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Abstract: Iron deficiency (ID) in patients with chronic inflammatory diseases is frequent. However,
under-diagnosis is also frequent due to the heterogeneity between guidelines from different medical
societies. We applied a common definition for the diagnosis of ID to a large panel of patients with
cancer, heart failure (HF), inflammatory bowel disease (IBD), and chronic kidney disease (CKD),
where ID was defined as serum ferritin concentration <100 µg/L and/or a transferrin saturation
(TSAT) index <20%. Prevalence estimates using this common definition were compared with that
obtained with officially accepted definitions (ESMO 2018, ESC 2016, ECCO 2015, and ERBP 2013).
For that purpose, we used data collected during the French CARENFER studies, which included
1232, 1733, 1090, and 1245 patients with cancer, HF, IBD, and CKD, respectively. When applying the
common definition, ID prevalence increased to 58.1% (vs. 57.9%), 62.8% (49.6%), and 61.2% (23.7%)
in cancer, HF, and IBD patients, respectively. Both prevalence estimates were similar (47.1%) in CKD
patients. Based on our results, we recommend combining both ferritin concentration and TSAT index
to define ID in patients with chronic inflammatory diseases. In those patients, adopting this common
definition of ID should contribute to a better screening for ID, whatever the condition.

Keywords: iron deficiency; ferritin; TSAT; chronic inflammatory disease; definition; epidemiology

1. Introduction

Iron deficiency (ID) is the most common and widespread deficiency in the world, with
more than 1.2 billion affected individuals with anemia, and probably more than double
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that without anemia [1]. Patients with chronic inflammatory diseases such as cancer, heart
failure (HF), chronic kidney disease (CKD), and inflammatory bowel disease (IBD) are
among the populations with the highest risk of ID [2]. In these patients, ID prevalence has
been reported as high as 60–90% [2–5]. In patients with chronic inflammatory diseases, ID is
mainly the consequence of a disturbed iron homeostasis due to the release of inflammatory
cytokines [4]. In this case, ID is called functional ID as it results from the sequestration
of iron in otherwise quantitatively normal or abundant stores. ID can be also due to an
insufficient iron intake or absorption or chronic blood loss, leading to a decrease in the total
iron supply in the body. This quantitative decrease in iron stores defines absolute ID. Of
note, in chronic inflammatory diseases, these two types of ID are not mutually exclusive
and are often associated [5].

The clinical consequences of disturbed iron metabolism in patients with chronic
inflammatory diseases are established, although they are frequently underrecognized.
The symptoms and clinical signs due to ID are usually of moderate intensity and often
neglected, especially since they are not very specific and can be confused with those of
chronic underlying disease [6]. This is particularly true of the main symptom, fatigue [7].
However, ID has been also associated with more severe consequences, such as impaired
physical function [4,8] and reduced quality of life [9,10]. ID can have a particularly severe
impact in patients with chronic inflammatory conditions by aggravating the underlying
medical condition and causing more rapid clinical deterioration. This has been evidenced
in patients with chronic HF [11], non-dialysis CKD (ND-CKD) [12,13], IBD [14,15], and
cancer [3]. Even if anemia is often the final consequence of ID [5], several studies showed
that independently of the presence of anemia, ID appeared as a risk factor of mortality in
patients with chronic HF (CHF) [11,16] and CKD [12,13]. Recently, we showed that the
prevalence of ID is high in all patients with chronic inflammatory disease, independently
of the presence of factors known to influence the occurrence of ID [17–20]. Therefore,
ID should be considered an independent therapeutic objective in patients with chronic
inflammatory conditions, that is, a comorbidity that should be systematically detected and
treated if identified [4].

Under-diagnosis is frequent despite the high prevalence and potential deleterious
consequences of ID in patients with a chronic medical condition. Under-diagnosis of ID can
be related to a low recognition by the practitioners of ID as a potentially severe condition in
patients with inflammatory diseases, but mainly to the absence of harmonized guidelines
for ID diagnosis [21]. Different recommendations for monitoring iron status and diagnosis
of ID exist according to the various professional associations worldwide [2,22].

Although the investigation of bone marrow iron stores is considered the gold standard,
it cannot be used routinely. Of all the available biomarkers, circulating ferritin concentra-
tion and transferrin saturation (TSAT) index are commonly used in clinical practice and
recommended for diagnosing ID in most international guidelines [2,5,6,23]. Ferritin reflects
stored iron, and TSAT is indicative of transported iron. Always present, the decrease of
TSAT is thus an essential diagnostic criterion of absolute or functional ID [24,25]. Since the
reliability of serum ferritin measurement may be compromised in patients with chronic
diseases or any other condition due to an inflammatory state, there is a large consensus in
guidelines to determine serum ferritin and TSAT together in the first line. The heterogeneity
between the different guidelines is mainly due to the recommended diagnostic thresholds
and decision algorithms, which vary according to the disease under consideration. A
consensus definition of ID, whatever the chronic condition, which is clinically relevant and
easy to implement, could improve the detection of iron-deficient patients in daily clinical
practice [2,23,26].

In this article, we assessed the prevalence of ID in patients with chronic inflammatory
diseases using a common definition for the diagnosis of ID, whatever the underlying
chronic disease. For that purpose, we used data collected during the CARENFER studies,
which were nationwide cross-sectional surveys carried out in France in patients with
cancer [17], HF [18], CKD [19], and IBD [20].
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2. Materials and Methods
2.1. The CARENFER Studies

The CARENFER studies were conducted in France between May 2019 and June 2021.
The four of them consisted of a cross-sectional, multicenter, and nationwide study carried
out to determine the prevalence of ID in patients with cancer [17], HF [18], CKD [19], and
IBD [20].

