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Abstract

Aims The importance of iron deficiency (ID) in heart failure with preserved ejection fraction (HFpEF) is unknown. In HF with
reduced ejection fraction (HFrEF), ID is reported as an independent predictor of mortality in HF although not all published
studies agree. Different definitions of ID have been assessed, and the natural history of untreated ID not established, which
may explain the conflicting results. This study aimed to assess the relationship between ID and mortality in HFpEF, clarify
which definition of ID correlates best with outcomes in HFrEF, and determine the prognostic importance of change in ID status
over time.
Methods and results Analyses were conducted on data from 1563 patients participating in a prospective international co-
hort study comparing HFpEF with HFrEF. Plasma samples from baseline and 6 month visits were analysed for the presence
of ID. Two ID definitions were evaluated: IDFerritin = ‘ferritin < 100 mcg/L or ferritin 100–300 mcg/L + transferrin
saturation < 20%’ and IDTsat = ‘transferrin saturation < 20%’. The risk of all-cause mortality and death/HF hospitalization as-
sociated with baseline ID (IDFerritin or IDTsat) and change in ID status at 6 months (persistent, resolving, developing, or never
present) was estimated in multivariable Cox proportional hazards models. Of 1563 patients, 1115 (71%) had HFrEF and 448
(29%) HFpEF. Prevalence of ID was similar in HFpEF and HFrEF (58%). Patients with ID were more likely to be female, diabetic,
and have a higher co-morbid burden than patients without ID. ID by either definition did not confer independent risk for either
all-cause mortality or death/HF hospitalization for patients with HFpEF [IDFerritin hazard ratio (HR) 0.65 (95% confidence inter-
val 0.40–1.05), P = 0.08; IDTsat HR 1.16 (0.72–1.87), P = 0.55]. In the overall study cohort (HFrEF + HFpEF) and HFrEF subgroup,
IDFerritin was inferior to IDTsat in prediction of all-cause mortality [overall cohort: HR 1.21 (0.95–1.53), P = 0.12 vs. HR 1.95
(1.52–2.51), P< 0.01; HFrEF: HR 1.12 (0.85–1.48), P = 0.43 vs. HR 1.57 (1.15–2.14), P < 0.01]. Persistence of IDTsat at 6 months
was strongly associated with poor outcomes compared with never having IDTsat [HR 2.22 (1.42–3.46), P< 0.01] or having IDTsat

at baseline self-resolve by 6 months [HR 1.40 (1.06–1.86), P = 0.02].
Conclusions Iron deficiency is equally prevalent in HFpEF and HFrEF but is negatively prognostic only in HFrEF. The natural
history of ID is important; persistent ID is strongly associated with mortality whereas resolution is not. IDTsat is the superior
definition of ID and should inform future trials investigating the efficacy of intravenous iron replacement in patients with
HFrEF.
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Introduction

Iron deficiency (ID) is recognized as an important
co-morbidity in patients with heart failure (HF). A high prev-
alence of ID has been found in patients with HF with reduced
ejection fraction (HFrEF).1–3 Whether this is true for patients
with HF with preserved ejection fraction (HFpEF) is not well
established, as studies published to date have either ex-
cluded HFpEF patients or included insufficient numbers for
definitive conclusions. ID is reported as an independent pre-
dictor of mortality in HF although not all published studies
agree.1–6 Different definitions of ID have been used, which
may explain the conflicting results. ID defined as ‘ferri-
tin < 100 or 100–300 mcg/L with a transferrin saturation
(tsat) < 20%’ are the criteria most widely studied and were
used in the randomized controlled trials underpinning guide-
line recommendations for intravenous (IV) iron replacement
in HF patients with ID. However, when correlated with the
‘gold standard’ definition of ID [bone marrow (BM) stores],
ferritin< 100 or 100–300 mcg/L with a tsat< 20% was found
to be inferior to other definitions of ID.7 Furthermore, the
natural history of untreated ID in HF and its prognostic impli-
cations have not been established.

Aims

1 Quantify prevalence of ID and determine whether ID pre-
dicts long-term outcomes in HFpEF as compared with
HFrEF.

2 Clarify which definition of ID is more closely related to
all-cause mortality and the secondary combined endpoint
of death/HF hospitalization.

3 Determine whether change in ID status over time is an im-
portant prognostic factor.

Methods

Patient cohort

Patients were a subset of those enrolled in a prospective, lon-
gitudinal multicentre study carried out in New Zealand (four
centres) and Singapore (six centres) to determine clinical out-
comes and predictors of outcome in HFpEF compared with
HFrEF. The study design and main outcomes have been previ-
ously published.8 In brief, patients with clinically confirmed
HF (both inpatients and outpatients) were prospectively iden-
tified between March 2010 and August 2014 for inclusion in
this study, a clinical era pre-dating the widespread use of IV
iron replacement in HF. Patients were assessed at recruit-
ment (baseline visit), 6 weeks, and 6 months after enrolment,
and clinical outcomes were determined up to 2 years follow-
ing enrolment. The diagnosis of HF satisfied European Society

of Cardiology criteria at the time of data collection (2012
Guidelines). Left ventricular ejection fraction (LVEF) <50%
and ≥50%, determined quantitatively on transthoracic echo-
cardiogram, defined HFrEF and HFpEF, respectively. All pa-
tients who had serum samples stored at their baseline visit
were included. Informed consent had been obtained from
all patients for future studies on their stored blood samples.
Our study complies with the Declaration of Helsinki, and
our research protocol was approved by all local ethics
committees.

