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ABSTRACT 
Aim: Iron deficiency (ID) is associated with heart failure (HF) in a considerable proportion of pa tien ts. 
To impr ov e the quality of life, low er the fr equency of hospitalizations, and low er mortality rates of 
chronic HF pa tien ts (HF), this meta-analysis will look in to the r ole of ir on supplemen ta tion using fer r ic 
carboxymaltose (FCM). M etho ds & results: From inception until 1 October 2023, we c onduct ed a 
thor ough literatur e sear ch of electr onic databases for peer-r eview ed publications. Ar ound 5229 HF 
pa tien ts w er e included , of which 2691 r eceiv ed FCM while 2538 r eceiv ed placebo. Conclusion: FCM 

r educes HF-r ela ted hospitaliza tions but doesn’t impr ov e ov erall or cardiovascular mortality in those 
with HF and ID. The overall results support FCM’s role in managing iron deficiency in heart failure. 

Plain language summary: Heart failure (HF) pa tien ts often suffer from iron deficiency (ID), 
worsening their symptoms and quality of life. Intravenous iron therapy, like fer r ic car boxymaltose 
(FCM), has been studied for its benefits in HF. This meta-analysis looked at existing r esear ch and found 
tha t FCM trea tmen t reduced hospitaliza tions for HF but didn’t significantly impact overall mortality. 
Although FCM impr ov es pa tien ts’ liv es, mor e r esear ch is needed to understand its long-term effects 
fully. This study highlights the importance of addressing ID in HF management and supports FCM 

therapy as a beneficial option for HF pa tien ts. 
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. Background 

eart failure (HF) is a prevailing condition distinguished
y a substantial incidence of iron deficiency (ID), and
a tien ts with stable chr onic HF hav e a pr ev alence ra te
f more than 50%, which increases even more in those
ho have previously received trea tmen t for acute HF [ 1–
 ]. Irr espectiv e of the degree of anemia, iron-deficient
a tien ts with HF often endure a diminished quality of life

QOL) and reduced lifespan [ 4–7 ] 
Coronar y arter y disease and my ocar dial ischemia ar e

he pr imary under lying causes of HF [ 8 , 9 ]. It has been
 onsist en tly demonstra ted tha t individuals with HF of

schemic orig in fac e a mor e unfav orable pr og nosis c om-
ared with their non-ischemic c ount erparts [ 10–13 ]. Iron

eplacement is paramount in this c ont e xt , as a body of
 esear ch c onsist en tly poin ts tow ard the impairmen t of
ar diomy ocyt e c ontractility due t o iron deficiency. This
eficit can be alleviated through iron replenishment [ 14 ].

In 2021, guidelines underwent a significant update,
rmly recommending the routine use of intravenous
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iron, specifically fer r ic car boxymalt ose (FCM), t o enhanc e
the QOL and daily functionality of iron-deficient HF
pa tien ts [ 15 ]. Numerous well-executed studies substan-
tiate the effectiveness of IV FCM, a nanoparticulate
ir on-carbohy drat e c omplex desig ned for macrophage-
mediated ir on r elease [ 16 ]. T his therap y has exhibited
noteworth y effects on perf ormance and overall QOL in
individuals with HFrEF (heart failure with reduced ejec-
tion fraction) and iron deficiency, irrespective of ane-
mia [ 16 ]. It is now considered an int eg ral c omponent of
outpa tien t care for HF pa tien ts with reduced left ventricu-
lar ejec tion frac tion (LVEF). MRI studies have affirmed the
cardiac absorption of administered iron [ 17 ], improving
LVEF within a month of treatment [ 18 ]. 

