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ARTICLE INFO ABSTRACT

Keywords: Background: The effectiveness of oral and intravenous iron supplementation in reducing the risk of mortality and
Oral hospitalizations in HF patients with iron deficiency is not well-established.

Intravenous

Methods: A thorough literature search was conducted across 2 electronic databases (Medline and Cochrane
Central) from inception through March 2021. RCTs assessing the impact of iron supplementation on clinical
outcomes in iron deficient HF patients were considered for inclusion. Primary end-points included all-cause
mortality and HF hospitalization. Evaluations were reported as odds ratios (ORs) or risk ratios (RRs) with
95% confidence intervals (CI) and analysis was performed using a random effects model. 12 index was used to
assess heterogeneity.

Results: From the 2599 articles retrieved from initial search, 10 potentially relevant studies (n = 2187 patients)
were included in the final analysis. Both oral (OR: 0.93; 95% CI: 0.08-11.30; p = 0.951) and intravenous (OR:
0.97; 95% CIL: 0.73-1.29; p = 0.840) iron supplementation did not significantly reduce all-cause mortality.
However, intravenous iron supplementation significantly decreased the rates of overall (OR: 0.52; 95% CI:
0.33-0.81; p = 0.004) and HF (OR: 0.42; 95% CI: 0.22-0.80; p = 0.009) hospitalizations. In addition, intrave-
nous ferric carboxymaltose therapy significantly reduced the time to first HF hospitalization or cardiovascular
mortality (RR = 0.70; 95% CI = 0.50-1.00; p = 0.048), but had no effect on time to first cardiovascular death
(RR: 0.94; 95% CI: 0.70-1.25; p = 0.655).

Conclusion: Oral or intravenous iron supplementation did not reduce mortality in iron deficient HF patients.
However, intravenous iron supplementation was associated with a significant decrease in overall and HF

Iron sucrose

Ferric carboxymaltose
Heart failure

Iron deficient

hospitalizations.
1. Introduction with poor prognosis, reduced physical well-being, exercise intolerance,
repeated hospitalizations and a subsequent increase in mortality,
Iron deficiency is recognized as an important comorbidity and in- regardless of the presence of anemia [2-6]. Iron supplementation can
dependent predictor of outcomes in patients with acute and chronic potentially improve quality of life and confer greater survival benefits in
heart failure (HF) [1]. It is one of the most prevalent (approximately HF patients with iron deficiency [7]. While oral iron intake has been
50%) concomitant disorders present in HF patients, and is associated contraindicated mainly due to adverse gastrointestinal side-effects,
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intravenous iron supplementation has arisen as a potential therapeutic
agent in HF patients, which may administer gradational advantage to-
wards hospitalization and mortality outcomes [8]. The updated Amer-
ican College of Cardiology Foundation/American Heart Association
(ACCF/AHA) guidelines and the European Society of Cardiology (ESC)
guidelines recommend the use of intravenous iron supplementation in
HF patients (NHYA Class II and III) with iron deficiency to alleviate their
functional status and quality of life [9,10]. However, the effectiveness of
both oral and intravenous iron supplementation on clinical outcomes in
iron-deficient HF patients remains unclear due to lack of reliable evi-
dence and contrasting findings in prior clinical trials and meta-analyses
[11-14]. Therefore, in light of the inconsistent results, we conducted a
meta-analysis to evaluate the efficacy of iron supplementation in
reducing mortality and hospitalizations in iron deficient HF patients.

2. Methods

This systematic review and meta-analysis has been reported in
concordance with guidelines provided by the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis statement (PRISMA) [15].
Approval from the institutional review board was not required since the
data was publicly available.

Informed consent was obtained from each patient included in the
studies and the study protocol conforms to the ethical guidelines of the
1975 Declaration of Helsinki as reflected in a priori approval by the
institution’s human research committee.

2.1. Literature search strategy and data sources

We systematically searched two databases (Medline and Cochrane
Central) for randomized controlled trials assessing the impact of intra-
venous or oral iron supplementation in iron deficient HF patients from
inception through March 2021, without any time or language re-
strictions. Additional sources included bibliographies of review articles,
original studies and relevant editorials. Mesh terms along with Boolean
operators were used to devise an effective search strategy for each
database (Table S1).

