334

Journal
REVIEW PAPER JMSofMedicaIScience

Efficacy and safety of intravenous iron therapy
In heart failure patients with iron deficiency:

a systematic review and meta-analysis

of randomized controlled trials

Mohammad Tanashat
Faculty of Medicine, Yarmouk University, Irbid, Jordan
https://orcid.org/0000-0002-8819-1803

Mohamed Abouzid

Department of Physical Pharmacy and
Pharmacokinetics, Faculty of Pharmacy, Poznan
University of Medical Sciences, Poznan, Poland

https://orcid.org/0000-0002-8917-671X

Corresponding author: mabouzid@outlook.com

Yehya Khlidj
Faculty of Medicine, Algiers University, Algiers, Algeria
https://orcid.org/0000-0002-3448-9946

Mohamed Abuelazm
Faculty of Medicine, Tanta University, Tanta, Egypt
https://orcid.org/0000-0003-2047-2235

Alaa Ramadan
Faculty of Medicine, South Valley University, Qena, Egypt

Obieda Altobaishat

Faculty of Medicine, Jordan University of
Science and Technology, Irbid, Jordan

https://orcid.org/0000-0001-7213-0507

Aya Aboutaleb
Faculty of Medicine, Zagazig University, Zagazig, Egypt
https://orcid.org/0000-0001-6979-9867

Irfan Ullah

Department of Internal Medicine, Kabir
Medical College, Gandhara University & Khyber
Teaching Hospital, Peshawar, Pakistan

https://orcid.org/0000-0003-1100-101X

Basel Abdelazeem

Department of Cardiology, West Virginia
University, Morgantown, West Virginia, USA

doi: https://doi.org/10.20883/medical.e1183

Keywords: iron, heart failure, deficiency, review,
meta-analysis

Received 2024-12-09
Accepted 2024-01-08
Published 2024-01-11

How to Cite: Tanashat M, Abouzid M, Khlidj Y, Abuelazm
M, Ramadan A, Altobaishat O, et al. Efficacy and safety of
intravenous iron therapy in heart failure patients with iron
deficiency: a systematic review and meta-analysis of ran-
domized controlled trials. Journal of Medical Science. 2024
December;93(4);e1183. doi:10.20883/medical.e1183

© 2024 by the author(s). This is an open access article distributed
under the terms and conditions of the Creative Commons Attri-
bution (CC BY-NC) licencse. Published by Poznan University of
Medical Sciences

ABSTRACT

Introduction. Heart failure is a diverse life-threatening condition with complex biology and demanding ther-
apeutic goals. Even when anemic patients are excluded, up to 59% of heart failure patients have low ferri-
tin levels, making them especially vulnerable to iron deficiency. We aim to explore the benefits and safety of
intravenous iron therapy among patients with heart failure and iron deficiency.

Material and methods. We have searched the literature on PubMed (MEDLINE), Scopus, Cochrane Central
Register of Controlled Trials (CENTRAL), Web of Science (WoS), and EMBASE until 31st August, 2023. We
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used RevMan V. 5.4 to pool dichotomous data using a risk ratio (RR) with a 95% confidence interval (Cl). This
review has been registered and published in PROSPERO (CRD42023471419)

Results. Fourteen randomized controlled trials with 6,626 patients were included. The intravenous iron group
was favored over the control group in reducing hospital admissions for heart failure (first event) (RR= 0.83,
95% C1 0.71 to 0.97; p = 0.02) and (total events) (RR= 0.81,95% CI 0.74 to 0.89; p < 0.0001). Also, the iron group
had a 21% lower risk in terms of cardiovascular death and hospital admission for heart failure (humber of
events, rate per 100 patients in a year) (RR= 0.79, 95% CI 0.74 to 0.85; p < 0.00001). Concerning the adverse
events, both ferric carboxymaltose and ferric derisomaltose showed a beneficial effect in reducing the cardi-
ac disorder (RR=0.81,95% Cl 0.76 to 0.87; p <0.0001), and (RR= 0.82, 95% CI 0.71 to 0.95; p = 0.009), respec-
tively.

Conclusions. Intravenous iron infusion in patients with heart failure has a favorable safety profile. It reduc-
es total hospitalizations for heart failure and cardiovascular mortality, with no effect on all-cause mortality,

cardiovascular mortality alone, or first-time hospitalization for heart failure.

Introduction

Heart failure (HF) is a multifaceted, life-threat-
ening syndrome with a complex pathophysiol-
ogy and challenging management goals. HF is
a clinical syndrome characterized by symptoms
and/or signs resulting from structural and/or
functional cardiac abnormalities. This condi-
tion is confirmed by elevated levels of natriuretic
peptides and/or objective evidence of pulmonary
or systemic congestion. [1]. In 2017, The Global
Burden of Disease report stated that 64.3 mil-
lion people live with HF worldwide [2]. According
to more recent estimates, one to three percent of
individuals in low-income nations are believed
to have HF. However, this incidence is expected
to rise due to advancements in both diagnosis
and treatment options that extend the lives of
HF patients. In contrast, the incidence of HF has
steadily declined over the past few decades, with
an estimated 1-20 cases per 1,000 individuals
identified annually [3].

Even after excluding anemic individuals, up
to 59% of HF patients exhibit low ferritin levels,
rendering them particularly susceptible to iron
deficiency [4]. While the precise etiology of iron
deficiency remains elusive, it has been suggest-
ed that increased iron depletion (due to gastro-
intestinal bleeding), reduced iron intake, absorp-
tion, and systemic bioavailability may contribute
to the development of the disease [4]. It is cru-
cial to note that iron deficiency in HF patients
can manifest as either absolute (total body iron
is decreased) or functional (total body iron is nor-
mal or increased). In the latter form, iron becomes

sequestered in storage tissues (such as the liver),
transferring insufficient amounts to the myocar-
dium to meet its needs [5].

The activation of the neuroendocrine system
can downregulate the messenger ribonucleic
acid (mRNA) expression of Transferrin Receptor
1, leading to increased secretion of aldosterone
and norepinephrine. Consequently, this down-
regulation can hinder iron uptake by cardiomyo-
cytes [6]. The insufficient supply of iron to the
myocardium gives rise to a condition known as
myocardial iron deficiency, characterized by poor
mitochondrial structure and function, oxidative
stress, and increased detrimental cardiac remod-
eling [7]. Regardless of whether the iron deficien-
cy is absolute or functional, it is associated with
a poor prognosis in HF and has been demon-
strated to be a robust and independent predictor
of mortality [8].

Therefore, studies have aimed to evaluate the
effectiveness of intravenous (IV) iron therapy in
improving the condition of HF patients with iron
deficiency. Among these, a multicenter random-
ized controlled trial (RCT) known as the CON-
FIRM-HF study, published in 2015, demonstrated
the superiority of IV ferric carboxymaltose over
placebo in ameliorating several outcomes, includ-
ing functional capacity, symptoms, quality of life,
martial deficiency, and hospitalization risks [9].
Other RCTs, such as the AFFIRM-AHF study, found
that IV ferric carboxymaltose effectively lowers
the risk of HF hospitalization among stabilized
patients with iron deficiency and left ventricular
ejection fraction < 50% after discharge from acute
episodes, later corroborating these findings [10].
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However, some results were not as positive.
For example, the recent HEART-FID trial found
no statistically significant difference in a hierar-
chical endpoint including mortality, HF hospital-
izations, and six-minute walk distance between
ambulatory HF patients with reduced ejection
fraction and iron deficiency who took either fer-
ric carboxymaltose or placebo [11], narrowly
missing its prespecified target despite the large
sample size.

In light of the ongoing controversy and incon-
sistency in the existing literature, we under-
took a comprehensive systematic review and
meta-analysis to evaluate the entirety of data
derived from RCTs concerning the efficacy and
safety of intravenous iron therapy in patients with
HF and iron deficiency. The findings from our
study hold substantial therapeutic implications.

Methods.

Protocol Registration

This systematic review and meta-analysis
adhered to the Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses (PRIS-
MA) statement [12] and the Cochrane Hand-
book for systematic reviews and meta-analyses
[13]. The review was registered and published in
PROSPERO on 10th November 2023 under the ID
CRD42023471419.

Data Sources & Search Strategy.

We have searched the literature on PubMed
(MEDLINE), Scopus, Cochrane Central Register
of Controlled Trials (CENTRAL), Web of Science
(WoS), and EMBASE until 31st August 2023. We
adjusted the search terms and keywords for each
database; the results are presented in (Table S1).

Eligibility Criteria and Study Selection.
We included studies that followed the following
PICOS criteria:
> Population (patients with HF and iron defi-
ciency, no age criterion);
> Intervention (IV iron);
> Comparison (placebo or standard care);
> Outcomes:
— Primary outcomes are (cardiovascular
mortality, all-cause mortality, Hospital
admission for heart failure (first event),
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hospital admission for heart failure (total
event), cardiovascular death and hospi-
tal admission for heart failure (number of
events, rate per 100 patients in a year), hos-
pital admission for heart failure (number of
events, rate per 100 patients in a year).

— Secondary outcomes included adverse
events: cardiac disorder, gastrointestinal
disorder, injection site condition, infec-
tion, nervous system disorder, respiratory,
thoracic, or mediastinal disorder, vascular
disorder, any adverse effect, any serious
adverse event, any adverse event lead-
ing to withdrawal, abnormal lab test, vital
signs, or physical finding. Studies included
were parallel RCTs.

Papers that met any of the following criteria
were excluded: (1) non-original studies (e.g., book
chapters, reviews, comments, letters to the edi-
tor, guidelines); (2) any other study design except
RCTs; (3) studies involving duplicate or overlap-
ping datasets; (4) non-human and in vitro experi-
ments; and (5) studies not reported in English.

Study Selection.

We utilized the Covidence web tool to con-
duct the review. After eliminating duplicates, all
obtained records were independently assessed
by four authors. During the initial eligibility crite-
ria full-text screening, the full texts of the records
were reviewed by four authors. Any disagree-
ments were resolved through discussion and
consensus with a senior author.

Data Extraction.

After acquiring the full texts of relevant publica-
tions, we conducted a pilot extraction to effec-
tively organize the data extraction sheet. The
Excel-based data extraction sheet is divided into
three sections.

The first part encompasses the summary
characteristics of the included studies, such as
the name of the first author, year of publication,
country, follow-up period, population, iron prep-
aration, comparator, iron dosing strategy, defini-
tion of iron deficiency, inclusion criteria, and pri-
mary outcome.

The second part consists of baseline infor-
mation about the participants, covering race, The
New York Heart Association (NYHA) class, age,
gender, N-terminal prohormone of brain natri-



uretic peptide (NT-proBNP), B-type natriuretic
peptide (BNP), left ventricular (LV) ejection frac-
tion, 6-minute walk test distance (6MWT), systolic
and diastolic blood pressure, hemoglobin, serum
ferritin, transferrin saturation, estimated glom-
erular filtration rate (eGFR), phosphorus, hospital
admissions for heart failure, de novo (new) hos-
pital admissions for heart failure, comorbidities
(atrial fibrillation (AF), acute coronary syndrome
(ACS), hypertension, diabetes, chronic kidney
disease (CKD), anemia, dyslipidemia), and medi-
cations (implantable cardioverter—defibrillator
(ICD), cardiac resynchronization therapy (CRT),
angiotensin-converting enzyme (ACE) inhibitor,
angiotensin Il receptor blocker (ARB), sacubitril—
valsartan, ACE inhibitor, ARB, beta-blocker, min-
eralocorticoid receptor antagonist (MRA), digox-
in, sodium-glucose cotransporter-2 (SGLT2)
inhibitor, loop diuretic, insulin, and any other
glucose-lowering medication). Finally, the third
part covers outcomes data. Four reviewers (A.R.,
O0.A., AA, and L.U) were responsible for data
extraction, and any discrepancies were resolved
through discussion and agreement with a senior
author.

Risk of Bias and Certainty of Evidence.

Four reviewers (A.R., 0.A., A.A,, and |.U.) indepen-
dently assessed the quality of the studies using
the Cochrane RoB2 method [14]. Any disagree-
ments were resolved through discussion with
a senior author. Simultaneously, two reviewers
(M.A. and B.A)) employed the Grading of Rec-
ommendations Assessment, Development, and
Evaluation (GRADE) criteria [15, 16] to assess the
certainty of evidence. A consensus was reached
to resolve any disagreements.

Statistical Analysis.

The statistical analysis was performed using
RevMan v5.3 software (15). For dichotomous out-
comes, we calculated the risk ratio (RR), and for
continuous outcomes, we computed the mean
difference (MD), both presented with a 95% confi-
dence interval (Cl) under the fixed-effects model.
In cases of significant heterogeneity, we applied
the random-effects model. Heterogeneity was
assessed using the Chi-square and I-square tests;
the Chi-square test determined the presence of
heterogeneity, and the I-square test gauged its
extent. As per the Cochrane Handbook (chapter

nine) [17], an I-square exceeding 50% signified
significant heterogeneity, while a Chi-square test
with an alpha level below 0.1 indicated consider-
able heterogeneity.

We performed a subgroup analysis based on
(i) chronic or acute heart failure and (ii) type of
iron preparation. Furthermore, trial sequential
analysis was employed to validate desired or
undesired intervention effects by analyzing data
from ongoing trials. Sensitivity analysis was also
conducted to assess the impact of alternative
assumptions or analyses on the pre-specified
research questions. In essence, sensitivity anal-
ysis aims to evaluate the validity and certainty
of the primary methodological or analytic strat-
egy. Finally, if at least 10 studies were reported in
the outcome, the asymmetry analysis was per-
formed to determine the publication bias by visu-
al inspection of the funnel plot of the studies, and
Egger's test confirmed the results [18]. A p-val-
ue = 0.05 was considered statistically significant
for all tests.

Results

Study selection

Our database search yielded 2740 studies. After
duplicate removal, we screened the remaining
1225 Studies, and only 35 were eligible for full-text
retrieval. Only 14 studies met our inclusion crite-
ria and were included in our review [9-11, 19-29]
(Figure 1).

Study characteristics

Our included studies reported the data of a total
of 6,626 patients who were assigned to IV iron
as the intervention group (3,408 patients) or the
control group (3,218 patients). The mean age
of the Intervention group was 68.4 + 4.95, and
68.1 + 5.89 for the control group. Nine studies
were single-centered, while the rest were mul-
ticenter studies. The follow-up duration ranged
from two weeks to 2.7 years. The included stud-
ies’ summary and detailed patient baseline
characteristics are described in (Table 1 and 2),
respectively [9-11, 19-29].

Risk of bias

The risk of bias assessment for each outcome is
depicted in Figure 2. Overall, most included stud-
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ies exhibited a low risk of bias across all assessed al. 2015: there is no evidence that the result was

domains. Notably, two studies raised some con- unaffected by missing outcomes, and the miss-
cerns regarding bias (Karla et al. 2022: the data ingness in the outcome could be dependent on
leading to this result was not analyzed as per its true value). A GRADE evidence profile outlines
the pre-specified analysis plan; Ponikowski et The certainty of evidence (Table 3).