Briefly, for each study, the participating hospitals were selected based on a voluntary
basis. All patients present in the disease’s specific wards during the study period, whether
in-patient or out-patient, with the diagnosis of interest (solid tumor, chronic or decompen-
sated HF, IBD according to international criteria, and non-dialysis CKD (stages 1 to 4)) were
eligible. Few inclusion criteria were considered to limit selection bias: 18 years old or older,
registration with a social security system, and written informed consent. Patients under
guardianship or curatorship, as well as pregnant or breastfeeding women, were omitted.

For all included patients, a standardized questionnaire was conducted. The following
information was retrieved from the patient’s medical record: patient’s demographic and
clinical data; date, type, and reason of hospitalization; disease-specific characteristics; and
ongoing treatment for ID.

For patients who had a recent (i.e., within 7 days before their inclusion in the present
study) biochemical assessment, including Hb concentration, serum ferritin concentration,
and TSAT index, no additional biochemical assessment was performed at inclusion.

The protocols complied with the Declaration of Helsinki recommendations, the Inter-
national Conference on Harmonization (ICH) guidelines for good clinical practice (GCP),
and all applicable laws, rules, and regulations. They also complied with the French laws and
regulations. Ethical approvals were granted by an Ethical Committee (Comité de Protection
des Personnes) designated by the French Ministry of Health. All subjects provided writ-
ten informed consent. The ClinicalTrials.gov identifiers are NCT03924258, NCT03924271,
NCT0412399, and NCT04123145.

2.2. Definitions and Statistics

First, we used official definitions of ID as established by scientific organizations related
to each specific disease, that is, the European Society for Medical Oncology (ESMO) in
2018 [27], the European Society of Cardiology (ESC) in 2016 [28], the European Crohn’s and
Colitis Organisation (ECCO) in 2015 [29], and the European Renal Best Practice (ERBP) in
2013 [30] and the Société Francophone de Néphrologie Dialyse et Transplantation (SFNDT)
in 2020 [31] (Table 1). Then, we used a common definition of ID differing partly from the
officially accepted definitions, where ID was defined as ferritin concentration <100 µg/L
and/or a TSAT < 20%. This latter definition was based on the recommended diagnostic
thresholds in the four considered pathologies, with available data showing that most
patients with bone marrow ID have TSAT <20% and ferritin <200 µg/L [32], and clinical
practice. It was discussed and agreed upon by the authors during a series of working group
meetings in 2019.

Descriptive statistics included patients’ demographic and main clinical disease charac-
teristics, as well as ongoing disease-specific treatment and completed iron therapy. Contin-
uous variables with a Gaussian distribution are presented as mean ± standard deviation
(SD). For variables with non-Gaussian distribution, the data are shown as medians with in-
terquartile ranges (IQR). Normality was checked by the Shapiro–Wilk statistic. Categorical
data were expressed as percentages.

In each study population (i.e., cancer, HF, IBD, and CKD patients), the prevalence of
ID was estimated using both the officially accepted and the common definition of ID. In
addition, the proportions of patients with a ferritin concentration <100 µg/L and a TSAT
<20% were computed. All statistics were performed using SAS® Version 9.4.
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Table 1. Definition of iron deficiency (ID) in CARENFER study patients with cancer, heart failure,
chronic inflammatory bowel disease (IBD), or chronic kidney disease (CKD) according to both
international or national guidelines and our common definition.

International/National Guidelines Common Definition

Cancer ESMO 2018

Serum ferritin < 100 µg/L
or

Serum ferritin ≥ 100 µg/L and
TSAT < 20%

Serum ferritin
< 100 µg/L

and/or
TSAT < 20%

Heart Failure ESC 2016

Serum ferritin < 100 µg/L
or

Serum ferritin (100 to 299) µg/L
and TSAT < 20%

IBD ECCO 2015

Non-inflammatory context
(CRP < 5 mg/L): Serum ferritin

< 30 µg/L
Inflammatory context (CRP

≥ 5 mg/L):
Serum ferritin ≤ 100 µg/L

CKD
ERBP

2013/SFNDT
2020

Serum ferritin < 100 µg/L
and/or

TSAT < 20%

TSAT: iron-saturation of transferrin
ESMO: European Society of Medical Oncology [27]

ESC: European Society of Cardiology [28]
ECCO: European Crohn’s and Colitis Organization [29]

ERBP: European Renal Best Practice [30]
SFNDT: Société Francophone de Néphrologie Dialyse et Transplantation [31]

3. Results
3.1. Study Populations

The general and clinical characteristics of the patients included in the four CARENFER
studies are presented in Table 2. A total of 1232, 1733, 1090, and 1245 patients with cancer,
HF, IBD, and CKD were included between 9 May 2019 and 29 June 2021, respectively.
Males were overrepresented in HF and CKD patients. In terms of severity, more than half
of cancer patients (52.2%) received metastatic treatment, half of HF patients were NYHA
III or IV, less than 10% of patients had a severe highly active IBD, and more than half of
patients (53.0%) had a CKD at stages 3B or 4. Whatever the disease, a low proportion of
patients were currently treated with—or had recently completed—an oral or intravenous
iron therapy, except patients with IBD, who received intravenous therapy in more than 20%
of cases.
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Table 2. General and clinical characteristics of CARENFER study patients.