2.2. Study selection

All articles retrieved from the systematic search were exported to
EndNote Reference Manager (Version X7.5; Clarivate Analytics, Phila-
delphia, Pennsylvania) where duplicates were sought and removed. The
remaining articles were then assessed at title and abstract level by two
independent investigators (NY and AA), after which full text were read
to confirm relevance. Any disagreements were resolved by mutual dis-
cussion with a third investigator (VF). The following pre-defined in-
clusion criteria was used: (1) studies which investigated the effects of
oral or intravenous iron supplementation on clinical outcomes in iron
deficient HF, (2) were placebo-controlled double-blinded randomized
controlled trials, and (3) had a minimum follow-up duration of 12
weeks. Data from smaller unpublished trials, post-hoc analyses or indi-
vidual patient data analyses of trials comparing iron supplementation
with placebo were also considered for inclusion.

2.3. Data extraction and outcomes of Interest

Two investigators (NY and AA) autonomously extracted data from
the selected studies on pre-specified collection forms. Apart from base-
line trial and patient characteristics, data were abstracted for clinical
outcomes namely all-cause mortality, overall and HF hospitalization,
time to first HF hospitalization or cardiovascular death and time to first
cardiovascular death. The potential risk of bias of the short-listed RCTs
was evaluated using the modified Cochrane Collaboration’s risk of bias
tool [16].
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2.4. Statistical analyses

All statistical analyses were performed using Open Meta-Analyst
(V10.10 CEBM @ Brown, New Jersey, USA). The results for dichoto-
mous outcomes were presented as odds ratios (ORs) with 95% confi-
dence intervals (CIs) while risk ratios (RRs) with 95% CIs were used for
time-to-event outcomes. Logit transformation for both ORs and RRs was
carried out and meta-analysis was done using a random effects model
[17]. Inclusion of a limited number of studies did not permit the eval-
uation of a publication bias [18]. The I? statistic was used to evaluate
heterogeneity across studies, and a value of I2 = 25%-50% was
considered mild, 50%-75% as moderate and 12 > 75% as severe [19]. A
p-value < 0.05 was considered statistically significant in all cases.

3. Results
3.1. Literature search

The initial literature search yielded 2,599 potentially relevant arti-
cles. After applying the predetermined eligibility criteria, 10 studies
were selected for inclusion in this meta-analysis [11-14,20-24]. The
PRISMA flowchart summarizes the results of our literature search
(Fig. 1).

3.2. Study characteristics and quality assessment

Our short-listed studies included 2187 patients (56.8% males; mean
age-68.6 years) over a median follow-up of 18 weeks. Only HF patients
with reduced LVEF were recruited in all trials, with a cut-off for LVEF
ranging from 35% to <50% at baseline. The target hemoglobin was not
defined in most included trials. However, the goal was to replenish iron
levels above the normal cut-off. Baseline demographics of the included
studies in this meta-analysis are outlined in Table 1.

Seven (FAIR-HF [Ferinject Assessment in Patients with Iron Defi-
ciency and Chronic Heart Failure], CONFIRM-HF [Ferric Carbox-
ymaltOse evaluatioN on perFormance in patients with IRon deficiency
in coMbination with chronic Heart Failure], AFFIRM-AHF [A Rando-
mised, Double-blind Placebo Controlled Trial Comparing the Effect of
Intravenous Ferric Carboxymaltose on Hospitalisations and Mortality in
Iron Deficient Subjects Admitted for Acute Heart Failure], FERRIC-HF
[Ferric Iron Sucrose in Heart Failure], IRON-HF, Toblli et al and Aru-
tyunov et al) of our included studies had an overall low risk of bias
(Figure S1), whereas the risk of bias for the remaining three studies
could not be ascertained due to the following reasons; (i) for two trials
(EFFICACY-HF and FER-CARS-01), study level results have not been
published yet hence we extracted results for these trials from the indi-
vidual patient data meta-analysis published by Anker et al, (ii) two trials
were not conducted on HF populations exclusively hence they were not
directly included in analysis, however, their results specific to iron-
deficient HF patients were extracted from the post-hoc pooled analysis
based on individual patient data of these two trials published by
McCullough et al.

