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Abstract: Iron is involved in many types of metabolism, including oxygen transport in 
hemoglobin. Iron deficiency (ID), ie a decrease in circulating iron, can have severe con-
sequences. We provide an update on iron metabolism and ID, highlighting the particularities 
in older adults (OAs). There are three iron compartments in the human body: 1) the 
functional compartment, which consists of heme proteins including hemoglobin, myoglobin 
and respiratory enzymes; 2) iron reserves (IR), which consist mainly of liver stocks and are 
stored as ferritin; and 3) transferrin. There are two types of ID. Absolute ID is characterized 
by a decrease in IR. Its main pathophysiological mechanism is bleeding, which is often 
digestive and can be due to neoplasia, frequent in OAs. Biological assessment shows low 
serum ferritin and transferrin saturation (TS) levels. Furthermore, hypochromic microcytic 
anemia is frequent, and the serum-soluble transferrin receptor (sTfR) level is high. 
Functional ID, in which IR are high or normal, is due to inflammation, which is also frequent 
in OAs, particularly in its chronic form. Biological assessments show high serum ferritin, 
normal or low TS, and normal sTfR levels. Moreover, C-reactive protein is elevated, and 
there is moderate non-regenerative non-macrocytic anemia. The main characteristics of iron 
metabolism anomalies in the elderly are the high frequency of ID (20% of ID with anemia in 
adults ≥85 years) and the severity of its consequences, which include cognitive impairment 
in case of ID or iron overload and decrease of physical activity in case of ID. In conclusion, 
causes of ID are frequently intertwined in OAs as a result of the polymorbidity that 
characterizes them. ID can have dramatic consequences, especially in frail OAs. Thus, 
measuring the appropriate biological markers prevents errors in the positive diagnosis of 
ID type, clarifies etiology, and informs treatment-related decision-making. 
Keywords: anemia, iron deficiency, iron metabolism, older adults

Introduction
Iron is the most represented trace metal in the human body.1

Iron deficiency (ID) is the most frequent nutritional deficiency disorder in the 
world, defined as a lack of human body iron reserves (IR), and it is generally due to 
an inadequate absorption and/or excessive loss of iron.2

ID has various consequences, and some effects have yet to be elucidated. ID 
consequences can be dramatic in older adults (OAs), especially those who are frail. 
The consequences include anemia, asthenia (even without anemia), occurrence of 
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cognitive disorders, worsening of neurocognitive disorder 
(Alzheimer’s disease or other), decrease of immune 
defense causing infections, osteoporosis, and decrease in 
physical activity.3–9 In addition, ID is a marker of the 
severity of heart failure, which is a frequent condition in 
OAs.10

Although the role of iron in human body is well 
known, there have been recent advances in the understand-
ing of iron metabolism, including its absorption pathways 
and precise regulation. The roles of hepcidin, ferroportin 
and transferrin receptors have also been clarified. These 
findings have led to the development of new diagnostic 
tools. However, the place of these tools in the diagnostic 
strategy of iron deficiency is not yet defined.

The objective of this article is to provide an update on 
the latest scientific data in the literature on iron metabo-
lism and ID by highlighting specificities in OAs. Iron 
overload will be addressed briefly, and the main causes 
and consequences will be described.

Method
We performed a bibliographic search on the Medline data-
base, including articles published from January 1990 to 
August 2020. The following terms were combined: iron 
with metabolism, anemia, disorders, deficiency, overload, 
causes, consequences, biological tests and/or aged, or their 
equivalents. We also looked at one book on dietary refer-
ence intakes. This first literature search was supplemented 
by a bibliographic search related to specific aspects that 
we wanted to clarify (for example, to explain the interest 
of physical activity, especially in the elderly).

The most relevant articles were retained for our 
bibliography.

Physiological Role of Iron in the 
Human Body
Iron participates in erythropoiesis. It is a component of 
heme, which combines with globins to form hemoglobin 
in the bone marrow.