Evaluation of iron deficiency

Blood samples were drawn at baseline and 6 month visits,
plasma separated by 10 min centrifugation at 4000 rpm at
4°C, aliquoted into EDTA, and then frozen at �80°C.
Haemoglobin (Hb) was measured using a standard Seismic as-
say, and iron, ferritin, and transferrin levels were measured
on the Abbott Architect platform. Tsat was calculated as the
ratio of serum iron (mg/L) to total iron binding capacity
(mg/L) × 100.

Our primary definition of ID (IDFerritin) was a ‘ferritin
level < 100 mcg/L’ (absolute ID) or ‘ferritin 100–300 mcg/L
with a tsat < 20%’ (functional ID). This was chosen as, to
date, it is the most widely assessed definition of ID in HF
patients.9,10 We also assessed a second definition of ID
—‘tsat < 20%’ (IDTsat). This was chosen as it was the defini-
tion of ID most closely reflective of BM iron stores, the gold
standard definition, that is also available in routine clinical
care worldwide.7

Patients who had ID at both their baseline and 6 month
visits were designated as having ‘persistent ID’. Patients with
ID at baseline but not at 6 months were labelled ‘resolved ID’.
Patients without ID at baseline but with ID at 6 months had
‘developed ID’, and, finally, those free of ID at either time
point were classified ‘never ID’.

Statistical analysis

Statistical analyses were performed using R software (R Core
Team 2017). Statistical tests are two-sided, and P < 0.05
was considered significant. Normally distributed data are pre-
sented as mean (standard deviation), whereas categorical var-
iables are expressed as numbers (percentages). Comparisons
of categorical variables were performed using a χ2 or Fisher’s
exact test, as required. Multivariable Cox proportional hazards
models were used to estimate the adjusted risk associated
with baseline ID (IDFerritin or IDTsat) and outcomes including
all-cause mortality and death/rehospitalization. Covariates
were selected a priori as the clinical and laboratory variables
established as independent predictors of all-cause mortality
and death or HF readmission in the parent study.8 These were

Impact of change in iron status over time on clinical outcomes in heart failure according to ejection fraction phenotype 4573

ESC Heart Failure 2021; 8: 4572–4583
DOI: 10.1002/ehf2.13617



age, gender, ischaemic aetiology, N-terminal pro-brain natri-
uretic peptide (NT-proBNP), New York Heart Association
(NYHA) class, systolic blood pressure (SBP), atrial fibrillation
(AF), and serum creatinine.8 To assess the effect of change
in ID status at 6 months (persistent, resolving, developing, or
never present), we developed proportional hazard models
that adjusted only for change in ID status (Model 1); for
change in ID status and EF group (Model 2); for change in ID
status, EF group, age, and gender (Model 3); and for change
in ID status, age, gender, ΔlogCreat, and ΔlogNT-proBNP
(Model 4).

Results

Baseline characteristics

Baseline characteristics of participants according to LVEF
category are given in Table 1. There were 1565/2039
(77%) patients with adequate stored plasma samples of
whom 1563 had LVEF measured; 1115 (71%) had HFrEF
and 448 (29%) HFpEF. IDFerritin classified 900 (58%) patients
as ID; of these, 546 patients had absolute ID and 354 func-
tional ID. Prevalence of IDFerritin was similar in HFpEF and
HFrEF patients (58%). Absolute ID was the cause of ID in
64% of HFpEF and 59% of HFrEF patients. When ID was de-
fined as IDTsat, 902 (58%) patients were classified as ID.
Prevalence of IDTsat was also similar in HFpEF and HFrEF pa-
tients (57% vs. 58%).

Characteristics of iron deficiency compared with non-iron
deficiency patients
Within our study population, patients with IDFerritin were
more likely to be female (33% vs. 21%, P < 0.0001), diabetic
(48% vs. 38%, P = 0.0003), and have a higher co-morbid bur-
den than patients without IDFerritin. There was a small differ-
ence in clinical markers of HF including more patients with
NYHA class III/IV symptoms (P = 0.046) and a higher average
plasma NT-proBNP in those with IDFerritin. The use of
anti-coagulant (30% IDFerritin, 28% non-IDFerritin, P = 0.65),
anti-platelet (42% IDFerritin, 38% non-IDFerritin, P = 0.20), and
oral iron replacement medications (24% IDFerritin, 27% non-ID-

Ferritin, P = 0.12) was high and did not differ significantly by
iron status. More patients with IDFerritin had a history of pep-
tic ulceration (7% vs. 4%, P = 0.034).

There was no significant difference in baseline characteris-
tics between patients defined as IDTsat vs. IDFerritin

(Supporting Information, Table S1). Differences between ID-

Tsat and non-IDTsat were similar to between IDFerritin and
non-IDFerritin except a history of peptic ulceration was not
more common in the ID group (6% vs. 5%, P = 0.43).