Studies from databases/registers (n = 2740)
Embase (n = 985)
PubMed (n = 598)
Scopus (n = 500)
Web of Science (n = 417)
CENTRAL (n = 240)

c
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=
&
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References removed (n = 1515)
Duplicates identified manually (n = 0)
Duplicates identified by Covidence (n = 1515)
Marked as ineligible by automation tools (n = 0)
Other reasons (n = 0)

A4
Studies screened (n = 1225) >| Studies excluded (n = 1190)
Studies sought for retrieval (n = 35) Studies not retrieved (n = 0)

v

Studies assessed for eligibility (n = 35)

Studies excluded (n = 21)
Abstract (n = 3)
Duplicate (n =2)
Wrong outcomes (n = 3)
Wrong comparator (n = 6)
Wrong study design (n = 4)
Full text not found (n = 2)
Conference, data extraction not possible (n = 1)

Screening
A4

A4

Studies included in review (n = 14)

Figure 1. PRISMA chart showing the research strategy and inclusion and exclusion criteria.
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Risk of bias domains
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Figure 2. Risk of bias assessment is represented in traffic light and summary plots according to the Cochrane
risk-of-bias tool, created using robvis.

Journal of Medical Science 2024 December;93(4) 339



abe Jo sieak |z 1ses|ly -
/6 ¥15qH
pue qw/bu 0Og> U4 WNIAS ‘%0Z> 1VSL bulusalos —

(%0z> st uones
-njes ulljsuel)

9s0)|ewAxoqie)

awn "LMW9 a3 bunajdwoa jo ajqede) 31 Jw/bu gog> STEETY 911134 snou 3so}jewAxoqled I
19A0 30UB)SIP | MING Ul 3buey) 4H Joj pazijendsoy sjuaned - UNLUR) WNIAS SIA Al alodebuig -anenul bwpool BINIEE] 0qgaoe|d sjuanedueilsy 810z  [B1209A  [#T]
CL
H99M pue ‘9 }asm
aln ‘0 Aeq uo Ajsnouan
1eJ 11e3Y 91U0IYO pue Aouald -eJjul 9so)jewAxoq (%G5 uonaely
-1J3p uoll yHm sjuaned u 3y pue abe jo sieak g| 1sed| 1y - -189 01119} A9 uonoafa ey
Jo Ayjenb pue buiuonouny jeal 4HO Jo} Adesayy punoihyoeq jewndo uo (Jj|-1| YHAN) - -3l ||1m s303[gng -NILIIUBA 13))
-sAyd ‘Ay10eded as1019xa uo aso (4H2) /6 v15 (SYEET pue Jw 0z 3soyewAxoqie) 4H 21j01sAs lew
-}|ewAX0QIBI OLLIBY A| JO 109)§F  duN|Ie) 1LIBAY JIUOIYD B|EIS YIM S103[qNs JudIduap Uol| —  qH YlM Sjudlied S9A ZA SpuejIayaN 10 Q| Jo suoisnju] o114 ogaae|d yumsiuaned 210z ussinypppA  [€2]
“Ade
-13y} UOJI SnoudAeIUl BUIAIDOaL
(449) 21n|iey [eUDI D1UOIYD puE UAWOM Kouaroyynsu|
(4HO) aunj1e) Leay D1UOIYD Yim 104 |p/B G LL> |eudy
sjuaned ojwaue jo dnoib e ui 1p/6 621 > qH Aq paulap HIyp UOII UB Y}IM BIWAUE —  pue uaw 1oj [p/b pue ainjie4
s[an3] (dy9) utaroid aAnoeaI-) A0} GZL >qH Aq pauy HeaH aluoiyn
pue (dngoid-1N) apn 11 SSe|9 [euonouny (YHAN) UOIIBID0SSY 1ESH YI0A MAN —  -3p HOlap uoll syjuow YlM syuaiied e
-dad anainiiyeu uresq-oid-1 N %GE 5 (43) uonoelj uonoale AT - U YIM BlWBUY SIA 9 eunuabiy Apppam buwi poz 95019NS UOJ| 0qgaoe|d o|wauy 1002 193fnqor  [eg]
%0C> 1VS1 ‘(@2uyy
Jw/bu 6625 USIA) 9)99M
'plo s1eak gz pabe djeway 10 ey —  UNLLIR) WNIAS 5 1 paaisiuiwpe
%0G> Uonael) uoda(d JendLUBA 137 - w/bu goL 10 Jw alodebuig SEM 9SOP PU09ds
“Juw/bu /Bu 001> ULy pue ‘eauBwy ay) pue abieydp
yleaq 001> UILL3J WNIIS SB PaULdP JUIIOYIP UOII S1103[qNS —  WinJas Se pauly STEIY yinos ‘adoin3 -sip al0jaq Ajpioys  asoyewAxoqien 1IEaH 21ndy le1
D pue suonezijeydsoH 4H (4HV) a1n|tey 1ieay ainoe Jo aposida ue o) pasije)dsoH —  -ap JuaIdaP uoJ| SIA 4] uIsays |z1 Kjsnouanesui 911194 ogaae|d yumsiuaned  1zoz  bismoxiuod  [oL]
‘9€ pue ‘vz 'zl
-abe jo sieak g| i1ses|y -  Jw/bu gog pue S)93M JO yoea je
"1s3) ) |em anuiw-g bunajdwoo jo sjqeden 001 UdaMmiaq Jo W24 uoli bw 000z SUEN
U010k} UOIIB(D JBINOLIJUAA 1J3] pRonpay — ‘“Jw /Bu QQL’ [9A9) STEIY pue 00G usamlaq  asojewAxoqie) -ed 4H A103e) le1
1S91)j|EM dInuUIW-XIS Ul 3BuUBYY  Bunjie) 1ieay 1U0IYD 3|qE)S YMM S193[qNS JUBIOYIP UOI| —  UIILIR) WNIS SIA 7 $311JUN0d 6 9I9M S3SOP N4 911194 ogaae|d -nquiea|qels GLoz Dismoyiuod  [6]
Kouaiayaq
%G 5 UOIIOBIY UOIJI3(D JBINOLIUSA 3] — uoJ|
1/6 00g pue |/6 0oL usamiaq o |/6rd goL> unisg - pue ainjie4
(dnoub orwaueuou) |p/b Gy HeaH d1uo1yy
01 G°Z1 10 (dnoib a1waue) |p/b G'Z| > SUOIILIIUIIUOD H — anewoydwAs
10 || SSe|9 [eUOIOUNY Yum sjuaned
8L Y99m 0} auljaseq woyy (W [YHAN] UONEID0SSY 1IEdH }I0A MaN) 4HD onewoydwAs -  |p/bGz| >suon SEETY S)29M 9| pue z| J1WaueUON e
/1w) ZoAd @1njosqe ui abueyy 'sieak |z zaby -  -eauadu0d qH SOA 8l puejod BN ‘8'y ‘01e bwoo| 95010NS UOJ| 101ju0) puedlwauy 800 19oquoyo  [LZ]
/61
001> untisy
Kpnys ay) ur uonedionued 1oy Juasuod pawiojul /6 %02> wnias) q| pue
00L> [9A3] UILLIR) WNIBS :Se paulap Aouaroyap uol] - [LyS1] uones ‘%05> (43A7)
s|ans| sapndad onaInLeu pajeAs|] -  -njes ulIajsuel} uorjoel) uon
Kdesayy yum /61 662 033 Jejnou
punoibxoeq [ewndo uo |j-|| SSB|O YHAN Ul sluailed —  —-Q0L 40 [l an| (uoar jo bw goOL -UdA Y3 '4H
sieak g| uey) Jap|0 -osqe] 1/6] 001> 0} JudjeAInba) 3so}jewAxoqled 21U0IY2 3|qelS
JUJUO0D U0 [eIpIed0A aIn|ie) 11eay d1uoiyd Aloje|nquie yim syuailed —  UILLIRY WNIds) q| SIA skep og uieds uoisnyad qw-0z o114 ogaae|d yumsiuaned 0¢0z el zaunN [oz]
(yo9m)
Kouaroyap Kouard dn Ab
awoono Alewd BLI3}LID UoIsn|au| uoJl jouonuydq  -yapuol]  -mojjo4 £Anuno) -ajeals buisop uosy  uonesedaid uosj uosuedwo)y  uonendod  Jedp Apms WEN

"S3IpN}s papnjoul ays jo Alewwins ay] “| ajqel

93(4)

’

I,

Journal of Medical Science 2024 Decembe

340




'sajainip dooj A yum Juswieal] — '%0¢" Uones ain|le4 Leay
“Jw/6d 00 [9A3] (dNgO1d-LN) apndad onainiiyeu adAy -NJes ulLIRjsuel} ‘bw Gz1 9498 91ndy 0} anp
“JUBWISSASSE [BIHUI IDLJE SHIIM -g-oid |eulwid)-N - yum qu/bu Al JO S9S0p G—€ pazijendsoH
¥ pue gL 01 duI[aseq woiy UOIBINIES ULLIBJSUBL) UM 00E-00L UniIdy paniadal dnoib xajdwo) Adesayy Kouaroyaq
(LMINQ) 1591 Y[em dinulw-g Tw/6u 00E-00L Unidy 10 Jw/bu goL’ S|PAS| U4 - Jo Jw/bu ool SHoaM JUETTIEEYY 9)jeuodn|9 |eaipaw uoJ| ‘e
e buunp saue)sip ur sbueyy ‘uoIssIwpe uo Tp/bu | -8 Jo S|9A3| uIqojbowdH —  S[IAS| UL SOA 74 aunsajed syruisiuaned o4 wnipos Al [ewndg yuMmsluaned zzog uyosnaew  [6l]
(%S>
uorn
'%0Z> Sem -oelj uol
(LvS1) uoneinies 1[NOLIIUSA
unajsuel) Ji w 13| paanpal
Kouarayap uosipeH - /bu o€ pue oL Apusisisiad
~<'sSe|9 (YHAN) UONBIOOSSY —  U9aM]}aq UNLLID) e pue Aoualo
43.4H Joy uejd uawneas) 119yl Jo Lied se | YJ PaAIaoaY —  winias Jo Jui/bu BUIE -1J3p uoll yum (149
‘Yiuow-g 0} $H}9IM {7 1SBD| 1B dUN|Ie) LIy 3|qels — syjuow Pauaalds uo 9so}jewAxoqie) aled sjuaned 4314H -NOHlI) ‘|e
auljaseq woiy 437 ut abueyn pey (1) ‘sieak g| < paby — -3s e se pauyaq S9A € wnibjag paseq pajejnoje) LITIEERY] piepuels  onewoidwAs |zoz 19susley  [67]
(%0z> uones
'%G ¥ JO UOI}OBIY UOI}I3(9 JEINOLIIUBA 12T —  -NJeS ULLIdjsuel} ‘shep ) Aq Kouaroyaq
“Y1eap Jejnd Kouaioyap uoar jo souapiag - 1o 7/6d goL> pajesedas sasop uoJ| yum (a4
-SBAOIPIED PUE BIN|IB) JIBY 10} ‘ainjie) 1eay onewoydwAs UILLIBY WNJIAS) syjuow puejeazmaN om} ‘paseq-ybram  asoljewAixoqie) aIn|ie4 Leay -14Y3H)
suolssiwpe [eydsoy Jualunaay Paysi|qe1sa o mau Yym ‘1apjo Jo sieak g paby —  Aouatoyap uo| S9A AN ‘epeue) ‘'ysn sem buisoq LITIEEWY] 0Qade|d josiuaned €707 le1@ZIWSN  [LL]
(%0z> jo uones
-njes ulljsuel)
B UHM J3) (9 abues
19d Bu o€ 01 001 -8-1 wbamApoq ayy uo Kouald
U1eap Je|NOSeAOIpIEd pue “19M199p 4ad b 0°6 ueyy 11316 [9A9] UIqojhowsy - 4oI) puadap sasop as0 950 -1J3p uoll yum
aIn|iey 1eay 10} SUOISSIWpPe '$S3| 10 %01 JO UOI}OEI) UOI}O3(3 JBNDLIUBA Y3 — sieak -}EWOSHBP 91113} -HewosHap 1 ain|iey 1eay (NVINOHI)
Jendsoy ||y aIn|iey 1eay Ylm sieak g2 SYNpY —  JO [9A3] UnLIBS S9A 1T wopbury pajun snouaAelu| -19) SNOUdABIIU|  3JBD [ens() josuaned  zzoz [eleepey  [8z]
‘sabueyo
9S0P JNOYLIM SHIM pZ 10 SBnIp 4H [ewndo Joasn - ‘suoisny Kouaroyaq
%G5 [43A7] uonoesy -urJoj auljes %60 uoJ| 4H-014434)
u01303(3 JeINILIIUBA 13| pue ||| [YHAN] UOIIEID0SSY 3[1121s JO W Q0L pue ainjie4 ‘e
‘syeamz1ez/L HE3H YI0A MaN) 4H d1uoiyd anewoldwAs sjqelrs — 0] pappe 0O0L IS 9pISO}jewos| HeaH d1uo1yd 19 spJemp3
119d Joutod pua Arewnd ay | sleak ggz aby - - SIA SHIMZ  wopbury payuun  -ojewost ([j]) uol| uol| 0ga9e|d Josiuaned  6L0C  -s9ueyd  [17]
*103d99
*(7/6M O[> unii1zy wnias) AoualdLAP UOI — -3 ULIRYSUEL} B|q elwaue ‘uon
(usw ug -N|os Jo uondNp "S)IOM € -oely uonoafd
159 9s1019xa Areuowind 1p/6 £1-6 40 uswom ui |p/6 Z1-6 uiqojbowaey) elwaue - -aie Aq pue ‘uipio K1ana pasaisiulwpe JEIGINENY
-01pIeI PUB JUBWSSISSE WO} ‘%G5 uoljoely -day ‘uoneinies sem 0gaoe|d aulfes 43| paanpal
-dwiAs ‘“Apms daajs A1ojendsas u01193(9 JejnoLuaA 13| B pajuasaid eyl 4H d1uoIyd unIajsuel ‘un 1o 8so)jewAxoqied  asojjewAhxoq ‘aIn|iey 1eay ‘e
-01p1ed ANAISUIS X3]Ja10WAYY) yum sjuaried ajgels £|[ea1ulfo 9AIINDISUOD —  -1113) Ul 3SEAIDU] SOA syaam g Aey 91113} SNOUdARIU| -189 91113 A 0gaoe|d yumsaned zzoz 19 euaee)  [9z]
Auewag
pue ‘autenjn uoin
‘Kouaioyap uou pue 19y 1ad b Gg | *%0Z> SeM uoljel ‘uleds ‘eissny -oelj uonoafd
pue G UaaMIAQ MsIA BuIuBaIIS Ayl 1k [9A3] uIqo[Boway —  -nies uLd)suel) ‘eluewoy ‘puejod 1e[NOLIIUAA 13
RZA Ll © $S9] 10 %0 JO UOIOEI) UOI}D3[3 JBINDLIUBA 137 —  3Y} UBYM I3} ‘RemioN ‘Ajey ‘aln|ley 1eay
18 410q ‘sse[d [euonaunj YHAN 110 |1 sse|d (YHAN) uoneroossy Leay  1ad br gL > [9A9) Syeam ‘999819 ‘d1jqnday Syoam 7 A19Ad asojjewhxoqie) 21u0JYd pey (4H-HIv4)
PUE JUBWISSBSSY [BGO[9 JUdlled Y10A M3N JO 3In|ie) LIeay d1uolyd pey oym sjualled —  uNLIBY WNIRS S9A 1z Y09z ‘eunuably  uayl ApjRam |w i LITIEEWY] 0gaoe|d oymsiuaned 600z [eledjuy  [5g]
(oom)
fouaroyap Kouard dn KB
awoano Arewnd BLIDLIO UoISN[ou] uoJi JouoniuYa@  -yapuol]  -Mojjo4 Knunoy -ajens buisop uoyj  uonesedaid uos; uosuedwo)d  uonejndod  Jeap Apms "Joy

