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Abstract. Cacoub P, Choukroun G, Cohen-Solal A,
Luporsi E, Peyrin-Biroulet L, Peoc’h K, et al. Iron
deficiency screening is a key issue in chronic
inflammatory diseases: A call to action. J Intern
Med. 2022;292:542–556.

Iron deficiency is frequent in patients with chronic
inflammatory conditions (e.g., chronic heart fail-
ure, chronic kidney disease, cancers, and bowel
inflammatory diseases). Indeed, high concentra-
tions of inflammatory cytokines increase hepcidin
concentrations that lead to the sequestration of
iron in cells of the reticuloendothelial system (func-
tional iron deficiency). Iron parameters are often
assessed only in the context of anemia, but iron
deficiency, even without anemia, is present in
about half of patients with inflammatory condi-
tions. Iron deficiency worsens underlying chronic
diseases and is an independent factor of morbidity
and mortality. In daily practice, the most effective
biomarkers of iron status are serum ferritin, which
reflects iron storage, and transferrin saturation,
which reflects the transport of iron. Serum ferritin
is increased in an inflammatory context, and there
is still no consensus on the threshold to be used
in chronic inflammatory conditions. Nevertheless,
recent recommendations of international guide-
lines agreed to define iron deficiency by serum
ferritin <100 µg/L and/or transferrin saturation

<20%. Iron parameters remain, however, insuffi-
ciently assessed in patients with chronic inflamma-
tory conditions. Indeed, clinical symptoms of iron
deficiency, such as fatigue, are not specific and
often confused with those of the primary disease.
Iron repletion, preferably by the intravenous route
to bypass tissue sequestration, improves clinical
signs and quality of life. Because of the negative
impact of iron deficiency on chronic inflammatory
diseases and the efficacy of intravenous iron reple-
tion, screening of iron parameters should be part of
the routine examination of all patients with chronic
inflammatory diseases.
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Iron deficiency is frequent in chronic conditions

Until very recently, iron deficiency (ID) was con-
sidered only in the context of iron-deficiency ane-
mia [1]. It is only in the last 10–15 years that ID
has been considered as an autonomous pathologi-
cal entity in which iron availability is insufficient to
meet the body’s needs [2]. Therefore, early ID detec-
tion and treatment became important goals, as iron
is essential for the functioning of all organs. The
fact that the biological definition of ID is debated
and inconsistently defined by authors in different
studies has probably contributed to preventing the
recognition of ID as an independent condition [3].
An international multidisciplinary group of experts
recently proposed a more comprehensive definition
of ID: “Iron deficiency is a health-related condi-
tion in which iron availability is insufficient to meet
the body’s needs and which can be present with
or without anemia” [1]. This definition is impor-
tant because it indicates that ID may have specific
symptoms, diagnosis, and treatment, even in the
absence of anemia. Furthermore, as detailed in the
next section, ID is associated with poor prognosis
inmany diseases, thus highlighting the importance
of its diagnosis.

Depending on the underlying pathophysiologi-
cal mechanisms, two types of ID can be distin-
guished, with identical clinical symptoms: abso-
lute ID, which is the consequence of a quantitative
decrease in iron stores, and functional ID, which
is due to the sequestration of iron in otherwise
quantitatively normal or abundant stores. These
two types of ID are not mutually exclusive and are
often associated [4]. Understanding their underly-
ing mechanisms is essential for the development
of rational diagnostic biomarkers and therapeutic
approaches.

In daily practice, the most effective biomarkers
of iron status are serum ferritin, which reflects
stored iron, and transferrin saturation (TSAT),
which is indicative of transported iron. TSAT is
always present; thus, the decrease of TSAT is an
essential diagnostic criterion of absolute or func-
tional ID. Since the reliability of serum ferritin
measurement may be compromised in patients
with chronic diseases or any inflammatory con-
dition, there is a large consensus in guidelines
to determine both serum ferritin and TSAT in
the first line. There is still no consensus on the
thresholds, but recent recommendations of inter-
national guidelines have shown agreement for

defining ID by serum ferritin <100 µg/L and/or
TSAT <20% [5–8].

ID—associated with anemia or alone—is frequent,
particularly in chronic diseases, usually associ-
ated with a biologically or clinically inflamma-
tory state. Prevalence rates as high as 37%–61%
were reported in chronic heart failure (CHF), 24%–
85% in chronic kidney disease (CKD), 13%–90%
in inflammatory bowel disease (IBD), 18%–82%
in cancer, and an average of 23% in hospitalized
patients [1, 4, 6, 9].

The French nationwide prospective CARENFER
survey performed during 2019–2020 in hospital-
ized patients reported comparable high prevalence
rates—57.9% (n = 1221) in patients with solid
tumors, 49.6% (n= 1661) in CHF, 47.1% (n= 1211)
in nondialyzed CKD, and 23.7% (n = 1090) in IBD
[10–13].