3.3. Meta-analysis Results:

Figs. 2-5 display the effects of iron supplementation on clinical
outcomes in patients with HF and iron deficiency when compared with
placebo.

3.3.1. All-cause mortality

Seven studies reported the effect of iron supplementation on all-
cause mortality. Iron supplementation in iron-deficient HF patients
had no significant impact on all-cause mortality (OR: 0.97; 95% CI:
0.74-1.28; p = 0.828) when compared with placebo (Fig. 2). Our results
were consistent upon subgroup analysis by type of iron supplementa-
tion. Neither intravenous (OR: 0.97; 95% CI: 0.73-1.29; p = 0.840) nor
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Fig. 1. PRISMA flowchart outlining literature search.

oral iron therapy (OR: 0.93; 95% CI: 0.08-11.30; p = 0.951) signifi-
cantly reduced all-cause mortality when compared with placebo (Fig. 2).

3.3.2. HF hospitalization

Five studies evaluated the effect of intravenous iron treatment on HF
hospitalization. Intravenous iron supplementation significantly reduced
the incidence of HF hospitalization (OR: 0.42; 95% CI: 0.22-0.80; p =
0.009) when compared with placebo (Fig. 3). No trials evaluating the
effect of oral iron therapy on HF hospitalization were available.

3.3.3. Hospitalization

Only two studies reported on a general hospitalization outcome.
Intravenous iron supplementation significantly reduced the incidence of
hospitalization (OR: 0.52; 95% CI: 0.33-0.81; p = 0.004) in HF patients
with iron deficiency when compared with placebo (Fig. 4). There were
no trials assessing the impact of oral iron treatment on hospitalization in
iron-deficient HF patients.

3.3.4. Time to first event outcomes

Intravenous iron supplementation by ferric carboxymaltose (FCM)
was found to have a statistically significant benefit on the time to first HF
hospitalization or cardiovascular mortality (RR = 0.70; 95% CI =
0.50-1.00; p = 0.048) when compared with placebo (Fig. 5a). However,
intravenous FCM supplementation did not significantly reduce the time
to first cardiovascular death (RR: 0.94; 95% CI: 0.70-1.25; p = 0.655)
(Fig. 5b). The effect of oral or other intravenous iron therapies on the
time to first event outcomes was not evaluated in any trial.

4. Discussion

Our meta-analysis outlines various key findings. First, intravenous or
oral iron supplementation has no effect on all-cause mortality in iron-
deficient HF patients. Second, intravenous iron supplementation
strongly reduces the incidence of hospitalization due to HF as well as
overall hospitalizations when compared with placebo. Third, beneficial
effects on time to first HF hospitalization or cardiovascular mortality are
observed with the usage of intravenous FCM compared with placebo.
However, no distinct benefit of intravenous FCM was noted on time to
first cardiovascular death.

Our findings concur with prior under-powered meta-analyses and
the recent large AFFIRM-AHF trial which have demonstrated similar
hospitalization benefits but no notable reduction in all-cause or car-
diovascular deaths with iron supplementation in HF patients with iron
deficiency [11-14]. This updated meta-analysis with a larger sample
size confirms the existing findings in clinical trials and meta-analyses
due to usage of iron therapy in iron-deficient HF patients.