How ev er, an evident lack of consensus prevails r egar d-
ing the effectiveness of FCM and its associated factors
in reducing the frequency of exacerbations and subse-
quen t hospitaliza tions, which remains an essential con-
cern for pa tien ts with chronic HF. Variables like age,
genetic predispositions and the stage of HF have been
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dentified, underscoring the need for further comprehen-
iv e r esear ch t o elucidat e the effectiveness of iron car-
oxymaltose in HF pa tien ts, irr espectiv e of the sev erity.
he substan tial v aria tions in risk fact ors and prog noses
cr oss differ ent racial and ethnic gr oups magnify this

mperativ e. In this r esear ch, w e hav e undertaken a com-
r ehensiv e meta-analy sis, enc ompassing the lat est avail-
ble data and incorporating new r esear ch to inv estigate
he suc c ess rat e of iron carboxymalt ose therapy in indi-
iduals with HF. 

. Materials & methods 

.1. Data sources & search strategy 

his sy st ematic review and meta-analysis is reported
sing the Pr eferr ed Reporting It ems for Sy st ematic
eviews and Meta-Analysis sta temen t (PRISMA) guide-

ines [ 19 ]. From inception until 2023, a thorough literature
earch was c onduct ed through PubMed, Embase, and
 ochrane CENTRAL databases . Online libraries , including
ww.clinicaltrialresults.org and www.clinicaltrials.gov , as
ell as articles and presen ta tions from significant cardiol-
gy sessions w er e also identified t o find g rey lit erature.
her e w er e no limitations on the publication’s timeline
nd only articles for which the full text w as av ailable in
nglish w er e consider ed . Tw o independent inv estigators
BS Rangwala and MA Shafique) c onduct ed a thorough
y st ematic review using relev an t keywords outlined in the
upporting information ( Table 1 ). 

.2. Stud y sele ction 

ll the articles w er e scr eened by tw o independent inv es-
igators (BS Rangwala and MS Mustafa). The studies w er e
creened based on title and ex trac t and then further eval-
ated based on full te xt . When there were differing opin-

ons, a thir d r eview er (M A Shafique) helped settle it. We
elected randomized controlled trials for our analysis and
xcluded review ar ticles, case repor ts , case series , cross-
ectional studies , editorials , commentaries and preclinical
tudies. After the author debate and consensus, the inclu-
ion cr iter ia w er e determined . Ther e was no cap on the
ize of studies considered for inclusion. 

.3. Dat a e xtraction & out comes of int erest 

w o authors (M A Shafique and MS Mustafa) indepen-
ently ex trac ted data from the selected studies. The base-

ine characteristics that w er e r emov ed include the first
uthor’s last name, year of publication and sample size.
ur out c omes of int erest for this meta-analy sis w er e car-
iov ascular mortality, even ts for all-cause mortality, num-
er of pa tien ts hospitalized for HF, a t least one seri-
us adverse event, subjects with cardiac even ts, trea t-
men t discon tinua tion, hemoglobin levels and injection
sit e c onditions. Ther e w er e v aria tions in the main results
of each trial. The clinical primary goal for AFFIRM-AHF
was a c omposit e of cardiov ascular dea th and recur r ing HF
hospitalizations while in other trials, functional capacity
and QOL w er e the primary out c omes. U sing the updat ed
Cochrane Risk-of-Bias tool for Randomised Controlled Tri-
als (ROB 2.0), the quality of randomized controlled trials
w as ev alua ted [ 20 ]. 

2.4. St atistical analy sis 

For dichot omous out c omes, odds ratios (ORs) w er e com-
puted; for r ecurr ent occurr ences, r ate r atios (RRs) w er e
employ ed . The Higgins I 2 statistic was used to evaluate
heterogeneity [ 21 ]. In light of the variability observed in
r esear ch designs and pa tien t demographics, the primary
analysis employed a random-effect model [ 22 ]. Because
ther e w er e less than ten included papers, publication
bias was not evaluated [ 23 ]. Statistical sig nificanc e was
defined at 5% for this investigation. For all other anal-
yses, Review Manager (Version 5.3; Cochrane Collabora-
tion, Oxfor d , UK) was utilized . 

3. Results 

3.1. Literature search 

T he PRISMA flo w diagram ( Figure 1 ) summariz es the
pr ocess of sear ching for r elev an t litera ture and choos-
ing studies. After 8193 studies w er e found thr ough the
search, 10 matched the predetermined eligibility cr iter ia
and w er e included in the meta-analysis. 