ID is a factor of poor prognosis

Chronic heart failure

Several studies have shown that ID significantly
increased the relative risk (RR) of death in CHF
patients by 40%–60% [14–17]. A prospective study
including nearly 550 CHF patients (mean age 55
years), mostly New York Heart Association (NYHA)
class II–III (mean left ventricular ejection fraction
[LVEF], 26%), showed in a multivariate analysis
that ID increased by 58% at 3 years the adjusted
RR of all-cause death or heart transplantation
(composite endpoint) while anemia had no inde-
pendent effect [16]. In 150 patients with heart fail-
ure (HF) from the UK, there was a twofold greater
risk for death in nonanemic ID patients compared
to anemic iron-replete patients [14].

In a pooled analysis of European cohort stud-
ies (1500 CHF patients followed for a mean of
2.5 years), ID—but not anemia—appeared as an
independent risk factor for mortality (RR increased
by 42% in multivariate analysis) [15].

Grote Beverborg et al. published in 2019 an anal-
ysis of data from two prospective observational
studies and reported that lower TSAT (associated
or not with lower serum ferritin) was associated
with impaired 6-min walking test [7]. However,
only low iron storage (i.e., low serum ferritin) was
independently associated with the composite end
point of all-cause mortality or HF hospitalizations
(hazard ratio, 1.47; 95% confidence interval [CI],
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1.26–1.71; p < 0.001), while lower TSAT was not
(hazard ratio, 1.05; 95% CI, 0.87–1.26; p = 0.64).
In another analysis by the same authors, a defi-
nition of ID based on bone marrow iron staining
found that a TSAT ≤19.8% showed the best perfor-
mance in selecting patients with ID and identifying
HF patients at the highest risk of death [18]. In a
recent Spanish retrospective study, 1701 patients
hospitalized for decompensated HF were included.
Lower TSAT (but not lower serum ferritin) was
associated with a higher risk for the composite end-
point “30-day readmission for HF or death” [19].

Analysis of 570 participants with self-reported
CHF included in the large US population-based
National Health and Nutrition Examination Sur-
vey III (NHANES III) showed that anemia was
correlated with cardiovascular mortality in a
multivariate analysis. In contrast, ID was not cor-
related with either cause of death [20]. However,
the severity of CHF was not assessed in this study.

Except for the latter study, ID and, more specif-
ically, low TSAT, is generally identified as a risk
factor for poor prognosis in patients with CHF [21];
this prognostic factor appears to be independent of
the other conventional factors, including anemia.

Chronic kidney disease

Patients undergoing maintenance hemodialysis
usually have a negative iron balance due to
reduced absorption and increased blood loss [22].
A US cohort study analyzed prospectively collected
data over 2 years from 58,000 dialysis patients
and observed that serum ferritin levels 200–1200
ng/ml and TSAT 30%–50% were associated with
the lowest all-cause and cardiovascular death risks
[23].

The prospective Dutch PREVEND study analyzed
the outcomes of 975 ambulatory CKD patients
followed for an average of 8 years and observed
that TSAT <10% was significantly correlated—
independently of serum ferritin concentrations—
with the adjusted RR of all-cause mortality (×2.8),
cardiovascular mortality (×4.1), and development
of anemia (×3.0) [24].

A large retrospective cohort study conducted by
the US Veterans Affairs analyzed the outcome of
80,000 patients with CKD, both diabetic and non-
diabetic, with normal or abnormal iron status,
indicative of absolute ID, functional ID, or even

iron overload. After a mean follow-up of 4 years, all
three abnormalities were associated with a signifi-
cant increase in the risk of all-cause mortality, with
the highest risk observed for functional ID [25].

In another retrospective study on 78,500 veterans
with nondialysis CKD, the same authors showed
that iron status determined the risk of hospital-
ization for decompensated HF, independent of
diabetic status and history of CHF. Compared
with the reference group (TSAT 16%–28%, serum
ferritin 55–205 µg/L), the adjusted mean risk
of hospitalization for decompensated HF was
increased by 29% in absolute ID (TSAT 0.4%–16%,
serum ferritin 0.9–55 µg/L) and functional ID
(TSAT 0.8%–16%, serum ferritin 109–2783 µg/L),
whereas this risk was decreased by 18% with
high iron stores (TSAT 28%–99%, serum ferritin
205–4941 µg/L) [26].

A recent international (Brazil, France, Germany,
and United States) observational study included
1545 nondialyzed CKD patients with and with-
out anemia [27]. Patients with TSAT ≤15% had
the highest risks of all-cause mortality and major
adverse cardiovascular events, compared with
patients with TSAT 26%–35%.

These studies show that ID is associated with
increased mortality in nondialysis or dialysis CKD
patients.

