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Abstract

Aims The prevalence and the natural course of iron deficiency (ID) in acute heart failure (AHF) are still unclear. We investi-
gated the prevalence of ID in unselected patients admitted with AHF on admission, at discharge and up to 3 months thereafter.
Methods and results In this prospective, multicentre, observational study, 742 patients admitted with AHF were enrolled.
The main study outcome was the percentage of patients with ID (ferritin <100 μg/L = absolute ID or ferritin 100–299 μg/L
and transferrin saturation <20% = functional ID) at admission (T0), after clinical stabilization prior to discharge (T1), and
10 ± 6 weeks after discharge (T2). At T0, ID was present in 71.8% of the patients (44.1% absolute and 27.7% functional ID).
At T1 and T2, ID was present in 56.4% (32.4% absolute and 24% functional ID) and 50.3% (36.8% absolute and 13.5%
functional ID), respectively. Absolute ID persisted from T0 to T2 in 66% of the patients, while functional ID resolved in 56%
of the patients. Ferritin (median [interquartile range] 124 μg/L [56–247] to 150 μg/L [73–277]), transferrin saturation (15%
[10–20] to 18% [12–27]), and iron levels (9 μmol/L [6–13] to 11 μmol/L [8–16]) increased significantly (all P < 0.001) from
T0 to T1. Transferrin saturation (to 21% [15–29]) and iron levels (to 13 μmol/L [9–17]) also increased significantly (both
P < 0.01) from T1 to T2 without iron supplementation.
Conclusions Iron deficiency is highly prevalent in patients with AHF, but resolves during treatment in some patients, even
without iron supplementation. Absolute ID is more likely to persist over time, whereas functional ID often resolves during
treatment of AHF, representing probably a reduced iron availability rather than a true deficiency.
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Introduction

Iron deficiency (ID) is very common in patients with heart fail-
ure (HF), occurring in 37–50% of patients with chronic HF
(CHF),1–3 and in up to 52–74% of patients with acute HF
(AHF).4–7 ID is also present in patients admitted to the

intensive care unit, irrespective of the underlying disease.8 It
is associated with worse outcome in acute diseases, including
cardiac pathology such as acute coronary syndrome9 and
AHF.4,6 ID is a therapeutic target in CHF.10 Growing evidence
supports the hypothesis that ID may be a new therapeutic
target in acutely ill patients,8 and, as recently investigated, in
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patients at discharge after hospital admission for AHF.11 This
may be of particular interest, as current therapy for AHF
focuses on symptomatic treatment such as oxygen therapy,
administering intravenous diuretics, inotropes, and vasodila-
tors, but lacks interventions that improve prognosis.12

Meta-analyses of randomized controlled trials with intra-
venous iron therapy to correct ID in patients with HF with re-
duced left-ventricular ejection fraction (LVEF) showed
benefits in patient-related outcomes, such as improvement
in New York Heart Association (NYHA) class, 6 minute
walking distance, quality of life, and hospitalization rates.13–15

In the chronic setting, ID is defined as a serum ferritin level
<100 μg/L (absolute ID) or a serum ferritin level 100–
300 μg/L in combination with a transferrin saturation
(TSAT) < 20% (functional ID). However, the assessment in
AHF is less well defined. As ferritin is an acute phase protein,
it is often elevated in acute conditions,16 which may result in
an underestimation of the number of iron deficient patients
in the acute phase. In addition, the course of ID during
admission due to AHF is less well defined as many studies
in AHF only measured iron parameters once at or during
admission.4,5

Two small studies showed that the prevalence of ID during
hospitalization for AHF and a subsequent period of one
month varies considerably.17,18 Therefore, it remains unclear
what happens if the clinical situation stabilizes, and which
time point is most suitable to assess and/or correct ID.17,19

As ID in HF appears to be detrimental not only in the chronic
but also acute setting,19 it is important to investigate the time
course of iron homeostasis during and after AHF in a suffi-
ciently large, real-world population. This may help to deter-
mine the best approach to correct ID and to improve
clinical outcomes in AHF. Therefore, we investigated the
prevalence of ID in a large cohort of patients with an episode
of AHF on admission, at discharge and up to 3 months after
discharge.