Characteristics of patients with heart failure with preserved
ejection fraction (iron deficiency vs. non-iron deficiency)
The difference in co-morbid burden and clinical markers of
HF between those with and without ID was more pronounced
in HFpEF patients (Table 1). Patients with HFpEF and IDFerritin

had higher prevalence of AF (60% vs. 45%, P = 0.003), hyper-
tension (80% vs. 71%, P = 0.030), and NYHA III–IV HF (31% vs.
19%, P = 0.004) than HFpEF patients without IDFerritin. Propor-
tionally, more HFpEF patients with IDFerritin were prescribed
anti-coagulant or anti-platelet agents than HFpEF patients
without IDFerritin and HFrEF patients with or without IDFerritin.
Similar differences were present between ID and non-ID
HFpEF patients when ID was defined as IDTsat.

Iron deficiency as a predictor of all-cause
mortality

During 2 years of follow-up, 293/1563 (19%) patients died
from any cause. There were 179 deaths in those with IDFerritin

compared with 114 deaths in those without. In a model
adjusting for age and sex, there was no significant difference
in all-cause mortality between patients with IDFerritin at base-
line vs. those without {hazard ratio [HR] 1.21 [confidence in-
terval (CI) 0.95–1.53], P = 0.12} (Table 2, Figure 1).

When ID was defined by IDTsat, there were 206 (23%)
deaths in those with IDTsat compared with 179 (20%) in the
group identified as IDFerritin. In contrast to IDFerritin, IDTsat

was an independent risk factor for all-cause mortality in a
model adjusted for age and sex [HR 1.95 (1.52–2.51),
P < 0.01]. When age, sex, ischaemic aetiology, NYHA class,
SBP, AF, log(NT-proBNP), and log(creatinine) were included,
IDTsat remained an independent predictor for all-cause mor-
tality [adjusted HR 1.46 (1.12–1.89), P < 0.01].

Iron deficiency as a predictor of death and heart
failure hospitalization

During 2 years of follow-up, 677 (43%) patients either died or
incurred worsening HF requiring HF hospitalization, including
417 (46%) patients with IDFerritin and 260 (39%) without. Cox
proportional hazard modelling including age and sex demon-
strated a significant difference in the risk of death or hospital-
ization between those with and without IDFerritin, which was
not maintained when ischaemic aetiology, NYHA class, SBP,
AF, log(NT-proBNP), and log(creatinine) were included in
the model [HR 1.07 (0.92–1.26), P = 0.52] (Table 2, Figure 2).
In contrast, IDTsat remained a significant risk factor for
death/HF hospitalization [HR 1.19 (1.01–1.41), P = 0.03] when
the model was adjusted for age, sex, ischaemic aetiology,
NYHA class, SBP, AF, log(NT-proBNP), and log(creatinine).
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Relevance of iron deficiency in heart failure with
preserved ejection fraction compared with heart
failure with reduced ejection fraction sub-cohorts

Among patients with IDFerritin, fewer HFpEF patients died
from any cause compared with HFrEF patients [39/258
(15%) vs. 140/642 (22%), respectively, P = 0.03].

There were 72 deaths and 170 combined deaths or rehos-
pitalization in the HFpEF subgroup. There were more deaths
when ID was defined by IDTsat 45/257 (18%) compared with
IDFerritin 39/358 (15%) but the same number of deaths/HF hos-
pitalization [105/257 (41%) vs. 105/258 (41%), respectively].
ID by either definition did not confer independent risk for
either all-cause mortality [IDFerritin HR 0.65 (0.40–1.05),

Table 2 Multivariable associations with outcome [hazard ratio (95% confidence interval)]