Cancers

In patients with common solid tumors, ID was
associated with poor general health; advanced
cancer, especially at diagnosis and undergoing
chemotherapy [28, 29]; increased risk of incom-
plete response to therapy; and tumor progression
[9]. Few studies directly evaluated the role of ID in
cancer patients, but ID is the leading cause of ane-
mia in these patients. Anemia was then considered
as an additional risk factor for mortality in patients
with cancer [30].

A nationwide study in the United States analyzed
the outcomes of more than 23,000 scheduled
colectomies (conventional or laparoscopic) and
observed that the presence of preoperative anemia,
including mild anemia, was associated with a sig-
nificant and independent increase (approximately
50%–120%) in the RR of major postoperative
complications (myocardial infarction, stroke, renal
failure, or death) during the first postoperative
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month [31]. A Brazilian prospective observational
study including 308 patients admitted for sched-
uled abdominal cancer surgery reported that pre-
operative anemia was associated with a doubling
of the RR of major postoperative complications in
the first month (all-cause mortality or infectious,
cardiovascular, respiratory, neurological, renal, or
surgical complications) [32]. More generally, cor-
rection of preoperative anemia is important since
it is now well demonstrated that any intraoperative
blood transfusion is associated with a significant
increase in mortality after surgery [33].

In a retrospective study, the outcomes of 141
nonanemic patients with colorectal cancer were
compared according to their iron status before elec-
tive resection. Patients with ID compared to replete
patients were significantly more frequently read-
mitted (25% vs. 4%) and had more postoperative
infections (25% vs. 5%) [34].

In a recent study on 846 patients with colorectal
cancer (including 64% with ID), there was an asso-
ciation between the depth of tumor invasion and ID
with odds ratios of ID equal to 2.8, 4.22, and 4.63
for tumor stages 2, 3, and 4, respectively [35].

Altogether, these studies show that ID is associ-
ated with worsening disease progression in cancer
patients undergoing chemotherapy and surgery.

Inflammatory bowel diseases

In IBD, research and recommendations have
focused on the issue of ID anemia [36–38]. The
impact of chronic fatigue related to ID anemia is
considered intense, comparable to that of abdom-
inal pain and diarrhea [39, 40], and with a huge
impact on patient-reported outcomes, such as
quality of life [41], work capacity [42–44], cogni-
tive performances [45], and emotional well-being
and fatigue [46, 47]. Despite the negative impact
of ID anemia on patient life and disease course, ID
anemia appears to remain untreated in half of the
cases [48].

Given that targeting only abdominal pain and diar-
rhea in IBD does not prevent disease progression
and that anemia is a late manifestation of ID, an
innovative approach has recently been proposed
[49]. The goal of this approach is to prevent anemia
by early detection of ID, normalization of biomark-
ers related to ID with targeted therapy, and close
monitoring to prevent anemia. This early manage-

ment of ID anemia is expected to result in better
outcomes in IBD patients.

From molecular mechanisms to clinical symptoms of ID

Besides its role in erythropoiesis and oxygen trans-
port, iron has other functions as it is part of
many proteins and enzymes. In hemoproteins,
iron is associated with heme and allows oxy-
gen fixation (hemoglobin, myoglobin) or oxidation
reactions (cytochrome P450, cytochrome C oxi-
dase, peroxidase, and catalase). In proteins with
an iron–sulfur center, iron also participates in
redox reactions in the mitochondrial respiratory
chain. Therefore, iron plays a vital role in cellu-
lar energy production, energy metabolism of stri-
ated muscles and the heart, DNA replication and
repair, cell growth and differentiation, and brain
function.

Intestinal absorption of iron occurs by endocyto-
sis at the apical pole of duodenal and early jeju-
nal enterocytes (Fig. 1). Iron is then translocated
to the basal pole of the enterocyte and released
into plasma by ferroportin [50]. Iron exported into
the circulation is bound to transferrin, which dis-
tributes it to target organs via a specific receptor
present on the surface of most cells (RTf or CD71)
[51, 52]. The transferrin/RTf complex is internal-
ized by endocytosis, and iron is released into the
cell. In the cytosol, iron is either incorporated in the
cell metabolism (in the Fe-S cluster mitochondrial
synthesis or iron proteins synthesis) or stored as
ferritin. Ferritin is mainly stored in macrophages
of the liver (about 50%), bone marrow, spleen, and
muscles [50].

The primary regulator of iron homeostasis is hep-
cidin, a peptide hormone mainly synthesized by
the liver. Hepcidin decreases circulating iron con-
centrations and is considered as an hyposideremic
factor—its expression is, in physiological condi-
tion, inversely proportional to circulating iron con-
centrations [4]. Hepcidin binds to transmembrane
ferroportin and induces its internalization and
its degradation. This results in inhibition of iron
export from iron-containing cells (macrophages,
hepatocytes, and intestinal cells) [51]. In a mouse
model, hepcidin was also shown to decrease iron
intestinal absorption and DMT1 protein expression
[53].