Methods

Between June 2017 and July 2020, 742 AHF patients were en-
rolled from 15 sites in the Netherlands. The study protocol
was approved by the Medical Research Ethics Committee
Zuyderland (MREC Z) and conducted in accordance with the
principles of the Declaration of Helsinki (Fortaleza, Brazil,
October 2013), International Conference on Harmonization
Good Clinical Practice, and Medical Research Involving Hu-
man Subjects Act (WMO). Written informed consent was pro-
vided by all patients prior to any study-related procedures. To
ensure data quality, on site monitoring and source data veri-
fication has been performed by the Clinical Trial Center
Maastricht.

Study design

This study was a prospective, observational, non-
interventional study assessing the prevalence of ID in a
real-life cohort of patients admitted to hospital due to AHF.
ID was defined as serum ferritin <100 μg/L or serum ferritin
100–299 μg/L and transferrin saturation <20%, according to
the ESC guidelines of 2016.12 Blood samples were drawn via
venipunctures that were part of the routine care procedure:
within 36 h after admission (T0), after clinically stabilization
and within 0–2 days prior to discharge (T1), and 10 ± 6 weeks
after discharge (T2) in the outpatient clinic. Administration of
iron both orally and intravenously was discouraged during
the hospitalization phase because the effect of iron supple-
mentation in the acute phase of HF was not known. Still,
treatment decision was left to the physician in charge. This
was also true for any clinical decision about used diagnostic
tests and applied treatment.

Participants

All adult patients admitted due to an episode of AHF, irrespec-
tive of LVEF and left or right-sided HF, were eligible to partic-
ipate in this study. Patients with a history of erythropoietin
stimulating agent therapy, intravenous iron therapy, and/or
blood transfusion within 3 months prior to hospitalization
were excluded. Patients on oral iron therapy at any doses in
the past 4 weeks or iron containing multivitamins irrespective
of the dose of iron were excluded as well. Furthermore, pa-
tients who received systemic chemotherapy and/or radiother-
apy in the 3 months prior to hospitalization were excluded.

Measurements

Baseline characteristics of patients were recorded. They in-
cluded age, sex, height, weight, vital parameters, physical ex-
amination, NYHA class, echocardiography, medication,
comorbidities (hypertension, diabetes mellitus, chronic ob-
structive pulmonary disease/asthma, cerebrovascular acci-
dent/transient ischaemic attack, malignancy, anaemia,
systemic inflammatory disorders, established atherosclerotic
cardiovascular disease, valve disease, atrial fibrillation, and al-
cohol abuse), as well as laboratory findings such as N-terminal
pro hormone brain natriuretic peptide, C-reactive protein
(CRP), estimated glomerular filtration rate (based on theMod-
ification of Diet in Renal Disease equation20), haemoglobin
(Hb), mean corpuscular volume, folic acid, and vitamin B12.
Echocardiography was considered only if performed within
6 months prior to admission and end of the study to avoid
reporting undue results. If the lab parameters showed an un-
explained, persistent low Hb at T2, it was encouraged but left
to the investigator’s discretion to refer the patient to the gen-
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eral practitioner, or the outpatient clinic of internal medicine
or gastro-enterology for further analysis.

Study outcomes

The main study outcome was the percentage of patients with
ID within the total group of patients on admission (T0), after
stabilization (T1), and 10 ± 6 weeks after discharge (T2) as
well as the changes from baseline to T1 and T2.

Secondary outcomes included the changes of serum ferri-
tin levels, transferrin saturation, and serum iron levels at
the three time points. In addition, cut-off values as previously
defined were applied: that is, ferritin <100 and <300 μg/L,
transferrin saturation <20%, and serum iron <13 μmol/L.

Statistical analysis

Data are presented as mean (SD), median (interquartile
range, IQR) or percentage as appropriate. Given the fact that
most variables were not normally distributed, non-parametric
testing was used. Comparison between groups was per-
formed using the Kruskal–Wallis H test or χ2 test as appropri-
ate. Changes over time were calculated using the Friedman
test. Adjustment for multiple testing was performed using
the Bonferroni adjustment. Correlations were tested using
Spearman’s ρ. Given the large number of missing data, impu-
tation analysis was applied using 5 imputations to determine
the impact of the missing data on the results. The values at all
three timepoints (calculated for each iron parameters sepa-
rately) were imputed using the linear scale model with fully
conditional specification (max 10 iterations) without applying
any constraints or considering interactions. Data analysis was
performed using IBM SPSS version 26.0 for Windows
(Armonk, New York, USA: IBM corp.) Statistical significance
was accepted at a P value of <0.05.