Iron is the most abundant trace mineral, and it is 
involved in cell metabolism and the growth of organisms. 
A smaller fraction (2%) localized in some proteins con-
taining heme and iron is present as iron-sulfur groups that 
contribute to physiological systems such as oxygen trans-
port, deoxyribonucleic acid (DNA) synthesis, metabolic 
energy, cellular respiration and electron transport in mito-
chondria. Approximately 30% and 10% of body iron are 

stored as ferritin and hemosiderin in the liver, bone mar-
row, and muscle. In addition, iron can be used in erythro-
poiesis according to the demands of the body.1,3,11,12 

Finally, iron is involved in the functioning of the immune 
system and cognition.13

IR and Location in the Human Body
IR in the human body are estimated at between 35 and 45 mg 
of iron/kg of body weight, or about 3 to 4 g total/person.2,14

In humans, there are two forms of iron, which depend 
on the state of oxidation. One bivalent, Fe2+, is reduced 
and soluble. The other trivalent, Fe3+, is oxidized and 
insoluble.15,16 Fe2+ is the intracellular storage form of 
iron, mainly in macrophages (of the liver and other organs) 
and enterocytes, in the ferritin form. In addition, it is 
a component of heme proteins. Fe3+ is the form of iron 
transport in blood by being linked to transferrin. In the Fe2 

+ form, iron is soluble and can therefore pass through the 
cell membrane, while it cannot in the Fe3+ form because it 
is not soluble.15,16

There are three iron compartments: the functional sector, 
the IR, and the transport compartment. The functional com-
partment consists of heme proteins including hemoglobin, 
myoglobin and respiratory enzymes.1,3,17 The second com-
partment (IR) consists mainly of liver stocks, but also of 
other tissues or cells (enterocytes), and is stored as ferritin.3 

Finally, transferrin is the last sector (transport).3 Iron is 
always linked to a protein in each compartment, and there 
is very little iron in the free state. In clinical practice, the 
most effective available biomarkers for evaluating iron com-
partments are the hemoglobin level for functional iron, 
serum ferritin (SF) for IR, and the transferrin saturation 
(TS) for iron transport.17

In humans, iron is distributed as follows: about two- 
thirds, slightly less than 3 g, in hemoglobin, 0.5 to 1 g in 
the liver, 0.3 to 0.4 g in muscles and macrophages, and 0.1 
g in the bone marrow and other cells.14,18 The amount of 
circulating iron, bound to transferrin in plasma, is less than 
1%. With the largest quota of iron being in hemoglobin, 
blood loss is associated with a decrease in iron stocks at 
a rate of 500 mg per liter of blood lost.

Iron Metabolism
Our understanding of iron metabolism has improved con-
siderably in recent years.

Iron sources
With the exception of medical treatment for a proven 

ID, iron is brought to the human body by two sources: 
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a minor external source (6.5% to 8%) and a major internal 
source (≥92%).12,14,18

Food is the exogenous iron source. The dietary intake 
of iron is in the form of heme found in meats and fish or 
non-heme found in plants, egg yolk and dairy products. 
Heme iron (organic iron) is mainly ferrous (Fe2+) while 
non-heme iron (inorganic iron) is mainly ferric (Fe3+).16 

Foods rich in heme iron include, among others, black 
pudding, liver (pork, lamb or beef), kidney of lamb, 
clams, oyster, octopus and mussels. Foods rich in non- 
heme iron include thyme, unrefined coconut blossom 
sugar, cocoa, soy, fruit, raw yellow beans, lentils, ginger, 
cereals and spinach.

