
Abstract 

Treatment of iron deficiency (ID) in patients with heart failure
(HF) has improved symptoms, quality of life, exercise capacity
and has reduced hospitalizations in randomized controlled trials
(RCTs) and meta-analyses. Intravenous ferric carboxymaltose
(FCM) provided convincing results in this field, while oral iron
supplementation failed. However, FCM and oral iron were com-
pared to placebo, and a comparison between the two strategies is
still lacking. We aimed to fill this gap of knowledge with an indi-
rect comparison between them by means of a network meta-analy-
sis of RCTs. Five studies measuring exercise capacity (i.e., 6-
minute walking test) and quality of life (i.e. Kansas City
Cardiomyopathy Questionnaire) were eligible to be included in
our review. Given the limitations of a network meta-analysis, our
findings support the better efficacy of FCM than oral iron as
regards exercise capacity, with a trend towards an improvement in
quality of life, suggesting that FCM seems to be strategy of choice
to correct ID in HF patients.

Introduction

Recent advances in the management of heart failure (HF)
with reduced ejection fraction (HFrEF) have changed the natural
history of this syndrome and improved patients’ outcomes [1].
However, their quality of life and functional capacity are still
poor: fatigue and dyspnoea restrict the daily activity and con-
tribute to high morbidity [2]. Several mechanisms unrelated to
hemodynamic impairment may be responsible to a reduced exer-
cise tolerance. In particular, comorbidities play a significant role
in increasing the severity of symptoms, reducing tolerance to
treatment, and determining a worse prognosis [2,3]. Among
them, iron deficiency (ID), defined as serum ferritin level < 100
µg/L (absolute ID) or 100-299 µg/L with transferrin saturation <
20% (relative ID), affects nearly 40% of HF patients, independ-
ently from anemia [4]. Treatment of ID in patients with HF has
improved symptoms, quality of life, exercise capacity and has
reduced hospitalizations in randomized controlled trials (RCTs)
and meta- analyses, independently from hemoglobin levels [5-
10]. However, these studies were conducted comparing intra-
venous administration of ferric carobxymaltose (FCM) vs place-
bo on top of standard-of-care HF therapy, while only a large
RCT investigated the efficacy of the inexpensive oral iron
replacement vs placebo, founding a neutral effect on exercise
capacity and quality of life [11]. According to these results,
assessment of iron status with measurement of serum ferritin and
transferrin saturation, to detect ID, and iron therapy with intra-
venous FCM in patients with HF and ID are now recommended
in current guidelines to alleviate HF symptoms, and improve
exercise capacity and quality of life [1]. However, to date no
RCTs have directly compared FCM vs oral iron in the context of
HFrEF. The aim of this paper is to fill this gap of knowledge
with an indirect comparison between the two therapeutic strate-
gies by means of a network meta-analysis.

Materials and Methods

The reporting of this review is consistent with the Preferred
Reporting of Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [12] as well as the Meta-Analysis of
Observational Studies in Epidemiology (MOOSE) recommenda-
tions [13].

Search strategy and inclusion of studies
We searched PubMed, EMBASE, Web of Science, SCOPUS,

Cochrane Central, clinicaltrials.gov as well as the preprint server
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Medrxiv, to obtain relevant articles on iron therapy in HFrEF, pub-
lished till September 2020. A sensitive search was designed using
keywords like ‘Ferinject’ OR ‘ferric carboxymaltose’ OR ‘oral
iron’ AND ‘heart failure’.

Study design
Articles eligible for inclusion in our review were only

RCTs.

Study population and exposures
Studies measuring exercise capacity and quality of life were

eligible to be included in our review.

Study outcomes
Outcomes included the six-minute walking test (6MWT) for

exercise capacity and the Kansas City Cardiomyopathy
Questionnaire (KCCQ) for quality of life.

Exclusion criteria
Studies published in non-English languages, RCTs without a

comparator group, observational studies (retrospective cohorts,
prospective cohorts, case-control studies, case-series), case-
reports and systematic and narrative reviews were not eligible for
inclusion.

Study selection
Eligible studies were analysed for removal of duplicates. At

level 1, titles and abstracts of all the retrieved articles were indi-
vidually screened. Full-texts of studies eligible for inclusion were
examined at level 2, and discrepancies were resolved through
mutual consensus among the team members.

Data extraction, assessment of quality and analysis
Comparability of articles was based on the PICO criteria: the

population, intervention, comparison, and outcome [14]. If the
similarity assumption was not satisfied, the other two assumptions
were negatively affected [15], and required check for the hetero-
geneity error [16,17].