Results

Of the 742 patients, 9 received oral iron supplement within
4 weeks prior to admission and iron status was incomplete
in another 41 patients, leaving 692 patients to be included
in this analysis. Of these patients, 72 (10.4%) were only
assessed at baseline as they were either included in the
AFFIRM-AHF trial (n = 12), received blood transfusion
(n = 8), intravenous iron (n = 45) or both blood transfusion
and intravenous iron (n = 7). Of the remaining 620 patients,
iron assessment was completed at T1 in 463 (74.7%) patients,
at T2 in 386 (62.3%) patients, and at both T1 and T2 in 314
(50.6%) patients. The patient flow is displayed in Figure 1.

The median (IQR) age was 78 (70–84) years, 42.5% of the
patients were female, and 44.1% had de novo HF. The LVEF

was measured within the predefined timeframe in 465
patients (67.2%). The median (IQR) LVEF was 38% (27–50%),
where 261 (56.1%) patients had an LVEF of 40% or less
(HFrEF), 82 (17.6%) patients between 41% and 49% (HFmrEF),
and 122 (26.2%) of 50% or more (HFpEF). Baseline character-
istics are shown in Table 1.

At T0, ID was present in 497 (71.8%) patients (Figure 2). Of
the 72 patients that were either included in the AFFIRM-AHF
study, or received intravenous iron and/or blood transfusion,
68% had absolute ID, 26% functional ID, and 6% had no ID, as
compared with 41%, 289%, and 31%, respectively, in the
other 620 patients (P < 0.001). The following characteristics
were significantly related to ID at T0 (Table 1): female gender,
age, anaemia, diabetes mellitus, CRP levels, and alcohol
abuse but not characteristics such as LVEF, NYHA class, renal
function or N-terminal (NT)-pro hormone brain natriuretic
peptide levels. Obviously, measures of iron status were re-
lated to ID. At T0, ferritin <100 μg/L was present in 305
(44.1%) patients and between 100 and 299 μg/L in 270
(39.0%) patients. Transferrin saturation <20% was present
in 529 (76.7%) patients and iron serum levels of <13 μmol/
L in 575 (83.1%) patients.

At T1, 261 (56.4%) patients had ID [150 absolute ID
(32.4%), 111 functional ID (24.0%)] as compared with 319
(68.9%) patients at T0 [192 absolute ID (41.5%), 127 func-
tional ID (27.4%)] (P < 0.001) if only those were considered
with both measurements not receiving an iron related treat-
ment. In hospital mortality was 3.2% (n = 22). At T2, 194
(50.3%) patients had ID [142 absolute ID (36.8%), 52 func-
tional ID (13.5%)] as compared with 271 (70.2%) patients at
T0 [170 absolute ID (44.0%), 101 functional ID (26.2%)]
(P< 0.001) if only those were considered with both measure-
ments not receiving an iron related treatment. Figure 3
shows the prevalence of ID in patients with measurements
at all three time points, showing a gradual decrease of pa-
tients with ID with most changes in patients that had a func-
tional ID. Of the 135 patients with absolute ID at T0, 97
(71.9%) also had absolute ID at T1, whereas 18 (13.3%)
changed to functional ID and 20 (14.8%) no longer had ID.
Only 8 patients developed a new absolute ID [4 of 99
(3.8%) with no ID at T0 and 4 of 80 (5.0%) with functional
ID at T0]. Functional ID resolved in 38 of 80 (47.5%) patients
and remained unchanged in another 38 (47.5%). Of the 99
patients with no ID at T0, 13 (13.1%) developed functional
ID and 82 (82.8%) remained without ID. Changes from T1 to
T2 were comparable with the changes from T0 to T1 (Figure
3). When comparing T0 with T2, absolute ID persisted in 89
of 135 (65.9%) patients, whereas only 15.2% of those with
no ID developed a new ID at T2 (Table 2).

Serum ferritin levels, transferrin saturation, and serum iron
levels showed a rise from T0 to T2 (Figure 4). Values at T0 in
this plot are slightly higher than shown in Table 1 as only
those patients are included who had values measured at all
time points. Ferritin levels correlated significantly more be-
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tween time points than transferrin saturation and serum iron
levels: Spearman’s ρ between T0 and T1, T0 and T2, and T1
and T2 for serum ferritin levels was 0.83, 0.67, and 0.71, re-
spectively, whereas this was 0.50, 0.50, and 0.59 for transfer-
rin saturation, and 0.44, 0.44, and 0.54, respectively, for
serum iron levels.