341

93(4)

’

Journal of Medical Science 2024 December,



(esL)8Le (099)88¢ [Wegll
/(L08)88¢ /(855)z6¢ 13d unw/qw 09> Y499
(0s5)08e (1s1)eel
/(859)80% /(0S1)9€EL qw/6bu goL> NS
(r9)9el (vl (eoL)ez (L9)ryL (o1)81 (rr8)LraL (8'9)6°€L '8l gz vl (Lo0)z'0 (L'8)zsL (6)LZ (z8)sL uoneinies
/Eer)eTL /(9)8'8L /ZL1)6€T /(L9)E'sL /8L /9TL)LLL /(ronLst €11 /(€'8)T'SL /(loo)zo  /(920)z0c  /(8)oT /(9'9)9'6L uLLIRjsuel]
(¢66)¥LL (Lev)evL (r'19)e'L8 (6'07)5S (v0z€)6S (5'99)1'09 (Le9)Lv8 €5 (9°89)5°88 (#'L2)9°0L [CRRIIWE (c9)88 (e'Lt)919
/(5z6)e€TOL /(7'28)esL /(€°1%)98 /(9'L¥)SS /(§'62)ve /(§19)s2S  /(F08)¥'L6 /8% /(2'29)6-€8 /(6'62)€L /r8p)Ls  /(28)29 /(8'75)s8 UILLIRY WNIAS
(98°L)9¢g°LL (e'reL (r1szL (e'rel (0z)82L (FL6'LL (ereL (sDeL 9Lzl (s'0)z0L (everzt  (Vzel (67°1)9°€L (Ip/6)
/(9g"L)eL LL Iz UeeL /71)9zL /ZL)eL /(§L)oeL /E€'16LL /6°D)9LL /€161 /oeelL /QogoL  /wL)ez /9Tl /(L)8TL uiqojboway
(o)LL (o1)9L (66)6'LL (sDveL (8)5L (6)0L (bH ww)
/(o)L /(6)L2 /(e'01)92L 196)r 7L /(8)s2 1/(6)69 dga
(51)s1L (Loz)ee6LL (LL)zzL (s1)9zL (951)L6LL (e8)8°8¢€L (eVveL (8L)9LL (6'52)82L (BH wuw)
/(sL)LzL /(e6L)6LL /QLvzL /(5L)9zL /(Z'51)8'6LL /(Z'8)L6€EL /wseL  /(egozL  /(8LE6LL das
(95'96)€6'2C (r60L)L 122 (29)eLe (601)692 (8'99)9°2vZ (1'99)L061 (L6)z0€ (L7'68)L8C aouessip
/(8L28)€91T /(L'601)6°€LZ /6L)vee /soviz  /(LrTzlvese /(6'09)€T6L  /(86)88T /(5'8%)2LT 1S9} y[em ulw-9
(8ev2)Ty (L)ve (e:1)9°0¢ (6'8)e€ (8)L¢ (8)se (L9)ee (@vl)ree (8)Le (o1)Lze (e'1)579¢e (9)62 (99)e'2¢
/(SL'82)L9'LE /(8)ee /(L)8°0g /(6'8)ee’LE /(8)Le /(2)se /(§9)6'LE /(521)8'8¢ /e)ee 1(9'6)9°2€ (PN /(2)og /(6)5°6€ 431
(66L%)29911 (06¥)6v5 097 (€'958)2°0z€L (566)0.2 (w/6d)
/(8'6892)2°20.8 1(862)8€9 /16¥ /(9'829)S61LL /(566)z.L dng
(LzoL1)5esL  (6'7L91)S°Z291 (€8'619)29'20S 6971 (Lz6er)88es  (6%LL)S29¢  (95G+)0092 (9°6621)0€91L (Tw/6d)
/(92507)L€8L  /(r'Tv8L)YTSLL /(z8evL)L 1921 /9151 /(L6€)eL12S  /(9+21)6'65Z /(9005)115T /(U'LSPL)ze6L dNgoid-IN
(cesL)6L (899)0L (0s9)z2
/(zesl)ze /(699)LL /(859)9L AIVHAN
(8¢e)6L (¢€S1)z69 (899)8€¢ (ss1)9zL (98)ce (059)222 (151)09 (LL)g (92)0
/(L)SL /(zesL)LLL /(695)0€T /(70€)L52 /(98)52 /(888)zLe /(051)0L /F)LL /(Lo)e 111 YHAN
(8¢€)61L (cesL)ozs (895)0ze (ss1)62 (98)¥S (059)0vZ (15116 (L1)9 (92)9z
/(L€)Te /(z€S1)26L /(695)82€ (61)0L/(L2)6 /(r0€)eS /(98)19 /(865)55¢ /(051)08 /ro)EL /(L2)ve 11 VHAN
()L (8'9)5'82 (¢9)8'92 (L'9)L'ge 82(v'7)6'9C (L9)8e (r'e)6T (L9)L6e (g)8z
/(9)LT 1/(6'5)9°'82 (L)oe/(v)6T /(9'7)9z 1(87)8¢ /(9)s°22 /(99)1'8T /(e€)L8T 19v)E8T /(5)9z (cw/B%) 1ng
(9u)1L (8¢€)sz (ees1)zooL (899)0Ly (0z)9L (ss1)oL (s2)oz (98)69 (0s5)00€ (151)22 (11)8 (92)61
/(8L)zL /(2€)92 /(zesL)9zoL /(699)L2v (6L)eL/(L2)9L /(8€)oe /(70€)S¥L /(¥2)8L /(98)09 /(859)¥LE /(051)€8 /r2)LL /(Lo)e 3)eN
(52°6)29°5L (6)L (¢11)9'89 (¢6'8)ezeL (on)12 (ULv29 (oL)v9 (L1)r9 (LULeoL (517 (€'6)5°69 (11)29 (r'6)€TL
/(18'6)20°0L /zl)zL /(6'01)9'89 /(96'6)€€°EL (€1)z9/(z1)0 /loLr  /(eol)gLs  /(BOLLL9 /(z1)€9 /8ol LL /(2)92 /(5'6)889  /(WL)¥9  /(ZOLSLL aby
91/81 8¢/L€ £€51/2€61 896/695 6L/1T 0z/8¢ SS1/¥0€E sz/ve 98/98 056/85S 0z/02 15L/0S1 LL/vT 92/12 N
Al Al 1 nn mn ‘l nn VHAN
043410
1T840 ‘1T 9:134I0 ‘L€ 9 fejen G110
‘uelsy ‘091 joe|g  :uelsy ‘L :jdelg (%w2)¥L (%001)SSL  uelpuj Tz ueisy (%66)0GL  (%L6)OL
‘GZEL PUYM ‘¥ZS POUYUM 3UYM aNYM GLasaulyy £26 3UYM SHUM ueiseoneg
LT 13Yi0 € 19410 L 12410
6L uBISY Gg uelsy oL Aejey 719410
Z91oe|g [AR L (%18)LL (%L'66)€0€ € uelpuj 9z ueisy (%66)67L  (%88)LT
YZEL 3UYM 615 UM 3NYM I 0L saulyg 825 3NYM BRI ueiseaney (1013u09/34) 908y
7202 1202 £202 7202 6L0Z 7202 6002 8107 1102 120z 1002 5102 8007 0202 1835
(11 4H-2149434)
(L42-NoyI) (QI4-14v3H) (NVIWNOHY!I) ‘e ‘e (4H-4Iv4) ‘e ‘e ‘e
‘|e1d uyosnalely  °|e1d suauep ‘e 1@ Z)uay ‘le1 epey spiemp3-sajiey) eyaele) ‘|e 19 djuy ‘[e1d 094 uasinypap  |e1d DSMo)jIuod  [e191||qOL  DISMONIUO4 12 O)jUuOyQ  ‘|eld ZaunN Apms

"lo1u09/34 10} (je30] ) JuaAd se pariodal si ejep [eaLiohaled pue ‘jonuo)/34 104 (GS)ueaw se pariodal si elep SNONUIIUOD ‘SO1SLIB)ORIEYD duljaseq " d|qel

93(4)

’

I,

Journal of Medical Science 2024 Decembe

342




343

ueipaw se payiodal
‘z u1dloud podsuel) 9s0on|b-winipos-z1719S ‘ainssaid poo|q o1j01sAs-4gs ‘uonaely uonaald aoLuaA Ya|-43AT Hole[|Lquap-19

-}1anolpied ajqejuedwi-gg| ¢ dinssaid poojq aljoiselp-4dqa ‘Adesayy uoneziuolyouhsal oeipied-] Yo ‘@seasip Asupiy d1uo1yd-gy9 ‘dwolpuks £1euoiod ande-g9y ‘dwAzua buipiaauod-uisualoibue-39y :suoneindlqqy m\
)
(899)6€2 (02)6 (ss1)ze uonesIpaw 3
/(699)€2T /(8e)8L /(r0€)6t Buramo| 8s09n|9 JaY1Q m
(899)L0L (551)6 (Ls1)oz o
/(695)08 /(v08).2 /(051)8L unnsuj S
(8¢e)LT (895)897 (61)zL (0z)s1 (s2)eT (059)59¥ (1S1)6€L (92)re S
/(28)0e /(695)85% /(12)vL /(8e)ve [(ro)Le /(859)€8Y /(0s1)zel /(L2)se onainip doo >
(zesuLLL (899)v1 m
/(zesL)8LL /(699)SL louqiyui z1198 i5
(899)59 (6L)y (ss1)se (0sg)L01 (0z)zL (Lsl)oy (LL)z 92y M
/(699)0L /(12)9 /(70€)9¥ /(855)€8 /(02)eL /(051)62 /(¥2)9 /Lol uixobiq 8
(8¢€)62 (cesl)Ly8 (899)20¢ (02)LL (sz)oL (98)29 (0s9)z5¢ (L1)9 m
/(L€)og /(z€51)858 /(699)5¢€ /(8¢€)oz 1)L /(98)8S /(856)9.€ /)L plodni090[esRUILIUE =
(8¢)L¢ (eesL)8LyL (895)605 (61)9L (02)oz (ss1)62L (sz)oe (98)58 (059197 (02)oz (151)6€L (] (92)12 nloa
1(2€)2€8 /(zesL)sLyL /(695)005 /(12)8L /8e)ve  /(r0€)e9T 1ye)ve /(98)y8 /(855)ESY /(02)0T /lost)eel  /(¥e)oz 1(22)sT 19)20]q-€199 <
(899)€1LL (02)s (s2)s (0s5)ooL (02)y (151)2¢ (12 (92)v m
/(695)06 /(8€)zL /¥2)8 1(845)26 /(02)s /(05L)ve /(v2)S J(OXAL auv
(899)182 (0z)oL (52)8 (0g9)e82 (02)oz (L51)8LL (L1)8 (92)9
/(699)LL2 /(8¢e)1T /F2)LL 1/(858)€62 /(02)6L /losL)oLl  /(v2)8L 1(Lo)L Jonquyur 39V
(zesL)sry (895)oLL (92)8
/(2es1)197 /(695)0€L /(22)oL ue)Jes|eA—[11IgnoeS
(8¢e)ee (0es1)ez6 (6L)LL (sSLLYL (98)22 auy
/(LE)vE /(z€S1)106 /(12)9L /(¥0€)182 /(98)18 /1ouqyul 39
(8¢e)6L (cest)zee (899)8LL (02)9 (98)L1 (058)oe
/(Le)eT /(z€S1)0€2T /(699)52L /(8e)zL /(98)LL /(8s8)ee 149
(zesL)vey (899)z.L (02)9L (98)ee (059)r9
/(z€S1)56¥ /(69916 /(8¢e)eT 1(98)52 /(845)29 al
(o1)pL (61)2 (s51)0L (s2)oz (059)z62 (151)86 (L1)g (92)91
/(8L)9L /L2)L /(70E)r¥L /(¥2)oz /(859)00€ /(051)86 /(¥2)L /(L2)8L elwaepidisig
(006)6€E (61)6 (0s9)zLe (92)9
/(858)90€ /(LD)LL /(855)26C /(LT)oL elwauy
(91)zL (oop)L6L (089222 (92)2
/8L)zL /(vTy)8LL /(858)zTT /(L2)8 ao
(9L)zL (8e)61L (169)792 (899692 (61)0L (s51)2€ (s2)s1 (98)ze (0s9)ere (151)s% (1))}72 (92)pL
/@8L)LL /(L€)LL /(¥69)9¥Z 1(699)25¢ /(L2)oL /(¥0€)€6 1(¥2)sL /(98)92 /(859)L2¢ /(0s1)8e /(¥2)8 /(L2)sL sajaqelq
(91)s1 (8¢)L¢€ (899)s1Le (6L)eL (ssL)gzL (sz)8L (98)95 (0s9)LLy (02)e (Ls1)oel (L1)s (92)91
/8L)LL /(Le)ze 1(695)26T /(L2)eL /(v0€)erT /w2l 1(98)29 /(859)897 /(02)Z /(LsoeL  /(ye)el /L2)ze uoisuapadAy
(899)58¢ (02)eL (s2)eL (98)s5 (059)€LT (1s1)o6
/(695)262 /(8€)Le /wo)zL /(98)85 /(899)62¢ /(051)06 SOV
(91)s (¥99)0ve (895)05¢ (6L)7 (02)2 (ss1)vy (98)1 (0g9)50¢€ (1s1)eL (92)p1
/(8L)oL /(9L9)€TT 1(699)v8¢ /(12)9 /(8¢)8 /(¥0€)¥6 /(98)5€ /(859)v1LE /(051)99 /(LT)oL uone||uql [eLy
(co)Ls (yadrads (e'52)8'79 (602)5°€9 (8€2)L'v9 W
1/(52)95 /ZeL)eLs /(Z'12)8°€9 /(L12)¥99 /(L91)z09  €2:1 49d ulw/Tw Y499
T202 1202 €202 7202 6102 7202 6007 8102 1102 1202 1002 SL0Z 8007 0202 1eap
(11 4H-219434)
(L49-NouI) (QI4-14v3H) (NVINOHYI) ey ‘e (4H-4Iv4) ‘e ‘e ‘e

‘[e19 UYOSNOIB ‘[ 13 SUBMe ‘e 19 ZJuapy ‘|e1d epiey SpIEMp3-Sajiey)  elABIED  “|e 3 Jdjuy ‘lE}9 09 UBSINYP]BA [E13 DISMONIUOd ‘[ 1||qOL  DISMONIUO4 19 ONUOYQ  °[e}d ZaunN Apms



344

Table 3. GRADE evidence profile.