HFpEF HFrEF Total cohort
N = 448 N = 1115 N = 1563

Hazard ratio for all-cause mortality (age/gender)
IDFerritin 0.65 (0.40–1.05) 1.41 (1.07–1.86) 1.21 (0.95–1.53)
Age 1.09 (1.06–1.12) 1.04 (1.03–1.05) 1.04 (1.03–1.05)
Gender (F:M) 0.83 (0.52–1.34) 0.59 (0.40–0.86) 0.59 (0.45–0.78)
IDTsat 1.16 (0.72–1.87) 2.31 (1.71–3.11) 1.95 (1.52–2.5)
Age 1.08 (1.05–1.11) 1.04 (1.03–1.06) 1.04 (1.03–1.05)
Gender (F:M) 0.77 (0.48–1.23) 0.58 (0.4–0.84) 0.57 (0.43–0.75)
Hazard ratio for all-cause mortality (all independent variables)
IDFerritin 0.68 (0.41–1.12) 1.12 (0.85–1.48) 1.00 (0.78–1.27)
Age 1.06 (1.03–1.11) 1.02 (1.01–1.03) 1.03 (1.02–1.04)
Gender (F:M) 0.82 (0.49–1.40) 0.75 (0.51–1.11) 0.84 (0.62–1.12)
Ischaemic aetiology 1.13 (0.69–1.86) 1.82 (1.32–2.52) 1.47 (1.13–1.90)
Log_NT-proBNP 1.80 (1.39–2.32) 1.68 (1.45–1.93) 1.69 (1.50–1.89)
NYHA 1.47 (0.89–2.41) 1.71 (1.29–2.26) 1.69 (1.33–2.15)
SBP 10 mmHg 0.90 (0.80–1.01) 0.86 (0.80–0.93) 0.88 (0.82–0.93)
AF 0.75 (0.44–1.28) 1.30 (0.97–1.74) 1.11 (0.86–1.43)
logCreatinine 1.22 (0.62–2.38) 1.33 (0.88–2.0) 1.36 (0.96–1.92)
IDTsat 1.12 (0.69–1.84) 1.57 (1.15–2.14) 1.46 (1.12–1.89)
Age 1.06 (1.03–1.09) 1.02 (1.01–1.03) 1.03 (1.02–1.04)
Gender (F:M) 0.77 (0.46–1.29) 0.74 (0.50–1.10) 0.81 (0.6–1.08)
Ischaemic aetiology 1.05 (0.65–1.71) 1.78 (1.29–2.49) 1.45 (1.12–1.88)
Log_NT-proBNP 1.82 (1.40–2.36) 1.61 (1.40–1.86) 1.65 (1.46–1.84)
NYHA 1.47 (0.89–2.41) 1.64 (1.24–2.18) 1.65 (1.29–2.10)
SBP 10 mmHg 0.89 (0.80–1.00) 0.86 (0.80–0.93) 0.88 (0.83–0.93)
AF 0.70 (0.41–1.18) 1.31 (0.98–1.76) 1.12 (0.87–1.45)
logCreatinine 1.22 (0.62–2.40) 1.36 (0.90–2.06) 1.37 (0.97–1.94)
Hazard ratio for death or HF hospitalization (age/gender)
IDFerritin 1.11 (0.81–1.52) 1.33 (1.11–1.60) 1.29 (1.11–1.51)
Age 1.03 (1.01–1.04) 1.02 (1.01–1.03) 1.01 (1.01–1.02)
Gender (F:M) 0.90 (0.66–1.23) 0.67 (0.53–0.85) 0.69 (0.58–0.83)
IDTsat 1.19 (0.87–1.63) 1.66 (1.38–1.99) 1.54 (1.31–1.80)
Age 1.03 (1.01–1.04) 1.02 (1.01–1.02) 1.01 (1.01–1.02)
Gender (F:M) 0.89 (0.65–1.22) 0.68 (0.53–0.86) 0.69 (0.57–0.82)
Hazard ratio for death or HF hospitalization (all independent variables)
IDFerritin 0.99 (0.71–1.37) 1.11 (0.92–1.33) 1.07 (0.92–1.26)
Age 1.00 (0.99–1.02) 1.00 (0.99–1.01) 1.00 (0.99–1.01)
Gender (F:M) 0.97 (0.69–1.37) 0.82 (0.64–1.05) 0.89 (0.74–1.08)
Ischaemic aetiology 1.33 (0.96–1.84) 1.52 (1.24–1.86) 1.44 (1.22–1.71)
Log_NT-proBNP 1.56 (1.33–1.83) 1.37 (1.25–1.50) 1.41 (1.31–1.51)
NYHA 1.39 (1.00–1.95) 1.54 (1.27–1.86) 1.50 (1.27–1.77)
SBP 10 mmHg 0.94 (0.87–1.01) 0.96 (0.92–1.01) 0.96 (0.93–1.00)
AF 0.97 (0.69–1.38) 1.04 (0.85–1.27) 1.03 (0.87–1.22)
logCreatinine 1.37 (0.89–2.10) 1.41 (1.09–1.83) 1.42 (1.15–1.77)
IDTsat 1.06 (0.77–1.46) 1.24 (1.02–1.50) 1.19 (1.01–1.41)
Age 1.00 (0.99–1.02) 1.00 (0.99–1.01) 1.00 (1.00–1.01)
Gender (F:M) 0.96 (0.69–1.35) 0.82 (0.64–1.05) 0.89 (0.74–1.08)
Ischaemic aetiology 1.32 (0.96–1.82) 1.50 (1.23–1.84) 1.44 (1.21–1.70)
Log_NT-proBNP 1.56 (1.33–1.82) 1.35 (1.23–1.48) 1.39 (1.29–1.50)
NYHA 1.39 (1.00–1.95) 1.51 (1.25–1.84) 1.49 (1.26–1.75)
SBP 10 mmHg 0.94 (0.87–1.01) 0.96 (0.92–1.01) 0.96 (0.93–0.99)
AF 0.97 (0.69–1.37) 1.04 (0.85–1.26) 1.04 (0.87–1.23)
logCreatinine 1.37 (0.90–2.10) 1.43 (1.10–1.85) 1.43 (1.15–1.77)

AF, atrial fibrillation; Hb, haemoglobin; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with
reduced ejection fraction; ID, iron deficiency; NYHA, New York Heart Association functional class; SBP, systolic blood pressure; Δ, change.
Bold highlights the results for iron status—the focus of the article.
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P = 0.08; IDTsat HR 1.16 (0.72–1.87), P = 0.55] or death/HF hos-
pitalization [IDFerritin HR 1.11 (0.81–1.52), P = 0.52; IDTsat HR
1.19 (0.69–1.84), P = 0.28] (Table 2). Absolute ID was also

not associated with increased rates of all-cause mortality
[0.72 (0.44–1.19), P = 0.20] or death/HF hospitalization [1.17
(0.86–1.50), P = 0.33] (Supporting Information, Table S2).