3.2. Study characteristics 

After thorough selection, the study included 5229
pa tien ts, of which 3235 w er e males and 1994 w er e
females. All trials only enrolled HF pa tien ts with
decreased LVEF, with a cut-off for LVEF ranging from
35 to 50% at baseline. The majority of the included trials
did not specify the target hemoglobin. But maintaining
ir on lev els ov er the typical cut-off was the aim. Table 2
provides the demographics of the included studies’ base-
line populations. FAIR-HF, AFFIRM-AHF and Heart-FID of
our included studies had an overall low risk of bias and of
high quality as determined by the Cochrane Risk of Bias
tool . How ev er, Effect-HF, Ir on-CRT and Practic e-A sia-HF
are of moderat e-t o-low quality ( Figure 2 ). 

3.3. Met a-analy sis results 

The effects of FCM and placebo on clinical outcomes
in HF pa tien ts with ir on insufficiency ar e c ontrast ed in
( Figure 3 ). FCM supplemen ta tion in HF pa tien ts with iron

http://www.clinicaltrialresults.org
http://www.clinicaltrials.gov
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Table 1. Search strategy. 

Database String Results 

PubMed (“ferric carboxymaltose”[ Supplementary Concept ] OR “ferric carboxymaltose”[All Fields] OR “FCM”[All Fields] OR 
(“iron”[MeSH Terms] OR “iron”[All Fields])) AND (“heart failure”[MeSH Terms] OR (“heart”[All Fields] AND 
“failure”[All Fields]) OR “heart failure”[All Fields] OR (“heart failure”[MeSH Terms] OR (“heart”[All Fields] AND 
“failure”[All Fields]) OR “heart failure”[All Fields] OR (“cardiac”[All Fields] AND “failure”[All Fields]) OR “cardiac 
failure”[All Fields]) OR (“congest heart fail”[Journal] OR “chf”[All Fields]) OR “AHF”[All Fields]) 

2650 

Scopus ((TITLE-ABS -KE Y (ferric AND carboxymaltose) OR TITLE-ABS -KE Y (fcm) OR TITLE-ABS -KE Y (iron) )) AND 
((TITLE-ABS -KE Y (heart AND failure) OR TITLE-ABS -KE Y (cardiac AND failure) OR TITLE-ABS -KE Y (chf ) OR 
TITLE-ABS -KE Y (ahf) )) 

6,251 

Cochrane 
CENTRAL 

(Ferric carboxymaltose OR FCM OR iron) AND (heart failure OR cardiac failure OR CHF OR AHF) 537 

Records identified through 
database searching
(Pubmed n=2650)
(Scopus n=62551)

(Cochrane CENTRAL n=527)

S
cr

ee
ni

ng
In

cl
ud

ed
E

lig
ib

ili
ty

Id
en

tif
ic

at
io

n Additional records identified 
through other sources

(n =5)

Records after duplicates removed
(n = 8193)

Records screened
(n = 8193)

Records excluded
(n = 8168)

Full-text articles assessed 
for eligibility

(n =25) 

Full-text articles excluded, with 
reasons
(n = 18)

- Inclusion criteria was not 
met (n=10)

- Relevant outcomes not 
reported (n=8)Studies included in 

qualitative synthesis
(n = 7)

Studies included in 
quantitative synthesis 

(meta-analysis)
(n =7)

Figure 1. Prisma flow chart. 
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eficiency exhibited no appreciable effect on cardiovas-
ular mortality (OR: 0.88; 95% CI: 0.72–1.07; p = 0.56;
igure 3 A) in c ontrast t o plac ebo, ac c ording t o seven
tudies that examined the effect of FCM on cardio-
ascular mortality. Comparing FCM supplementation to
lacebo, all-cause mortality in iron-deficient HF patients
as not sig nificantly affect ed (OR: 0.87; 95% CI: 0.72–

