who received a placebo. However, there is no
observed favorable impact on overall mortality or cardio-
vascular mortality in iron-deficient HF patients.

HF is a chronic condition and a severe public health
issue affecting approximately 37.7 million people world-
wide [24]. It significantly affects the quality of patients’
lives with symptoms including dyspnea, fluid retention,
chronic fatigue, and reduced exercise tolerance and is
a leading cause of frequent hospitalizations [3]. More-
over, increased morbidity and mortality are associated
with HF, imposing significant strain on healthcare sys-
tems [3,24]. Management of HF requires a multifaceted
approach, including combination drug therapy and ID
correction [25]. ID is a frequent comorbidity in HF, impact-
ing around 40-70% of HF patients, irrespective of their
left ventricular function [26,27]. It is linked to reduced
exercise capacity and elevated mortality rates [28]. It
is worth mentioning that over 40% of patients with
chronic HF who do not exhibit anemia or abnormalities
in their hematological parameters display insufficientiron
reserves, as indicated by laboratory tests [26].

The pivotal role of iron as a trace element in regu-
lating oxygen levels, supporting oxidative metabolism
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@ Cardiovascular Mortality

Placebo Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% Cl  Year M-H, Random, 95% CI
FAIR-HF 4 305 4 154 1.9% 0.50[0.12,2.02] 2009 —
CONFIRM-HF 1 150 12 151 goo 0.92[0.39, 2.15] 2015 —
EFFECT-HF 0 88 4 86 0.4% 0.10[0.01,1.95] 2017
PRACTICE-ASIA-HF 0 24 0 25 ! °° Not estimable 2018
AFFIRM-HF 77 558 78 550 328% 0.97[0.69, 1.36] 2020 "
IRON-CRT 0 37 2 38 0.4% 0.19[0.01,4.20] 2021
HEART-FID 124 1532 141 1533 59.3% 0.87[0.68,1.12] 2023
Total (95% Cl) 2694 2537 100.0% 0.88[0.72, 1.07]
Total events 216 241
Heterogeneity: Tau? = 0.00; Chi® = 3.94, df =5 (P = 0.56); I = 0% t + t + +
Test for overall effect: Z = 1.29 (P = 0.20) 0.005 0.1 1 10 200
Inteivention  Placebo
Events for All-cause Mortality
Intervention Placebo Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% Cl  Year M-H, Random, 95% CI
FAIR-HF 5 305 4 154 1.9% 0.63[0.17,2.36] 2009 —
CONFIRM-HF 12 150 14 151 5.2% 0.85[0.38,1.91] 2015 —
EFFECT-HF 0 88 4 86 0.4% 0.10[0.01,1.95] 2017
PRACTICE-ASIA-HF 1 24 0 25 0.3% 3.26[0.13,83.90] 2018
AFFIRM-HF 99 558 95 550 35.1% 1.02[0.75,1.39] 2020 T
IRON-CRT 0 37 3 38 0.4% 0.14[0.01,2.71] 2021
HEART-FID 131 1532 158 1533 56.7% 0.81[0.64,1.04] 2023 i
Total (95% Cl) 2694 2537 100.0% 0.87[0.72, 1.04] L
Total events 248 279
Heterogeneity: Tau? = 0.00; Chi2 = 5.69, df = 6 (P = 0.46); 1> = 0% t t t {
Test for overall effect: Z = 1.50 (P = 0.13) 0.005 0.1 1 10 200
Intervention  Placebo
© Composite endpoint of Cardiovascular death or Heart Failure Hospitalization
Intervention Placebo Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% Cl  Year M-H, Random, 95% ClI
FAIR-HF 11 305 13 154 14.8% 0.41[0.18,0.93] 2009 B ——
CONFIRM-HF 19 150 42 151 19.7% 0.38[0.21,0.68] 2015 —_—
PRACTICE-ASIA-HF 5 24 5 25 7.6% 1.05[0.26,4.22] 2018
AFFIRM-HF 293 558 372 550 28.1% 0.53[0.41,0.68] 2020 —.
HEART-FID 570 1532 592 1533 29.8% 0.94[0.81,1.09] 2023 -
Total (95% Cl) 2569 2413 100.0% 0.60[0.38, 0.93] -
Total events 898 1024
Heterogeneity: Tau? = 0.17; Chi? = 24.39, df = 4 (P < 0.0001); I> = 84% k t t t 1
Test for overall effect: Z =2.30 (P = 0.02) 0.1 0.2 0.5 1 2 10
Intervention  Placebo
(D Heart Failure Hospitalization
Intervention Placebo Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% Cl  Year M-H, Random, 95% CI
FAIR-HF 7 305 9 154 21% 0.38[0.14,1.04] 2009
CONFIRM-HF 10 150 32 151 0.0% 0.27[0.13,0.56] 2015
EFFECT-HF 13 88 14 86 3.1% 0.89[0.39,2.03] 2017 —_—
PRACTICE-ASIA-HF 5 24 5 25 1.1% 1.05[0.26,4.22] 2018
AFFIRM-HF 104 558 131 550 25.1% 0.73[0.55,0.98] 2020 —=]
IRON-CRT 1 37 4 38 0.4% 0.24[0.03,2.22] 2021
HEART-FID 297 1532 332 1533 68.2% 0.87[0.73,1.04] 2023 |}
Total (95% Cl) 2544 2386 100.0% 0.82[0.71, 0.94] '3
Total events 427 495
Heterogeneity: Tau? = 0.00; Chi? = 4.63, df = 5 (P = 0.46); I2 = 0% f f f f
Test for overall effect: Z = 2.73 (P = 0.006) 0.02 0.1 1 10 50
Intervention  Placebo
® Sensitivity analysis of Heart Failure Hospitalization due to CONFIRM HF
Intervention Placebo Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% Cl  Year M-H, Random, 95% CI
FAIR-HF 7 305 9 154 2.1% 0.38[0.14, 1.04] 2009
CONFIRM-HF 10 150 32 151 0.0% 0.27[0.13,0.56] 2015
EFFECT-HF 13 88 14 86 3.1% 0.89[0.39,2.03] 2017 _—
PRACTICE-ASIA-HF 5 24 5 25 1.1% 1.05[0.26,4.22] 2018
AFFIRM-HF 104 558 131 550 25.1% 0.73[0.55,0.98] 2020 —
IRON-CRT 1 37 4 38 0.4% 0.24[0.03,2.22] 2021
HEART-FID 297 1532 332 1533 68.2% 0.87[0.73,1.04] 2023 ]
Total (95% Cl) 2544 2386 100.0% 0.82[0.71, 0.94]
Total events 427 495 ) ) ) )
Heterogeneity: Tau? = 0.00; Chi? = 4.63, df = 5 (P = 0.46); I2 = 0% 0.02 o ] 10 0
Test for overall effect: Z = 2.73 (P = 0.006) Intervention  Placebo