Characteristics

CARENFER Study Populations

Cancer Heart Failure IBD CKD

N = 1221 N = 1661 N = 1036 N = 1211

General characteristics
Gender

Male, n (%) 545 (44.6) 1023 (61.6) 496 (47.9) 737 (60.9)
Female, n (%) 676 (55.4) 638 (38.4) 540 (52.1) 474 (39.1)

Age (years), median (IQR) 64.0 (55.0; 71.0) 78.0 (76.0;
86.0) 39.0 (29.0;

53.0) 64.0 (51.0;
74.0)

BMI (kg/m2), median (SD) 24.4 (21.6; 27.8) 26.4 (23.0;
30.4) 23.9 (21.3;

27.4) 25.7 (22.7;
29.6)

Overweight/obesity, n (%) # 548 (44.9) 972/1616 (60.1) 407/1021 (39.9) 597/1065 (56.0)
Disease characteristics

Type
Solid or hematological

tumor & 1221 (100.0)

Acute decompensated HF * 887/1475 (60.1)
Chronic HF 588/1475 (39.9)

Crohn’s disease 685 (66.1)
Ulcerative colitis 351 (33.9)

Kidney transplantation 616/1211 (50.9)
Reason for admission

Decompensation NA 887/1475 (60.1) 44 (4.2) NA
Scheduled follow-up $ NA 588/1475 (39.9) 992 (95.8) NA

Severity
Cancer—Metastatic

treatment 626/1199 (52.2)

HF—NYHA III-IV 801/1601 (50.0)
HF—LVEF < 40% 664/1502 (44.2)

IBD—Disease remission 504/987 (51.1)
IBD—Mild/Moderate

activity 433/483 (89.6)

CKD—Stage 3B and 4 640/1208 (53.0)
Time from disease diagnosis

Median (IQR), in years 1.0 (0.0; 3.0) NA NA 5.9 (2.0;
14.7)

Ongoing treatment
Disease-specific 1091 (89.4)

Chemotherapy, n (%) 823/1091 (75.4)
Proton pump inhibitors,

n (%) 741/1660 (44.6)

Aspirin, n (%) 566/1660 (34.1)
Oral anticoagulant, n (%) 864/1660 (52.0)

Anti-TNF 622/1035 (64.1)
Immunosuppressive drug,

n (%) 234/1035 (24.1)

Current/completed
treatment for ID
Oral iron, n (%) 20/1215 (1.6) 81/1660 (4.9) 36 (3.5) 112 (9.2)

Intravenous iron, n (%) 49/1175 (4.2) 188/1660 (11.3) 218 (21.0) 33 (2.7)
Erythropoietin, n (%) 24/1213 (2.0) NA NA 241 (19.9)

HF: heart failure; IBD: inflammatory bowel disease; CKD: chronic kidney disease; NYHA: New York Heart Associ-
ation; LVEF: left ventricular ejection fraction; BMI: body mass index; IQR: interquartile range; NA: Not applicable;
# overweight and obesity were defined as a body mass index 25.0–30.0 kg/m2 and ≥30 kg/m2, respectively;
& type of tumor not recorded; * patients with an acute decompensated HF corresponds to patients with acute or
chronic HF with an unplanned hospitalization for decompensation; $ scheduled visit or treatment initiation.
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3.2. Prevalence of ID According to Officially Accepted vs. Common Definition of ID

When using the definitions of the different medical societies (Table 1), the prevalence
of ID in CARENFER studies was 57.9% in cancer patients, 49.6% in HF patients, 23.7% in
IBD patients, and 47.1% in CKD patients (Figure 1).

Figure 1. Prevalence of ID based on the officially accepted definition vs. common definition of ID in
patients with cancer, heart failure (HF), inflammatory bowel disease (IBD), and non-dialysis chronic
kidney disease (CKD). CARENFER studies [27–31]. ∗ As defined in CARENFER studies (i.e., based
on ESMO 2018 [27], ESC 2016 [28], ECCO 2015 [29], and ERBP 2013 [30]/SFNDT 2020 [31] guidelines.

A TSAT < 20% was 2 to 3 times more common than a serum ferritin concentration
<100 µg/L in cancer and HF patients, arguing for functional ID. Similar proportions of
TSAT < 20% and serum ferritin concentration <100 µg/L were reported in CKD patients. In
contrast, among IBD patients, a serum ferritin concentration <100 µg/L was one and a half
times more common than a TSAT < 20% (Figure 1).

When defining ID as the combination of a ferritin concentration <100 µg/L and/or
a TSAT < 20%, ID prevalence estimates increased to 58.1% (vs. 57.9%), 62.8% (vs. 49.6%),
and 61.2% (vs. 23.7%) in cancer, HF, and IBD patients, respectively. Since this common
definition and the ERBP/SNFDT definitions are similar, the ID prevalence estimate was
not modulated in CKD patients (47.1%).

The slight percentage difference in ID found in cancer patients when using the ESMO
2018 definition vs. the common definition (57.9% vs. 58.1%, respectively) was because
patients with a TSAT < 20% but undetermined ferritin concentration could not be classified
as iron-deficient according to ESMO guidelines.

The highest increases were observed in HF (+13.2% absolute difference) and IBD
(+37.5% absolute difference) patients. In HF patients, the percentage difference in ID
(49.6% vs. 62.8%) was mainly driven by patients with both TSAT < 20% and a ferritin
concentration >300 µg/L; these patients represented more than 20% of the patients with
a TSAT < 20% (Figure 2) and were considered as iron-deficient based on our common
definition only. As depicted in Figure 2, in IBD patients, the high difference in ID prevalence
when using the ECCO 2015 vs. the common definition (23.7% vs. 61.2%, respectively) was
explained by more stringent thresholds for both TSAT and ferritin concentration with the
ECCO definition.
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Figure 2. Distribution of ferritin concentration and TSAT index in the four types of CARENFER
patients. Red dots represent iron-deficient patients based on ESMO 2018 guidelines (for cancer
patients) [27], ESC 2016 guidelines (for HF patients) [28], ECCO 2015 guidelines (for IBD patients) [29],
and ERBP 2013 [30] and SFNDT 2020 [31] recommendations (for non-dialysis CKD patients). Blue
dots represent patients with no ID based on ESMO, ESC, ECCO, and ERBP/SFNDT definitions. Grey
dots represent IBD patients with both undetermined CRP concentration and ID.