.04; p = 0.46), ac c ording t o the studies that assessed the
ffect of the supplement on overall mortality ( Figure 3 B).
Nonetheless, pa tien ts receiving FCM trea tmen t had a sig-
nificantly lower proportion of pa tien ts encoun tering the
c omposit e end point of hospitalization for HF or cardio-
v ascular dea th (OR: 0.60; 95% CI: 0.38–0.93; I2 = 84%;
p = 0.0001; Figure 3 C). Furthermor e, ther e w er e signifi-
cantly fewer hospitalizations for HF in the FCM arms dur-
ing follow-up (OR: 0.66; 95% CI: 0.48–0.91; I2 = 54%;
Figure 3 D). Sensitivity analyses of research employing IV
FCM in hospitalizations for HF (OR: 0.82; 95% CI: 0.1–0.94;



4 B. S. RANGWALA ET AL. 
Ta

bl
e 

2.
 B

as
el

in
e 

Ch
ar

ac
te

ris
tic

s.
 

S N
o 

Ti
tle

 
Tr

ia
l t

itl
e 

Au
th

or
 

Ye
ar
 

Sa
m

pl
e 

si
ze
 

G
en

de
r 

Fe
rr

ic
 c

ar
bo

xy
m

al
to

se
 

Pl
ac

eb
o 

M
al

e 
Fe

m
al

e 
N

o.
 o

f 
pa

tie
nt

s 
M

al
e/
 

fe
m

al
e 

n 
M

ea
n 

ag
e 

LV
EF
 

%
 

AS
A 

st
at

us
 

(I/
II/

III
/IV

) 

H
B 

N
o.

of
 

pa
tie

nt
s 

M
al

e/
 

fe
m

al
e 

n 
M

ea
n 

ag
e 

LV
EF
 

%
 

AS
A 

st
at

us
 

(I/
II/

III
/IV

) 

H
B 

1 
Fe

rr
ic
 

Ca
rb

ox
ym

al
to

se
 in
 

Pa
tie

nt
s w

ith
 H

ea
rt
 

Fa
ilu

re
 a

nd
 Ir

on
 

D
efi

ci
en

cy
 

FA
IR

-H
F 

An
ke

r, 
St

ef
an
 

D
 e

t a
l. 

20
09
 

45
9 

21
5 

24
4 

30
4 

14
5/

15
9 

67
.8
 

31
.9
 

0/
53

/ 
25

1/
0 

11
.9
 

15
5 

70
/8

5 
67

.4
 

33
.0
 

0/
29

/ 
12

6/
0 

11
.9
 

2 
Be

ne
fic

ia
l e

ffe
ct

s 
of
 

lo
ng

-t
er

m
 

in
tr

av
 en

ou
s 

ir o
n 

th
er

ap
y 

w
ith

 fe
rr

ic
 

ca
rb

ox
ym

al
to

se
 in
 

pa
tie

nt
s 

w
ith

 

sy
m

pt
om

at
ic
 h

ea
rt
 

fa
ilu

re
 a

nd
 ir

on
 

de
fic

ie
nc

y†

CO
N

FI
RM

- 
H

F 
Po

ni
k o

w
 sk

i, 
Pi

ot
r e

t a
l. 

20
15
 

30
1 

16
0 

14
1 

15
0 

83
/6

7 
68

.8
 

37
.1
 

0/
80

/7
/0
 

12
.3

7 
15

1 
77

/7
4 

68
.5
 

36
.5
 

0/
91

/ 
61

/0
 

12
.4

2 

3 
Fe

rr
ic
 

ca
rb

ox
ym

al
to

se
 fo

r 
iro

n 
de

fic
ie

nc
y 

at
 

di
sc

ha
rg

e 
af

te
r 

ac
ut

e 
he

ar
t f

ai
lu

re
: 

a 
m

ul
tic

en
tr

e,
 

do
ub

le
-b

lin
d,
 

ra
nd

om
is

ed
, 

co
nt

ro
lle

d 
tr

ia
l 

AF
FI

RM
- 

H
F 

Po
ni

k o
w
 sk

i, 
Pi

ot
r e

t a
l. 