Our main source of iron is endogenous. It is the iron 
resulting from phagocytosis of nonfunctional erythrocytes 
by macrophages.12

Women and adolescents have higher daily iron needs. 
The recommended dietary allowance for iron is 11 mg 
per day (/d) for teenage (14–18 years) boys, 15 mg/d for 
teenage girls, 8 mg/d for adult men (≥19 years) and post-
menopausal women, including OAs, 18 mg/d for preme-
nopausal women, and 27 mg/d for pregnant women.19

Intestinal Absorption, Transport and 
Storage of Iron
Iron is absorbed in the duodenum and proximal jejunum.20

In the digestive tract, non-heme iron, provided by 
plants, egg yolk and dairy products, is solubilized by 
stomach acid and it is transformed into Fe2+ by duodenal 
cytochrome B, a reductase present in the apical membrane 
of duodenal enterocytes. Then, the divalent metal trans-
porter-1 (DMT1: iron and proton co-transporter) inter-
venes to transport Fe2+ into the cytoplasm of the 
enterocyte. That is why achlorhydria, associated with the 
consumption of proton pump inhibitors (PPIs), and perni-
cious anemia decrease the intestinal absorption of non- 
heme iron, similar to Helicobacter pylori infection and 
certain inflammatory conditions, celiac disease, for 
example.20–22 Once it is incorporated into the enterocyte 
cytoplasm, Fe2+ can be oriented: 1) either to apoferritin to 
form ferritin which is the IR of enterocytes (much less 
erythrocyte iron is not contained in ferritin), a part of 
which is eliminated during enterocyte desquamation; 2) 
or to the basolateral membrane of the enterocyte, then 
directed into the circulating blood by ferroportin and trans-
formed into Fe3+ by hephaestin, a membrane ferroxidase 
functionally linked to ferroportin.15,16 Ferroportin is 

therefore much like a “front door” for intestinal iron to 
enter the body.

In the blood, Fe3+ binds to apotransferrin, forming 
holotransferrin (transferrin with two Fe3+ ions). 
Depending on the needs of the organs and in order to 
store iron, holotransferrin can bind to transferrin receptors 
(TfR) located on the surface of cells (including hepato-
cytes and macrophages). The TfR-holotransferrin complex 
thus formed is then incorporated into the cell and inter-
nalized in the endosome in which the two Fe3+ ions are 
released. The Fe3+ is then reduced to Fe2+, which is 
transported through the endosome membrane by DMT1. 
The Fe2+ released in the cytoplasm is either stored in 
ferritin or used for certain cellular functions.15,16 The 
acidification of endosomes facilitate iron release during 
the TfR-holotransferrin cycle.

The mechanism for the intestinal absorption of heme 
iron, provided by meats and fish, remains unclear.20 One 
hypothesis includes the transfer of heme iron from the 
intestinal lumen to the cytoplasm of the duodenal and 
jejunal enterocytes via the heme carrier protein-1, which 
may be a specific transporter of heme. Heme is released in 
the enterocyte cytoplasm and then metabolized by the 
heme oxygenase-1, allowing the release of iron in its 
ferrous form (Fe2+). Fe2+ from the heme iron then follows 
a similar process to that of non-heme iron. However, this 
mechanism has not been confirmed, and certain studies 
suggest that heme carrier protein-1 is a transporter not of 
heme, but of vitamin B9.16,20

When there is an increase in the need for circulating 
iron, in particular for erythropoiesis, the iron stocks con-
tained in the liver, non-hepatic macrophages (of the 
spleen, for example), and enterocytes (mainly as ferritin) 
are mobilized to fuel the circulating blood sector. The 
transport of iron from cells into the blood circulation is 
made possible by the presence of ferroportin whose action 
is controlled by hepcidin (hepatic bactericidal protein).16

During the transfer of intracellular iron to the extra-
cellular environment, Fe2+ (intracellular) is oxidized to 
create Fe3+, which attains the circulating blood. This oxi-
dation is made possible by hephaestin, mainly located in 
the small intestine, and by exiting macrophages and hepa-
tocytes by means of ceruloplasmin, another ferroxidase.16 

Hephaestin and ceruloplasmin are “copper-dependent” 
ferroxidases.