HF has been established as a global pandemic with the 5-year sur-
vival rate remaining poor [25]. Unfortunately, our analysis did not
reveal any beneficial effect of oral or intravenous iron supplementation
on all-cause mortality in HF patients with iron deficiency. This finding
might be due to short follow-up durations in most trials whereby the
event numbers for mortality remain low. In addition, our results are
largely driven by the well-powered AFFIRM-AHF trial and it cannot be
ignored that the death rate in this trial might have been influenced by
the concomitant existence of COVID-19 disease in some patients. How-
ever, our results not reaching statistical power even after meta-analysis
indicate that iron deficiency is a risk marker, and not a risk factor for
mortality in HF. This means that iron deficiency predicts poor outcomes



Table 1
Baseline characteristics of the included trials.
Trial/patient AFFIRM-AHF CONFIRM-HF EFFICACY-HF FAIR-HF FER-CARS-01 IRON-HF FERRIC-HF McCullough et al ~ Toblli et al Arutyunov et
characteristics al
n (iron therapy/  558/550 150/151 20/14 20/14 304/155 17/6 24/11 40/41 20/20 57/15
placebo)
Iron therapy IV FCM IV FCM IV FCM IV FCM IV FCM IV Iron Sucrose and 1V Iron Sucrose Oral Ferric IV Iron 1V Iron
Oral Ferrous Sulfate Citrate Sucrose Sucrose and
FCM
Follow-up 52 52 24 24 12 12 18 16,12 24 14
(weeks)
Study type RCT RCT RCT RCT (data for analysis ~ RCT (data for analysis =~ RCT RCT Individual RCT RCT
taken from individual taken from individual patient data post
patient data meta- patient data meta- hoc analysis of 2
analysis by Anker et analysis by Anker et trials
al) al)
Study design Multi-center Multi-center Multi-center Multi-center Multi-center Multi-center Multi-center Multi-center NA NA
Age (years) 71/71 69/70 NA 68/67 NA 66/69 64/62 65/68 76/74 NA
Males (%) 56/54 55/51 NA 48/45 NA 71/67 71/73 52/39 NA NA
NYHA Class NA 2.5/2.4 NA 2.8/2.8 NA NA 2.5/2.4 NA 2.9/2.9 NA
TSAT (%) 15/14 20/18 NA 18/17 NA 19/14 20/21 20/20 0.2/0.2 NA
NT-proBNP 4743/4684 2511/2600 NA NA NA NA NA NA 256/268 NA
(pg/ml)
Ischemic HF 48/47 83/83 NA 81/79 NA 29/67 NA 38/61 NA NA
(%)
LVEF (%) 33/33 37/37 NA 32/33 NA 27/31 30/29 NA 31.3/30.8 NA
Ferritin (pg/L) 84/89 57/57 NA 53/60 NA NA 62/88 NA 73/74 NA
Anemia (%) 53/57 53/48 NA 65/61 NA NA NA NA NA NA
Hemoglobin (g/ 12.3/12.1 12.4/12.4 NA 11.9/11.9 NA 11.2/10.9 12.6/12.2 10.6/10.5 10.3/10.2 NA
[<)]
HF severity and  Hospitalization for Ambulatory, Ambulatory, Ambulatory, NYHA Ambulatory, NYHA Stable ambulatory Symptomatic CHF HF patients with HF patients CHF patients

status

Target
Hemoglobin
(g/dL)

acute HF, LVEF <
50%,

NA

NYHA class II/1II,
systolic CHF with
D

NA

NYHA class II/III,
systolic CHF with
ID

NA

class II/111, systolic
CHF with ID

NA

class II/11I, systolic
CHF with ID

NA

HF patients, NHYA
class II-IV, LVEF <
40%, with anemia

> 12 (females), >13
(males)

with ID, NHYA
class II/11I, LVEF <
45%

NA

iron-deficiency
anemia

>10 increase

with ID,
NHYA class
II-IV, LVEF <
35%

NA

NA

FAIR-HF, Ferinject Assessment in Patients with Iron Deficiency and Chronic Heart Failure; CONFIRM-HF, Ferric CarboxymaltOse evaluatioN on perFormance in patients with IRon deficiency in coMbination with chronic
Heart Failure; AFFIRM-AHF, A Randomised, Double-blind Placebo Controlled Trial Comparing the Effect of Intravenous Ferric Carboxymaltose on Hospitalisations and Mortality in Iron Deficient Subjects Admitted for
Acute Heart Failure; FERRIC-HF, Ferric Iron Sucrose in Heart Failure; FCM, ferric carboxymaltose; HF, heart failure; CHF, chronic heart failure; NYHA, New York Heart Association; ID, iron deficiency; LVEF, left
ventricular ejection fraction; RCT, randomized controlled trial; TSAT, transferrin saturation; n, number of patients; NA, not available.
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Fig. 2. Forest plot comparing the effect of intravenous (p = 0.832) and oral iron (p = 0.951) supplementation on all-cause mortality when compared with placebo (p

= 0.828).