20
20
 

11
08
 

61
4 

49
4 

55
8 

31
4/

24
4 

71
.2
 

32
.6
 

14
/2

55
/ 

27
2/

16
 

12
.3
 

55
0 

30
0/
 

25
0 

70
.9
 

32
.7
 

8/
24

0/
 

27
7/

22
 

12
.1
 

4 
Th

e 
eff

ec
t o

f 
in

tr
av

en
ou

s 
fe

rr
ic
 

ca
rb

ox
ym

al
to

se
 o

n 
ca

r d
ia

c 
r e

v e
rs

e 
re

m
od

el
lin

g 
fo

llo
w

in
g 

ca
rd

ia
c 

r e
sy

nc
hr
 on

iz
at

io
n 

th
er

ap
y 

IR
O

N
- 

CR
T 

Pi
et

er
 

M
ar

te
ns
 e

t a
l. 

20
21
 

75
 

51
 

24
 

37
 

26
/1

1 
72
 

33
 

0/
22

/ 
15

/0
 

13
.3
 

38
 

26
/1

2 
73
 

34
 

0/
19

/ 
19

/0
 

13
.1
 

5 
Eff

ec
t o

f F
er

ric
 

Ca
rb

ox
ym

al
to

se
 o

n 
Ex

er
ci

se
 C

ap
ac

ity
 in
 

Pa
tie

nt
s W

ith
 

Ch
ro

ni
c 

H
ea

rt
 

Fa
ilu

re
 a

nd
 Ir

on
 

D
efi

ci
en

cy
 

EF
FE

CT
- 

H
F 

Va
n 

Ve
ld

- 
hu

is
en

, 
D

irk
 J 

et
 a

l. 

20
17
 

17
2 

12
9 

43
 

86
 

60
/2

6 
63
 

33
 

0/
61

/ 
25

/0
 

12
.9
 

86
 

69
/1

7 
64
 

31
 

0/
54

/ 
32

/0
 

13
.0
 

6 
Si

ng
le

-d
os

e 
in

tr
av
 en

ou
s 

ir o
n 

in
 

So
ut

he
as

t A
si

an
 

he
ar

t f
ai

lu
re
 

pa
tie

nt
s:
 A
 p

ilo
t 

ra
nd

om
iz

ed
 

pl
ac
 eb

oc
 on

tr
ol

le
d 

st
ud

y 

PR
AC

TI
CE

- 
AS

IA
-H

F 

Te
e 

Jo
o 

Ye
o 

et
 a

l. 
20

18
 

49
 

38
 

11
 

24
 

18
/6
 

61
.1
 

38
.8
 

N
/A
 

11
.6
 

25
 

20
/5
 

64
 

33
.2
 

N
/A
 

13
.1
 

7 
Fe

rr
ic
 

Ca
rb

ox
ym

al
to

se
 in
 

H
ea

rt
 F

ai
lu

re
 w

ith
 

Iro
n 

D
efi

ci
en

cy
 

H
EA

RT
- 

FI
D
 

M
en

tz
, 

Ro
be

rt
 

J e
t a

l. 

20
23
 

30
65
 

20
28
 

10
37
 

15
32
 

10
26

/ 
50

6 
68

.6
 

30
.8
 

0/
79

7/
 

71
1/

22
 

12
.6
 

15
33
 

10
02

/ 
53

1 
68

.6
 

30
.6
 

0/
82

0/
 

69
2/

19
 

12
.5
 



FUTURE SCIENCE OA 5 

AFFIRM-HF +

+ ?

?

?

?

?

?

?

?

?

?

?

?