4. Discussion

International recommendations for ID diagnosis, particularly in chronic inflammatory
diseases, are very heterogeneous [2,23]. This is related to the fact that professional associa-
tions for each specialty have developed their own guidelines. To define ID, most guidelines
recommend the measurement of both serum ferritin and TSAT, but with different diagnostic
thresholds. ID is then defined as a standalone entity, independent of anemia, or defined
in the case of concomitant anemia [27,33]. The high heterogeneity between guidelines
contributes to their poor perception and adoption in clinical practice.

In this study, we used a common definition for the diagnosis of ID corresponding to
ferritin concentration <100 µg/L and/or a TSAT < 20%. This definition was chosen on
both scientific and operational grounds. It relates to the diagnosis of ID only. Although
some laboratory markers of iron status might be available for ID diagnosis, it is well
established that TSAT index is the most specific marker that correlates with the reduction of
the total serum iron availability in chronic inflammatory conditions [5]. Ferritin is increased
independently of iron status in acute and chronic inflammatory disorders, malignant
disease, and liver disease. Since some patients may have CRP levels <5 mg/L, as observed
for IBD patients, both ferritin and TSAT measurements were used in the common definition
of ID. Cutoffs of 100 µg/L for ferritin and 20% for TSAT [2,5,23,34,35] result from studies
using bone marrow as the gold standard [24] and clinical studies that correlate these
biomarkers’ thresholds with patients’ symptoms [36,37] or improvement of these symptoms
by an iron treatment [38,39].

By applying this common definition to an extensive panel of patients with cancer,
HF, IBD, and CKD, a similar or higher prevalence of ID than with officially accepted
definitions was found. In particular, it allowed the identification of 1.3 and 2.6 times more
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iron-deficient patients with HF and IBD, respectively. In addition, we confirmed that
ferritin concentration alone was not sensitive enough, particularly in patients with cancer
and HF, reaffirming the need to use both ferritin concentration and TSAT index in patients
with chronic inflammatory diseases [23,32].

Several professional societies, including the Association Francophone pour les Soins
Oncologiques de Support (AFSOS) [40], the ESMO [27], and the US National Comprehen-
sive Cancer Network (NCCN) [41], have proposed criteria for the diagnosis of ID in cancer
patients with anemia, differentiating between absolute and functional ID. In the absence
of a consensus on cut-off values, these recommendations agree on one point, namely the
importance of the joint determination of ferritin concentration and the TSAT index. Based
on 2018 ESMO guidelines, ID is defined as either serum ferritin <100 µg/L (absolute ID)
or the combination of serum ferritin ≥100 µg/L and TSAT < 20% (functional ID) [27]. By
defining ID as ferritin <100 µg/L and/or TSAT < 20%, we were able to identify a slightly
higher proportion of iron-deficient patients, including those with a single measurement
of TSAT without ferritin concentration determination. Better detection of ID using this
definition is warranted in all cancer patients, whether anemic or not, and regardless of
the stage of the disease. We recently showed that the prevalence of ID in cancer patients
receiving adjuvant or neo-adjuvant treatment was high and of the same magnitude as that
reported in patients under metastatic treatment [17]. In addition, TSAT < 20% as the sole
criterion for defining ID had a high sensitivity, justifying its use in combination with ferritin
concentration to identify the actual population of iron-deficient patients.

The rationale for using an increased ferritin threshold (to 100 µg/L or even 300 µg/L)
in HF is based on Nanas’ study [34], which showed that ferritin concentrations were nor-
mal. At the same time, ID was confirmed using a myelogram in most anemic patients
with decompensated HF. This definition of ID in HF—ferritin concentration <100 g/L
(absolute ID) or ferritin concentration 100–299 µg/L and TSAT < 20% (functional ID)—is
often referred to as the “FAIR-HF criteria” because of the pivotal FAIR-HF trial [42]. It is
now referred to as the “ESC 2016 criteria” [28,43]. Based on the results of epidemiological
studies and clinical trials, the ESC issued a 2016 recommendation (grade I, level of evidence
C) to look for ID—using both ferritin concentration and TSAT index—in all patients newly
diagnosed with HF [28]. More recently, in 2021, ESC released new recommendations that
“all patients with HF should be periodically screened for anemia and ID with a full blood
count, serum ferritin concentration, and TSAT” [44]. By defining ID as ferritin <100 µg/L
and/or TSAT < 20%, we were able to identify 26% more “iron-deficient” patients, who
were mainly those with both TSAT < 20% and a ferritin concentration >300 µg/L. Among
those patients, some of them might not require iron therapy but only close monitoring.
Indeed, our definition applies to ID diagnosis only. Notably, ESC guidelines recommend
to treat only patients with serum ferritin <300 µg/L and TSAT <20%, which prevents
overtreatment [28]. Other thresholds or even biomarkers may be more relevant for identi-
fying iron-deficient patients needing iron therapy. In HF patients with low left ventricular
ejection fraction (LVEF), ID defined solely by TSAT < 20% vs. based on ESC 2016 criteria
has been shown to be superior in the prediction of all-cause mortality [24,45]. Finally, our
definition has the advantage of being applicable to all chronic inflammatory diseases, in
particular CKD, which is frequently associated with HF [46].

Historically, professional societies and expert groups have issued inhomogeneous
recommendations for ID diagnosis in CKD [2,4]. This is the case, for example, of the
KDIGO (Kidney Disease: Improving Global Outcomes) [47] and ERBP [30] cooperative
groups. However, the criteria are currently tending to be similar to those used in the
field of HF. In particular, the expert consensus of the international IRON CORE Group [4],
as well as the UK NICE group [48], propose the same definition as ours (i.e., ferritin
concentration <100 µg/L or a TSAT < 20%), in both dialysis and non-dialysis patients. This
definition has been endorsed by a group of experts from the SFNDT, which proposed
an algorithm to help practitioners manage anemia and ID in patients with pre-end-stage
kidney disease [31]. This group also recommends that iron assessment (based on both
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ferritin concentration and TSAT) should be part of the initial evaluation of all non-dialysis
CKD patients and that ID (defined as ferritin concentration <100 µg/L or a TSAT < 20%)
should be sought even in the absence of anemia, as ID is an independent risk factor of
morbidity in this population [49].