Figure 1 Cumulative event curves for all-cause mortality in patients with IDFerritin and IDTsat compared with patients without ID during 2 years of fol-
low-up. (A and C) Models adjusted for age/sex; (B and D) models adjusted for age, sex, ischaemic aetiology, New York Heart Association class, systolic
blood pressure, atrial fibrillation, log(N-terminal pro-brain natriuretic peptide), and log(creatinine). ID, iron deficiency.

Figure 2 Cumulative event curves for death and HF hospitalization in patients with IDFerritin and IDTsat compared with patients without ID during 2 years
of follow-up. (A and C) Adjusted for age/sex; (B and D) adjusted for age, sex, ischaemic aetiology, New York Heart Association class, systolic blood pres-
sure, atrial fibrillation, log(N-terminal pro-brain natriuretic peptide), and log(creatinine). HF, heart failure; ID, iron deficiency.
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Within the HFrEF subgroup, there was a higher rate of
all-cause mortality in those with IDFerritin compared with
those without IDFerritin [140/642 (22%) vs. 81/473 (17%), re-
spectively, P = 0.063] although the difference did not reach
statistical significance. In Cox proportional hazard modelling
adjusted for age and sex, IDFerritin was independently predic-
tive of all-cause mortality [HR 1.41 (1.07–1.86), P = 0.01].
With adjustment for age, sex, ischaemic aetiology, NYHA
class, SBP, AF, log(NT-proBNP), and log(creatinine), IDFerritin

was no longer an independent predictor of all-cause mortal-
ity [HR 1.12 (0.85–1.48), P = 0.43] in patients with HFrEF. In
contrast, within HFrEF, IDTsat was an independent risk factor
for all-cause mortality in both models [adjusted for age and
sex: HR 2.31 (1.71–3.11), P< 0.01; adjusted for age, sex, isch-
aemic aetiology, NYHA class, SBP, AF, log(NT-proBNP), and log
(creatinine): HR 1.57 (1.15–2.14), P < 0.01]. For the com-
bined endpoint of death or HF hospitalization in HFrEF pa-
tients, IDTsat but not IDFerritin was an independent predictor
of outcome [HR 1.24 (1.02–1.50), P = 0.03 vs. HR 1.11
(0.92–1.33), P = 0.28].

Relevance of change in iron status during the first
6 months

As we found ID defined by tsat criteria more clearly associ-
ated with outcomes, we focused on this definition for
assessing the prognostic relevance of change in ID status.
There were 96 (6%) deaths within the first 6 months of the
study. Of these, 73 (76%) had IDTsat at baseline (in compari-
son, 61 were identified by IDFerritin). Of the 1467 patients
who survived to 6 months, 988 had a blood sample available
from a 6 month visit. Of these, 537 patients had IDTsat at
baseline, of whom 284 (53%) had persistent IDTsat at
6 months. Of the 451 patients without IDTsat at baseline,
128 (20%) had developed IDTsat by their 6 month follow-up.

Patients with persistent IDTsat had an increased risk of
all-cause mortality compared with those who never had IDTsat

[HR 2.22 (1.42–3.46), P < 0.01] (Table 3, Figure 3). Persistent
IDTsat remained a risk factor for all-cause mortality regardless
of EF group [Model 2: HR 2.26 (1.45–3.53), P < 0.01], when
adjusted for age and sex [Model 3: HR 2.34 (1.50–3.67),
P < 0.01], change in NT-proBNP, and change in creatinine
[Model 4: HR 2.16 (1.33–3.51), P < 0.01]. Persistent IDTsat

was also an independent risk factor for death/HF hospitaliza-
tion across all four models (Table 3, Figure 3).

Patients with baseline IDTsat resolved by 6 month follow-up
had a similar risk of all-cause mortality as those who never
had IDTsat. However, these patients did have an increased risk
of the composite endpoint of death/HF hospitalization [HR
1.40 (1.06–1.86), P = 0.02] evident in all four models [Model
2: HR 1.38 (1.04–1.83), P = 0.02; Model 3: HR 1.43 (1.08–
1.90), P = 0.01; Model 4: HR 1.46 (1.04–2.06), P = 0.03]. Pa-
tients who developed IDTsat during the first 6 months of

follow-up did not have a higher mortality rate or risk of
death/HF hospitalization compared with those who never
had IDTsat.

Discussion

This study demonstrated that ID was not predictive of either
all-cause mortality or the combined endpoint of death/HF
hospitalization in patients with HFpEF, despite a similar prev-
alence of ID as patients with HFrEF. Furthermore, the most
widely studied definition of ID (‘ferritin < 100 or 100–
300 mcg/L with a tsat < 20%’) was not an independent pre-
dictor of either mortality or the combined endpoint of death
or HF admission in patients with HFrEF. In contrast, ID de-
fined as ‘tsat < 20%’ was independently predictive of both
endpoints in patients with HFrEF. Finally, this study demon-
strated that the natural history of ID is important as persis-
tence of IDTsat over 6 months was independently associated
with poorer clinical outcomes than no ID, ID that resolves
within 6 months, and newly developed ID.