+

+

+

+

+ + + + + +

+ + + + +

+ +

+ +

+

+ + + –

–

–

–

–

+ +

+

+ + + +

+

R
an

do
m

 s
eq

ue
nc

e 
ge

ne
ra

tio
n 

(s
el

ec
tio

n 
bi

as
)

A
llo

ca
tio

n 
co

nc
ea

lm
en

t (
se

le
ct

io
n 

bi
as

) 

B
lin

di
ng

 o
f p

ar
tic

ip
an

ts
 a

nd
 p

er
so

nn
el

 (
pe

rf
or

m
an

ce
 b

ia
s)

B
lin

di
ng

 o
f o

ut
co

m
e 

as
se

ss
m

en
t (

de
te

ct
io

n 
bi

as
)

In
co

m
pl

et
e 

ou
tc

om
e 

da
ta

 (
at

tr
iti

on
 b

ia
s)

S
el

ec
tiv

e 
re

po
rt

in
g 

(r
ep

or
tin

g 
bi

as
)

O
th

er
 b

ia
s Random sequence generation (selection bias)

Allocation concealment (selection bias) 

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

CONFIRM-HF

EFFECT-HF

FAIR-HF

HEART-FID

IRON-CRT

PRACTICE-ASIA-HF

0% 25% 50% 75% 100%

Low risk of bias Unclear risk of bias High risk of bias

B

A

Figure 2. Quality assessment. (A) Risk of bias assessment; + indicates a low risk of bias; −indicates high risk of bias; ? indicate an 
unclear risk of bias. (B) Risk of bias g r aph, presented as percentages. 

I  

t  

c  

d  

r
1  

w  

t  

p

3

H  

I  

i  

n  

C  

t  

(  

o  

s  

(  

t  

g  

t
5

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 = 0%; Figure 3 E), omitting the trial that c ontribut ed
he most to heterogeneity; CONFIRM HF demonstrated
 omparable out c omes. Ac c ording t o three studies, FCM
id not significantly increase the risk of subjects expe-
 iencing ser ious car diac ev ents (OR: 0.71; 95% CI: 0.49–
.03; I2: 33%; p = 0.22; Figure 4 A). Mor eov er, compar ed
ith placebo, it was not found to increase events upon

rea tmen t discon tinua tion (OR: 0.87; 95% CI: 0.67–1.12;
 = 0.35; Figure 4 B). 

.4. Other results 

emoglobin lev els w er e shown t o be g reat er following
V ir on deliv ery (MD: 0.50; 95% CI: 0.48–0.52; I2 = 0%)
n c omparison t o the c ontrol g r oup ( Figur e 5 A). FCM did
ot result in any significant adverse effects (OR: 0.89; 95%
I: 0.65–1.23; I 2 = 78%; p = 0.01), ac c ording t o three

rials that only reported one pr ofound adv erse impact
 Figur e 5 B). How ev er, HEART FID demonstrated fewer
c currenc es in FCM arms compared with placebo after
ensitivity analyses of at least one significant side effect
OR: 0.76; 95% CI: 0.62–0.94; I2 = 0%) ( Figure 5 C) excluded
he trial with the most significant contribution to hetero-
eneity. The injection site reaction did not differ between

he IV FCM and c ontrol g roups (OR: 2.53; 95% CI: 1.25–
.594; I2 = 0%; Figure 5 D). 
4. Discussion 

The primary findings of this meta-analysis r ev eal a note-
w orthy decr ease in the c ombined out c ome of cardio-
vascular mortality and r ecurr ent hospitalizations when
comparing iron-deficient HF patients treated with FCM
to those who r eceiv ed a placebo. How ev er, ther e is no
observ ed fav orable impact on ov erall mortality or car dio-
vascular mortality in iron-deficient HF patients. 