Inconsistency was tested at 2 levels [18,19]: The first is a glob-
al approach to test for overall inconsistency, in which the level of
inconsistency is computed according to the type of between treat-
ment comparison for all cases and then the values are used to test
for global linearity via the Wald test. The second is a local
approach in which each treatment is individually examined (node-
splitting) and the outcomes of direct and indirect comparisons are
statistically tested.

To establish the degree of efficacy of the treatments under
study, we used the SUCRA method (surface under the cumulative
ranking curve analysis). Network Forest Plots (NFP) were used
to provide information on the effect size of each study and each
treatment. Once the comparative effectiveness of the treatments
was evaluated through the previous steps, the next step was to
rank the treatments to identify superiority. In other words, treat-
ment interventions showing the highest treatment effect were
evaluated by an algorithm using the network rank and SUCRA to
classify treatments. Meta-regression analysis was performed to
examine the source of heterogeneity between studies and identify
potential confounding covariates specifically for the impact of
FCM treatment in patients with heart failure with reduced ejec-
tion fraction. All the statistical analysis were performed using
STATA 14 software (StataCorp, 4905 Lakeway Drive, College
Station, Texas 77845 USA).

Risk of bias assessment
In order to avoid publication bias [20] and relative large treat-

ment effects [21] given by studies with small patient samples, we
performed a Network Meta-Analysis (NMA) by means of the ran-
dom effect model [22] and then by network funnel plot. Once the
plots are generated, publication bias is visually inspected using the
criterion of symmetry. Sensitivity analysis was performed when
necessary.

Results

Our database search identified a total of 37 records. Of them,
after removal of duplicates and assessment of eligibility only 5
were RCTs and were included in the analysis.

For the outcome 6MWT four trials were selected [5,6,10,11].
The network forest plot suggests that both iron formulations are
more effective than placebo, with a greater effect coming from
FCM (Figure 1). The interval plot highlights that FCM is better
than placebo, but also than oral iron by means of an indirect com-
parison; moreover, placebo is more efficacious than oral iron
(Figure 2). Finally, the SUCRA analysis confirms that FCM is the
best treatment option (probability 55.3%), with an area of 0.7,
while the oral iron has the higher probability to be the worst treat-
ment (68.8%), with an area of 0.3 (Table 1).

Regarding the outcome quality of life by KCCQ three trials
were chosen [5,6,11]. The network forest plot suggests that both
iron formulations are more effective than placebo, with a greater
effect coming from FCM (Figure 3). The interval plot highlights
that only FCM is better than placebo, with a trend toward more
efficacy than oral iron by means of an indirect comparison (Figure
4). Finally, the SUCRA analysis confirms that FCM is the best
treatment option (probability 76.4%), with an area of 0.9, while the
oral iron has the higher probability to be the second treatment
(69.3%), with an area of 0.6 (Table 2).
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Table 1. SUCRA analysis for the outcome 6MWT.

Study and rank                                     Treatment
                                                FCM        Oral iron     Placebo

Best                                                       55.3                  19.1                  25.6
2nd                                                          29.5                  13.1                  57.4
Worst                                                    15.2                  67.8                  17.0
Mean rank                                             1.6                    2.5                    1.9
SUCRA                                                   0.7                    0.3                    0.5

Table 2. SUCRA analysis for the outcome KCCQ.

Study and rank                                     Treatment
                                                FCM        Oral iron     Placebo

Best                                                       76.4                  23.6                   0.0
2nd                                                          23.6                  69.3                   7.1
Worst                                                       0                      7.1                   92.9
Mean rank                                             1.2                    1.8                    2.9
SUCRA                                                   0.9                    0.6                    0.0
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Discussion

To the best of our knowledge, this is the first report about the
(indirect) comparison between FCM and oral iron as regards func-
tional capacity and quality of life in patients with HFrEF. Given the
limitations of a NMA, our findings support the better efficacy of
FCM than oral iron as regards the 6MWT, with a trend towards an
improvement in quality of life.