Correlation between serum CRP, N-terminal pro hormone
brain natriuretic peptide, and estimated glomerular filtration
rate and measures of iron status are depicted in supplement
Table S1, showing that mainly CRP was correlated with iron
status. Interestingly, this correlation was somewhat stronger
with transferrin saturation and serum iron than with ferritin.

At T1 and T2, ID was more common in women, patients
with a history of anaemia and/or diabetes mellitus, as already
seen at T0 (data not shown). Patients with previously known
HF more often had absolute ID at T1 compared with those
with a new onset of HF (37.5% vs. 26.1%) (functional ID

21.5% vs. 27.1%; no ID 41.0% vs. 46.9%; P = 0.03) with similar
differences at T2. At T2, patients with atrial fibrillation had
more absolute ID (42.7% vs. 28.9%) compared with those
without (functional ID 13.2% vs. 13.9%, no ID 44.1% vs.
57.2%; P = 0.004).

By applying imputation, ferritin levels, transferrin satura-
tion, and iron levels at T1 and T2 were not substantially dif-
ferent from levels if all available results or only those in
patients with all three measurements available were used
(supporting information, Table S2). Only ferritin levels at T1
and T2 were slightly higher with imputed data. The percent-
ages of all imputed data (ranges of five imputations) for abso-
lute ID at T1 and T2 were 29.1% (range 28.5–29.6%) and
29.8% (28.3–30.8%), for functional ID at T1 and T2 24.5%
(23.3–25.3%) and 15.6% (14.7–16.4%), and for no ID at T1
and T2 46.4% (45.3–47.1%) and 54.6% (52.8–56.8%),
respectively.

Figure 1 Number of patients included at different time points.
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Table 1 Baseline characteristics by iron status

Variablesa
All patients
(N = 692)

Absolute ID at
baseline (N = 305)

Functional ID at
baseline (N = 192)

No ID at baseline
(N = 195)

P value (χ2 or
Kruskal–Wallis H)

Age, years 78 (70–84) 79 (72–84) 78 (70–84) 76 (69–82) 0.014
Female sex, N (%) 294 (42.5) 158 (51.8) 84 (43.8) 52 (26.7) <0.001
BMI, kg/m2 27.8 (24.3–32.0) 27.9 (24.1–32.7) 27.1 (24.2–31.6) 28.0 (24.9–31.3) 0.842
Established ASCVD,
N (%)

299 (43.4%) 130 (42.8%) 81 (42.6%) 88 (45.1%) 0.847

Atrial fibrillation or
flutter, N (%)

386 (55.8%) 180 (59%) 108 (56.3%) 98 (50.3%) 0.155

Valve disease, N (%) 218 (31.5%) 96 (31.5%) 63 (32.8%) 59 (30.3%) 0.864
History of HF, N (%) 387 (55.9%) 180 (59.0%) 103 (53.6%) 104 (53.3%) 0.347
LVEF, % 38 (27–50) 38 (27–50) 40 (27–50) 38 (25–50) 0.957
HFrEF, N (%) 261 (56.1%) 111 (56.9%) 75 (54.7%) 75 (56.4%) 0.962
HFmrEF, N (%) 82 (17.6%) 33 (16.9%) 27 (19.7%) 22 (16.5%)
HFpEF, N (%) 122 (26.2%) 51 (26.2%) 35 (25.5%) 36 (27.1%)
NYHA class 0.235

I, N (%) 7 (1.2%) 5 (2.0%) 2 (1.3%) 0 (0%)
II, N (%) 85 (14.9%) 31 (12.4%) 24 (15.2%) 30 (18.4%)
III, N (%) 315 (55.1%) 134 (53.4%) 88 (55.7%) 93 (57.1%)
IV, N (%) 165 (28.8%) 81 (32.3%) 44 (27.8%) 40 (24.5%)

Systolic blood
pressure, mmHg

137 (120–157) 138 (121–156) 140 (120–159) 135 (119–155) 0.417

Diabetes mellitus,
N (%)