Studies

AFFIRM AHF
CONFIRM HF
FAIR HF
FERRIC HF
Toblk et al

Overall (1x2=55.95 % , P=0.059) 0.

o oo oo

Bstimate (95% C.I.)

713
266
378
435
069

416

Bv/Trt

(0.549, 0.926) 142/558
(0.125, 0.563) 10/150
(0.138, 1.036) 7/305
(0.025, 7.665) 1/24
(0.004, 1.339) 0/20

(0.216, 0.801)

Bv/Ctrl

178/550
32/151
9/154

1/11

5/20

160/1057 225/886

———

T
oo

T T T v LS T T v l]
002 oo 007 018 03 on 176 asy 708
Odds Ratio (log scale)

Fig. 3. Forest plots displaying the effect of intravenous iron on heart failure hospitalization when compared with placebo (p = 0.009).
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Fig. 4. Forest plot displaying the effect of intravenous iron supplementation on hospitalization when compared with placebo (p = 0.004).
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Fig. 5. (a) and (b) Forest plots comparing the effect on (a) time to first heart failure hospitalizations or cardiovascular death (p = 0.048) and (b) time to first
cardiovascular death (p = 0.655) between intravenous FCM and control group.

in HF patients but does not cause them. Underlying pathophysiological
processes causing iron deficiency are more likely to be responsible for
adverse outcomes in iron-deficient HF patients. Correction of iron

deficiency alone using oral or intravenous iron supplementation does
not fix the background complications and hence does not lead to a sig-
nificant mortality benefit. However, small sample sizes and low event
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rates in most included trials warrant the need for large trials over longer
follow-up durations to be conducted in the future.

The risk of HF induced hospitalizations also remains high, despite the
significant advances in prevention and therapy [26-28]. Borderline
blood pressure limiting up-titration of appropriate dosages and hyper-
kalemia often lead to these therapies not being well tolerated [29-31].
In addition, excessive inhibition of compensatory neuroendocrine sys-
tems through medical therapy has been associated with adverse out-
comes [23]. Readmission rates stay elevated despite patients receiving
guideline directed medical therapy suggesting that other measures need
to be considered for improving the overall prognosis of HF patients
[32,33]. Our study showed that intravenous iron supplementation
compared with placebo was noted to have a positive impact on hospi-
talizations due to HF as well as overall hospitalization. Similar findings
have been noted in preceding studies where intravenous iron therapy
has played a significant role in lowering the risk of HF hospitalizations
irrespective of the presence of anemia [34]. Hence, alongside other
modern drugs, intravenous iron supplementation can be considered as a
potential therapeutic agent for alleviating the global hospitalization
burden caused by HF.

Iron deficiency in HF has been defined as serum ferritin concentra-
tion < 100 pg/l, or ferritin concentration between 100 and 300 pg/l,
along with transferrin saturation (TSAT) of < 20% [8]. It is largely
prevalent in patients with HF and has important quality of life and
prognostic inferences. However, it often goes unnoticed as the symp-
toms related to iron deficiency in HF are not clearly evident and an
evaluation of iron parameters is the only possible means of its diagnosis.
Iron deficiency causes imbalance in hematopoiesis and impairs mito-
chondrial function, leading to deterioration of heart failure and wors-
ening of the overall prognosis [1,2]. One of the most common reasons
for iron deficiency is renal anemia which is largely prevalent in patients
with HF [35-37]. Iron supplementation combined with erythropoiesis-
stimulating agents has been shown to confer benefits in the achieve-
ment of target hemoglobin levels in patients with renal anemia and
chronic kidney disease (CKD) [37]. Moreover, hypoxia-inducible factor-
prolyl hydroxylase (HIF-PF) inhibitors have emerged as beneficial
therapeutic agents for the treatment of renal anemia. Lentini S. et al
showed the potential benefit of combined intake of iron supplements
and HIF-PF inhibitors in patients with renal anemia [38]. Therefore, iron
therapy along with other agents like HIF-PF inhibitors in iron-deficient
HF patients with concomitant renal anemia or CKD may prove to be
helpful. However, widespread usage of iron supplementation in this
population warrants the need for greater evidence from well-powered
clinical trials in future.