Ferroportin is a membrane protein found on the surface 
of cells that store or transport iron, including duodenal 
enterocytes (at their basolateral pole, in contact with 
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circulating blood), Kupffer cells, and macrophages.16 

Ferroportin allows the passage of iron from the intracel-
lular environment to the extracellular sector.3 It is consid-
ered to be a hepcidin receptor.14 Hepcidin can bind to 
ferroportin and cause it to internalize and degrade in the 
lysosome.14

Hepcidin is a hormone mainly produced in the 
liver.4,14,16 It is a peptide regulating the homeostasis of 
iron metabolism through ferroportin.18 The serum hepci-
din rate fluctuates according to various conditions such 
as the variations in the body’s IR (including in the liver), 
inflammation, erythropoiesis, and hypoxia.18 

Hepatocytes are sensitive to circulating total (bound 
and free) iron levels. A decrease in circulating iron 
inhibits the hepatic synthesis of hepcidin, and a lack of 
hepcidin will then stimulate the intestinal absorption of 
iron and its release from enterocytes and macrophages in 
the vascular system. Conversely, excess circulating iron 
stimulates the liver production of hepcidin. This results 
in iron sequestration in the enterocytes and the macro-
phages, a decrease in intestinal absorption, and therefore 
an inhibition of iron transfer to the blood.4,14,16 Hepcidin 
is eliminated in the urine, which means that its serum 
concentration increases during renal failure.3

The enterocytes are also sensitive to total iron stocks of 
the body, for which they play a regulatory role. If 
a decrease in the total IR is detected, the iron stored as 
ferritin in the enterocytes is released and discharged into 
the blood compartment, via ferroportin, and the intestinal 
absorption of iron increases.4,14,16 Conversely, when the 
IR in the body are normal or too high, iron remains 
sequestered in the enterocytes due to the inhibition of the 
ferroportin activity by hepcidin and the intestinal absorp-
tion of iron is greatly reduced.4,14,16 Schematically, ferro-
portin is a lock and hepcidin is the key. When the hepcidin 
level rises, it closes the lock, and vice versa.

The intestinal absorption of non-heme iron is highly 
dependent on diet.20 Tannins (polyphenols), found in tea, 
coffee or chocolate, inhibit the absorption of non-heme 
iron,3,20 as well as dairy products, cereals, dietary fiber, 
phosphate-containing carbonated beverages and certain 
foods (egg yolk), and multivitamin or dietary supplements 
containing calcium, zinc, manganese or copper.23 Phytates 
and oxalates contained in food (spinach, . . .), and peptides 
from partially digested vegetable proteins also reduce non- 
heme iron absorption.3,11,20 Finally, the consumption of 
certain drugs such as PPIs and other antacids, quinolones 

and tetracyclines also inhibits non-heme iron 
absorption.3,20,23

Vitamin C (ascorbic acid) increases non-heme iron 
absorption via the promotion of reduction and solubiliza-
tion of dietary ferric iron.11,20 Non-heme iron absorption is 
also improved by diets rich in heme iron (meat, fish, 
shellfish, . . .), fermented food, black pepper and organic 
acids (malate or citrate).11

Heme iron absorption is generally not influenced by 
diet.20

Heme iron is better absorbed than non-heme iron.12,20 

This is explained by the fact that heme iron (mostly Fe2+) 
is soluble and reduced, while non-heme iron (mostly Fe3+) 
is not soluble and not reduced.16,20 Another explanation is 
the fact that non-heme iron absorption is influenced by 
diet, contrary to heme iron absorption.3,20,23 Finally, to be 
absorbed, ferric iron must be reduced to ferrous iron in 
order to transport iron into enterocytes.20

Iron Elimination
Iron is eliminated through exfoliated intestinal epithelial 
cells, bile, urine, skin, hair, nails, sweat, semen and blood 
loss.18,24 There is no regulated way to eliminate iron.