Figure 3. Summary of results.
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Intervention Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
FAIR-HF 38 305 33 154 33.2% 0.52[0.31,0.87] 2009 .,
CONFIRM-HF 0 152 1 152 1.3% 0.33[0.01,8.19] 2015
AFFIRM-HF 224 558 244 550  65.5% 0.84[0.66, 1.07] 2020 .
Total (95% Cl) 1015 856 100.0% 0.71[0.49, 1.03] ‘
Total events 262 278
Heterogeneity: Tau2 = 0.04; Chi2 = 3.00, df =2 (P = 0.22); 12 = 33% | I I |
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Figure 4. Summary of results.

in skeletal and cardiac tissues, and facilitating mito-
chondrial function is believed to establish a connec-
tion between the pathophysiology of HF and iron defi-
ciency [29]. Changes in mitochondria in HF may be asso-
ciated with a deficit in mitochondrial iron, possibly due
to iron’s role as a cofactor in numerous mitochondrial
enzymes involved in oxidative phosphorylation or antiox-
idant defense. Consequently, ID has the potential to exac-
erbate mitochondrial dysfunction linked to HF. Iron also
assumes a critical role in sustaining cellular energy and
tissue metabolism, extending its influence beyond the
hematopoietic system [30]. Cardiomyocytes, given their
higher energy demands, are particularly susceptible to
reduced iron supply and utilization, potentially impacting
contractility [31].

Factors that may lead to the depletion of iron reserves
in HF patients include poor absorption and gastroin-
testinal bleeding, which can be triggered or wors-
ened by using anticoagulants, antiplatelet drugs or non-
steroidal anti-inflammatory medications [32]. Further-
more, increasing levels of inflammatory cytokines and
systemic chronic inflammation are typical in HF patients,
which causes the liver to produce more hepcidin. Func-
tional ID occurs when hepcidin inhibits the absorption of
iron from the gastrointestinal tract and the release of iron
from its storage sites [32,33].