Therefore, high hepcidin concentrations induce
a decrease in iron availability to the functional
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Fig. 1 Iron homeostasis and role of hepcidin.

compartment due to its sequestration in the stor-
age compartment, accumulation in the reticu-
loendothelial recycling system (macrophages), and
inhibition of intestinal absorption [54].

ID can be induced by an intake deficit (e.g., gas-
trointestinal diseases), blood loss (e.g., digestive
bleeding), or a defect in mobilization to tissues in
particular due to sequestration of iron in the stores
[54]. Chronic diseases are accompanied by chronic
inflammation that leads to increased hepcidin syn-
thesis [55]. This synthesis is under the influence
of IL-6, which increases hepcidin transcription via
the signal transducer and activator of transcrip-
tion 3 [56]. In contrast, ID or any situation that
stimulates erythropoiesis (e.g., hypoxia, bleeding)
leads to decreased hepcidin synthesis. Inflamma-
tion in chronic diseases plays a crucial role in
the establishment of hepcidin-mediated functional
ID.

Because of the role of iron outside of hematopoiesis
(e.g., in ATP production), ID induces clinical symp-
toms even in the absence of anemia. The clinical

manifestations of ID are varied and not very spe-
cific. Symptoms are usually of moderate intensity
and therefore often overlooked because they are
frequently confused with those of the underly-
ing chronic disease [54, 57]. This is the case for
fatigue, which is a significant symptom in ID [58].
The clinical signs are the same in absolute or
functional ID [57]. ID has a significant negative
impact on physical performance, quality of life,
mood (depression), cognitive performance, and
professional productivity [4, 54]. ID is a poor
prognostic factor in chronic diseases, as described
above. Fortunately, as detailed in the next section,
the clinical consequences of ID are reversible by
iron repletion, mainly via the intravenous route,
which bypasses both the inhibition of intestinal
absorption and the iron sequestration induced by
chronic inflammation.

Managing ID in CHF

Characteristics of ID in CHF

ID impairs the functional status in CHF patients
independent of hemoglobin levels [59]. Cardiac
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muscle is particularly susceptible to the effects
of ID [60, 61]. Cardiomyocytes contain numerous
mitochondria that produce the energy necessary
to maintain continuous contractions. ID is asso-
ciated with significant impairment of the contrac-
tion force and relaxation phase of cardiac muscle
[62]. ID in CHF is generally associated with abso-
lute and functional ID [60]. Absolute deficiency
may result from anorexia, decreased absorption
due to intestinal edema, digestive bleeding due
to the administration of antiplatelet agents, non
steroid anti iflammatory drugs, or anticoagulants.
CHF is also characterized by a systemic inflamma-
tory state leading to functional ID.

Iron biomarker thresholds

According to the European Society of Cardiology
(ESC) criteria, serum ferritin <100 µg/L defines
absolute ID, and a serum ferritin level between 100
and 299 µg/L with a TSAT <20% define functional
ID [63].

Clinical evidence for iron therapy

In line with the impact of ID on the functional
capacity of the cardiac muscle, treatment with
intravenous iron improves exercise capacity and
symptoms in HF patients with ID, whether they
are anemic or not [64, 65]. The pioneering work of
Silverberg et al. showed the importance of intra-
venous iron treatment for cardiac function in ane-
mic patients with CHF, whether treated or not by
erythropoiesis-stimulating agents (ESA). [66–68].
More recent data from two small clinical studies
in patients with HF and renal failure showed that
intravenous iron improved LVEF, as also shown in
an experimental model [61, 69, 70].

The meta-analysis of Jankowska et al. [71]
included five randomized clinical (851 patients)
with systolic CHF and ID [72–76]. Patients were
treated with an intravenous iron preparation and
various comparators (oral or intravenous placebo,
oral iron). Results in all included patients (anemic
and nonanemic) showed a mean 56% RR reduc-
tion in the composite endpoint “all-cause death
or cardiovascular hospitalization” and a 61% RR
reduction in the composite endpoint “cardiovascu-
lar death or hospitalization for progression of CHF”.
The results were comparable in the subgroup of
nonanemic patients with a significant decrease in
the composite criterion “all-cause death or car-
diovascular hospitalization”. When analyzed sepa-
rately, the mortality endpoints (all-cause or cardio-

vascular) were not significantly improved, probably
because of a lack of power due to the small number
of deaths in the included studies.

A second meta-analysis by Anker et al. [77]
included data from 839 patients with systolic HF
and ID from four double-blind, randomized clini-
cal trials (FER-CARS-01, FAIR-HF, EFFICACY-HF,
and CONFIRM-HF) [72, 75, 78, 79] that compared
intravenous ferric carboxymaltose (n = 504) with
placebo (n = 335). The analysis showed that fer-
ric carboxymaltose treatment was associated with
a 41% decrease in the RR of cardiovascular hos-
pitalization or cardiovascular death (primary com-
bined endpoint).