Certainty assessment

Summary of findings

Participants Riskof Inconsis- Indirect- Impre- Publication  Overall Study event rates (%) Relative Anticipated absolute effects
(studies) bias tency ness cision bias certainty With With IV Iron effect Risk with Risk difference
Follow-up of Placebo or (95%C1) Placebo or with IV Iron

evidence gyandard Standard Care
Care

Cardiovascular Mortality

6145 not not not not none OPDdD  509/2994 462/3151 RR 0.90 170 per 1,000 17 fewer per

(6 RCTs) serious  serious  serious  serious High (17.0%) (14.7%) (0.80to 1,000

1.01) (from 34 fewer
to 2 more)

All cause mortality

5281 not not not not none dPDdPD  376/2557 336/2724 RR0.88 147 per 1,000 18 fewer per

(8 RCTs) serious  serious  serious  serious High (14.7%) (12.3%) (0.78 to 1,000

1.01) (from 32 fewer
to 1 more)

Hospital admission for heart failure (first event)

2813 not not not not none OPDd  451/1326 393/1487 RR0.85 340 per 1,000 51 fewer per

(5RCTs) serious  serious  serious  serious High (34.0%) (26.4%) (0.77 to 1,000

0.95) (from 78 fewer
to 17 fewer)

Hospital admission for heart failure (total events)

5978 not not not not none [SleISTe) 877/2912 707/3066 RR0.80 301 per 1,000 60 fewer per

(7 RCTs) serious  serious  serious  serious High (30.1%) (23.1%) (0.73 to 1,000

0.86) (from 81 fewer
to 42 fewer)

CVD death and hospital admission for heart failure (number of events) rater per 100 patient year

2704 not not not not none SO 799/1273 649/1431 RR 0.79 628 per 1,000 132 fewer per

(3RCTs) serious  serious  serious  serious High (62.8%) (45.4%) (0.74 to 1,000

0.85) (from 163 fewer
to 94 fewer)

Hospital admission for heart failure (number of events) rater per 100 patient year

2704 not not not not none DOPP 617/1273 478/1431 RR0.76 485 per 1,000 116 fewer per

(3RCTs) serious  serious  serious  serious High (48.5%) (33.4%) (0.70 to 1,000

0.83) (from 145 fewer
to 82 fewer)
6-min. walk distance at follow up

4820 not very not not none 00 2341 2479 - The mean MD 23.56

(8 RCTs) serious  serious®  serious  serious Low 6-min. walk higher

distance at  (21.42 higher to
follow up 25.71 higher)
was 0

Change in 6-min. walk distance from baseline

3865 not not not not none QODOO 1858 2007 - The mean  MD 2.34 higher

(4RCTs) serious  serious  serious  serious High change in (0.69 higher to

6-min. walk 4 higher)
distance
from
baseline was
0

Any adverse effect

343 not not not very none o000 116/170 124/173 RR1.06 682 per 1,000 41 more per

(2RCTs) serious  serious  serious  serious® Low (68.2%) (71.7%) (0.94 to 1,000

1.20) (from 41 fewer
to 136 more)

Any seriious adverse event

2748 not not not not none deOd  771/1363 707/1385 RR0.91 566 per 1,000 51 fewer per

(7 RCTs) serious  serious  serious  serious High (56.6%) (51.0%) (0.85to 1,000

0.97) (from 85 fewer
to 17 fewer)

Any adverse event leading to withdrawal

344 not not not very none ®@d0O0O 19171 14/173(8.1%) RRO.74  111per1,000 29 fewer per

(2RCTs) serious  serious  serious  serious® Low (11.1%) (0.38 to 1,000

1.42) (from 69 fewer
to 47 more)

Abnormal lab test, vital sign or physical finding

763 not not not very none o000 2/306 1/457(0.2%) RR0.50 7 per 1,000 3 fewer per

(2RCTs) serious  serious  serious  serious® Low (0.7%) (0.05to 1,000

5.46) (from 6 fewer to
29 more)

Cl: confidence interval; MD: mean difference; RR: risk ratio
Explanations:

a. | square test > 90%

b. Low number of events < 300 events.
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Primary Outcomes

Overall analysis

A. Cardiovascular mortality

There was an insignificant risk ratio between the
IV iron group and control (RR = 0.90, 95% CI 0.80
to 1.07; p = 0.07, n = 7), with no heterogeneity
(I = 0%, p = 0.84) (Figure 3a and Figure 4).

B. All-cause mortality

There was an insignificant risk ratio between the
IV iron group and control (RR = 0.88, 95% CI 0.78
to 1.01; p = 0.06, n = 6), with no heterogeneity
(1= 0%, p = 0.47) (Figure 3b and Figure 4).

C. Hospital admission for heart failure (first event)
There was a significant risk ratio between the IV
iron group and control (RR = 0.92, 95% CI 0.84
to 1.00; p = 0.04, n = 3), with moderate hetero-
geneity (1> = 44%, p = 0.12) (Figure 3¢ and Fig-
ure 4). Heterogeneity reduced when exclud-
ing Mentz et al., and results remained signifi-
cant in favor of IV iron (RR = 0.85, 95% CI 0.77
to 0.95; p = 0.004), with moderate heterogeneity
(1= 29%, p = 0.23).

D. Hospital admission for heart failure (total event)
IV iron group had lower hospital admissions than
the control group (RR = 0.78, 95% CI 0.72 to 0.85;
p < 0.00001, n = 2), with moderate heterogeneity
(1 = 55%, p = 0.03). Heterogeneity was reduced
by excluding Ponikowiski et al., and the results
remained significant in favor of the IV iron group
(RR = 0.80, 95% Cl 0.73 to 0.86; p < 0.0001), with
moderate heterogeneity (I = 30%, p = 0.20) (Fig-
ure 3d and Figure 4).

E. Cardiovascular death and hospital admission
for heart failure (number of events, rate per
100 patients in a year)

IV iron group was favored over the control group

(RR =0.81,95% CI1 0.76 to 0.87; p < 0.00001, n = 6),

with high heterogeneity (I” = 63%, p = 0.04). Het-

erogeneity was reduced by excluding Mentz et al.,
and the results remained significant in favor of

the 1V iron group (RR = 0.79, 95% CI 0.74 to 0.85;

p < 0.00001, n = 5), with no heterogeneity (I* = 0%,

p = 0.58) (Figure 3e and Figure 4).

F. Hospital admission for heart failure (number
of events, rate per 100 patients in a year)
IV iron group was favored over the control group
(RR=0.75,95% Cl 0.68 to 0.81; p < 0.00001, n = 5),
with moderate heterogeneity (I* = 38%, p = 0.19).
Heterogeneity was reduced by excluding Pon-
ikowiski et al., and the results remained signifi-
cant in favor of the IV iron group (RR = 0.76, 95%
Cl1 0.70 to0 0.83; p < 0.00001, n = 4), with no hetero-
geneity (I*= 0%, p = 0.46) (Figure 3f and Figure 4).

Subgroup analysis of main outcomes
Subgroup analysis according to chronic or acute
heart failure

In cardiovascular mortality, neither acute or
chronic conditions showed significant differ-
ences with no heterogeneity observed (RR = 0.89,
95% C1 0.78 t0 1.01; p = 0.06, n = 1), and (RR = 0.97,
95% Cl 0.73 to 1.30; p = 0.85, n = 5), respectively
(Figure S1).

In all-cause mortality, groups of chronic con-
ditions hovered around significance, while over-
all results were insignificant (RR = 0.88, 95% Cl
0.77 to 1.00; p = 0.05, n = 6), with no heterogeneity
(= 0%, p = 0.55) (Figure S2).

For hospital admission for heart failure (first
event), the chronic heart failure group showed
only significant preferences toward iron after
removing HEART-FID due to heterogeneity
(RR = 0.85,95% CI 0.73 to 0.98; p = 0.03, n = 4),
heterogeneity (1* = 56%, p = 0.1). (Figure S3).

In terms of total hospital admission for heart
failure, in both acute and chronic conditions,
iron was effective in reducing the total events
(RR =0.80,95% CI 0.72 to 0.89; p < 0.0001, n = 5),
heterogeneity (I” = 63%, p = 0.02), reduced by
removing Ponikowski 2015 (1> = 32%, p = 0.21),
and (RR = 0.73, 95% Cl 0.64 to 0.83; p < 0.001),
respectively (Figure S4).

Similar results were obtained for both drugs for
CVD death and hospital admission for heart fail-
ure (number of events) rater per 100 patient-year
[chronic heart failure (RR = 0.84, 95% Cl 0.77 to
0.92; p < 0.0001, n = 3), heterogeneity (I> = 75%,
p = 0.02), reduced by removing HEART-FID
(I = 0%, p = 0.44); acute heart failure (RR = 0.78,
95% CI 0.70 to 0.86; p < 0.0001, n = 1)], and hospi-
tal admission for heart failure (number of events)
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Figure 3. Forest plots examining the cardiovascular outcomes of intravenous iron infusion in patients with heart failure: (a) cardio-
vascular mortality; (b) all-cause mortality; (c) hospital admission for heart failure (first event); (d) hospital admission for heart failure
(total event); (e) cardiovascular death and hospital admission for heart failure (number of events, rate per 100 patients in a year); (f)
hospital admission for heart failure (number of events, rate per 100 patients in a year).
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Figure 4. Sequential analysis for the main outcomes, cardiovascular mortality; all-cause mortality; hospital admission for heart fail-
ure (first event); hospital admission for heart failure (total event); cardiovascular death and hospital admission for heart failure (num-
ber of events, rate per 100 patients in a year); hospital admission for heart failure (number of events, rate per 100 patients in a year).
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rater per 100 patient-year [chronic heart fail-
ure (RR = 0.76, 95% CI 0.68 to 0.86; p < 0.0001,
n = 3), heterogeneity (I> = 54%, p = 0.22), reduced
by removing Ponikowski 2015 (I = 0%, p = 0.41);
acute heart failure (RR = 0.73,95% Cl 0.64 to 0.83;
p < 0.0001), n = 2] (Figure S5 and Figure S6).

Subgroup analysis according to the iron
preparation

In cardiovascular mortality, neither Ferric car-
boxymaltose nor ferric derisomaltose showed
significant preferences with no heterogeneity
observed (RR = 0.92,95% CI 0.80 to 1.05; p = 0.20,
n =5),and (RR =0.86,95% Cl 0.69 to 1.07; p = 0.17,
n = 1), respectively (Figure S7).

In all-cause mortality, despite overall results
being insignificant, only the ferric carboxymalt-
ose group significantly favored iron over the
control (RR = 0.80, 95% Cl 0.65 to 0.98; p = 0.03,
n = 5), with no heterogeneity (> = 0%, p = 0.50).
Ferric derisomaltose and sodium ferric gluconate
complex results were insignificant (Figure S8).

For hospital admission for heart failure (first
event), ferric carboxymaltose (only after removing
HEART-FID due to heterogeneity) and ferric deri-
somaltose showed a significant reduction in hos-
pital admissions (RR = 0.84, 95% CI 0.72 to 0.99;
p = 0.03, n = 4), heterogeneity (I = 56%, p = 0.1,
and were not reduced after removing HEART-FID,
neither influencing the results), and (RR = 0.86,
95% Cl 0.74 to 0.99; p = 0.04, n = 3). respectively
(Figure S9).

In terms of total hospital admission for heart
failure, ferric carboxymaltose and ferric deri-
somaltose results were effective in reducing
the total events (RR = 0.78, 95% CI 0.71 to 0.86;
p < 0.001, n = 6), heterogeneity (I> = 67%, p = 0.01),
reduced by removing Ponikowski 2015 (I = 50%,
p = 0.09), and (RR = 0.76, 95% CI 0.65 to 0.90;
p =0.001, n = 5), respectively (Figure S10).

Similar results were obtained for both drugs
for CVD death and hospital admission for
heart failure (humber of events) rater per 100
patient-year [ferric carboxymaltose (RR = 0.81,
95% CI 0.73 to 0.89; p < 0.001, n = 3), heteroge-
neity (I = 75%, p = 0.02), reduced by removing
HEART-FID (I* = 0%, p = 0.54); ferric derisomalt-
ose (RR = 0.82, 95% CI 0.75 to 0.89; p < 0.0001),
n = 1], and hospital admission for heart failure
(number of events) rater per 100 patient-year
[ferric carboxymaltose (RR = 0.73, 95% CI 0.61 to

Journal of Medical Science 2024 December;93(4)

0.79; p < 0.0001), n = 3, heterogeneity (I = 35%,
p = 0.22), reduced by removing Ponikowski 2015
(> = 0%, p = 0.54); ferric derisomaltose (RR = 0.80,
95% CI 0.71 to 0.90; p < 0.0001), n = 2] (Figure S11
and Figure S12).

Adverse effects

Overall analysis

A. Cardiac disorder

IV iron group had fewer cardiac disorders than
the control group (RR = 0.81, 95% CI 0.76 to
0.87; p < 0.00001, n = 7), with high heterogeneity
(1 = 66%, p = 0.01). Heterogeneity was reduced by
excluding Anker et al., and the results remained
significant in favor of the IV iron group (RR = 0.84,
95% Cl 0.78 to 0.90; p < 0.00001, n = 6), with no
heterogeneity (I* = 0%, p = 0.65) (Figure 5a).

B. Gastrointestinal disorder
There were no significant results between the IV
iron and control groups (RR = 0.94, 95% Cl 0.68 to
1.29; p = 0.69, n = 6), with no high heterogeneity
(1 = 0%, p = 0.52) (Figure 5b).

C. Injection site condition

There were no significant results between the IV
iron and control groups (RR = 1.12,95% Cl 0.79 to
1.59; p = 0.56, n = 3), with no high heterogeneity
(I = 0%, p = 0.59) (Figure 5c).

D. Infection

There were no significant results between the 1V
iron and control groups (RR = 0.88,95% CI 0.73 to
1.07; p = 0.20, n = 2), with no high heterogeneity
(1 = 0%, p = 0.49) (Figure 5d).

E. Nervous system, disorder
There were no significant results between the IV
iron and control groups (RR = 1.16, 95% CI 0.81 to
1.66; p = 0.41, n = 6), with no high heterogeneity
(1 = 0%, p = 0.86) (Figure 5e).

F. Respiratory, thoracic, or mediastinal disorder
There were no significant results between the IV
iron and control groups (RR = 0.76, 95% Cl 0.55 to
1.05; p = 0.10, n = 5), with moderate heterogeneity
(I = 40%, p = 0.15). Heterogeneity was reduced by
excluding Okonko et al., and the results remained
insignificant (RR = 0.81, 95% Cl 0.58 to 1.12;
p = 0.21, n = 4), with low heterogeneity (I2 = 20%,
p = 0.29) (Figure 5f).
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Figure 5. Forest plots examining the adverse effects of intravenous iron infusion in patients with heart failure: (a) cardiac disorder;
(b) gastrointestinal disorder; (c) Injection site condition; (d) Infection; (e) nervous system disorder; (f) respiratory, thoracic, or medi-
astinal disorder.
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G. Vascular disorder

There were no significant results between the IV
iron and control groups (RR = 0.83,95% Cl 0.55 to
1.27; p = 0.40, n = 4), with no high heterogeneity
(1= 0%, p = 0.86) (Figure 6a).

H. Any adverse effect

There were no significant results between the IV
iron and control groups (RR = 1.09, 95% CI 0.96
to 1.24; p = 0.17, n = 3), with low heterogeneity
(I” = 25%, p = 0.26). Heterogeneity was reduced by
excluding Martens et al. insignificant (RR = 1.06,
95% ClI 0.94 to 1.20; p = 0.35, n = 2), with low het-
erogeneity (1= 0%, p = 0.38) (Figure 6b).

I. Any serious adverse event

There were no significant results between the IV
iron and control groups (RR = 0.98, 95% CI 0.93 to
1.03; p = 0.37, n = 8), with moderate heterogene-
ity (1> = 54%, p = 0.06). Heterogeneity was reduced
by excluding Mentz et al.,, and the results were
altered in favor of IV iron group (RR = 0.91, 95% ClI
0.85100.97; p = 0.003, n = 7), with no heterogene-
ity (I*= 0%, p = 0.66) (Figure 6c).

J. Any adverse event leading to withdrawal
There were no significant results between the IV
iron and control groups (RR = 0.74, 95% CI 0.38 to
1.42; p = 0.36, n = 2), and heterogeneity analysis
was not applicable (Figure 6d).