240 (34.7%) 121 (39.7%) 65 (33.9%) 54 (27.7%) 0.022

Hypertension, N (%) 404 (58.5%) 183 (60.2%) 115 (59.9%) 106 (54.4%) 0.388
CVA/TIA, N (%) 120 (17.3%) 62 (20.3%) 6 (13.5%) 32 (16.4%) 0.139
COPD/asthma, N (%) 149 (21.5%) 72 (23.6%) 39 (20.3%) 38 (19.5%) 0.490
Systemic inflammatory
disease, N (%)

36 (5.2) 17 (5.6) 14 (7.3) 5 (2.6) 0.103

Malignancy, N (%) 90 (13.0%) 42 (13.8%) 23 (12.0%) 25 (12.8%) 0.843
Alcohol abuse
(>6 units/day), N (%)

29 (4.2) 13 (4.3) 3 (1.6) 13 (6.7) 0.043

Oral anticoagulation,
N (%)

342 (64.9) 151 (67.7) 92 (65.2) 99 (60.7) 0.364

Acetylsalicylic acid
therapy, N (%)

171 (29.0) 69 (26.0) 47 (29.9) 55 (32.9) 0.294

P1Y12-inhibitor
therapy, N (%)

92 (15.4%) 35 (13.2%) 28 (17.4%) 29 (17.1%) 0.392

Serum ferritin, μg/L 114 (58–231) 53 (35–74) 165 (128–224) 342 (190–510) NA
Serum iron, μmol/L 8.9 (6.0–12.0) 7.1 (6.0–10.0) 8.0 (6.0–10.0) 12.0 (8.0–15.2) NA
Serum transferrin, g/L 2.5 (2.2–2.9) 2.8 (2.5–3.2) 2.4 (2.1–2.7) 2.2 (2.0–2.5) NA
TSAT, % 14 (9–19) 10 (8–16) 14 (10–17) 21 (15–25) NA
eGFR, mL/min/1.73 m2 54.7 (39.6–73.6) 52.5 (38.8–71.2) 55.8 (40.6–75.3) 56.5 (40.6–76.8) 0.349
CRP, mg/L 10 (4–24) 8 (4–17) 15 (6–35) 10 (4–36) <0.001
Haemoglobin, mmol/L

Male 8.2 (1.2) 7.8 (1.1) 8.2 (1.2) 8.5 (1.3) <0.001
Female 7.8 (1.1) 7.7 (1.1) 7.9 (1.0) 8.1 (1.3) 0.141

Anaemia, N (%) 156 (22.5) 88 (28.9) 32 (16.7) 36 (18.5) 0.002
NTproBNP, pmol/L 520 (261–1025) 494 (260–951) 536 (239–1194) 580 (276–1039) 0.508
BNP, pmol/L 499 (234–1168) 363 (229–856) 548 (220–1442) 623 (259–1606) 0.578
Length of stay, (days) 7 (5–10) 7 (5–11) 8 (5–10) 8 (5–11) 0.639
Change in body
weight, (kg)b

�2.7 (�0.5 to �5.3) �2.7 (�0.5 to �5.1) �2.6 (�0.5 to �5.2) �3.2 (�0.3 to �6.2) 0.931

In-hospital mortality,
N (%)

22 (3.2%) 8 (2.6%) 5 (2.6%) 9 (4.6%) 0.409

aAll continuous variables are presented as median (interquartile range) except for haemoglobin [mean (SD)].
bChange from first measured weight (usually Day 2 of hospitalization) to weight at discharge.
Abbreviations: ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; BNP, brain natriuretic peptide; COPD, chronic ob-
structive pulmonary disease; CRP, C-reactive protein; CVA, cerebrovascular accident; eGFR, estimated glomerular filtration rate; HF, heart
failure; HFmrEF, heart failure with mid-range ejection fraction (40.1–49.9%); HFpEF, heart failure with preserved ejection fraction (≥50%);
HFrEF, heart failure with reduced ejection fraction (≤40%); ID, iron deficiency; LVEF, left ventricular ejection fraction; NA, not applicable;
NTproBNP, N-terminal (NT)-pro hormone Brain natriuretic peptide; NYHA, New York Heart Association; TIA, transient ischaemic attack;
TSAT, transferrin saturation.
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Discussion

In this large, prospective, multicentre, study in a real-life co-
hort of patients with AHF, ID was highly prevalent. Moreover,
we show a significant reduction in the prevalence of ID, even
during the short period of hospitalization. Absolute ID is
more likely to persist over time, whereas functional ID is
more likely to resolve during the treatment of AHF, even
without iron supplementation.