A recent study suggested that administration of
iron intravenously in a patient with stable HF and
ID lead to myocardial iron repletion, as shown
by using a noninvasive cardiac magnetic reso-
nance method [80]. Martens et al. showed that
intravenous iron supplementation significantly
improved cardiac remodeling (increased LVEF) in
patients who benefited from cardiac resynchro-
nization therapy [81].

The multicenter, double-blind phase II IRONOUT-
HF trial with 225 patients with stable symptomatic
systolic HF (NYHA classes II–IV) and ID (FAIR
HF/ESC 2016 criteria) compared the effects of
oral iron (150 mg × 2/day) administered for 16
weeks with placebo [82]. Results showed no dif-
ference between oral iron and placebo groups in
the change in functional capacity assessed by the
peak oxygen uptake (primary endpoint) and 6-min
walk test. This resistance to oral iron despite a
high total dose contrasts with the efficacy of intra-
venous iron given at 15-fold lower doses (about 2
g vs. 33 g) to comparable patients in the FAIR-HF,
CONFIRM-HF, FERRIC-HF, and EFFECT-HF trials
[72, 74, 75, 83]. The difference in efficacy between
oral and intravenous iron is mainly explained by
the action of high hepcidin concentrations in CHF
patients [82] leading to a low absorption rate of
oral iron [84].

The effect of iron supplementation on mortal-
ity has been explored in the placebo-controlled
AFFIRM-HF trial, which included patients with HF
(LVEF <50%) and ID (defined by the FAIR-HF/ESC
2016 criteria) hospitalized for acute HF [85]. After
stabilization, participants were randomized at
discharge to receive either intravenous ferric car-
boxymaltose or placebo, and followed for 52 weeks
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(1108 evaluable participants). Results showed
that, compared with placebo, intravenous ferric
carboxymaltose reduced the RR of hospitalization
for new decompensation by 26%, with no apparent
effect on cardiovascular mortality.

Overall, these trials demonstrate that intravenous
iron repletion is associated with clinically signifi-
cant benefits in HF patients with ID, whether or
not they are anemic. Therefore, ID should be con-
sidered as an independent therapeutic objective
in this population, that is, as a comorbidity that
should be routinely detected and treated [1].

Current recommendations for treatment

Based on the results of epidemiological studies and
therapeutic trials, the recent 2021 ESC guidelines
for HF recommend that all patients with HF should
be screened periodically for anemia and ID (blood
count, serum ferritin, and TSAT) [86]. In addition,
intravenous iron repletion with ferric carboxymal-
tose should be considered in symptomatic patients
with LVEF ≤45% and ID (defined as serum fer-
ritin <100 µg/L or serum ferritin between 100 and
299 µg/L and TSAT <20%) to alleviate HF symp-
toms and improve exercise capacity and quality of
life. In hospitalized symptomatic HF patients with
LVEF <50% and ID, supplementation with ferric
carboxymaltose should be considered to reduce the
risk of HF hospitalization.

Knowledge gaps

Due to lack of data, the ESC recommendation for
supplementation with intravenous iron does not
apply to CHF with preserved LVEF. In addition, no
trial was powered to evaluate the efficacy of intra-
venous iron on significant outcomes or to assess its
effectiveness separately in patients with or without
anemia. There is also a lack of data on the long-
term safety of intravenous iron in this patient pop-
ulation. Therefore, future studies are expected to
address these points.

Managing ID in CKD

Characteristics of ID in CKD

CKD is associated with a decrease in the amount of
erythropoietin produced by the kidney, frequently
leading to anemia. The treatment of anemia has
been revolutionized by the availability of ESA. The
association of ID with CKD is complex because
erythropoiesis requires large amounts of iron, and
ESA by stimulating erythropoiesis may worsen ID,

which induces resistance to the effects of ESA.
For this reason, the National Institute for Health
and Care Excellence (NICE) in the UK has recom-
mended that ESA therapy should not be started
until the ID problem has been addressed [87].
Absolute ID can be caused during CKD by mal-
nutrition, decreased intestinal absorption, blood
spoliation related to iterative blood testing, and
hemodialysis. In addition, CKD is associated with
an inflammatory state leading to excessive hep-
cidin secretion and functional ID.

Iron biomarker thresholds

Iron biomarker thresholds for the diagnosis of ID in
CKD currently tend to approach those used in HF.
An expert consensus from the international IRON
CORE Group proposed defining ID by serum fer-
ritin <100 µg/L or TSAT <20% in both dialysis and
nondialysis patients [1]. In the UK, the NICE guide-
lines recommended the same thresholds to screen
for ID every 3 months in patients with nondialy-
sis CKD and every 1–3 months in dialysis patients
[87].