K. Abnormal lab test, vital signs, or physical finding
There were no significant results between the IV
iron and control groups (RR = 0.50, 95% Cl 0.05 to
5.46; p = 0.57, n = 2), and heterogeneity analysis
was not applicable (Figure 6e).

Subgroup analysis for the adverse effects
Subgroup analysis according to chronic or acute
heart failure

Concerning the adverse events, iron reduced car-
diac disorders in chronic and acute heart failure
despite the lack of studies on the latter (Figure
S13). Also, iron effectively reduced the serious
adverse events in acute heart failure (RR = 0.87,
95% C1 0.77 10 0.99; p = 0.03, n = 6). In the case of
chronic heart failure, the results became signifi-
cant only after removing HEART-FID due to het-
erogeneity (I> = 52%, p = 0.08) that had the high-
est number of events (RR = 0.93% Cl 0.87 to 1.00;
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p = 0.04, n = 5) without heterogeneity (I> = 0%,
p = 0.72) (Figure S14).

Moreover, regarding respiratory, thoracic or
mediastinum disorder, we observed a moderate
heterogeneity in the chronic heart failure group
(I = 50%, p = 0.11) which was resolved by remov-
ing the IRONMAN study and resulted in altering
both the overall and chronic heart failure results
(RR=0.23,95% CI 0.07 t0 0.75; p = 0.01, n = 5), low
heterogeneity (1> = 32%, p = 0.27), and (RR = 0.10,
95% CI 0.02 to 0.54; p = 0.007, n = 4), without het-
erogeneity (I> = 0%, p = 0.75). These results may
highlight the importance of iron injections in
reducing the serious adverse effects of chronic
and acute cases and those related to respirato-
ry, thoracic or mediastinum disorders in chronic
cases (Figure S15).

No significant differences were observed in
acute or chronic conditions in gastrointestinal,
nervous system, or vascular disorders (Figures
S16, S17, S18). It was not possible to subgroup
these outcomes: injection site condition, infec-
tion, any adverse effect, any adverse event lead-
ing to withdrawal, abnormal lab tests, and vital
signs or physical findings.

Subgroup analysis according to the iron
preparation
Concerning the adverse events, both ferric car-
boxymaltose and ferric derisomaltose showed
a beneficial effect in reducing the cardiac disorder
(RR =0.81,95% CI 0.76 to 0.87; p < 0.0001, n = 4),
and (RR = 0.82, 95% CI 0.71 to 0.95; p = 0.009,
n = 1), respectively. Heterogeneity was resolved
in the ferric carboxymaltose group by removing
FAIR-HF without altering the results. Iron sucrose
did not show any significance regarding cardiac
disorders; however, it included only one study
with an overall small sample size (Figure S19).
Moreover, in terms of the presence of any
serious adverse effect, despite the insignifi-
cant results overall, that was altered when we
removed HEART-FID, which resulted in making
only ferric carboxymaltose (compared with deri-
somaltose, iron isomaltoside, and iron sucrose)
ferric shows significant reduction (RR = 0.86,95%
Cl 0.77 to 0.97; p = 0.01, n = 5) with no heteroge-
neity. Hence, overall results also became signif-
icant (RR = 0.91, 95% CI 0.85 to 0.97; p = 0.009,
n = 8) (Figure S20).



All formulation results were comparable, and Discussion
they did not significantly influence gastrointes-
tinal disorder, injection site condition, infection,
nervous system disorder, respiratory, thoracic
or mediastinum disorder, vascular disorder, any
adverse effect, any adverse event leading to with-
drawal and abnormal lab test, vital sign or physi-

cal finding (Figures S20-S29).

The current body of evidence shows that IV fer-
ric carboxymaltose treatment reduces the risk of
hospital admission for the first and total events
of HF worsening. Moreover, it is associated with
a lower risk of the combination of cardiovascular
death and HF hospitalization (number of events,
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Figure 6. Forest plots examining the adverse effects of intravenous iron infusion in patients with heart failure: (a) vascular disorder;

(b) any adverse effect; (c) any serious adverse event; (d) any adverse event leading to withdrawal; (e) abnormal lab tests, vital signs,
or physical finding.
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rate per 100 patients in a year). However, ferric
carboxymaltose does not affect all-cause mortal-
ity or cardiovascular mortality. Regarding safety,
patients treated with iron therapy experienced
fewer cardiac adverse effects than controls. At
the same time, they displayed no additional risks
of other adverse effects. Our findings confirmed
what was previously shown by systematic reviews
and meta-analyses, which reported the effective-
ness of IV iron supplementation in reducing hospi-
talization and the combined endpoint of death and
hospitalization for decompensated HF [30-32].

Events of acute decompensation are the pri-
mary cause of hospital admission for heart fail-
ure. According to its mechanism, HF decompen-
sation represents the situation in which neurohor-
monal signaling, preload, afterload, and intrinsic
inotropy are all out of balance, and compensated
HF has reached this point [33]. Ventricular filling
pressure elevation, venous and arterial conges-
tion, vasoconstriction, and inotropy depression
could result from this. Inotropy depression pres-
ents clinically as acute symptoms and congestion
indicators that necessitate immediate, typically
IV, therapy [33]. It has been demonstrated that
iron deficiency, whether absolute or functional,
can enhance the processes leading to decompen-
sated heart failure by aggravating cardiac con-
gestion, supporting unfavorable cardiac remod-
eling, and reducing myocardial inotropy. Thus,
greater sensitivity to sympathetic stimulation has
been observed in iron-deficient mice with cardiac
hypertrophy [34]. This may favor peripheral vaso-
constriction, a major element in the pathogenesis
of HF decompensation by worsening central (i.e.,
cardiopulmonary) congestion [33].

Iron deficiency may weaken the heart's
defenses against oxidative stress because iron is
a co-factor for anti-oxidative enzymes. This phe-
nomenon has been linked to the cardiac remodeling
process during heart failure [35]. Cardiac remod-
eling is a deleterious process in HF that leads to
cardiac dysfunction with subsequent symptoms
of exacerbation [36]. In line with this, experimental
evidence has shown that myocardial iron deficien-
cy aggravates acute myocardial ischemia as well
as post-ischemic remodeling, which worsens the
clinical outcomes of myocardial infarction-associ-
ated HF [37]. Moreover, iron deficiency impairs the
contractility and relaxation of human cardiomyo-
cytes by downregulating RyR2 channels and sup-
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pressing SERCA pump activity [38, 39]. This would
then change the inotropy, which would aggravate
systolic dysfunction and increase the risk of heart
failure decompensation. Conversely, rodents sup-
plemented with IV ferric carboxymaltose had nor-
mal Ca2+ signaling again [38]. Therefore, we can
assume that iron replacement therapy can reverse
the harmful effects of systemic iron deficiency and
myocardial iron deficiency on cardiac function in
the context of HF, inducing disease control and
lesser susceptibility to acute symptomatic events
that require hospitalization.

Notably, the latest months have seen progress
in research on the impact of IV supplementation in
heart failure, which warrants discussion. Further
analysis of data from the IRONMAN trial [28] sug-
gested that patients with anemia or with low trans-
ferrin saturation (even with adequate ferritin) bene-
fit the most from intravenous iron supplementation
[40]. Improved response in patients with low trans-
ferrin saturation was also highlighted in a recent
meta-analysis by Martens et al. [41]. Furthermore,
IRONMAN investigators showed data that indicate
a general increase in resilience due to iron supple-
mentation, with effect seen in hospitalizations for
both cardiac and non-cardiovascular indications
[42]. It is also noteworthy that further evidence
for the beneficial influence of intravenous iron in
patients with heart failure and preserved ejec-
tion fraction emerged from the FAIR-HFpEF trial,
which demonstrated a benefit in 6-minute walking
test distance [43]. The interplay between ejection
fraction and the capacity to utilize and store iron
appears as an interesting research topic.

Notably, the combined outcome of cardiovascu-
lar mortality and hospitalizations was decreased in
the IV iron group, likely due to the reduced odds of
HF hospitalization. Nevertheless, iron therapy had
no effects on cardiovascular or all-cause mortal-
ity. Notably, both AFFIRM-AHF and HEART FID tri-
als showed that supplementation with IV iron does
not impact the risk of cardiovascular death. The
positive effects of iron therapy in reducing mortal-
ity were noted in the IRONMAN study. All of these
three studies were conducted during the COVID-19
pandemic, which could have a major influence on
the effect of treatment, as the authors disclosed it.
Especially in the context of COVID-19, HF popula-
tion has witnessed a substantial reduction in hos-
pitalizations and an increase in in-hospital mor-
tality [44]. Moreover, in the HEART FID trial, iron



supplementation did not benefit in reducing car-
diovascular hospitalizations. Here too, the authors
reported possible interference of the COVID-19
pandemic with the treatment outcomes. Further
studies outside of COVID-19 are needed to confirm
the previous findings [45, 46].

Ferric carboxymaltose demonstrated good tol-
erability in clinical trials involving patients with iron
deficiency. Most adverse events associated with its
use were mild to moderate in severity. Commonly
reported side effects included headache, dizziness,
nausea, abdominal pain, constipation, diarrhea,
rash, and injection-site reactions [47]. According
to our analysis, we affirm that FC has a good safe-
ty profile in HF patients who are iron deficient as
it did not increase the risk for any particular side
effects relatively. It reduces the risk for cardiovas-
cular side effects. Moreover, we observed that iron
injections may reduce any adverse severe event for
acute and chronic conditions, and respiratory, tho-
racic, or mediastinal disorders for chronic condi-
tions mainly. This encourages further investigation
of IV ferric carboxymaltose in large-scale studies.

Our study aligens with the newly published
meta-analyses, Mhanna et al. conducted a sys-
tematic review and meta-analysis analyzing data
from 14 RCTs involving 6,614 patients. The study
demonstrated that IV iron therapy significantly
improved quality of life and the 6-minute walk test
compared to standard care, although it did not sig-
nificantly affect left ventricular ejection fraction.
[48] Awad et al. data from 18 RCTs found signifi-
cant improvements in quality of life, as indicated
by Kansas City Cardiomyopathy Questionnaire
(KCCAQ) scores, and enhanced clinical outcomes,
including increased serum ferritin and hemoglobin
levels. While all-cause hospitalizations and heart
failure-related deaths showed no significant differ-
ence, IV iron therapy reduced hospitalizations due
to heart failure. [49] Sephien et al. found that IV iron
therapy was associated with a significant improve-
ment in quality of life and a notable reduction in first
heart failure hospitalizations. However, there was
no significant change in all-cause mortality [50].

Implications for future research
and clinical practice

The transition from inpatient to outpatient care
is a vulnerable period for HF patients, particular-

ly the elderly and those with comorbidities [51].
Additionally, HF hospitalization is associated with
an elevated risk of mortality [52]. From an eco-
nomic standpoint, HF hospitalizations are con-
sidered costly, with mean HF-specific inpatient
costs in the USA ranging from $10,737 to $17,830
per hospitalization [53].

While recent HF treatments have demonstrat-
ed mortality reduction benefits, their impact on
hospitalization rates remains neutral [51]. Pre-
venting iron deficiency through iron supplemen-
tation can mitigate the risk of HF-related hospi-
talizations. Notably, IV iron therapy is safe and
effective for HF patients, irrespective of anemia.
This is because iron deficiency in HF patients can
be functional, selectively affecting the myocardi-
um—a condition known as myocardial iron defi-
ciency, which is challenging to diagnose. Conse-
quently, even patients with normal iron levels may
benefit from iron therapy.

Therefore, it may become an integral part of
routine treatment strategies aimed at preventing
decompensation events. However, the promising
benefits of IV iron supplementation in patients
with HF must be carefully weighed against the
potential safety concerns associated with iron
overload [54]. IV iron administration introduces
substantial amounts of non-transferrin-bound
iron, bypassing hepatic regulatory mechanisms,
which can lead to iron overload. Most published
studies have utilized IV iron sucrose (with a max-
imum dose of 200 mg per session) or ferric car-
boxymaltose (with a maximum dose of 1000 mg
per week) [55]. Due to gut wall edema, oral iron
preparations, typically containing Fe?, have been
associated with poor absorption, a high incidence
of side effects (affecting up to 40% of patients),
and the necessity for up to six months of intake
to restore iron stores [55].

On the other hand, unlike the IV form, oral iron
absorption is tightly regulated by the effects of
hepcidin; thereby, it can rarely lead to iron excess
[54]. Oral iron can improve cardiac function, as
measured by changes in left ventricular ejection
fraction, among HF patients with iron deficiency,
according to a recent meta-analysis of four RCTs
(n = 582 patients); exercise capacity did not sig-
nificantly increase [56]. Oral iron supplementa-
tion is more practical than IV ferric carboxymalt-
ose due to higher availability and cheaper costs,
making the former option worthy of greater inves-
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tigation [24]. This points to the need for further
research comparing the effects of IV and oral iron
on HF-related outcomes.

Notably, the European Cardiology Society heart
failure guidelines (2023 update; Recommendation
Table 5) indicate that IV should be used to reduce
the risk of hospitalization and increase quality of
life in patients with iron deficiency and symptom-
atic heart failure with at least mild reduction of
ejection fraction [57]. It is supposed that further
extension of this recommendation might follow
to include patients with preserved ejection frac-
tion or additional comments on symptoms or the
optimal way of diagnosing iron deficiency.

Strengths and limitations

This systematic review and meta-analysis repre-
sent the most updated study assessing the safe-
ty and efficacy profile of IV ferric carboxymalt-
ose among heart failure patients. Similar work
was previously conducted by Zhou et al. in 2019
[32] and Osman et al. in 2021 [31]. However, sig-
nificant studies have been published since then,
such as IRONMAN, HEART-FID, and AFFIRM-AHF,
phase 3 RCTs. More recently, Reinhold et al. in
2023 [30], explored the effects of IV iron replace-
ment therapy on cardiovascular outcomes in HF
patients. Notably, their focus was solely on effi-
cacy outcomes, lacking examination of safety-re-
lated outcomes, which are highly interesting. Our
study incorporated updated data from 14 RCTs,
involving 6,626 patients, some of which were
large-scale, multicenter, double-blind studies.
Concerning the limitations, firstly, not all
included studies maintained optimal method-
ological quality, with some being open-label or
single-blind and/or having few participants. Sec-
ondly, due to incomplete information, we did not
assess the impact of iron supplementation on
cardiac function-related outcomes such as left
ventricular ejection fraction, HF symptoms (e.g.,
dyspnea), quality of life, and cardiorespiratory per-
formance. Thirdly, the included studies did not
achieve the long-term follow-up needed to iden-
tify IV iron-based therapy's benefits fully. Fourthly,
comparing the effects of differentiron-based treat-
ments (e.g., infused doses and used molecules)
was impossible. Regarding iron preparation, most
of the included studies covered only ferric car-
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boxymaltose and ferric derisomaltose, both show-
ing good efficacy and a comparable safety pro-
file. However, there is a need for additional stud-
ies exploring the outcomes of other iron-based
supplementations, including iron isomaltoside,
iron sucrose, and sodium ferric gluconate com-
plex, as the number of patients who received these
treatments in the included studies was very small,
hence insufficient to indicate any differences.