Iron Homeostasis and Bioavailability
In physiological conditions, the iron input–output balance 
is zero with equivalent amounts absorbed and eliminated, 
ie one to two mg/d.18,25 However, to provide one to 2 mg 
of iron/d to the body, the recommended intake is 10 to 
20 mg/d.14 Indeed, only 5% to 15% of the iron consumed 
is absorbed,14 ie low or middle bioavailability.11 

Bioavailability of heme iron, whose absorption is almost 
uninfluenced by diet, is much better than that of non-heme 
iron, whose absorption is influenced by diet.11,20 Indeed, 
certain nutrients are non-heme absorption enhancers and 
others are inhibitors. Bioavailability also depends on IR; in 
case of ID, iron bioavailability can increase to 35%.11

Exogenous intake is far from covering the cumulative 
iron needs of all the body’s tissues or cells (including 
erythrocytes), which range from 15 to 25 mg/d. These 
needs are 90% to 95% covered by the action of macro-
phages, which recycle internal iron. Indeed, daily phago-
cytosis by the macrophages of senescent red cells recovers 
iron which is then delivered to the organism. This iron is 
then either sent to the blood, via ferroportin, or stored as 
ferritin.12 Thus, at least 92% of the iron comes from the 
internal channel and 8% at most is sourced from the 
exogenous intake.12,14,18,25 Iron balance is therefore 
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maintained through meticulous control between intestinal 
absorption and recycling via phagocytosis by the macro-
phages of old erythrocytes.16

Iron absorption, transport and storage, ie iron home-
ostasis, are also accurately controlled at the translational 
level by iron regulatory proteins (IRPs), which exist in 
two forms, IRP1 and IRP2, and iron-responsive elements 
(IREs) signaling pathways.26 IRP1 and IRP2 are two 
known ribonucleic acid (RNA)-binding proteins, and 
their inducible interactions with IRE control the transla-
tion of ferritin and ferroportin messenger RNA (mRNA) 
and the stability of TfR mRNA.26 IREs are short con-
served stem-loops that are bound by IRPs.26 IREs are 
found in untranslated regions (UTR), either the 3ʹ-UTR 
or 5ʹ-UTR, of various mRNAs whose products are 
involved in iron metabolism.26 IRPs can act as either 
a translational activator or a translational inhibitor.26 In 
case of ID cells, the interaction between IRPs and IRE 
motif in the 5ʹ-UTR of target mRNA can revoke transla-
tion by suspending important interactions between the 
mRNA and ribosomes for the initiation of translation.26 

Yet, in iron-replete cells, iron can bind with IRPs to 
induce a conformational change, which furthers the 
separation of IRPs from the target mRNA, entailing 
facilitation of the translation of the target mRNA.26 In 
case of ID cells, the interaction between IRPs and the 
IRE motif in the 3ʹ-UTR of target mRNA can protect it 
from endonuclease cleavage.26 Thus, this interaction can 
prolong the half-life of transcripts and promote the trans-
lation of target mRNA.26 Nevertheless, in iron-replete 
cells, the separation of IRP from 3ʹ-UTR IRE exposes 
target transcripts to endonuclease attack and degradation, 
entailing downregulation of the translation of 
transcripts.26 Transcripts of ferritin and ferroportin have 
IRE in their 5ʹ-UTRs.26 Thus, in case of ID, the transla-
tion of ferritin and ferroportin can be suppressed by IRPs. 
The reduction of ferritin and ferroportin expression can 
decrease unnecessary iron binding by ferritin and iron 
export by ferroportin, entailing the augmentation of free 
iron available for cells.26 Nevertheless, both TfR and 
DMT1 mRNA have IRE motifs in the 3ʹ-UTR, which 
can bind to IRPs in case of ID, entailing the stabilization 
of transcripts and subsequent increased synthesis of TfR 
and DMT1 to encourage iron absorption into cells.26 

However, an iron-replete state can disrupt the interaction 
between IRPs and IREs to further the translation of the 
ferritin and ferroportin transcripts, and dislocate TfR and 
DMT1 mRNA.26

Impact of Ageing on Iron Metabolism
Although not well documented, the effect of age on iron 
absorption and iron elimination seems minor, but IR 
increase with age.13