Clinical evidence for iron therapy

The FIND-CKD multicenter randomized trial
included 626 patients with nondialysis CKD, ane-
mia, and ID not treated with ESA [88]. Participants
received ferric carboxymaltose at dosages adjusted
to achieve low (100–200 µg/L) or high (400–600
µg/L) serum ferritin or oral supplementation (fer-
rous sulfate, 100 mg × 2/day × 52 weeks) and
were followed for 1 year. The primary endpoint
was the time to the need for additional antianemic
therapy (e.g., ESA) or achievement of hemoglobine-
mia <10 g/dl. Results showed that the incidence
of the primary endpoint was significantly lower
in the high-ferritin ferric carboxymaltose group
(23.5%) than in the oral supplementation group
(31.8%), resulting in an RR reduction of 35%. The
results in the low-ferritin ferric carboxymaltose
arm were comparable to those in the oral iron
group. No safety alert was reported in this study in
patients receiving a high dose of intravenous iron.

Comparable efficacy was shown in a multicen-
tric noninferiority trial, which included 350 non-
dialysis CKD patients with anemia. The effects of
parenteral supplementation (isomaltose iron 1000
mg/injection) versus oral ferrous sulfate (100 mg ×
2/day × 8 weeks) were compared. Parenteral sup-
plementation was noninferior to oral supplemen-
tation in terms of increase in hemoglobin level at
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week 4 (primary endpoint). Correction of the serum
ferritin and TSAT was also significantly better with
intravenous supplementation [89].

Although a recent meta-analysis showed no impact
of ID correction onmortality in CKD patients, intra-
venous iron compared with oral iron increased
hemoglobin, serum ferritin, and TSAT and reduced
ESA requirements [90].

High-dose intravenous iron was suspected of
increasing the risk of infections, arterial calcifica-
tions, atherothrombosis, and oxidative stress. The
PIVOTAL study included 2141 dialysis patients
with serum ferritin <400 µg/L and TSAT <30%
[91]. Patients were randomized to receive high-
dose intravenous iron (400 mg per month as long
as serum ferritin was <700 ng/ml and TSAT
<40%) or low-dose intravenous iron (0–400 mg
only if serum ferritin was <200 ng/ml or TSAT
<20%). The primary endpoint was a composite of
nonfatal myocardial infarction, nonfatal stroke,
hospitalization for HF, or death. The authors
concluded that in dialysis patients, the use of a
proactively administered high-dose intravenous
iron regimen resulted in a significantly lower risk
of death or major nonfatal cardiovascular events
as compared with that observed with a reactive,
low-dose regimen. A significantly lower dose of
ESA and a lower incidence of blood transfusion
were also observed. The incidence of infection and
hospitalization for any cause was comparable in
the two treatment groups.

Current recommendations for treatment

The 2012 KDIGO guidelines recommend intra-
venous iron in adult patients with TSAT <30%
and serum ferritin <500 mg/L if an increase in
hemoglobin without starting ESA treatment is pre-
ferred or if a decrease in the current ESA dose
is wanted. In patients with nondialysis dependent
CKD, a 1–3 month trial of oral administration is
suggested. In patients with end-stage CKD on regu-
lar dialysis, the oral route is not recommended [92].

The 2013 European recommendations are simi-
lar but with a different threshold for iron supple-
mentation, that is, TSAT <20% and serum fer-
ritin <100 ng/ml (absolute ID) or—if an increase
in Hb concentration without starting ESA treat-
ment is desired—TSAT <25% and serum ferritin
<200 ng/ml in nondialysis CKD patients and TSAT
<25% and serum ferritin <300 ng/ml in dialysis

patients [93]. The limit of TSAT of 30% and serum
ferritin of 500 ng/ml should not be exceeded in
both nondialysis and dialysis CKD patients.

Knowledge gaps

ID in CKD patients is most often, if not exclu-
sively, considered in the setting of anemia. Future
studies should evaluate the efficacy of iron therapy
in nondialysis CKD patients with ID but without
anemia. Long-term studies with mortality are also
needed. There is a relationship between fatigue in
CKD patients and the role of iron in ATP production
in muscle cells. However, the impact of ID, inde-
pendent of anemia, on neurological and cognitive
disorders in CKD patients is also an insufficiently
explored field.

Managing ID in cancer

Characteristics of ID in cancer

Many factors possibly lead to ID in cancer—
the cancer disease itself, chemotherapy treatment,
malnutrition, blood loss, inflammatory state, use of
ESA, and so on. ID in these patients is frequently
both absolute and functional, but with a predom-
inant role of functional ID due to chronic inflam-
mation [94].