Research has shown that even among HF patients
adhering to guideline-recommended medical therapy at
target doses, readmission rates remain elevated, under-
scoring the need to explore additional factors for enhanc-
ing these patients’ overall clinical condition and progno-
sis [34]. Given ID’s crucial contribution to the pathophys-
iology of HF leading to poor outcomes and increased
mortality, it must be corrected during the management
of HF. Various approaches for addressing ID in HF have
been proposed. Restoring ID through increased erythro-
poiesis does not provide benefits to HF patients [32], and
attempts to rectify ID with oral supplementation have
shown little efficacy in HF [27], as evidenced by the IRON-
HF [35] and IRONOUT-HF trials [36]. In contrast, Intra-
venous FCM has demonstrated the ability to enhance
functional capacity, alleviate symptoms and enhance the
QOL for HF patients with ID through multiple clinical tri-
als [27,37].

Previous meta-analyses have demonstrated the capac-
ity of FCM to improve symptoms, oxygen kinetics, func-
tional capacity and QOL physical performance in HF
patients by addressing various functional impairments in
HF [38,39]. This meta-analysis also emphasizes the ben-
efits of FCM in reducing hospitalizations and enhancing
active status. A lower frequency of hospitalizations not
only positively impacts the QOL of HF patients but also
reduces the disease burden on healthcare systems [3]. It



8 B. S. RANGWALA ET AL.

® Hemoglobin

Intervention Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl  Year IV, Random, 95% CI
FAIR-HF 13 0.1 305 12,5 0.1 154 99.8% 0.50[0.48, 0.52] 2009 .
EFFECT-HF 139 1.3 88 132 14 86 0.2% 0.70[0.30, 1.10] 2017 —_
Total (95% Cl) 393 240 100.0% 0.50[0.48, 0.52]

Heterogeneity: Tau2 = 0.00; Chi2 = 0.95, df =1 (P = 0.33); 12 = 0%

Test for overall effect: Z = 50.69 (P < 0.00001) -4 —2 0 2 4
Intervention  Placebo
At least One serious adverse event
Intervention Placebo Odds Ratio Odds Ratio
Study or Subgroup ~ Events  Total Events  Total Weight ~ M-H, Random, 95% Cl M-H, Random, 95% ClI
AFFIRM-HF 250 558 282 550 36.4% 0.77[0.61, 0.98] Rl
CONFIRM-HF 43 150 54 151 22.1% 0.72[0.44,1.17] =T
HEART-FID 581 1532 537 1533 41.5% 1.13[0.98, 1.31]
Total (95% ClI) 2240 2234 100.0% 0.89[0.65, 1.23]
Total events 874 873
Heterogeneity: Tau2 = 0.06; Chi2 = 9.13, df =2 (P = 0.01); 12 = 78% t } T } {
Test for overall effect: Z = 0.71 (P = 0.48) 0.01 0.1 1 10 100

Favours (experimental] ~ Favours [control]

© Sensitivity Analysis of At least one serious adverse event due to HEART FID

Intervention Placebo Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight ~ M-H, Random, 95% Cl M-H, Random, 95% CI
AFFIRM-HF 250 558 282 550 80.9% 0.77[0.61, 0.98] -
CONFIRM-HF 43 150 54 151 19.1% 0.72[0.44, 1.17] — e
HEART-FID 581 1532 537 1533 0.0% 1.13[0.98, 1.31]
Total (95% Cl) 708 701 100.0% 0.76 [0.62, 0.94] <&
Total events 293 336
Heterogeneity: Tau2 = 0.00; Chi2 = 0.06, df = 1 (P = 0.81); I2 = 0% f f f 1
0.01 0.1 1 10 100

Test for overall effect: Z = 2.51 (P = 0.01)

© Injection Site Reaction

Favours (experimental] ~ Favours [control]

Intervention Placebo Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% Cl  Year M-H, Random, 95% CI
FAIR-HF 23 304 6 155 73.9% 2.03[0.81,5.10] 2009 A+
CONFIRM-HF 9 152 2 152 26.1% 4.72[1.00,22.22] 2017 — .
Total (95% Cl) 456 307 100.0% 2.53[1.15, 5.59] ‘
Total events 32 8
L 1 1 ]
Heterogeneity: Tau2 = 0.00; Chi2 = 0.84, df =1 (P = 0.36); 12 = 0% ' ! ' '
0.01 0.1 1 10 100

Test for overall effect: Z =2.30 (P = 0.02)

Figure 5. Summary of results.

is a cost-effective method of correcting ID [40] with satis-
factory patient acceptance and tolerability [41].