In IBD, the criteria for ID diagnosis are controversial, with the choice of markers
and thresholds depending on the concentration of inflammation associated with the IBD.
Relatively old recommendations favor the interpretation of hematopoietic indices and
ferritin concentrations [50]. The 2015 ECCO consensus proposes a definition that takes into
account the presence or absence of associated inflammatory syndrome measured by CRP
concentration: if CRP < 5 mg/L, absolute ID is defined as ferritin concentration <30 µg/L;
if CRP ≥ 5 mg/L, functional ID is defined as ferritin concentration <100 µg/L [29]. In these
guidelines, ID is likely underdiagnosed. Accordingly, an international expert consensus [4]
has recently proposed an algorithm for managing IBD-associated ID defined as ferritin
concentration <100 µg/L or TSAT < 20%, corresponding to the common definition we
used in this study. Interestingly, when using this common definition for ID, more than
half of patients (61.2%) with IBD presented with an ID, similarly to in the other studied
inflammatory diseases. As depicted in Table 2, a higher proportion of IBD patients receiving
a treatment for ID was reported (24.5% vs. 5.8% in cancer, 16.2% in HF and 11.9% in CKD
patients). Most patients newly identified as iron-deficient using this common definition had
an undetermined CRP concentration. Screening for ID based on ferritin concentration and
TSAT, regardless of CRP concentration, would facilitate diagnosis in clinical practice. The
existence of CRP positivity thresholds that vary according to whether or not ultra-sensitive
CRP is measured also complicates the diagnosis of ID using CRP. Because inflammation
can prevent intestinal absorption of iron from oral iron supplements, elevated CRP levels
or “active disease status” are key in determining which treatment will be the most effective
for these patients.

Using a universal and precise definition of ID in all chronic inflammatory diseases
can improve screening for ID in clinical practice. While the French National Authority
for Health (Haute Autorité de Santé, France) [51] recommends that diagnosis of ID in
patients with inflammatory conditions must systematically be based on both serum ferritin
concentration and TSAT, the precise definition and thresholds to be used are left to the
discretion of the clinician. The vagueness of the definition certainly contributes to the low
detection of ID in daily clinical practice. A large retrospective cohort study analyzed the use
of ID markers prescription in all adult individuals who have had at least one iron treatment
between 2006 and the end of 2015 using the French national medico-administrative database
“Echantillon Généraliste des Bénéficiaires de l’Assurance Maladie (EGB)” [52]. Twelve
percent of all individuals included in the EGB sample from the period 2006–2015 were
prescribed iron replacement therapy. Approximately 25% of patients treated (24,000/97,000)
were treated in the context of chronic inflammatory disease, including cancer and chronic
HF. In those patients, a pre-treatment blood test was prescribed in only 34% and a post-
treatment check-up in an average of 15% of cases. Similarly, a Veterans Affairs study found
that more than one-third of patients with anemia and ulcerative colitis were not tested for
iron-deficieny-associated anemia [53]. Moreover, among those who were diagnosed with
iron-deficiency-associated anemia, 25% did not receive iron replacement therapy.

5. Conclusions

Adopting a common definition of ID for patients with chronic inflammatory condi-
tions should contribute to better screening for ID, which is still insufficient, whatever the
condition. This definition, combining ferritin <100 µg/L and/or TSAT < 20%, is consistent
with the officially accepted definitions already recommended by most international profes-
sional associations. By applying this common definition, we aim to identify with a high
degree of sensitivity, and in a more pragmatic way, patients who are iron deficient in order
to propose to them an adapted follow-up, and if necessary, an iron therapy according to
their clinical condition and associated comorbidities.
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Siwołowski, P.; Banasiak, W.; et al. Iron Deficiency Defined as Depleted Iron Stores Accompanied by Unmet Cellular Iron
Requirements Identifies Patients at the Highest Risk of Death after an Episode of Acute Heart Failure. Eur. Heart J. 2014, 35,
2468–2476. [CrossRef]

17. Luporsi, E.; Turpin, A.; Massard, V.; Morin, S.; Chauffert, B.; Carnot, A.; Cacoub, P. Behalf of the CARENFER Study Group Iron
Deficiency in Patients with Cancer: A Prospective Cross-Sectional Study. BMJ Support. Palliat. Care 2021. [CrossRef]

18. Cohen-Solal, A.; Philip, J.-L.; Picard, F.; Delarche, N.; Taldir, G.; Gzara, H.; Korichi, A.; Trochu, J.-N.; Cacoub, P. CARENFER Study
Group Iron Deficiency in Heart Failure Patients: The French CARENFER Prospective Study. ESC Heart Fail. 2022. [CrossRef]

19. Choukroun, G.; Cacoub, P.; Trochu, J.-N. Objectifs et Rationnel de l’étude de Prévalence de La Carence Martiale Dans Une
Population de Patients Insuffisants Rénaux Chroniques Non Dialysés: CARENFER. Néphrologie Thérapeutique 2020, 16, 294.
[CrossRef]

20. Peyrin-Biroulet, L.; Bouguen, G.; Laharie, D.; Savoye, G.; Gilletta de Saint-Joseph, C.; Michiels, C.; Cacoub, P. Objectifs et Rationnel
de l’étude de Prévalence de La Carence Martiale Dans Une Population de Patients Présentant Une Maladie Inflammatoire
Chronique. Journées Francophones d’Hépato-Gastroentérologie et d’Oncologie Digestive, March 2021, Belgium. Available online:
https://www.Snfge.Org/Resumes-2021/000538 (accessed on 29 January 2022).