Conclusions

IV iron infusion is an effective option to reduce
hospitalization episodes and cardiovascular mor-
tality among HF patients. Additionally, it is a safe
and well-tolerable treatment that can be given
to this group of patients as an adjuvant therapy
to traditional medications. Nevertheless, further
studies are still required to confirm the clinical
advantages of iron-based supplementations in
the context of HF.
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Figure S1. Subgroup analysis according to chronic or acute heart failure for cardiovascular mortality.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.1.1 Chronic heart failure
Anker et al (FAIR-HF) 4 305 4 154 1.0% 0.50[0.13, 1.99] - 1
Karla et al IRONMAN) 119 569 138 568 27.0% 0.86 [0.69, 1.07] 1[
Martens et al (IRON-CRT) 0 37 2 38 0.5% 0.21[0.01, 4.14]
Mentz et al (HEART-FID) 251 1532 275 1533 53.8% 0.91[0.78, 1.07]
Ponikowski et al 2015 11 150 12 151 2.3% 0.92[0.42, 2.03]
Subtotal (95% CI) 2593 2444 84.6% 0.89 [0.78, 1.01]
Total events 385 431

Heterogeneity: Chi = 1.78, df =4 (P = 0.78); I? = 0%
Test for overall effect: Z = 1.88 (P = 0.06)

3.1.2 Acute heart failure

Ponikowski et al 2021 77 558 78 550 15.4% 0.97 [0.73, 1.30] -
Subtotal (95% CI) 558 550 15.4% 0.97 [0.73, 1.30] <
Total events 77 78
Heterogeneity: Not applicable
Test for overall effect: Z=0.18 (P = 0.85)
Total (95% CI) 3151 2994 100.0% 0.90 [0.80, 1.01] ¢
Total events 462 509
Rz = _ _ 2= 0o | ) ; )
Heterogeneity: Chi? = 2.09, df =5 (P = 0.84); I? = 0% '0.01 0f1 1 1'0 100'

Test for overall effect: Z = 1.79 (P = 0.07)

Favours [iron] Favours [control
Test for subaroup differences: Chi? = 0.32. df =1 (P = 0.57). I>= 0% e i 1

Figure S2. Subgroup analysis according to chronic or acute heart failure for all-cause mortality.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.2.1 Chronic heart failure
Anker et al (FAIR-HF) 5 305 4 154 1.4% 0.63[0.17, 2.32] —
Karla et al IRONMAN) 184 569 193 568 50.9% 0.95[0.81, 1.12] *
Martens et al (IRON-CRT) 0 37 3 38 0.9% 0.15[0.01, 2.74] * '|
Mentz et al (HEART-FID) 131 1532 158 1533 41.6% 0.83[0.67, 1.03]
Okonko et al 1 24 0 11 0.2% 1.44 [0.06, 32.80]
Ponikowski et al 2015 12 151 14 151 3.7% 0.86 [0.41, 1.79] /T
Veldhuisen et al 0 88 4 86 1.2% 0.11[0.01, 1.99] *
Subtotal (95% CI) 2706 2541  99.9% 0.88 [0.77, 1.00] ¢
Total events 333 376

Heterogeneity: Chiz = 4.95, df =6 (P = 0.55); I = 0%
Test for overall effect: Z = 1.99 (P = 0.05)

3.2.2 Acute heart failure

Marcusohn et al 3 18 0 16  0.1% 6.26 [0.35, 112.70] >
Subtotal (95% CI) 18 16 0.1% 6.26 [0.35, 112.70] e —
Total events 3 0

Heterogeneity: Not applicable
Test for overall effect: Z = 1.24 (P =0.21)

Total (95% Cl) 2724 2557 100.0% 0.88 [0.78, 1.01] 4
Total events 336 376

ity i2 = = = - 12 =09 I t } 1
Heterogeneity: Chi .6.6_5, df =7 (_P 0.47); 7= 0% 0.01 01 1 10 100
Test for overall effect: Z = 1.86 (P = 0.06) Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 1.78, df =1 (P = 0.18), I? = 43.7%
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Figure S3. Subgroup analysis according to chronic or acute heart failure for Hospital admission for heart failure (first event).

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.3.1 Chronic heart failure
Anker et al (FAIR-HF) 7 305 9 154 2.6% 0.39[0.15, 1.03]
Karla et al IRONMAN) 198 569 231 568 50.7% 0.86 [0.74, 0.99] |
Martens et al (IRON-CRT) 4 37 1 38 0.2% 4.11[0.48, 35.06] I
Mentz et al (HEART-FID) 351 1532 353 1533 0.0% 0.99[0.87, 1.13]
Subtotal (95% Cl) 911 760 53.6% 0.85[0.73, 0.98] ¢
Total events 209 241

Heterogeneity: Chi? = 4.52, df = 2 (P = 0.10); I* = 56%
Test for overall effect: Z = 2.22 (P = 0.03)

3.3.2 Acute heart failure

Marcusohn et al 3 18 1 16 0.2% 2.67 [0.31, 23.14] —
Ponikowski et al 2021 181 558 209 550 46.2% 0.85[0.73, 1.00] a
Subtotal (95% ClI) 576 566 46.4% 0.86 [0.74, 1.01]

Total events 184 210

Heterogeneity: Chiz = 1.06, df = 1 (P = 0.30); I> = 6%
Test for overall effect: Z = 1.81 (P = 0.07)

Total (95% CI) 1487 1326 100.0% 0.85[0.77, 0.95] ]
Total events 393 451
Heterogeneity: Chi? = 5.60, df = 4 (P = 0.23); I? = 29%

Test for overall effect: Z = 2.85 (P = 0.004)

Test for subaroup differences: Chiz = 0.03, df = 1 (P = 0.86). I* = 0%

)
0.01 0.1 1 10 100
Favours [iron] Favours [control]

Figure S4. Subgroup analysis according to chronic or acute heart failure for Hospital admission for heart failure (total event).

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.4.1 Chronic heart failure
Anker et al (FAIR-HF) 12 305 13 154 2.0% 0.47 [0.22, 1.00]
Karla et al IRONMAN) 163 527 218 536 24.5% 0.76 [0.65, 0.90] -
Martens et al (IRON-CRT) 1 38 4 37 0.5% 0.24 [0.03, 2.08] —
Mentz et al (HEART-FID) 297 1532 332 1533 37.6% 0.90[0.78, 1.03] »
Ponikowski et al 2015 10 150 32 151 0.0% 0.31[0.16, 0.62]
Veldhuisen et al 13 88 13 86 1.5% 0.98 [0.48, 1.99] .
Subtotal (95% ClI) 2490 2346 66.1% 0.83 [0.75, 0.92] ¢+
Total events 486 580

Heterogeneity: Chi? = 5.90, df =4 (P = 0.21); 1= 32%
Test for overall effect: Z = 3.51 (P = 0.0004)

3.4.2 Acute heart failure

Marcusohn et al 4 18 3 16 0.4% 1.19[0.31, 4.51] - 1
Ponikowski et al 2021 217 558 294 550 33.6% 0.73 [0.64, 0.83] =
Subtotal (95% ClI) 576 566 33.9% 0.73 [0.64, 0.83] ¢

Total events 221 297

Heterogeneity: Chiz = 0.51, df = 1 (P = 0.48); I>=0%
Test for overall effect: Z = 4.72 (P < 0.00001)

Total (95% CI) 3066 2912 100.0% 0.80 [0.73, 0.86] '
Total events 707 877
ity i2 = = = 12 = 0, } } 1
:_iet;e;ogeneltyl.l Cff;l . 36_15d;4 '(:3’(<P0 0(())383 12=30% -0-01 0:1 1 110 1001
estioroverall e<‘: 1 Z=5.44 ( o ) Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 2.17, df =1 (P = 0.14), I = 53.9%
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Figure S5. Subgroup analysis according to chronic or acute heart failure for cardiovascular death and hospital admission for heart
failure (number of events) rater per 100 patient-year.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.5.1 Chronic heart failure
Anker et al (FAIR-HF) 20 304 16 155 2.6% 0.64 [0.34, 1.19] — "
Karla et al IRONMAN) 336 569 411 568 51.0% 0.82[0.75, 0.89] |
Mentz et al (HEART-FID) 16 1532 0 1533 0.0% 33.02[1.98, 549.91]
Subtotal (95% CI) 873 723 53.6% 0.81[0.74, 0.88] [)
Total events 356 427

Heterogeneity: Chi?2 = 0.61, df =1 (P = 0.44); 1> = 0%
Test for overall effect: Z = 4.88 (P < 0.00001)

3.5.2 Acute heart failure

Ponikowski et al 2021 293 558 372 550 46.4% 0.78 [0.70, 0.86] u
Subtotal (95% CI) 558 550 46.4% 0.78 [0.70, 0.86] [}
Total events 293 372

Heterogeneity: Not applicable
Test for overall effect: Z = 5.07 (P < 0.00001)

Total (95% CI) 1431 1273 100.0% 0.79 [0.74, 0.85] )
Total events 649 799

L Rz = _ _ 2= 0o | I ; )
g W
est for overall effect: Z=7.03 ( ) ) Favours [iron] Favours [control]

Test for subaroup differences: Chi? = 0.35, df = 1 (P = 0.56), I> = 0%

Figure S6. Subgroup analysis according to chronic or acute heart failure for hospital admission for heart failure (number of events)
rater per 100 patient-year.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.6.1 Chronic heart failure
Anker et al (FAIR-HF) 11 304 10 155 21% 0.56 [0.24, 1.29] =
Karla et al IRONMAN) 250 569 313 568 50.3% 0.80[0.71, 0.90] |
Ponikowski et al 2015 10 150 25 151 0.0% 0.40[0.20, 0.81]
Subtotal (95% Cl) 873 723 52.4% 0.79 [0.70, 0.89] )
Total events 261 323

Heterogeneity: Chi> = 0.68, df =1 (P = 0.41); I?=0%
Test for overall effect: Z = 3.96 (P < 0.0001)

3.6.2 Acute heart failure

Ponikowski et al 2021 217 558 294 550 47.6% 0.73[0.64, 0.83] |
Subtotal (95% CI) 558 550 47.6% 0.73 [0.64, 0.83] )
Total events 217 294

Heterogeneity: Not applicable
Test for overall effect: Z = 4.80 (P < 0.00001)

Total (95% CI) 1431 1273 100.0% 0.76 [0.70, 0.83] ()
Total events 478 617

Hye Chi2 = - = L12=09 } } 1 |
Heterogeneity: Chiz = 1.57, df = 2 (P = 0.46); 1> = 0% 0.01 01 1 10 100
Test for overall effect: Z =6.18 (P < 0.00001) Favours [iron] Favours [control]

Test for subaroup differences: Chi? = 0.79, df = 1 (P = 0.38), 12 = 0%

360 Journal of Medical Science 2024 December;93(4)




Figure S7. Subgroup analysis according to the iron preparation for cardiovascular mortality.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 4 305 4 154 1.0% 0.50[0.13, 1.99] - 1
Martens et al (IRON-CRT) 0 37 2 38 0.5% 0.21[0.01, 4.14]
Mentz et al (HEART-FID) 251 1532 275 1533 53.8% 0.91[0.78, 1.07] |
Ponikowski et al 2015 11 150 12 151 2.3% 0.92[0.42, 2.03] .
Ponikowski et al 2021 77 558 78 550 15.4% 0.97 [0.73, 1.30] .
Subtotal (95% CI) 2582 2426 73.0% 0.92 [0.80, 1.05] 4
Total events 343 371

Heterogeneity: Chi? = 1.84, df = 4 (P = 0.76); 12 = 0%
Test for overall effect: Z = 1.28 (P = 0.20)

2.1.2 Ferric derisomaltose

Karla et al IRONMAN) 119 569 138 568 27.0% 0.86 [0.69, 1.07] j
Subtotal (95% CI) 569 568 27.0% 0.86 [0.69, 1.07]
Total events 119 138

Heterogeneity: Not applicable
Test for overall effect: Z = 1.36 (P = 0.17)

Total (95% CI) 3151 2994 100.0% 0.90 [0.80, 1.01] ¢

Total events 462 509
i Chiz = = - - 12 =09 t }
?ettterfogeneltyl.I Cfl’;l ) 220_91 d?f9 g(_P0 0()7.84), 2=0% b.01 0:1 1'0 100'
estioroverall efiect: 2 =1. ( =0 ) Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 0.23. df =1 (P = 0.63). I = 0%

Figure S8. Subgroup analysis according to the iron preparation for all cause mortality.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 4 305 4 154 1.0% 0.50[0.13, 1.99] - 1
Martens et al (IRON-CRT) 0 37 2 38 0.5% 0.21[0.01, 4.14]
Mentz et al (HEART-FID) 251 1532 275 1533 53.8% 0.91[0.78, 1.07] [ |
Ponikowski et al 2015 11 150 12 151 2.3% 0.92[0.42, 2.03] T
Ponikowski et al 2021 77 558 78 550 15.4% 0.97 [0.73, 1.30] -
Subtotal (95% CI) 2582 2426 73.0% 0.92 [0.80, 1.05] ¢
Total events 343 371

Heterogeneity: Chiz = 1.84, df =4 (P = 0.76); I? = 0%
Test for overall effect: Z = 1.28 (P = 0.20)

2.1.2 Ferric derisomaltose

Karla et al IRONMAN) 119 569 138 568 27.0% 0.86 [0.69, 1.07] j
Subtotal (95% CI) 569 568 27.0% 0.86 [0.69, 1.07]
Total events 119 138

Heterogeneity: Not applicable
Test for overall effect: Z = 1.36 (P = 0.17)

Total (95% CI) 3151 2994 100.0% 0.90 [0.80, 1.01] ¢

Total events 462 509
[T 2 = = = - 12 = QY t }
?euterfogeneltyl.I Cf|';| ) 220_91 d?f9 g(_P0 007.84), 2=0% b.01 0:1 1'0 100'
est for overall effect: Z = 1.79 (P = 0.07) Favours [iron] Favours [control]
Test for subaroup differences: Chiz = 0.23, df = 1 (P = 0.63), I? = 0%
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Figure S9. Subgroup analysis according to the iron preparation for hospital admission for heart failure (first event).