HF is a chronic condition and a severe public health
issue affecting approximately 37.7 million people world-
wide [ 24 ]. It significantly affects the quality of patients’
lives with symptoms including dyspnea, fluid retention,
chr onic fatigue, and r educed exer cise t oleranc e and is
a leading cause of frequent hospitalizations [ 3 ]. More-
ov er, incr eased morbidity and mortality are associated
with HF, imposing significant strain on healthcare sys-
tems [ 3 , 24 ]. Management of HF r equir es a multifaceted
approach, including combination drug therapy and ID
correction [ 25 ]. ID is a frequent comorbidity in HF, impact-
ing around 40–70% of HF pa tien ts, irrespective of their
left ventricular function [ 26 , 27 ]. It is linked to reduced
exercise capacity and elev a ted mortality rates [ 28 ]. It
is worth mentioning that over 40% of patients with
chronic HF who do not exhibit anemia or abnormalities
in their hemat olog ical paramet ers display insufficient iron
r eserv es, as indicated by laboratory tests [ 26 ]. 

The piv otal r ole of ir on as a trace element in regu-
lating oxygen levels, supporting oxidative metabolism
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n skeletal and cardiac tissues, and facilitating mito-
hondrial function is believed to establish a connec-
ion between the pathophysiology of HF and iron defi-
iency [ 29 ]. Changes in mitochondria in HF may be asso-
iated with a deficit in mitochondrial iron, possibly due
o iron’s role as a c ofact or in numerous mitochondrial
nzymes inv olv ed in oxidativ e phosphoryla tion or an tiox-

dan t defense. Consequen tly, ID has the poten tial to exac-
rbat e mit ochondrial dy sfunction linked t o HF. Iron also
ssumes a critical role in sustaining cellular energy and
issue metabolism, extending its influence beyond the
emat opoietic sy st em [ 30 ]. Car diomy ocyt es, g iven their
igher energy demands, are particularly susceptible to
 educed ir on supply and utiliza tion, poten tially impacting
ontractility [ 31 ]. 

Factors that may lead to the depletion of iron reserves
n HF pa tien ts include poor absorption and gastroin-
estinal bleeding, which can be triggered or wors-
ned by using an ticoagulan ts, an tipla telet drugs or non-
teroidal an ti-inflamma tory medica tions [ 32 ]. Further-

or e, incr easing lev els of inflammat ory cyt okines and
y st emic chronic inflammation are typical in HF pa tien ts,
hich causes the liver to produce more hepcidin. Func-

ional ID occurs when hepcidin inhibits the absorption of
r on fr om the gastr ointestinal tract and the r elease of ir on
rom its storage sites [ 32 , 33 ]. 
 

Research has shown that even among HF pa tien ts
adhering to guideline-recommended medical therapy at
target doses, readmission rates remain elev a ted, under-
scoring the need to explore additional factors for enhanc-
ing these pa tien ts’ overall clinical condition and progno-
sis [ 34 ]. Given ID’s crucial contribution to the pathophys-
iology of HF leading to poor outcomes and increased
mortality, it must be c orrect ed during the management
of HF. Various approaches for addressing ID in HF have
been pr oposed . R estor ing ID thr ough incr eased erythr o-
poiesis does not provide benefits to HF pa tien ts [ 32 ], and
att empts t o rectify ID with oral supplemen ta tion have
shown little efficacy in HF [ 27 ], as evidenced by the IRON-
HF [ 35 ] and IRONOUT-HF trials [ 36 ]. In con trast, In tra-
venous FCM has demonstrated the ability to enhance
functional capacity, alleviate symptoms and enhance the
QOL for HF pa tien ts with ID through multiple clinical tri-
als [ 27 , 37 ]. 

Previous meta-analyses have demonstrated the capac-
ity of FCM to impr ov e symptoms, oxy gen kinetics, func-
tional capacity and QOL physical performance in HF
pa tien ts by addressing various functional impairments in
HF [ 38 , 39 ]. This meta-analysis also emphasizes the ben-
efits of FCM in reducing hospitalizations and enhancing
activ e status. A low er fr equency of hospitalizations not
only positively impacts the QOL of HF pa tien ts but also
reduces the disease burden on healthcare sy st ems [ 3 ]. It
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s a cost-effective method of correcting ID [ 40 ] with satis-
actory pa tien t ac c eptanc e and t olerability [ 41 ]. 