21. Ferraro, S.; Mozzi, R.; Panteghini, M. Revaluating Serum Ferritin as a Marker of Body Iron Stores in the Traceability Era. Clin.
Chem. Lab. Med. 2012, 50, 1911–1916. [CrossRef] [PubMed]

22. Wish, J.B. Assessing Iron Status: Beyond Serum Ferritin and Transferrin Saturation. Clin. J. Am. Soc. Nephrol. 2006, 1 (Suppl. 1),
S4–S8. [CrossRef] [PubMed]

23. Cacoub, P.; Vandewalle, C.; Peoc’h, K. Using Transferrin Saturation as a Diagnostic Criterion for Iron Deficiency: A Systematic
Review. Crit. Rev. Clin. Lab. Sci. 2019, 56, 526–532. [CrossRef] [PubMed]

24. Beverborg, N.G.; Klip, I.T.; Meijers, W.C.; Voors, A.A.; Vegter, E.L.; van der Wal, H.H.; Swinkels, D.W.; van Pelt, J.; Mulder, A.B.;
Bulstra, S.K.; et al. Definition of Iron Deficiency Based on the Gold Standard of Bone Marrow Iron Staining in Heart Failure
Patients. Circ. Heart Fail. 2018, 11, e004519. [CrossRef]

25. Moliner, P.; Jankowska, E.A.; van Veldhuisen, D.J.; Farre, N.; Rozentryt, P.; Enjuanes, C.; Polonski, L.; Meroño, O.; Voors, A.A.;
Ponikowski, P.; et al. Clinical Correlates and Prognostic Impact of Impaired Iron Storage versus Impaired Iron Transport in an
International Cohort of 1821 Patients with Chronic Heart Failure. Int. J. Cardiol. 2017, 243, 360–366. [CrossRef]

26. Bohm, N. Diagnosis and Management of Iron Deficiency Anemia in Inflammatory Bowel Disease. Am. J. Manag. Care 2021, 27,
S211–S218. [CrossRef] [PubMed]

27. Aapro, M.; Beguin, Y.; Bokemeyer, C.; Dicato, M.; Gascón, P.; Glaspy, J.; Hofmann, A.; Link, H.; Littlewood, T.; Ludwig, H.; et al.
Management of Anaemia and Iron Deficiency in Patients with Cancer: ESMO Clinical Practice Guidelines. Ann. Oncol. 2018, 29,
iv96–iv110. [CrossRef]

28. Ponikowski, P.; Voors, A.A.; Anker, S.D.; Bueno, H.; Cleland, J.G.F.; Coats, A.J.S.; Falk, V.; González-Juanatey, J.R.; Harjola, V.-P.;
Jankowska, E.A.; et al. 2016 ESC Guidelines for the Diagnosis and Treatment of Acute and Chronic Heart Failure: The Task Force
for the Diagnosis and Treatment of Acute and Chronic Heart Failure of the European Society of Cardiology (ESC)Developed with
the Special Contribution of the Heart Failure Association (HFA) of the ESC. Eur. Heart J. 2016, 37, 2129–2200. [CrossRef]

http://doi.org/10.1016/S0140-6736(15)60865-0
http://doi.org/10.1182/blood-2018-05-815944
http://doi.org/10.1023/A:1008978114650
http://doi.org/10.1016/j.cardfail.2011.08.003
http://doi.org/10.1007/s00520-014-2189-0
http://doi.org/10.1186/s12955-020-01566-y
http://doi.org/10.1016/j.ahj.2013.01.017
http://doi.org/10.1016/j.kint.2019.04.029
http://www.ncbi.nlm.nih.gov/pubmed/31345582
http://doi.org/10.1186/s12882-018-1021-3
http://www.ncbi.nlm.nih.gov/pubmed/30208847
http://doi.org/10.3390/nu12113478
http://doi.org/10.1080/17474124.2021.1900730
http://doi.org/10.1093/eurheartj/ehu235
http://doi.org/10.1136/bmjspcare-2021-002913
http://doi.org/10.1002/ehf2.13850
http://doi.org/10.1016/j.nephro.2020.07.128
https://www.Snfge.Org/Resumes-2021/000538
http://doi.org/10.1515/cclm-2012-0129
http://www.ncbi.nlm.nih.gov/pubmed/23092799
http://doi.org/10.2215/CJN.01490506
http://www.ncbi.nlm.nih.gov/pubmed/17699374
http://doi.org/10.1080/10408363.2019.1653820
http://www.ncbi.nlm.nih.gov/pubmed/31503510
http://doi.org/10.1161/CIRCHEARTFAILURE.117.004519
http://doi.org/10.1016/j.ijcard.2017.04.110
http://doi.org/10.37765/ajmc.2021.88714
http://www.ncbi.nlm.nih.gov/pubmed/34255450
http://doi.org/10.1093/annonc/mdx758
http://doi.org/10.1093/eurheartj/ehw128


Nutrients 2022, 14, 1039 12 of 13

29. Dignass, A.U.; Gasche, C.; Bettenworth, D.; Birgegård, G.; Danese, S.; Gisbert, J.P.; Gomollon, F.; Iqbal, T.; Katsanos, K.;
Koutroubakis, I.; et al. European Consensus on the Diagnosis and Management of Iron Deficiency and Anaemia in Inflammatory
Bowel Diseases. J. Crohn’s Colitis 2015, 9, 211–222. [CrossRef]

30. Locatelli, F.; Bárány, P.; Covic, A.; de Francisco, A.; Del Vecchio, L.; Goldsmith, D.; Hörl, W.; London, G.; Vanholder, R.; van
Biesen, W.; et al. Kidney Disease: Improving Global Outcomes Guidelines on Anaemia Management in Chronic Kidney Disease:
A European Renal Best Practice Position Statement. Nephrol. Dial. Transplant. 2013, 28, 1346–1359. [CrossRef]

31. Guibergia, C.; Choukroun, G. Algorithme de Prise En Charge de l’anémie et La Carence Martiale Des Patients IRC ND. 2020.
Available online: https://www.sfndt.org/civicrm/mailing/view?Id=187&reset=1 (accessed on 20 February 2022).