Two rather small studies showed comparable results about
the prevalence of ID in patient with AHF. Van Aelst et al.
found a prevalence of 83% at baseline in their cohort, while
Sportouch et al. showed a prevalence of 75%.17,18 We found
a comparable prevalence of ID, but we demonstrated this in a
larger patient population. Similarly, the changes in prevalence
of ID over time are comparable. Van Aelst et al. showed that

23.4% of patients with ID at baseline had no ID at Day 30,
whereas in the study of Sportouch et al. 15% of the patients
with ID at baseline showed no ID after one month.17 The
AFFIRM-AHF trial, which investigated iron supplementation
with ferric carboxymaltose (FCM) in patients with ID who
were stabilized after AHF, showed a similar effect in the pla-
cebo arm of the trial. TSAT increased in the placebo group
(mean absolute change +5.4%) after 6 weeks, although less
than in the treatment arm. Furthermore, the serum ferritin
levels in the placebo arm increased from baseline to
6–12 weeks follow-up.11

AFFIRM-AHF showed no statistically significant effect for
the primary endpoint of FCM (P = 0.059). Still, analysing the
subgroups of serum ferritin levels below and above 100 μg/
L, it may be hypothesized that there is a benefit of FCM in pa-
tients with a serum ferritin <100 μg/L but not in those with a
serum ferritin >100 μg/L.11 An explanation for this difference
might be our finding that functional ID more often resolved
during the treatment and stabilization of AHF, whereas abso-
lute ID more often remained unchanged. In line with this, ab-
solute, but not functional ID at discharge, was associated with
an increased risk of early re-admission.6 Obviously, it needs to
be prospectively tested if this assumption is true.

Several studies on (acute or chronic) HF report varying
percentages of ID, ranging from 37% to 74%.1,6,21 This may
reflect the heterogeneity of the patient populations in these
studies, but is probably also the result of the different defini-
tions of ID.22–26 In patients without chronic conditions, abso-
lute ID is identified by serum ferritin levels of <30 μg/L with
acceptable sensitivity and specificity.27 In conditions with
multiple comorbidities accompanied with chronic inflamma-
tion, ID may be present if serum ferritin levels are
<100 μg/L or even higher, in combination with a TSAT

Figure 2 Iron deficiency (ID) at hospital admission (T0).

Figure 3 Iron deficiency (ID) at the different time points and variability between groups. Width of lines between groups indicates number of patients
(1 pt = 10 patients).
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<20%.28 Like others, we have followed the definition as
advised by the European Society of Cardiology: absolute ID
when serum ferritin level is <100 μg/L and functional ID
when the serum ferritin level is 100–300 μg/L and the trans-
ferrin saturation is <20%.

These cut-off values have been adopted from patients with
chronic kidney disease with the assumption that the situation
in patients with CHF may be similar.25 In a study that vali-
dated this definition to the golden standard of iron content
in bone marrow (in patients undergoing median sternotomy
with LVEF <45%), a cut-off value for TSAT of <19.8% was
found, similar to the used definition <20%. However, that
study also questioned the diagnostic value of ferritin.29 In ad-
dition, another study in CHF patients with or without reduced
LVEF showed that ID and anaemia were often concomitant,
but serum iron levels and transferrin saturation were more
strongly associated with anaemia than serum ferritin levels.30

In our study however, we found a larger variation in TSAT
than in ferritin. This might be explained by a variation in

transferrin and iron due to reduced consumption, absorption,
and distribution in the acute phase of HF.

So far, studies and trials have considered patients with ab-
solute ID and functional ID as one homogeneous group, but
this is debatable with the mentioned findings. In addition,
the definition of functional ID, in the presence of normal
body iron stores can be somewhat confusing. In fact, func-
tional ID may be better understood as iron availability disor-
der with a serum ferritin of 100–300 μg/L AND TSAT <20%,
distinct from absolute ID. It needs to be prospectively tested
whether intravenous iron supplementation is only effective in
absolute ID but not in functional ID (i.e. reduced iron avail-
ability only) as suggested by the AFFIRM-AHF as discussed
earlier.11 It could be hypothesized that patients with absolute
ID have greater benefit of FCM, probably not only by
accomplishing reduction of rehospitalizations as shown in
several meta-analyses of FCM trials,13–15 but eventually also
a reduction in mortality.