Frequency of ID without or with 
Anemia
The SU.VI.MAX study on a sample of 5,447 individuals 
found ID in 5.3% of postmenopausal women and in 1.8% 
of men, while the prevalence of ID with anemia was 0.7% 
in postmenopausal women and 0.4% in men.27

With ageing, the prevalence of ID anemia increases. 
More than 10% of people ≥65 years have ID anemia, and 
this rate doubles in people ≥85 years.8

Conditions That Can Affect the 
Amount of Iron in the Human Body
Causes of ID
There are two types of ID that reflect a decrease in circu-
lating iron. One is absolute ID (AID), which is linked to 
reduced IR in the body, resulting in a very low SF and 
insufficient iron.3,25 The other type is functional ID (FID), 
caused by inflammation, in which iron stocks are 
increased. FID results in an increase in SF, while, with 
iron being sequestered in other tissues, the amount of 
available iron is no longer sufficient to ensure effective 
erythropoiesis.4,25

Causes of AID
Gastrointestinal or esophageal blood loss is the main 
cause of AID, especially in OAs.28 These can be sec-
ondary to neoplasia, which are more common in OAs,29 

benign tumors, a gastric or duodenal ulcer, esophagitis, 
gastritis of autoimmune origin or linked to Helicobacter 
Pylori infection, through decreased intestinal absorption 
of non-heme iron or not, or hiatal hernia.20,28,30,31 Other 
causes of gastric, duodenal or esophageal bleeding 
include consumption, even occasional, of nonsteroidal 
anti-inflammatory drugs, platelet aggregation inhibitors, 
anticoagulants or corticosteroids.31–33 Chronic gastroin-
testinal conditions can also be complicated by AID.28 

AID can be the result of malabsorption in inflammatory 
bowel disease and celiac disease, while it is due to 
bleeding in diverticulosis with or without diverticulitis, 
especially in OAs, or in case of hemorrhoids.2,20,31,34–36 

Other intestinal lesions or abnormalities such as fistula, 
bowel obstruction, short bowel syndrome, colon 
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angiodysplasia or restorative proctocolectomy may also 
be associated with AID.31 Finally, the chronic consump-
tion of certain drugs such as PPIs and aging has also 
been implicated in AID through reduced stomach acid 
secretion resulting in a decrease in intestinal iron 
absorption.2,28,37 For PPIs, it is especially true for non- 
heme iron.20 This mechanism is also described in perni-
cious anemia and achlorhydria (reducing iron absorption 
due to the non-solubilization of non-heme iron) which 
are associated with gastric atrophy, causing vitamin B12 

deficiency.22 It should be noted that the relationship 
between gastric atrophy, due in particular to aging, and 
AID is not currently established, and gastric atrophy 
does not actually seem to affect the absorption of iron.13

Some chronic hepatopathies can be complicated by 
AID anemia.31 This is the case for cirrhosis, which is 
accompanied by portal hypertension which can cause 
digestive hemorrhage.31 Nonalcoholic fatty liver disease 
can also cause AID with or without anemia, even though 
fatty liver can also cause an iron overload, as we will 
discuss further on.31,38

A malignant or benign lesion of the urinary or genital 
(in women) tract, surgery-related hemorrhage or hema-
toma are other possible causes of AID.13,39,40

In addition, AID can result from malnutrition, vegetar-
ian diets (which cause AID but a priori with no anemia), or 
vegan diets (which are believed to cause AID with 
anemia).28,41,42 Blood donors are also exposed to AID, as 
are patients with kidney failure,18,43 which is particularly 
common in OAs. It has been shown that moderate chronic 
renal failure is present in almost all patients aged 80 and 
older hospitalized in a geriatric unit.44 In kidney failure, 
AID, due to excessive blood loss and an abnormality of 
iron reabsorption, worsens anemia secondary to a defect in 
the synthesis of erythropoietin.43 Finally, chronic alcohol 
abuse may be complicated by AID.28

It is imperative to keep in mind that OAs often develop 
AID for multiple and interrelated reasons.

Table 1 reports the main causes of AID.