Intravenous iron supplementation in iron deficient HF patients has
been recommended by current guidelines [9,10]. While different intra-
venous iron therapies (iron isomaltose, iron (III) gluconate, iron sucrose,
ferumoxytol) exist, the use of intravenous FCM has been widely tested
and recommended for improving prognosis in iron deficient HF patients
[8,39]. Various studies have demonstrated that intravenous FCM im-
proves physical well-being, functional status and quality of life and
confers hospitalization benefits in HF patients with iron deficiency
[40,41]. In addition, our results signify that intravenous FCM reduces
the time to first HF hospitalization or cardiovascular death. These im-
provements continue to exist even in patients without anemia suggest-
ing that reduced hemoglobin level is merely a consequence of iron
diminution.

A considerable number of trials have evaluated the effect of intra-
venous iron supplementation on clinical outcomes in iron deficient HF
patients. However, data regarding the effect of oral iron supplementa-
tion on clinically relevant outcomes namely mortality and hospitaliza-
tions remains limited. This is likely due to the fact that oral iron
treatment has been found to be associated with adverse gastrointestinal
events. Additionally, the IRONOUT HF (Oral Iron Repletion Effects On
Oxygen Uptake in Heart Failure) trial demonstrated no beneficial effect
of oral iron supplementation on time to death or cardiovascular
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hospitalization or on primary (peak oxygen uptake) or secondary end-
points (NT-proBNP levels and 6-minute walk test) [42]. However, in
order to address the lack of evidence with oral iron supplementation in
HF, well-powered trials in future need to assess clinical outcomes over
longer follow-ups. Nonetheless, intravenous iron supplementation is a
guideline recommended therapy and has proven to be a better option
with considerable hospitalization and quality of life benefits.

5. Limitations

This meta-analysis is subject to several limitations. Firstly, the opti-
mum dose of intravenous or oral iron supplementation in HF patients
could not be established due to the lack of availability of data. Secondly,
the trials included in our analysis were based on patients with acute
(AFFIRM-AHF) as well as chronic HF, which might have contributed to
considerable heterogeneity in our findings. Thirdly, the included studies
mainly involved HF patients with reduced ejection fraction. Hence, our
findings may not be generalizable over HF patients with preserved
ejection fraction. Fourthly, the effects of oral iron supplementation on
clinical outcomes could not be evaluated properly due to lack of data.
More trials need to be conducted in future to assess the impact of oral
iron therapy on mortality and hospitalization outcomes. Lastly, the re-
sults of our meta-analysis were mostly determined by the well-powered
AFFIRM-AHF trial since other included trials were usually smaller or
underpowered.  Present ongoing large trials [IRONMAN
(NCT02642562), HEART-FID (NCT03037931), FAIR-HF2
(NCT03036462), FAIR HFpEF (NCT03074591)] will affirm the effec-
tiveness of intravenous iron supplementation in iron deficient HF
patients.

6. Conclusion

Intravenous or oral iron supplementation in iron-deficient HF pa-
tients has no effect on all-cause mortality. However, intravenous iron
supplementation strongly reduces the incidence of overall as well as HF
hospitalizations. Additionally, intravenous FCM supplementation has
also been found to reduce the time to first HF hospitalization or car-
diovascular death. Larger prospective randomized controlled trials in
future will help validate the effectiveness of iron supplementation on
clinical outcomes in HF patients with iron deficiency.
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