In a clinical trial examining the impact of FCM on the
extent of diastolic function impairment, reactive vasodi-
lation and oxidative stress biomarkers, it was observed
that FCM enhanced cardiac performance, particularly in
patients with notable diastolic dysfunction. This improve-
ment was associated with enhanced endothelial function
and a reduction in oxidative stress among the patients.
Thus, restoring ferritin levels with FCM can help mitigate

Favours (experimental] ~ Favours [control]

these issues and improve exercise tolerance in patients of
HF with preserved ejection fraction [42].

A study examining the impact of FCM in HF patients
with iron deficiency who also had impaired kidney func-
tion, while not included in the analysis due to distinct
inclusion criteria, yielded valuable results demonstrating
that FCM offers benefits to HF patients, irrespective of
the presence of moderate-to-severe kidney issues [43].
Patients in the study had varying levels of kidney function
at the beginning, and eventually, FCM resulted in similar



benefits across all kidney function levels. The main advan-
tage of FCM treatment was reduced hospitalizations and
improved QOL up to 24 weeks after treatment. However,
FCM did not affect the overall risk of death from any cause.
These outcomes corroborate the conclusions of our meta-
analysis and indicate that FCM can be a beneficial thera-
peutic option for individuals with HF and iron deficiency,
regardless of their kidney function.

Although our analysis did not reveal any mortality-
lowering benefit of FCM compared with the placebo
group, it is essential to bear in mind that the duration
of these trials was relatively brief. Longer-term studies
are necessary to ascertain potential mortality advantages.
A point estimate in favor of FCM implies that it could
offer advantages in terms of reducing mortality, likely due
to its influence in decreasing hospitalizations related to
advancing HF or cardiovascular causes.

4.1. Strengths

Earlier meta-analyses have examined the impact of
FCM on decreasing mortality related to all cardiovas-
cular causes in iron-deficient patients of HF and the
frequency of hospitalizations. However, these previous
analyses needed more statistical power because they
had fewer events and smaller sample sizes [44]. Our
meta-analysis incorporates data from four more random-
ized clinical trials, including the IRON-CRT [45], HEART-
FID [46], PRACTICE-ASIA-HF [47] and EFFECT-HF [48] tri-
als, significantly expanding the sample and eliminating
the low-quality studies. This meta-analysis exclusively
includes clinical trials, providing robust data. Moreover,
all the studies included are high quality and have a
low risk of bias, thus strengthening the validity of our
results.

4.2. Limitations

Although there was no heterogeneity among the trials,
the results regarding mortality did not achieve statistical
significance, likely due to the relatively short trial dura-
tion and the low number of mortality events. More clinical
trials of longer duration are required to investigate these
outcomes further. The analysis focused on studying the
frequency of HF-related hospitalizations. However, it did
notinclude an examination of factors such as the duration
of hospitalization, the underlying causes of hospitaliza-
tion and comorbidities leading to hospitalization. More-
over, this analysis did not include an assessment of the
disease symptoms and QOL after treatment with FCM.

5. Conclusion

FCM significantly decreases hospitalizations related to HF.
However, it does not demonstrate any positive impact on

FUTURE SCIENCE OA 9

mortality rates from all causes or cardiovascular issues in
patients with HF and concomitant iron deficiency. These
results support the role of FCM in the guidelines for treat-
ing ID in HF by highlighting its effectiveness as a thera-
peutic option [49] .

Article highlights

- Iron deficiency is prevalent in patients with heart failure (HF),
impacting their quality of life and overall prognosis.

- Intravenous ferric carboxymaltose (FCM) is recommended to
enhance the quality of life in iron-deficient HF patients, particularly
those with reduced left ventricular ejection fraction.

- FCM treatment is associated with a significant reduction in the
combined outcome of hospitalizations for HF and cardiovascular
mortality.

« While FCM does not appear to reduce overall mortality or
cardiovascular mortality in iron-deficient HF patients, it improves
symptoms, functional capacity and quality of life.

« FCM offers a cost-effective and well-tolerated option for correcting
iron deficiency in HF, potentially reducing the disease burden on
healthcare systems.
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