Prevalence of iron deficiency in patients with
heart failure with reduced ejection fraction and
heart failure with preserved ejection fraction

The prevalence of ID in the current study is high (58%) consis-
tent with previous reports.1,2,11–19 The prevalence of ID has
been widely reported in patients with HFrEF but not HFpEF.
A recent meta-analysis pooled the results of multiple small
studies and found a prevalence for ID of 59% (95% CI 52–
64%) in 1414 patients with HFpEF.20 The prevalence (58%)
of ID in patients with HFpEF in this study is consistent with
this meta-analysis and with data from 448 HFpEF patients is
the largest single study of ID in patients with HFpEF to date.

Association between heart failure with preserved
ejection fraction, iron deficiency, and outcomes

No association between ID (by either definition) and all-cause
mortality in patients with HFpEF was found despite equally
high prevalence of ID as in patients with HFrEF. The overall
mortality rate of 16% in the HFpEF subgroup is relatively
low but comparable with event rates in HFrEF studies that
have demonstrated an association between ID and
mortality.3,5 The addition of HF hospitalizations to our sec-
ondary outcome did not improve the prognostic power of
ID by either definition in the HFpEF group. In comparison
with patients with HFrEF, those with the phenotype of HFpEF
did not have any distinguishing characteristics that would ex-
plain the difference in effect ID has on these two groups. Pa-
tients with HFpEF were not included in the prior studies

4578 S. Fitzsimons et al.

ESC Heart Failure 2021; 8: 4572–4583
DOI: 10.1002/ehf2.13617



Ta
b
le

3
A
ss
oc

ia
ti
on

of
ch

an
ge

in
ID

Ts
at
st
at
us

ov
er

6
m
on

th
s
w
it
h
ou

tc
om

e

BL
6/
12

M
od

el
1

M
od

el
2

(M
od

el
1
+

EF
)

M
od

el
3

(M
od

el
2
+

ag
e
+

ge
nd

er
)

M
od

el
4
(a
ge

+
ge

nd
er

+
Δ
lo
gC

re
at

+
Δ
H
b
+

Δ
lo
gN

T-
pr
oB

N
P)

H
R
(9
5%

C
I)

H
R
(9
5%

C
I)

H
R
(9
5%

C
I)

H
R
(9
5%

C
I)

H
az
ar
d
ra
ti
o
fo
r
al
l-c

au
se

m
or
ta
lit
y

ID
[r
ef
er
en

ce
]

N
o

N
o

ID
N
o

Ye
s

0.
84

(0
.4
1–

1.
72

)
0.
85

(0
.4
2–

1.
74

)
0.
91

(0
.4
4–

1.
86

)
0.
82

(0
.3
7–

1.
83

)
ID

Ye
s

N
o

1.
21

(0
.7
2–

2.
03

)
1.
20

(0
.7
2–

2.
01

)
1.
38

(0
.8
2–

2.
31

)
0.
99

(0
.5
2–

1.
88

)
ID

Ye
s

Ye
s

2.
22

(1
.4
2–

3.
46

)
2.
26

(1
.4
5–

3.
53

)
2.
34

(1
.5
0–

3.
67

)
2.
16

(1
.3
3–

3.
51

)
H
Fr
EF

1.
22

(0
.8
2–

1.
81

)
1.
52

(0
.9
9–

2.
31

)
A
ge

(y
ea

rs
)

1.
05

(1
.0
3–

1.
07

)
1.
06

(1
.0
4–

1.
08

)
Fe
m
al
e

0.
51

(0
.3
2–

0.
82

)
0.
49

(0
.3
0–

0.
81

)
Δ
H
b
(g
/d
L)

1.
01

(0
.9
9–

1.
02

)
Δ
lo
gC

re
at
in
in
e

(μ
m
ol
/L
)

1.
74

(0
.8
1–

3.
72

)

Δ
lo
gN

T-
pr
oB

N
P

(p
g/
m
L)

1.
34

(1
.1
4–

1.
57

)

H
az
ar
d
ra
ti
o
fo
r
de

at
h
or

H
F
ho

sp
it
al
iz
at
io
n

ID
[r
ef
er
en

ce
]

N
o

N
o

ID
N
o

Ye
s

1.
12

(0
.7
8–

1.
61

)
1.
13

(0
.7
9–

1.
62

)
1.
16

(0
.8
1–

1.
66

)
1.
11

(0
.7
3–

1.
69

)
ID

Ye
s

N
o

1.
4
(1
.0
6–

1.
86

)
1.
38

(1
.0
4–

1.
83

)
1.
43

(1
.0
8–

1.
90

)
1.
46

(1
.0
4–

2.
06

)
ID

Ye
s

Ye
s

1.
94

(1
.4
9–

2.
51

)
1.
99

(1
.5
3–

2.
59

)
2.
04

(1
.5
7–

2.
65

)
1.
75

(1
.3
0–

2.
37

)
H
Fr
EF

1.
28

(1
.0
2–

1.
61

)
1.
29

(1
.0
1–

1.
64

)
A
ge

(y
ea

rs
)

1.
01

(1
.0
0–

1.
02

)
1.
01

(1
.0
0–

1.
02

)
Fe
m
al
e

0.
67

(0
.5
2–

0.
86

)
0.
63

(0
.4
7–

0.
84

)
Δ
H
b
(g
/d
L)