Iron biomarker thresholds

The European Society for Medical Oncology
(ESMO) and the US National Comprehensive Can-
cer Network (NCCN) have proposed criteria for the
diagnosis of ID in cancer patients [95, 96]. In the
absence of consensus on threshold values, these
recommendations agree on the importance of joint
determination of serum ferritin and TSAT. In the
2018 ESMO guidelines, ID is defined by serum
ferritin <100 µg/L (absolute ID) or serum ferritin
≥100 µg/L and TSAT <20% (functional ID) [95].

In the recent CARENFER study, among cancer
patients with ID as defined by the ESMO criteria,
TSAT was <20% in 85.8% of patients with neoad-
juvant treatment, 90.1% with adjuvant therapy,
and 88.6% with metastatic treatment [10, 97]. This
indicates that TSAT <20% as the sole criterion for
defining ID in cancer patients had high sensitivity
regardless of the disease stage.

Clinical evidence for iron therapy

A meta-analysis of eight randomized clinical tri-
als (including 1600 patients) showed that the
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combination of intravenous iron with ESA
decreased the frequency of transfusions by 23%
and increased the hematopoietic response rate by
29%, compared with ESA alone, while both efficacy
endpoints were unchanged by oral iron [98].

A systematic review identified 11 randomized clin-
ical trials (1680 participants) that compared intra-
venous iron with oral iron or no iron supplemen-
tation in treating patients with anemia associated
with cancer chemotherapy. The addition of intra-
venous iron to ESA increased the hematopoietic
response rate by 28%. It significantly decreased the
frequency of transfusions by 24% when combined
with ESA and by 48% when no ESA was given.
There was no difference between intravenous iron
and comparator treatments in mortality or adverse
events [99].

Current recommendations for treatment

Recommendations for iron supplementation vary
according to the guidelines. The NCCN guidelines
are mainly for anemic patients receiving ESA,
not with ID alone [96]. Intravenous or oral iron
is recommended for absolute ID (serum ferritin
<30 ng/ml and TSAT <20%); failure to correct ane-
mia within 4 weeks should lead to consideration
of functional ID. Intravenous iron is recommended
in functional ID (serum ferritin 30–500 µg/L and
TSAT <20%) in patients on ESA therapy.

According to ESMO guidelines, ID should be
corrected as soon as serum ferritin levels are
<100 µg/L and TSAT is <20% regardless of anemia
[95]. Oral iron treatment can only be considered
in patients with absolute ID with ferritin <30 µg/L
and in the absence of an inflammatory state (C-
reactive protein [CRP] <5 mg/L) [95].

Knowledge gaps

ID remains insufficiently diagnosed in cancer
patients and guidelines recommendations are
insufficiently applied. Iron therapy is generally
considered only a supportive care treatment, com-
bined with ESA in advanced cancer disease. There
is a lack of data on ID with or without anemia in the
early phases of cancer in patients with adjuvant or
neoadjuvant treatment. The insufficient use of iron
therapy by oncologists may be related to previous
concerns and uncertainties regarding iron admin-
istration in this setting. Although iron therapy is
recommended in patients controlled with antitu-
mor treatment, iron is also considered as a promis-

ing target in cancer progression because it facil-
itates cell proliferation and growth [100]. In addi-
tion, blood transfusion has been associated with an
increased risk of cancer development [101]. Long-
term studies on the efficacy and safety of iron ther-
apy could help convince oncologists to systemati-
cally diagnose and treat ID, especially during the
early phase of the cancer disease, thus avoiding
the need for ESA or transfusions when anemia is
established and more problematic to treat.

Managing ID in IBDs

Characteristics of ID in IBDs

In the majority of cases, both absolute and func-
tional ID are present in patients with IBD, resulting
from the combination of different mechanisms—
digestive blood loss (mainly chronic), malnutri-
tion, impaired intestinal iron absorption, intestinal
resection, inflammatory syndrome, and so on. [39,
102, 103].

Iron biomarker thresholds

The criteria for the biological diagnosis of ID are
controversial. The choice and definition of thresh-
old values are complicated by the variable inten-
sity of the inflammatory state that accompanies the
relapses and remissions of chronic IBD. The Euro-
pean Crohn’s and Colitis Organisation consensus
proposes a definition that considers an associ-
ated inflammatory syndrome [104]. ID is defined as
serum ferritin ≤100 µg/L in the presence of con-
comitant inflammation (CRP ≥5 mg/L) or serum
ferritin <30 µg/L in the absence of inflammation
(CRP <5 mg/L); ID is absolute if serum ferritin is
<30 µg/L or TSAT is<16%whereas ID is functional
if serum ferritin is <100 µg/L and TSAT is <16%.
According to the British Society of Gastroenterol-
ogy, serum ferritin is the most specific assay for
ID in the absence of inflammation—serum ferritin
<30 µg/L is generally indicative of low iron stores,
and serum ferritin <15 µg/L is indicative of absent
iron stores [105]. Therefore, serum ferritin <15
µg/L is considered highly specific for ID; TSAT
<20% indicates iron restriction. In the presence
of inflammation (for example, elevated CRP), the
threshold for ID is serum ferritin <100 µg/L [105].