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.3.2 Ferric carboxymaltose
Anker et al (FAIR-HF) 7 305 9 154 26% 0.39[0.15, 1.03]
Martens et al (IRON-CRT) 4 37 1 38 0.2%  4.11[0.48, 35.06] ]
Mentz et al (HEART-FID) 351 1532 353 1533  0.0% 0.99[0.87, 1.13]
Ponikowski et al 2021 181 558 209 550 46.2% 0.85[0.73, 1.00] |
Subtotal (95% Cl) 900 742 49.0% 0.84[0.72, 0.99] ¢
Total events 192 219
Heterogeneity: Chi? = 4.51, df =2 (P = 0.10); I* = 56%
Test for overall effect: Z=2.12 (P = 0.03)
2.3.3 Ferric derisomaltose
Karla et al IRONMAN) 198 569 231 568 50.7% 0.86 [0.74, 0.99] |
Subtotal (95% CI) 569 568 50.7% 0.86 [0.74, 0.99] ¢
Total events 198 231
Heterogeneity: Not applicable
Test for overall effect: Z = 2.04 (P = 0.04)
2.3.4 Sodium ferric gluconate complex
Marcusohn et al 3 18 1 16  0.2%  2.67[0.31,23.14] -
Subtotal (95% Cl) 18 16 0.2% 2.67[0.31, 23.14] e
Total events 3 1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.89 (P = 0.37)
Total (95% CI) 1487 1326 100.0% 0.85[0.77, 0.95] ¢
Total events 393 451
T 2 = = - <12 = 299 | I } |
e e s s o R R T
Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 1.09, df = 2 (P = 0.58). I = 0%
Figure S10. Subgroup analysis according to the iron preparation for hospital admission for heart failure (total event).
Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.4.2 Ferric carboxymaltose
Anker et al (FAIR-HF) 12 305 13 154  2.0% 0.47 [0.22, 1.00] ]
Martens et al (IRON-CRT) 1 38 4 37 05% 0.24 [0.03, 2.08] —
Mentz et al (HEART-FID) 297 1532 332 1533 37.6% 0.90[0.78, 1.03] |
Ponikowski et al 2015 10 150 32 151 0.0% 0.31[0.16, 0.62]
Ponikowski et al 2021 217 558 294 550 33.6% 0.73[0.64, 0.83] L
Veldhuisen et al 13 88 13 86 1.5% 0.98 [0.48, 1.99] -1
Subtotal (95% Cl) 2521 2360 75.1% 0.81[0.73, 0.89]
Total events 540 656
Heterogeneity: Chi? = 8.04, df = 4 (P = 0.09); 12 = 50%
Test for overall effect: Z = 4.44 (P < 0.00001)
2.4.3 Ferric derisomaltose
Karla et al IRONMAN) 163 527 218 536 24.5% 0.76 [0.65, 0.90] b
Subtotal (95% CI) 527 536 24.5% 0.76 [0.65, 0.90] ¢
Total events 163 218
Heterogeneity: Not applicable
Test for overall effect: Z = 3.28 (P = 0.001)
2.4.6 Sodium ferric gluconate complex
Marcusohn et al 4 18 3 16  0.4% 1.19[0.31, 4.51] — 1
Subtotal (95% CI) 18 16  0.4%  1.19[0.31,4.51] —~al—
Total events 4 3
Heterogeneity: Not applicable
Test for overall effect: Z = 0.25 (P = 0.80)
Total (95% CI) 3066 2912 100.0% 0.80 [0.73, 0.86] '
Total events 707 877
Heterogeneity: Chiz = 8.61, df = 6 (P = 0.20); I2 = 30% 0 o1 0? ] } 150 p oo:

Test for overall effect: Z = 5.44 (P < 0.00001)

Test for subaroup differences: Chiz = 0.72, df =2 (P = 0.70). I? = 0%
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Figure S11. Subgroup analysis according to the iron preparation for cardiovascular death and hospital admission for heart failure
(number of events) rater per 100 patient year.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.5.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 20 304 16 155  2.6% 0.64 [0.34, 1.19] "
Mentz et al (HEART-FID) 16 1532 0 1533  0.0% 33.02[1.98, 549.91]
Ponikowski et al 2021 293 558 372 550 46.4% 0.78 [0.70, 0.86] |
Subtotal (95% CI) 862 705 49.0% 0.77 [0.70, 0.85] )
Total events 313 388

Heterogeneity: Chi? = 0.38, df =1 (P = 0.54); I? = 0%
Test for overall effect: Z = 5.26 (P < 0.00001)

2.5.2 Ferric derisomaltose

Karla et al IRONMAN) 336 569 411 568 51.0% 0.82[0.75, 0.89] |
Subtotal (95% CI) 569 568 51.0% 0.82[0.75, 0.89] [
Total events 336 411
Heterogeneity: Not applicable
Test for overall effect: Z = 4.67 (P < 0.00001)
Total (95% CI) 1431 1273 100.0% 0.79 [0.74, 0.85] }
Total events 649 799
ity i2 = = = - 12 = 0Y k t 1 {
Heterogeneity: Chi .1.0_8, df =2 (P =0.58); I?=0% 0.01 01 1 10 100
Test for overall effect: Z = 7.03 (P < 0.00001) Favours firon] Favours [control]

Test for subaroup differences: Chi? = 0.81, df =1 (P = 0.37), I? = 0%

Figure S12. Subgroup analysis according to the iron preparation for hospital admission for heart failure (number of events) rater per
100 patient year.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.6.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 11 304 10 155 2.1% 0.56 [0.24, 1.29] =T
Ponikowski et al 2015 10 150 25 151 0.0% 0.40[0.20, 0.81]
Ponikowski et al 2021 217 558 294 550 47.6% 0.73 [0.64, 0.83] u
Subtotal (95% CI) 862 705 49.7% 0.72 [0.63, 0.82] ¢
Total events 228 304

Heterogeneity: Chi> = 0.37, df =1 (P = 0.54); I? = 0%
Test for overall effect: Z = 4.98 (P < 0.00001)

2.6.2 Ferric derisomaltose

Karla et al IRONMAN) 250 569 313 568 50.3% 0.80[0.71, 0.90] [ |

Subtotal (95% Cl) 569 568 50.3% 0.80 [0.71, 0.90] )

Total events 250 313

Heterogeneity: Not applicable

Test for overall effect: Z = 3.74 (P = 0.0002)

Total (95% CI) 1431 1273 100.0%  0.76 [0.70, 0.83] (]

Total events 478 617

Heterogeneity: Chi? = 1.57, df = 2 (P = 0.46); I2= 0% f f f |
Test for overall effect: Z = 6.18 (P < 0.00001) 0.01 Fg.\jours firon] 1 Favours [(:100r1trol] 100

Test for subaroup differences: Chi2 = 1.29, df = 1 (P = 0.26), 1> = 22.3%
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Figure S13. Subgroup analysis according to chronic or acute heart failure for cardiac disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.7.1 Chronic heart failure
Anker et al (FAIR-HF) 12 305 23 154 0.0% 0.26 [0.13, 0.52]
Karla et al IRONMAN) 200 569 243 568 34.5% 0.82[0.71, 0.95] L
Martens et al (IRON-CRT) 1 37 0 38 0.1% 3.08 [0.13, 73.25]
Okonko et al 1 24 2 11 0.4% 0.23[0.02, 2.27]
Ponikowski et al 2015 0 152 1 152 0.2% 0.33[0.01, 8.12]
Subtotal (95% Cl) 782 769 35.2% 0.82[0.71, 0.94] ¢
Total events 202 246

Heterogeneity: Chi? = 2.16, df = 3 (P = 0.54); 12 = 0%
Test for overall effect: Z =2.72 (P = 0.007)

3.7.2 Acute heart failure

Ponikowski et al 2021 391 558 453 550 64.8% 0.85[0.80, 0.91] [ |
Yeo et al 0 24 0 25 Not estimable

Subtotal (95% CI) 582 575 64.8% 0.85[0.80, 0.91] ]
Total events 391 453

Heterogeneity: Not applicable
Test for overall effect: Z = 4.76 (P < 0.00001)

Total (95% CI) 1364 1344 100.0% 0.84 [0.78, 0.90] {
Total events 593 699

ity: Chiz = = = -2 = 09 I } } {
Heterogeneity: Chi? = 2.45, df =4 (P = 0.65); I> = 0% 0.01 01 1 10 100
Test for overall effect: Z =5.16 (P < 0.00001) Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 0.25, df = 1 (P = 0.62). I* = 0%

Figure S14. Subgroup analysis according to chronic or acute heart failure for any serious adverse event.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.15.1 Chronic heart failure
Charles-Edwards et al (FERRIC-HF 1) 1 21 0 19 0.1%  2.73[0.12,63.19]
Karla et al IRONMAN) 410 569 435 568 56.2% 0.94[0.88, 1.01] |
Martens et al (IRON-CRT) 0 37 0 38 Not estimable
Mentz et al (HEART-FID) 581 1532 537 1533  0.0% 1.08[0.99, 1.19]
Okonko et al 3 24 1 1 0.2% 1.38[0.16, 11.78]
Ponikowski et al 2015 43 152 53 152 6.8% 0.81[0.58, 1.13] T
Subtotal (95% CI) 803 788 63.3% 0.93 [0.87, 1.00] U
Total events 457 489
Heterogeneity: Chi? = 1.33, df =3 (P =0.72); I? = 0%
Test for overall effect: Z = 2.02 (P = 0.04)
3.15.2 Acute heart failure
Ponikowski et al 2021 250 558 282 550 36.7% 0.87[0.77, 0.99]
Yeo et al 0 24 0 25 Not estimable ]
Subtotal (95% CI) 582 575 36.7% 0.87 [0.77, 0.99]
Total events 250 282

Heterogeneity: Not applicable
Test for overall effect: Z=2.15 (P = 0.03)

Total (95% CI) 1385 1363 100.0% 0.91 [0.85, 0.97] \
Total events 707 771

ity: Chi2 = = = -2 =09 k t } U
Heterogeneity: Chi -2.4_2, df=4 (_P 0.66); 1> = 0% 0.01 01 1 10 100
Test for overall effect: Z = 2.95 (P = 0.003) Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 0.74. df = 1 (P = 0.39). I? = 0%
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Figure S15. Subgroup analysis according to chronic or acute heart failure for respiratory, thoracic, or mediastinum disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.12.1 Chronic heart failure
Anker et al (FAIR-HF) 0 305 3 154 40.6% 0.07 [0.00, 1.39] * L
Charles-Edwards et al (FERRIC-HF II) 0 21 1 19 13.7% 0.30[0.01, 7.02] -
Karla et al IRONMAN) 55 569 64 568 0.0% 0.86 [0.61, 1.21]
Okonko et al 0 24 3 11 41.4% 0.07 [0.00, 1.22] * L)
Subtotal (95% Cl) 350 184 95.7% 0.10 [0.02, 0.54] ——
Total events 0 7

Heterogeneity: Chiz = 0.58, df =2 (P = 0.75); I = 0%
Test for overall effect: Z = 2.69 (P = 0.007)

3.12.2 Acute heart failure

Yeo et al 1 24 0 25 4.3%  3.12[0.13,73.04]
Subtotal (95% CI) 24 25  4.3% 3.12[0.13,73.04] e —
Total events 1 0
Heterogeneity: Not applicable

Test for overall effect: Z=0.71 (P = 0.48)

Total (95% CI) 374 209 100.0% 0.23 [0.07, 0.75] -
Total events 1 7

ity i2 = = = S22 = 0 I t t d
Heterogeneity: Chi -349_2, df=3 (_P 0.27); 12 =23% 0.01 01 1 10 100
Test for overall effect: Z = 2.45 (P = 0.01) Favours [iron] Favours [control]

Test for subaroup differences: Chi? = 3.51, df = 1 (P = 0.06). I = 71.5%

Figure S16. Subgroup analysis according to chronic or acute heart failure for gastrointestinal tract disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.8.1 Chronic heart failure
Anker et al (FAIR-HF) 2 305 2 154 3.9% 0.50 [0.07, 3.55] - 1
Karla et al IRONMAN) 56 569 64 568 93.0% 0.87 [0.62, 1.23] .
Martens et al (IRON-CRT) 3 37 1 38 1.4% 3.08 [0.34, 28.30]
Okonko et al 2 24 0 11 1.0% 2.40[0.12, 46.19]
Ponikowski et al 2015 2 152 0 152 0.7% 5.00 [0.24, 103.29] >
Subtotal (95% CI) 1087 923 100.0% 0.94 [0.68, 1.29] <&
Total events 65 67

Heterogeneity: Chi? = 3.22, df = 4 (P = 0.52); 12 = 0%
Test for overall effect: Z = 0.40 (P = 0.69)

3.8.2 Acute heart failure

Yeo et al 0 24 0 25 Not estimable
Subtotal (95% CI) 24 25 Not estimable
Total events 0 0

Heterogeneity: Not applicable
Test for overall effect: Not applicable

Total (95% CI) 1111 948 100.0% 0.94 [0.68, 1.29] ‘
Total events 65 67
ity: Chiz = =4(P= 2= 09 t } : |
?etfrfogeneltyl.I Cf:l . 1;2_20?:0 4;(_P0 6(;.52), 2=0% 0.01 01 1 10 100
est for overall effect: Z = 0.40 (P = 0.69) Favours [iron] Favours [control]

Test for subaroup differences: Not applicable
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Figure S17. Subgroup analysis according to chronic or acute heart failure for nerves system disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.11.1 Chronic heart failure
Anker et al (FAIR-HF) 3 305 3 154 7.7% 0.50[0.10, 2.47] —
Karla et al IRONMAN) 54 569 45 568 87.1% 1.20[0.82, 1.75] .‘
Martens et al (IRON-CRT) 0 37 0 38 Not estimable
Okonko et al 1 24 0 11 1.3% 1.44 [0.06, 32.80]
Ponikowski et al 2015 2 152 1 1562 1.9% 2.00[0.18, 21.82]
Subtotal (95% CI) 1087 923 98.1% 1.16 [0.81, 1.66] <&
Total events 60 49

Heterogeneity: Chi? = 1.30, df =3 (P = 0.73); I? = 0%
Test for overall effect: Z = 0.82 (P = 0.41)

3.11.2 Acute heart failure

Yeo et al 1 24 1 25 19%  1.04[0.07, 15.73]
Subtotal (95% Cl) 24 25  1.9% 1.04[0.07, 15.73] ——e R —
Total events 1 1

Heterogeneity: Not applicable
Test for overall effect: Z = 0.03 (P = 0.98)

Total events 61 50

Heterogeneity: Chi? = 1.30, df =4 (P = 0.86); I> = 0% f
Test for overall effect: Z=0.82 (P = 0.41)

Test for subaroup differences: Chiz = 0.01, df = 1 (P = 0.94). I = 0%

Total (95% CI) 1111 948 100.0%  1.16 [0.81, 1.66] T

} i
0.01 0.1 1 10 100
Favours [iron] Favours [control]

Figure S18. Subgroup analysis according to chronic or acute heart failure for vascular disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.13.1 Chronic heart failure
Anker et al (FAIR-HF) 3 305 1 154 3.0% 1.51[0.16, 14.44]
Karla et al IRONMAN) 34 569 42 568 94.8% 0.81[0.52, 1.25] ‘-'
Ponikowski et al 2015 1 152 1 152 2.3% 1.00 [0.06, 15.84]
Subtotal (95% Cl) 1026 874 100.0% 0.83 [0.55, 1.27] ‘
Total events 38 44

Heterogeneity: Chi? = 0.31, df =2 (P = 0.86); I> = 0%
Test for overall effect: Z = 0.84 (P = 0.40)

3.13.2 Acute heart failure

Yeo et al 0 24 0 25 Not estimable
Subtotal (95% CI) 24 25 Not estimable
Total events 0 0

Heterogeneity: Not applicable
Test for overall effect: Not applicable

Total (95% Cl) 1050 899 100.0% 0.83 [0.55, 1.27] L 2
Total events 38 44

ity i2 = = = - 12 = 09 I } 1 1
Heterogeneity: Chi .0.31, df =2 (P =0.86); 1= 0% 001 01 1 10 100
Test for overall effect: Z = 0.84 (P = 0.40) Favours [iron] Favours [control]
Test for subaroup differences: Not applicable
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Figure S19. Subgroup analysis according to the iron preparation for cardiac disorder

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.7.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 12 305 23 154 0.0% 0.26 [0.13, 0.52]
Martens et al (IRON-CRT) 1 37 0 38 0.1% 3.08 [0.13, 73.25]
Ponikowski et al 2015 0 152 1 152 0.2% 0.33[0.01, 8.12]
Ponikowski et al 2021 391 558 453 550 64.8% 0.85[0.80, 0.91] [ |
Yeo et al 0 24 0 25 Not estimable
Subtotal (95% CI) 771 765 65.1% 0.85[0.80, 0.91] ]
Total events 392 454

Heterogeneity: Chi? = 0.96, df = 2 (P = 0.62); 1> = 0%
Test for overall effect: Z = 4.71 (P < 0.00001)

2.7.2 Ferric derisomaltose

Karla et al IRONMAN) 200 569 243 568 34.5% 0.82[0.71, 0.95] L

Subtotal (95% CI) 569 568 34.5% 0.82[0.71, 0.95] ¢

Total events 200 243

Heterogeneity: Not applicable

Test for overall effect: Z = 2.63 (P = 0.009)