1.
01

(1
.0
0–

1.
02

)
Δ
lo
gC

re
at
in
in
e
(μ
m
ol
/L
)

2.
21

(1
.3
6–

3.
61

)
Δ
lo
gN

T-
pr
oB

N
P
(p
g/
m
L)

1.
47

(1
.3
4–

1.
62

)

BL
,b

as
el
in
e;

C
I,
co

nfi
de

nc
e
in
te
rv
al
;E

F,
ej
ec
ti
on

fr
ac
ti
on

;H
b,

ha
em

og
lo
bi
n;

H
F,
he

ar
t
fa
ilu

re
;H

Fr
EF
,h

ea
rt
fa
ilu

re
w
it
h
re
du

ce
d
ej
ec
ti
on

fr
ac
ti
on

;H
R,

ha
za
rd

ra
ti
o;

ID
,i
ro
n
de

fi
ci
en

cy
;N

T-
pr
oB

N
P,

N
-t
er
m
in
al

pr
o-
br
ai
n
na

tr
iu
re
ti
c
pe

pt
id
e;

Δ
,c

ha
ng

e.
Re

fe
re
nc

e
gr
ou

p
is
N
N
(b
as
el
in
e
no

ID
,6

/1
2
no

ID
).

Impact of change in iron status over time on clinical outcomes in heart failure according to ejection fraction phenotype 4579

ESC Heart Failure 2021; 8: 4572–4583
DOI: 10.1002/ehf2.13617



comparing circulating biomarkers of iron and ID definitions to
BM iron stores7; thus, these definitions of ID may not be an
accurate reflection of true ID in patients with HFpEF. Our re-
sults, although demanding independent corroboration, chal-
lenge any rationale for iron replacement in HFpEF at this
time.

Importance of definition of iron deficiency on
relationship between iron deficiency and
mortality in patients with heart failure

It has been asserted that ID is an independent risk factor for
mortality in HF despite published trials returning conflicting
results.1–6 As with other populations suffering chronic dis-
ease, the definition of ID applied in the general population
is ‘adjusted’ for the HF population to allow for a raised ferritin
caused by inflammation. The contrary results may be ex-
plained by a lack of applicability for this ‘adjustment’ across
the spectrum of HF. When our population of HF patients is
compared with HF populations where a positive association
was found, there are notable differences. For example, in
the European Iron Consortium study of 1506 patients, ID
was associated with an HR for mortality of 1.42 (95% CI
1.14–1.77, P ≤ 0.01) on multivariable analysis (which included
all univariate significant variables: age, sex, body mass index,

diabetes, NYHA functional class, LVEF, estimated glomerular
filtration rate, high-sensitivity C-reactive protein, NT-proBNP,
treatment with angiotensin-converting enzyme inhibitor and/
or angiotensin receptor blocker, statins, loop diuretics, and
the presence of anaemia or ID) compared with an HR of
1.00 (95% CI 0.78–1.27, P = 0.97) on multivariable analysis
[age, sex, ischaemic aetiology, NYHA class, SBP, AF, log(NT-
proBNP), and log(creatinine)] for ID in our study patients
(Table 2).1 The European population studied had more ad-
vanced HF than the current cohort, as reflected in higher
NYHA class III/IV (61% vs. 29%) and 2 year mortality rates
(29% vs. 19%). Of note, the European consortium cohort in-
cluded a smaller proportion of patients with HFpEF (16% vs.
29%). A study of 574 patients with self-reported HF (EF un-
known) in the USA found no association between ID and
mortality.6 As in our study, the patients in this study had less
advanced HF than the European cohort. In a study of 1684
patients (37% NYHA class III/IV), ID was found to be a predic-
tor of mortality on univariate but not multivariable analysis
incorporating adjustment for established predictors of
mortality.4 The difference in results cannot be explained by
inadequate event rates as our cohort and other negative
studies have reported higher event rates than studies that
have found a positive association between ID and mortality.2

In our study, there was also no difference in baseline charac-
teristics between those with IDFerritin and those with IDTsat.

Figure 3 Cumulative event curves for all-cause mortality by change in iron deficiency status over 6 months.
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Our study adds weight to the concern that IDFerritin, the most
widely used definition of ID, does not best relate iron status
to clinical outcomes across the spectrum of HF and in partic-
ular for patients with HFpEF. This may be because the ‘adjust-
ment’ for inflammation is inaccurate. Definitions not
requiring ferritin, or those using other inflammatory markers
to guide the ‘adjustment’, may therefore be more suitable for
HF patients who are less unwell (e.g. NYHA class I/II) or have
HFpEF.