Compared with most clinical intervention trials in a HF
population, the patients included in this study were more of-
ten female, older, and NYHA Classes III and IV were more
prevalent. Furthermore, LVEF was higher than in the HFrEF
trials.31,32 Importantly, ID was prevalent independently of
LVEF. The differences between the study populations can
be explained by the fact that our study was observational
and inclusion and exclusion criteria allowed inclusion of al-
most all AHF patients, whereas clinical trials usually exclude
the more frail patients because of safety issues. The age
and sex in our study sample are comparable with those in
other observational studies reporting real-world data of

Figure 4 Levels of ferritin (left), transferrin saturation (middle) and serum iron (right) at the three time points in those patients having iron status
measured at all time points. The boundaries of the box are Tukey’s hinges; extremes are not shown.

Table 2 Comparison of iron status at T0 with T2

Iron status at T2

No ID Functional ID Absolute ID

Iron status
at T0

No ID 84 (84.8%) 7 (7.1%) 8 (8.1%)
Functional ID 45 (56.3%) 24 (30.0%) 11 (13.8%)
Absolute ID 35 (25.9%) 11 (8.1%) 89 (65.9%)

Percentage indicates % of patients with the according iron status
at T0.
ID, iron deficiency.
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AHF patients.33,34 We therefore are convinced that our study
population can be considered as a real-life cohort.

Our study has several strengths and limitations. The first
strength is that, to our knowledge, this is the so far largest,
prospective, observational study on the prevalence of ID in
AHF, investigating the course of ID during and early after
hospitalization without supplementing iron. Second, our
study is a real-life cohort of patients admitted with AHF,
which enhances the generalizability of our results.

The most important limitation of our study is the high
amount of missing data, which was caused by several
reasons: only blood samples and LVEF measurements as part
of the clinical daily routine were available to reduce the
burden for participating patients and the costs of this
investigator-initiated study. Additional patients had LVEF
measured outside the predefined timeframe, but they were
not included in the analysis to avoid reporting undue results.
Also, no data on physical performance or quality of life are
available, as those are not part of standard care in the
Netherlands. Part of the patients were discharged to a nurs-
ing home or follow-up by the general practitioner, which
complicated follow-up visits. In addition, limited follow-up
at the outpatient clinic was possible during the COVID-19
pandemic. To lower the amount of missing values, we
widened the follow-up window in a protocol amendment,
which was initially set to 6 (±2) weeks after discharge. In ad-
dition, we performed an analysis with imputed values, which
did not show meaningful differences as compared with the
main results. We are, therefore, convinced that the impact
of the missing data on the results is rather small, and the
analyses performed with complete cases only are representa-
tive for the whole population. Furthermore, for better under-
standing of the underlying pathophysiology, data about
detailed clinical characteristics during hospitalization, for
example, use of inotropes, hemodynamic profile, liver func-
tions, and the long-term follow-up would have been helpful.
However, this was an investigator-initiated study with limited
funding to collect these data. Due to the limited set of
acquired data, we were able to include a representative sam-
ple of patients admitted with AHF during the time period.

Another limitation is the fact that some patients received
iron therapy although this was discouraged by the protocol.
Therefore, the prevalence of ID at T1 and T2 without iron
supplementation is probably slightly underestimated. An-
other limitation is the fact that we only used those iron pa-
rameters that are available in daily clinical practice; ferritin,
serum iron, and TSAT. More extensive data on iron status in-
cluding, for example, reticulocyte haemoglobin content
(Ret-He), soluble transferrin receptor (sTfR), or hepcidin
would have added information on the iron availability during
the course of admission and stabilization of AHF.

Further research should focus on the methods and timing
of diagnosing ID in patients with AHF. Moreover, it needs to
be investigated if the effect of iron supplementation in AHF

patients is only present with absolute ID. It should be kept
in mind however, that a prolonged period of functional ID
might also be harmful. Finally, the effect of iron supplementa-
tion during hospital admission should be investigated, partic-
ularly in patients with absolute ID.

Conclusions

Iron deficiency is highly prevalent in patients with AHF.
Prevalence of ID, as currently defined, changes over time,
even during the short period of clinical stabilization during
hospitalization. It may be investigated which point of time is
best to determine ID for initiation of treatment. Absolute ID
is more likely to be persistent than functional ID, the latter of-
ten resolves after stabilization of HF, even without iron sup-
plementation. Absolute and functional ID may therefore be
considered as two distinct groups. Further research is required
to investigate if this may have therapeutic implications.
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