In addition to its well-known effects on hemoglobin levels and
oxygen transport to the tissues, iron directly affects tissue oxida-
tive capacity, energy metabolism and mitochondrial function in all
tissues, including the skeletal muscles and the myocardium [23-
25]. This explains why ID is related to HF symptoms and patients’
activity. Moreover, multiple studies have shown that ID is an inde-

pendent determinant of death or hospitalizations in patients with
chronic or acute HF [4,26,27], suggesting that it should be
searched and corrected in every subject. However, the correction
of ID is challenging in HF patients. The only large trial analyzing
the efficacy of high-dose oral iron (i.e., iron polysaccharide) in this
context, namely the Iron Repletion Effects on Oxygen Uptake in
Heart Failure (IRONOUT HF) trial, was neutral after 16 weeks of
treatment [11]. This happened because oral iron therapy produced
a minimal improvement in iron stores, even if the dose adminis-
tered was 15-fold higher than that of FCM in the FAIR-HF trial
[5,11]. This suggests that the route of administration, rather than
the strategy, was lacking clinical benefit [11]. On the other hand,
the CONFIRM-HF trial demonstrated a 61% relative decrease in
HF hospitalization for worsening HF and an improvement in func-
tional capacity, symptoms, and quality of life in patients receiving

Article

Figure 2. Interval pot for 6MWT.

Figure 1. Network forest plot for 6MWT.
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intravenous FCM [6]. A meta-analysis of five randomized clinical
trials with intravenous iron supplementation (either iron sucrose
and FCM) described a reduction of the combined endpoint of all-
cause death or cardiovascular (CV) hospitalization (OR 0.44,
95%CI 0.30-0.64, p<0.0001), CV death or hospitalization for
worsening HF (OR 0.39, 95%CI 0.24-0.63, p=0.0001), and HF
hospitalization (OR 0.28, 95%CI 0.16-0.50, p<0.0001), in parallel
with an improvement of quality of life, functional capacity and
other symptoms [7]. Notably, the results were mainly driven by the
two trials with FCM (i.e., FAIR-HF and CONFIRM-HF) [5,6].

Recently, the “Study to Compare Ferric Carboxymaltose with
Placebo in Patients with Acute Heart Failure and Iron Deficiency
(AFFIRM-AHF)” enrolled 1132 patients with a left ventricular
ejection fraction <50% and ID, stabilized after an episode of acute
HF. Treatment with FCM for 52 weeks was safe and reduced the

risk of HF hospitalizations, with no apparent effect on the risk of
cardiovascular death [28].

Besides this suggestion, it is to be acknowledged that an exces-
sive iron supplementation may lead to tissue deposition and to free
radical tissue damage, so mortality-driven studies about intravenous
iron are still needed to assess long-term safety. Furthermore, trials
aimed at the assessment of the effects of intravenous iron therapy on
mortality in patients with HFrEF are ongoing. These include the
intravenous iron in patients with systolic HF and ID to improve mor-
bidity and mortality (FAIR-HF2) using FCM, the randomized place-
bo-controlled trial of ferric carboximaltose as treatment for HF with
ID (HEART-FID), and the Intravenous Iron Treatment in Patients
with Heart Failure and Iron Deficiency (IRONMAN) using iron (III)
isomaltoside (NCT02937454, NCT03036462, NCT03037931,
NCT02642562, respectively). They will definitely demonstrate if
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Figure 4. Interval pot for KCCQ.

Figure 3. Network forest plot for KCCQ.

Non
-co

mmerc
ial

 us
e o

nly



[page 336]                                           [Monaldi Archives for Chest Disease 2021; 91:1703]                          

the correction of ID (principally with FCM) in HFrEF patients has
an impact on hard clinical outcomes, like mortality. On the contrary
a single RCT about oral iron replacement have been conducted to
date [11]. We can also hypothesize that high-dose iron polysaccha-
ride could not be the ideal compound as cited above, but we do not
know if other oral formulations can be ineffective as well in terms of
absorption and bioavailability. Given the easiness of oral administra-
tion than the organizational burden on the basis of FCM therapy, it
could be worth conducting further multicenter RCTs about other
types of oral iron in HFrEF, even if the physiology does not seem to
suggest a possibility.

However, the present study support and reinforce the better
efficacy of FCM than oral iron as regards exercise capacity and
possibly quality of life, suggesting that FCM seems to be the strat-
egy of choice to correct ID in HF patients. Nevertheless, the pres-
ent study has some limitations. First, the small number of scientific
articles used. Indeed, we only considered FCM as iv iron therapy
since the bioequivalence among different iv formulations is not
true due to the nanotechnology on the basis of these drugs [29,30];
moreover, FCM only is recommended by ESC guidelines [1].
Second, some articles have a small sample size that can not only
cause publication bias [20], but also generate a relatively large
treatment effect [21]. Another limitation is that the considered oral
iron data refer to only one formulation [11]: we do not know
whether other products with different absorption and bioavailabil-
ity will be able to demonstrate different results, but at this moment
this is the only RCT available.

To conclude, FCM seems to be strategy of choice to correct ID
in HFrEF patients, with an evident better improvement in exercise
capacity and quality of life than oral iron supplementation.
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