Until recently, the definitions of ID commonly used in pa-
tients with HF had not been correlated to BM iron stores,
the gold standard definition of ID. Grote Beverborg et al. ex-
amined 42 patients undergoing coronary artery bypass graft
with HF and EF < 45% and found that there was no strong
correlation between ID defined as IDFerritin and BM iron stores
(sensitivity 82.4%, specificity 75%). In contrast, a tsat of
≤19.8% strongly correlated with BM iron stores (sensitivity
94%, specificity 84%).7 This was subsequently validated in a
cohort of 387 outpatients with known HFrEF.7 In a cohort
of 1821 HFrEF patients, low tsat (<20%), but not low ferritin
(<100 mcg/L), was associated with increased mortality.21 We
found that tsat < 20% was a significant risk factor for both
all-cause mortality and death or rehospitalizations in our
1563 patients. Our results further confirm tsat < 20% as
the current definition of ID most closely related to adverse
outcomes in HFrEF patients and therefore it should be con-
sidered as the preferred definition of ID in future trials
assessing the effect of IV replacement therapy on morbidity
and mortality in HFrEF.

Natural history of iron deficiency if left untreated

FAIR-HF and CONFIRM-HF established IV iron replacement
therapy as effective at improving symptoms and reducing
hospitalizations in IDFerritin patients with HFrEF, and a
meta-analysis suggested IV replacement may reduce
mortality.9,10,22 This has led to international guidelines
recommending IV iron replacement in HF.23,24 However, the
natural history of ID in the HF population and its relevance
to outcome has not been previously examined. The current
study has demonstrated that the natural history of ID is im-
portant. Persistent IDTsat is associated with a 60% higher mor-
tality rate compared with maintaining normal iron
homeostasis. However, patients with ID at baseline that re-
solved within 6 months did not have a higher risk of mortality
on multivariable analysis. Curiously, patients who had ID at
baseline had a higher risk of morbidity and mortality, but
those who ‘developed ID’ in the first 6 months did not. We
hypothesize several explanations for this. Firstly, we do not
know how long patients with ‘developed ID’ were iron defi-
cient. If they were ID for a similar duration as patients with
baseline ID that ‘resolved’ by 6 months, then one would ex-
pect a similar lack of independent risk for mortality. However,

unlike patients with ‘resolved ID’, they did not have a higher
risk of the composite endpoint of death/rehospitalization.
This could be due to sample size as the number of patients
who ‘developed ID’ was half the number with ‘resolved’ or
‘persistent’ ID or a difference in the severity of ID between
these cohorts.

We did not find any baseline characteristics that could re-
liably predict those at risk of persistent ID despite patients
with persistent ID being more likely to be co-morbid than
the other groups, with a higher rate of AF, diabetes mellitus,
and hypertension (Supporting Information, Table S3). They
had equivalent use of anti-platelet, anti-coagulant, and oral
iron supplementation. Haematinic variables were potentially
more predictive. Hb, ferritin, iron, and transferrin saturation
levels were all lower in those with persistent ID compared
with other groups. In persistent ID, the median ferritin level
was 90 vs. 125 mcg/L and mean Hb level 123 vs. 133 g/dL
compared with resolved ID; however, the difference in tsat
was minimal (12% vs. 13%). Whether any cut-off values could
be used to decide IV replacement therapy would require fur-
ther study. Given the high rate of persistent ID (53%) and the
association of persistent ID with mortality, we would suggest
that the most pragmatic approach is to treat ID in HFrEF un-
less a clear clinical discriminator between those who will ex-
perience resolution versus persistence of ID can be
established.

Limitations

This study was a sub-study of a prospective multicentre study
that was powered for the primary outcome comparison of
death from any cause between HFpEF and HFrEF. This
sub-study did not have an independent power calculation
specifically for the purposes of the ID analyses, and therefore,
despite similar event rates to positive studies in HFrEF pa-
tients, we recognize it could be underpowered to detect a
true association for IDFerritin and all-cause mortality or
death/HF rehospitalization in patients with HFpEF. Not all pa-
tients could be included in this sub-study as some did not
have serum samples available from their baseline visit for
analysis. This may have introduced a selection bias; however,
we did not detect an appreciable difference in baseline char-
acteristics or event rates in our subgroup compared with the
parent study. This study enrolled patients in both the outpa-
tient and inpatient settings (immediately prior to discharge).
We recognize this could be a confounding factor as there is a
likelihood of an interaction between a patients’ acuity of dis-
ease and ferritin levels. However, we felt this was a strength
from a practical perspective, as it would be easier for clini-
cians if one definition could accurately identify ID of prognos-
tic importance in all stages of disease. Finally, whether IV iron
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will be of benefit in patients with HFpEF can only be deter-
mined from prospective randomized controlled trials.

Conclusions

Iron deficiency is common among patients with HF with sim-
ilar prevalence in patients with HFpEF and HFrEF. However,
among patients with HFpEF, ID is not independently associ-
ated with adverse outcomes. This suggests that targeting this
co-morbidity would not improve outcomes in this patient
group. In contrast, ID is clearly associated with poor out-
comes in HFrEF patients, particularly when it persists over
time which occurs in more than half of ID patients if left un-
treated. In our patients with HFrEF, ID defined solely by
‘tsat < 20%’ was clearly a superior definition of ID than the
more commonly used ‘ferritin < 100 mcg/L or ferritin 100–
300 mcg/L + tsat < 20%’. To optimize treatment efficacy, this
definition should inform future trials investigating the role of
IV iron replacement in patients with HFrEF. As patients with
persistent ID have no distinguishing baseline characteristics
to determine who is likely to self-resolve their ID, treatment
with IV replacement should be given following initial
diagnosis.
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