32. Fertrin, K.Y. Diagnosis and Management of Iron Deficiency in Chronic Inflammatory Conditions (CIC): Is Too Little Iron Making
Your Patient Sick? Hematol. Am. Soc. Hematol. Educ. Program 2020, 2020, 478–486. [CrossRef]

33. Gilreath, J.A.; Stenehjem, D.D.; Rodgers, G.M. Diagnosis and Treatment of Cancer-Related Anemia. Am. J. Hematol. 2014, 89,
203–212. [CrossRef] [PubMed]

34. Nanas, J.N.; Matsouka, C.; Karageorgopoulos, D.; Leonti, A.; Tsolakis, E.; Drakos, S.G.; Tsagalou, E.P.; Maroulidis, G.D.;
Alexopoulos, G.P.; Kanakakis, J.E.; et al. Etiology of Anemia in Patients with Advanced Heart Failure. J. Am. Coll. Cardiol. 2006,
48, 2485–2489. [CrossRef]

35. Locatelli, F.; Aljama, P.; Bárány, P.; Canaud, B.; Carrera, F.; Eckardt, K.-U.; Hörl, W.H.; Macdougal, I.C.; Macleod, A.; Wiecek, A.;
et al. Revised European Best Practice Guidelines for the Management of Anaemia in Patients with Chronic Renal Failure. Nephrol.
Dial. Transplant. 2004, 19 (Suppl. 2), ii1–ii47. [CrossRef] [PubMed]

36. Martens, P.; Verbrugge, F.; Nijst, P.; Dupont, M.; Tang, W.H.W.; Mullens, W. Impact of Iron Deficiency on Response to and
Remodeling After Cardiac Resynchronization Therapy. Am. J. Cardiol. 2017, 119, 65–70. [CrossRef] [PubMed]

37. Okonko, D.O.; Grzeslo, A.; Witkowski, T.; Mandal, A.K.J.; Slater, R.M.; Roughton, M.; Foldes, G.; Thum, T.; Majda, J.; Banasiak,
W.; et al. Effect of Intravenous Iron Sucrose on Exercise Tolerance in Anemic and Nonanemic Patients with Symptomatic Chronic
Heart Failure and Iron Deficiency FERRIC-HF: A Randomized, Controlled, Observer-Blinded Trial. J. Am. Coll. Cardiol. 2008, 51,
103–112. [CrossRef]

38. Bolger, A.P.; Bartlett, F.R.; Penston, H.S.; O’Leary, J.; Pollock, N.; Kaprielian, R.; Chapman, C.M. Intravenous Iron Alone for the
Treatment of Anemia in Patients with Chronic Heart Failure. J. Am. Coll. Cardiol. 2006, 48, 1225–1227. [CrossRef] [PubMed]

39. Anker, S.D.; Kirwan, B.-A.; van Veldhuisen, D.J.; Filippatos, G.; Comin-Colet, J.; Ruschitzka, F.; Lüscher, T.F.; Arutyunov, G.P.;
Motro, M.; Mori, C.; et al. Effects of Ferric Carboxymaltose on Hospitalisations and Mortality Rates in Iron-Deficient Heart Failure
Patients: An Individual Patient Data Meta-Analysis. Eur. J. Heart Fail. 2018, 20, 125–133. [CrossRef]

40. Association Francophone Pour Les Soins Oncologiques de Support (AFSOS). Anémie. 2016. Available online: https://www.
Afsos.Org/Fiche-Referentiel/Anemie-et-Cancer/Attachment/Anemie-Version-16-12-2016/ (accessed on 20 February 2022).

41. National Comprehensive Cancer Network. NCCN Guidelines. Hematopoïetic Growth Factors. Management of Cancer- and
Chemotherapy-Induced Anemia. 2020. Available online: https://www.Nccn.Org/Guidelines/Guidelines-Detail?Category=3&
id=1493 (accessed on 20 February 2022).

42. Anker, S.D.; Comin Colet, J.; Filippatos, G.; Willenheimer, R.; Dickstein, K.; Drexler, H.; Lüscher, T.F.; Bart, B.; Banasiak, W.;
Niegowska, J.; et al. Ferric Carboxymaltose in Patients with Heart Failure and Iron Deficiency. N. Engl. J. Med. 2009, 361,
2436–2448. [CrossRef]

43. McDonagh, T.; Damy, T.; Doehner, W.; Lam, C.S.P.; Sindone, A.; van der Meer, P.; Cohen-Solal, A.; Kindermann, I.; Manito, N.;
Pfister, O.; et al. Screening, Diagnosis and Treatment of Iron Deficiency in Chronic Heart Failure: Putting the 2016 European
Society of Cardiology Heart Failure Guidelines into Clinical Practice. Eur. J. Heart Fail. 2018, 20, 1664–1672. [CrossRef]

44. Rosano, G.M.C. Preview of the 2021 ESC/HFA Heart Failure Guidelines. Available online: https://Pace-Cme.Org/2021/06/29
/Preview-of-the-2021-Esc-Hfa-Heart-Failure-Guidelines/ (accessed on 20 February 2022).