In a clinical trial examining the impact of FCM on the
xt ent of diast olic func tion impairment, reac tive vasodi-

a tion and oxida tiv e str ess biomarkers, it was observ ed
hat FCM enhanced cardiac perfor mance, particular ly in
a tien ts with notable diastolic dysfunction. This impr ov e-
en t w as associa t ed with enhanc ed endothelial function

nd a reduction in oxidative stress among the pa tien ts.
hus, restor ing fer r itin levels with FCM can help mitigate
these issues and impr ov e exer cise t oleranc e in pa tien ts of
HF with pr eserv ed ejection fraction [ 42 ]. 

A study examining the impact of FCM in HF pa tien ts
with iron deficiency who also had impaired kidney func-
tion, while not included in the analysis due to distinct
inclusion cr iter ia, yielded v aluable results demonstra ting
that FCM offers benefits to HF pa tien ts, irr espectiv e of
the presence of moderate-to-sev er e kidney issues [ 43 ].
Pa tien ts in the study had varying levels of kidney function
at the beginning, and ev entually, FCM r esulted in similar
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enefits across all kidney function levels. The main advan-
age of FCM trea tmen t w as reduced hospitaliza tions and
mpr ov ed QOL up to 24 weeks after trea tmen t. However,
CM did not affect the overall risk of death from any cause.
hese out c omes c orroborat e the c onclusions of our meta-
nalysis and indica te tha t FCM can be a beneficial thera-
eutic option for individuals with HF and iron deficiency,
 egar dless of their kidney function. 

Although our analysis did not r ev eal any mortality-
owering benefit of FCM compared with the placebo
roup, it is essential to bear in mind that the duration
f these trials was r elativ ely br ief. Longer-ter m studies
re necessary to ascertain potential mortality advantages.
 poin t estima te in favor of FCM implies tha t it could
ffer adv an tages in terms of reducing mortality, likely due
 o its influenc e in decreasing hospitalizations relat ed t o
dvancing HF or cardiovascular causes. 

.1. Strengths 

arlier meta-analyses have examined the impact of
CM on decreasing mortality relat ed t o all cardiovas-
ular causes in iron-deficient patients of HF and the
requency of hospitalizations. However, these previous
nalyses needed more statistical power because they
ad fewer events and smaller sample sizes [ 44 ]. Our
eta-analy sis inc orporat es data fr om four mor e random-

zed clinical trials, including the IRON-CR T [ 45 ], HEAR T-
ID [ 46 ], PRACTICE-ASIA-HF [ 47 ] and EFFECT-HF [ 48 ] tri-
ls, significantly expanding the sample and eliminating
he low-quality studies. This meta-analysis exclusively
ncludes clinical trials, providing robust data. Moreover,
ll the studies included are high quality and have a

ow risk of bias, thus strengthening the validity of our
esults. 

.2. Limitations 

lthough there was no heterogeneity among the trials,
he results regarding mortality did not achieve statistical
ig nificanc e, likely due t o the r elativ ely short trial dura-
ion and the low number of mortality ev ents. Mor e clinical
rials of longer duration are required to investigate these
ut c omes further. The analysis focused on studying the

requency of HF-related hospitalizations. How ev er, it did
ot include an examination of factors such as the duration
f hospitalization, the underlying causes of hospitaliza-

ion and comorbidities leading to hospitalization. More-
ver, this analysis did not include an assessment of the
isease symptoms and QOL after trea tmen t with FCM. 

. Conclusion 

CM significantly decreases hospitalizations relat ed t o HF.
ow ev er, it does not demonstrate any positive impact on
mortality rates from all causes or cardiovascular issues in
pa tien ts with HF and c onc omitant iron deficiency. These
results support the role of FCM in the guidelines for treat-
ing ID in HF by highlighting its effectiveness as a thera-
peutic option [ 49 ] . 

Article highlights 

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

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

• FCM treatment is associated with a significant reduction in the 
c ombined outc ome of hospitaliza tions for HF and cardiovascular 
mortality. 

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

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