Clinical evidence for iron therapy

A systematic review of randomized clinical trials
comparing oral versus parenteral supplementa-
tion in adult patients with IBD included five tri-
als with nearly 700 participants. Meta-analysis of
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the data showed that the likelihood of increas-
ing hemoglobin ≥2 g/dl was significantly higher
with intravenous iron than with oral iron. In con-
trast, the latter was associated with a substantially
higher incidence of treatment discontinuations for
adverse events [106].

Treatment of ID is associated with a significant
improvement in physical and mental quality of life,
including in patients with ID without anemia [41,
107].

Current recommendations for iron treatment

A recent international expert consensus proposed
an algorithm for managing ID associated with
chronic IBDs. ID was defined as serum ferritin
<100 µg/L or TSAT <20% [1]. Recommendations
propose that all patients should be treated to cor-
rect anemia and iron stores [36, 37].

The criteria for choosing between oral and par-
enteral supplementation remain debated [36, 108,
109]. Factors such as etiology, severity of anemia,
and quiescent or active nature of the IBD must be
considered [1, 37]. In the active forms, the intra-
venous route avoids the risk of oxidative damage
to the intestinal mucosa and preserves the intesti-
nal microbiome, unlike oral supplementation [38,
108]. The indication for oral supplementation in

the first line is preferably in quiescent forms, with
mild anemia (Hb ≥10 g/dl) [1, 37, 110]. The par-
enteral route is indicated in case of intolerance
or inefficacy of the oral route, or at the first line
in active disease and/or more profound anemia
(Hb <10 g/dl) [1, 108, 110]. The British Society of
Gastroenterology guidelines recommend that par-
enteral iron be considered when oral iron is con-
traindicated, ineffective, or not tolerated [105]. Par-
enteral iron can be administered early if oral iron
replacement therapy is deemed unlikely to be effec-
tive or if the correction of ID anemia is urgent.

Knowledge gaps

There is a lack of data on the benefits of ID therapy
(relief of symptoms, quality of life) in these gener-
ally young patients and no long-term data on mor-
bidity and mortality.

Conclusion

It is now well established that anemia and ID can
exist independently. ID is a proved independent
predictor of poor prognosis for chronic inflamma-
tory conditions such as CHF and CKD. Because ID
is frequent in patients with chronic inflammatory
diseases, iron parameters (both serum ferritin and
TSAT) should be part of the routine examination
of all these patients (Fig. 2). Iron repletion, prefer-
ably via the intravenous route to bypass tissue

Fig. 2 Biological exploration of iron metabolism in routine practice. Hb, hemogobin; MCHC, mean corpuscular hemoglobin
concentration; MCV, mean corpuscular volume; sTfR, soluble transferrin receptor; TBC, total blood count; Tf, transferrin;
TSAT, transferrin saturation.
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sequestration and poor intestinal absorption,
improves clinical signs and quality of life. There
are still knowledge gaps, unmet medical needs,
and a need for harmonization of ID definition.
ID is an independent factor of mortality, but a
decrease of mortality related to iron supplementa-
tion remains to be demonstrated in patients with
chronic inflammatory conditions.
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107 Çekiç C, İpek S, Aslan F, Akpınar Z, Arabul M, Topal F, et al.
The effect of intravenous iron treatment on quality of life in
inflammatory bowel disease patients with nonanemic iron
deficiency. Gastroenterol Res Pract. 2015;2015:1.

108 Nielsen OH, Ainsworth M, Coskun M, Weiss G. Management
of iron-deficiency anemia in inflammatory bowel disease: a
systematic review. Medicine (Baltimore). 2015;94:e963.

109 Reinisch W, Staun M, Tandon RK, Altorjay I, Thillainayagam
AV, Gratzer C, et al. A randomized, open-label, non-
inferiority study of intravenous iron isomaltoside 1,000
(Monofer) compared with oral iron for treatment of anemia
in IBD (PROCEED). Am J Gastroenterol. 2013;108:1877–88.

110 van Rheenen PF, Aloi M, Biron IA, Carlsen K, Cooney R,
Cucchiara S, et al. European Crohn’s and Colitis Organi-
sation topical review on transitional care in inflammatory
bowel disease. J Crohns Colitis. 2017;11:1032–8.

Correspondence: Patrice Cacoub, Department of Internal
Medicine and Clinical Immunology, Groupe Hospitalier Pitié-
Salpêtrière, AP-HP, 83 Boulevard de l’Hôpital, 75651 Paris Cedex
13, France.
Email: patrice.cacoub@aphp.fr

556 © 2022 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2022, 292; 542–556