45. Fitzsimons, S.; Yeo, T.J.; Ling, L.H.; Sim, D.; Leong, K.T.G.; Yeo, P.S.D.; Ong, H.Y.; Jaufeerally, F.; Ng, T.P.; Poppe, K.; et al. Impact
of Change in Iron Status over Time on Clinical Outcomes in Heart Failure According to Ejection Fraction Phenotype. ESC Heart
Fail. 2021, 8, 4572–4583. [CrossRef]

46. Thorp, M.L.; Johnson, E.S.; Yang, X.; Petrik, A.F.; Platt, R.; Smith, D.H. Effect of Anaemia on Mortality, Cardiovascular Hospital-
izations and End-Stage Renal Disease among Patients with Chronic Kidney Disease. Nephrology 2009, 14, 240–246. [CrossRef]
[PubMed]

47. Kidney Disease: Improving Global Outcomes (KDIGO) Working Group. Chapter 1: Diagnosis and Evaluation of Anemia in CKD.
Kidney Int. Suppl. 2012, 2, 288–291. [CrossRef]

48. National Institute for Health and Care Excellence. Chronic Kidney Disease: Managing Anaemia. NICE Guideline [NG8]. 2015.
Available online: https://www.Nice.Org.Uk/Guidance/Ng8 (accessed on 20 February 2022).

49. Choukroun, G.; Moulin, B.; Zaoui, P.; Chazot, C. Algorithme de Prise En Charge de l’anémie et La Carence Martiale Des
Patients IRC ND. 2019. Available online: https://www.fondation-du-rein.org/wp-content/uploads/2019/12/Algorithme-1.pdf
(accessed on 29 January 2022).

50. Van Assche, G.; Dignass, A.; Bokemeyer, B.; Danese, S.; Gionchetti, P.; Moser, G.; Beaugerie, L.; Gomollón, F.; Häuser, W.;
Herrlinger, K.; et al. Second European Evidence-Based Consensus on the Diagnosis and Management of Ulcerative Colitis Part 3:
Special Situations. J. Crohn’s Colitis 2013, 7, 1–33. [CrossRef]

http://doi.org/10.1093/ecco-jcc/jju009
http://doi.org/10.1093/ndt/gft033
https://www.sfndt.org/civicrm/mailing/view?Id=187&reset=1
http://doi.org/10.1182/hematology.2020000132
http://doi.org/10.1002/ajh.23628
http://www.ncbi.nlm.nih.gov/pubmed/24532336
http://doi.org/10.1016/j.jacc.2006.08.034
http://doi.org/10.1093/ndt/gfh1032
http://www.ncbi.nlm.nih.gov/pubmed/15206425
http://doi.org/10.1016/j.amjcard.2016.09.017
http://www.ncbi.nlm.nih.gov/pubmed/27780556
http://doi.org/10.1016/j.jacc.2007.09.036
http://doi.org/10.1016/j.jacc.2006.07.015
http://www.ncbi.nlm.nih.gov/pubmed/16979010
http://doi.org/10.1002/ejhf.823
https://www.Afsos.Org/Fiche-Referentiel/Anemie-et-Cancer/Attachment/Anemie-Version-16-12-2016/
https://www.Afsos.Org/Fiche-Referentiel/Anemie-et-Cancer/Attachment/Anemie-Version-16-12-2016/
https://www.Nccn.Org/Guidelines/Guidelines-Detail?Category=3&id=1493
https://www.Nccn.Org/Guidelines/Guidelines-Detail?Category=3&id=1493
http://doi.org/10.1056/NEJMoa0908355
http://doi.org/10.1002/ejhf.1305
https://Pace-Cme.Org/2021/06/29/Preview-of-the-2021-Esc-Hfa-Heart-Failure-Guidelines/
https://Pace-Cme.Org/2021/06/29/Preview-of-the-2021-Esc-Hfa-Heart-Failure-Guidelines/
http://doi.org/10.1002/ehf2.13617
http://doi.org/10.1111/j.1440-1797.2008.01065.x
http://www.ncbi.nlm.nih.gov/pubmed/19207866
http://doi.org/10.1038/kisup.2012.33
https://www.Nice.Org.Uk/Guidance/Ng8
https://www.fondation-du-rein.org/wp-content/uploads/2019/12/Algorithme-1.pdf
http://doi.org/10.1016/j.crohns.2012.09.005


Nutrients 2022, 14, 1039 13 of 13

51. French National Authority for Health (Haute Autorité de Santé, France). Choix Des Examens Du Métabolisme Du Fer En
Cas de Suspicion de Carence En Fer—Rapport d’évaluation. 2011. Available online: https://www.has-sante.fr/upload/
docs/application/pdf/2011-11/rapport_devaluation_bilan_martial_carence_2011-11-09_17-21-31_723.pdf (accessed on
30 January 2022).

52. Cacoub, P.; Nicolas, G.; Peoc’h, K. Iron Deficiency Markers in Patients Undergoing Iron Replacement Therapy: A 9-Year
Retrospective Real-World Evidence Study Using Healthcare Databases. Sci. Rep. 2020, 10, 14983. [CrossRef] [PubMed]

53. Khan, N.; Patel, D.; Shah, Y.; Yang, Y.-X. Factors Predicting Testing and Treatment of Iron Deficiency in a Nationwide Cohort of
Anemic UC Patients. Inflamm. Bowel Dis. 2016, 22, 2894–2901. [CrossRef] [PubMed]

https://www.has-sante.fr/upload/docs/application/pdf/2011-11/rapport_devaluation_bilan_martial_carence_2011-11-09_17-21-31_723.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2011-11/rapport_devaluation_bilan_martial_carence_2011-11-09_17-21-31_723.pdf
http://doi.org/10.1038/s41598-020-72057-9
http://www.ncbi.nlm.nih.gov/pubmed/32917925
http://doi.org/10.1097/MIB.0000000000000947
http://www.ncbi.nlm.nih.gov/pubmed/27763952

	Introduction 
	Materials and Methods 
	The CARENFER Studies 
	Definitions and Statistics 

	Results 
	Study Populations 
	Prevalence of ID According to Officially Accepted vs. Common Definition of ID 

	Discussion 
	Conclusions 
	References