2.7.3 Iron sucrose

Okonko et al 1 24 2 11 0.4% 0.23[0.02, 2.27]

Subtotal (95% CI) 24 1 0.4% 0.23 [0.02, 2.27] e

Total events 1 2

Heterogeneity: Not applicable

Test for overall effect: Z = 1.26 (P = 0.21)

Total (95% CI) 1364 1344 100.0% 0.84 [0.78, 0.90] {

Total events 593 699 . . . .
Heterogeneity: Chi? = 2.45, df = 4 (P = 0.65); I = 0% '0.01 Of1 1 1'0 100'

Test for overall effect: Z = 5.16 (P < 0.00001)

Favours [iron] Favours [control
Test for subaroup differences: Chi2 = 1.44, df = 2 (P = 0.49), I? = 0% firon] e I

Figure S20. Subgroup analysis according to the iron preparation for any serious adverse effect.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.15.1 Ferric carboxymaltose
Martens et al (IRON-CRT) 0 37 0 38 Not estimable
Mentz et al (HEART-FID) 581 1532 537 1533 0.0% 1.08 [0.99, 1.19]
Ponikowski et al 2015 43 152 53 152 6.8% 0.81[0.58, 1.13] ==
Ponikowski et al 2021 250 558 282 550 36.7% 0.87[0.77, 0.99] L]
Yeo et al 0 24 0 25 Not estimable
Subtotal (95% Cl) 771 765 43.5% 0.86 [0.77, 0.97] ()
Total events 293 335
Heterogeneity: Chi? = 0.17, df = 1 (P = 0.68); I = 0%
Test for overall effect: Z = 2.47 (P = 0.01)
2.15.2 Ferric derisomaltose
Karla et al IRONMAN) 410 569 435 568 56.2% 0.94[0.88, 1.01] | |
Subtotal (95% Cl) 569 568 56.2% 0.94 [0.88, 1.01] [
Total events 410 435
Heterogeneity: Not applicable
Test for overall effect: Z = 1.75 (P = 0.08)
2.15.3 Iron isomaltoside
Charles-Edwards et al (FERRIC-HF 1) 1 21 0 19 0.1%  2.73[0.12,63.19]
Subtotal (95% Cl) 21 19  01% 2.73[0.12,63.19] e —
Total events 1 0
Heterogeneity: Not applicable
Test for overall effect: Z = 0.63 (P = 0.53)
2.15.4 Iron sucrose
Okonko et al 3 24 1 11 0.2% 1.38[0.16, 11.78] = -
Subtotal (95% Cl) 24 1 0.2% 1.38[0.16, 11.78] e
Total events 3 1
Heterogeneity: Not applicable
Test for overall effect: Z=0.29 (P = 0.77)
Total (95% CI) 1385 1363 100.0% 0.91 [0.85, 0.97] [
Total events 707 771
Heterogeneity: Chiz = 2.42, df = 4 (P = 0.66); > = 0% :0.01 Oi1 1 1=0 100=

Test for overall effect: Z = 2.95 (P = 0.003)

Favours [iron] Favours [control
Test for subaroup differences: Chi? = 2.13, df = 3 (P = 0.55). I = 0% firon] e 1
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Figure S21. Subgroup analysis according to the iron preparation for any gastrointestinal tract disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.8.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 2 305 2 154 3.9% 0.50 [0.07, 3.55] —
Martens et al (IRON-CRT) 3 37 1 38 1.4% 3.08 [0.34, 28.30]
Ponikowski et al 2015 2 152 0 152 0.7% 5.00[0.24, 103.29] >
Yeo et al 0 24 0 25 Not estimable
Subtotal (95% Cl) 518 369 6.0% 1.66 [0.51, 5.41] -l
Total events 7 3
Heterogeneity: Chi =2.24, df =2 (P = 0.33); I’ = 11%
Test for overall effect: Z = 0.84 (P = 0.40)
2.8.2 Ferric derisomaltose
Karla et al (IRONMAN) 56 569 64 568 93.0% 0.87 [0.62, 1.23] !
Subtotal (95% Cl) 569 568 93.0% 0.87 [0.62, 1.23]
Total events 56 64
Heterogeneity: Not applicable
Test for overall effect: Z=0.78 (P = 0.43)
2.8.3 Iron sucrose
Okonko et al 2 24 0 11 1.0% 2.40[0.12, 46.19]
Subtotal (95% ClI) 24 11 1.0% 2.40[0.12, 46.19] ——ee—
Total events 2 0
Heterogeneity: Not applicable
Test for overall effect: Z = 0.58 (P = 0.56)
Total (95% CI) 1111 948 100.0% 0.94 [0.68, 1.29] <
Total events 65 67
Heterogeneity: Chi? = 3.22, df =4 (P = 0.52); I? = 0% '0.01 0f1 1 1'0 100'

Test for overall effect: Z = 0.40 (P = 0.69)

Favours [iron] Favours [control
Test for subaroup differences: Chi? = 1.45. df =2 (P = 0.48). I>= 0% firon] : 1

Figure S22. Subgroup analysis according to the iron preparation for injection site condition

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.9.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 4 305 1 154 2.5% 2.02[0.23, 17.92] e
Subtotal (95% CI) 305 154 2.5% 2.02[0.23,17.92] ——e
Total events 4 1
Heterogeneity: Not applicable

Test for overall effect: Z=0.63 (P = 0.53)

2.9.2 Ferric derisomaltose

Karla et al IRONMAN) 57 569 52 568 97.5% 1.09[0.77, 1.56] !
Subtotal (95% CI) 569 568 97.5% 1.09 [0.77, 1.56]

Total events 57 52
Heterogeneity: Not applicable

Test for overall effect: Z=0.49 (P = 0.62)

2.9.3 Iron isomaltoside

Charles-Edwards et al (FERRIC-HF 1) 1 21 0
Subtotal (95% ClI) 21

Total events 1 0
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Not estimable
Not estimable

o o

Total (95% CI) 895 722 100.0% 1.12[0.79, 1.59]
Total events 62 53

ity: Chi2 = = = 2= 0Y k t t t J
Heterogeneity: Chi .0.3_0, df =1 (_P 0.59); 2= 0% 0.01 01 1 10 100
Test for overall effect: Z=0.62 (P = 0.54) Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 0.29, df = 1 (P = 0.59). I = 0%
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Figure S23. Subgroup analysis according to the iron preparation for infection.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.10.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 2 305 0 154 0.4% 2.53[0.12, 52.43]
Subtotal (95% CI) 305 154 0.4% 2.53[0.12, 52.43] e
Total events 2 0

Heterogeneity: Not applicable
Test for overall effect: Z = 0.60 (P = 0.55)

2.10.2 Ferric derisomaltose

Karla et al IRONMAN) 142 569 162 568 99.6% 0.88[0.72, 1.06] ’
Subtotal (95% CI) 569 568 99.6% 0.88 [0.72, 1.06]
Total events 142 162

Heterogeneity: Not applicable
Test for overall effect: Z=1.36 (P = 0.18)

Total (95% CI) 874 722 100.0% 0.88 [0.73, 1.07] ¢
Total events 144 162

ity: i2 = = = - 12 =09 } t } 1
Heterogeneity: Chi .0.47, df =1 (P =0.49); 2= 0% 0.01 01 1 10 100
Test for overall effect: Z =1.28 (P = 0.20) Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 0.47, df =1 (P = 0.49). I = 0%

Figure S24. Subgroup analysis according to the iron preparation for nerves system disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.11.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 3 305 3 154 7.7% 0.50 [0.10, 2.47] _
Martens et al (IRON-CRT) 0 37 0 38 Not estimable
Ponikowski et al 2015 2 152 1 152 1.9% 2.00[0.18, 21.82]
Yeo et al 1 24 1 25 1.9% 1.04 [0.07, 15.73]
Subtotal (95% CI) 518 369 11.5% 0.84 [0.27, 2.64] -
Total events 6 5

Heterogeneity: Chi? = 0.93, df =2 (P = 0.63); I? = 0%
Test for overall effect: Z=0.29 (P = 0.77)

2.11.2 Ferric derisomaltose

Karla et al IRONMAN) 54 569 45 568 87.1% 1.20[0.82, 1.75] !‘
Subtotal (95% Cl) 569 568 87.1% 1.20 [0.82, 1.75]
Total events 54 45

Heterogeneity: Not applicable
Test for overall effect: Z = 0.94 (P = 0.35)

2.11.3 Iron sucrose

Okonko et al 1 24 0 11 13%  1.44[0.06,32.80]
Subtotal (95% Cl) 24 1 1.3% 1.44[0.06, 32.80] e —
Total events 1 0

Heterogeneity: Not applicable
Test for overall effect: Z = 0.23 (P = 0.82)

Total (95% ClI) 1111 948 100.0% 1.16 [0.81, 1.66]
Total events 61 50
iy i2 = = = - 12 = 09 } t
_||-_|et<terfogene|tyl.l Cf|';| . 123—00dgfz Iz:t’(_P0 4(1.86), 2=0% b.01 Of1 1' 1'0 100'
est for overall effect: Z = 0. ( =0. ) Favours [iron] Favours [control]
Test for subaroup differences: Chi? = 0.35. df =2 (P = 0.84). I>= 0%
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Figure S25. Subgroup analysis according to the iron preparation for respiratory, thoracic or mediastinum disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.12.1 Ferric carboxymaltose

Anker et al (FAIR-HF) 0 305 3 154 0.0% 0.07 [0.00, 1.39]
Yeo et al 1 24 0 25  0.7% 3.12[0.13, 73.04]
Subtotal (95% CI) 24 25 0.7% 3.12[0.13, 73.04] ——ee—
Total events 1 0
Heterogeneity: Not applicable

Test for overall effect: Z=0.71 (P = 0.48)

2.12.2 Ferric derisomaltose

Karla et al IRONMAN) 55 569 64 568 90.4% 0.86 [0.61, 1.21] !
Subtotal (95% ClI) 569 568 90.4% 0.86 [0.61, 1.21]

Total events 55 64
Heterogeneity: Not applicable

Test for overall effect: Z = 0.88 (P = 0.38)

2.12.3 Iron isomaltoside

Charles-Edwards et al (FERRIC-HF 1) 0 21 1 19 22% 0.30[0.01, 7.02]
Subtotal (95% CI) 21 19 2.2% 0.30[0.01,7.02] e —
Total events 0 1
Heterogeneity: Not applicable

Test for overall effect: Z=0.74 (P = 0.46)

2.12.4 Iron sucrose

Okonko et al 0 24 3 1 6.7% 0.07 [0.00, 1.22] *
Subtotal (95% CI) 24 11 67%  0.07[0.00,1.22] =—
Total events 0 3
Heterogeneity: Not applicable

Test for overall effect: Z=1.82 (P = 0.07)

Total events 56 68
Heterogeneity: Chi* = 4.01, df = 3 (P = 0.26); I* = 25%

Test for overall effect: Z = 1.27 (P = 0.20)

Test for subaroup differences: Chi? = 3.98. df = 3 (P = 0.26). I = 24.7%

Total (95% Cl) 638 623 100.0%  0.81[0.58,1.12] “

L \
0.01 0.1 1 10 100
Favours [iron] Favours [control]

Figure S26. Subgroup analysis according to the iron preparation for vascular disorder.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.13.1 Ferric carboxymaltose
Anker et al (FAIR-HF) 3 305 1 154 3.0% 1.51[0.16, 14.44]
Ponikowski et al 2015 1 152 1 152 2.3% 1.00 [0.06, 15.84]
Yeo et al 0 24 0 25 Not estimable
Subtotal (95% CI) 481 331 5.2% 1.29 [0.23, 7.37] —e
Total events 4 2

Heterogeneity: Chi2 = 0.05, df =1 (P = 0.82); 2= 0%
Test for overall effect: Z = 0.29 (P = 0.77)

2.13.2 Ferric derisomaltose

Karla et al IRONMAN) 34 569 42 568 94.8%  0.81[0.52, 1.25] !
Subtotal (95% Cl) 569 568 94.8%  0.81[0.52, 1.25]
Total events 34 42

Heterogeneity: Not applicable
Test for overall effect: Z=0.96 (P = 0.34)

Total (95% ClI) 1050 899 100.0% 0.83 [0.55, 1.27] <&
Total events 38 44

Heterogeneity: Chi .0.3_1, df =2 (_P 0.86); I = 0% 0.01 01 1 10 100
Test for overall effect: Z = 0.84 (P = 0.40) Favours [iron] Favours [control]

Test for subaroup differences: Chi? = 0.26, df =1 (P = 0.61), 12 = 0%
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Figure S27. Subgroup analysis according to the iron preparation for any adverse effect.

Iron Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.14.1 Ferric carboxymaltose
Martens et al (IRON-CRT) 7 37 3 38 73.8% 2.40[0.67, 8.57] ——
Ponikowski et al 2015 121 152 115 151 0.0% 1.05[0.93, 1.18]
Subtotal (95% Cl) 37 38 73.8% 2.40 [0.67, 8.57] —~ll—
Total events 7 3
Heterogeneity: Not applicable

Test for overall effect: Z=1.34 (P = 0.18)

2.14.2 Iron isomaltoside
Charles-Edwards et al (FERRIC-HF 1) 3 21 1 19 26.2% 2.71[0.31, 23.93] -
Subtotal (95% Cl) 21 19 26.2% 2.71[0.31,23.93] ——
Total events 3 1
Heterogeneity: Not applicable

Test for overall effect: Z=0.90 (P = 0.37)

Total (95% CI) 58 57 100.0% 2.48[0.83, 7.45] e
Total events 10 4

ity 2 = = = - 12 = 09 I 4 + |
Heterogeneity: Chi .0.0_1, df=1 (_P 0.92); 2= 0% 0.01 01 10 100
Test for overall effect: Z=1.62 (P = 0.11) Favours [iron] Favours [control]
Test for subaroup differences: Chiz = 0.01, df = 1 (P = 0.92), I = 0%

Figure S28. Subgroup analysis according to the iron preparation for any adverse event leading to withdrawal.

Iron Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.16.1 Ferric carboxymaltose
Ponikowski et al 2015 14 152 19 152 100.0% 0.74[0.38, 1.42]
Subtotal (95% CI) 152 152 100.0% 0.74[0.38, 1.42]
Total events 14 19
Heterogeneity: Not applicable
Test for overall effect: Z=0.92 (P = 0.36)
2.16.2 Iron isomaltoside
Charles-Edwards et al (FERRIC-HF 1) 0 21 0 19 Not estimable
Subtotal (95% CI) 21 19 Not estimable
Total events 0 0
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Total (95% CI) 173 171 100.0% 0.74 [0.38, 1.42] t
Total events 14 19 ) . . )
Heterogeneity: Not applicable r T T y 1
Test for overall effect: Z=0.92 (P = 0.36) 0.01 F%Jours firon] L Favours [clcr:trol] 100

Test for subaroup differences: Not applicable

Figure S29. Subgroup analysis according to the iron preparation for abnormal lab test, vital sign or physical finding

Iron Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Anker et al (FAIR-HF) 0 305 0 154 Not estimable

Ponikowski et al 2015 1 152 2 152 100.0% 0.50[0.05, 5.46] .

Total (95% CI) 457 306 100.0%  0.50 [0.05, 5.46] e ——

Total events 1 2

Heterogeneity: Not applicable f f f |
0.01 0.1 1 10 100

Test for overall effect: Z = 0.57 (P = 0.57) Favours [iron] Favours [control]
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