Causes of FID
Inflammatory conditions can cause FID at any age. These 
conditions include infections, acute or chronic systemic 
inflammatory diseases (particularly rheumatic), cancer, 
and thromboembolic disease.

Chronic inflammation is frequent in OAs.2 This is 
probably the result of the accumulation of various chronic 

conditions with an inflammatory background and regular 
inflammatory episodes.

Causes of Mixed Iron Deficiency (MID)
MID Associates AID and FID
Among the causes of MID, there are digestive cancers, 
which are particularly common in OAs, malignant lesions 
of urinary or genital (in women) tract, as well as rheumatic 
and systemic inflammatory diseases, with the consumption 
of nonsteroidal anti-inflammatory drugs or corticosteroids.

Causes of Iron Overload
The causes of iron overload (Table 2) include hemochro-
matosis, metabolic syndrome and chronic liver diseases, 
whatever their cause.14,45 Other causes of iron overload 
are myelodysplastic syndrome, which affects adults older 
than 65 years,46 hemophagocytic lymphohistiocytosis, 
iterative transfusions (especially in people with 
thalassemia),47 sideroblastic anemia, or homozygous 
sickle cell disease.14,48 Other situations can lead to the 
occurrence of secondary hemochromatosis. These are 
iron administration, either for supplementation in case of 
dialysis or in high-level athletes, and more rarely the 
excess of iron food intake.45,48,49 Hepatic steatosis, alco-
holic or not, and porphyria cutanea tarda can also cause 
iron overload at any age.38,50 Finally, ferroportin mutation 
and hereditary aceruloplasminemia lead to iron overload, 
though rarely in OAs.14 Gaucher disease is not a common 
cause of iron overload but is sometimes found in cases of 
splenectomy.14

Consequences of Iron Metabolism 
Disorders
Negative Impact of ID on the Body
Besides anemia, whose frequency is particularly high in OAs 
(20% of people ≥85 years have ID with anemia),8 ID has the 
following potential consequences: asthenia (even without 
anemia), reduction of the immune defenses, aggravating 
immunosenescence leading to infections, and impairment 
of brain function including cognition, which could worsen 
neurocognitive disorders (Alzheimer’s disease or other) in 
OAs.3,4,6,9,13 The other consequences include worsening 
heart failure (for which it is a predictive factor of mortality), 
especially in the elderly, hair loss, delayed skin healing, 
deafness, asymptomatic bacteriuria in individuals with over-
weight, osteoporosis, Willis Ekbom disease (restless legs 
syndrome), or pruritus.5,13,17,51–56 Finally, ID with or without 
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anemia can lead to a decrease in physical activity.7 This can 
be dramatic in OAs due to the preexisting negative impact of 
aging on physical activity. Indeed, it is known that physical 
activity decreases the risk of motor function decline, hence 
its importance in maintaining physical autonomy.57

ID is the leading cause of anemia worldwide.4 

However, anemia is usually multifactorial, associating, 
for example, ID by occult gastrointestinal bleeding, 
chronic renal failure, anticoagulant or platelet aggregation 
inhibitor treatment (even nonsteroidal anti-inflammatory 
drugs, which are unfortunately sometimes still prescribed 
in the elderly) and ineffective erythropoiesis.4,58 In OAs, 
anemia can also be caused by various other chronic dis-
eases, and a non-negligible proportion remains 
unexplained.4,59,60

Negative Impact of Iron Overload on the 
Body
In the free form, iron can be toxic and damage tissues by 
participating, directly or indirectly through hydrogen 
peroxide,61 in the production of free radicals that attack 

Table 1 Main Causes of AID

Anatomical Location or 
Mechanism

Causes

Digestive blood loss Cancer or benign tumor

Gastric or duodenal ulcer

Esophagitis

Gastritis (various origins)

Hiatal hernia

Drugs: 
Nonsteroidal anti-inflammatory 

Anticoagulants 

Platelet aggregation inhibitors 
Corticosteroids

Inflammatory bowel disease

Celiac disease

Diverticulosis

Colon angiodysplasia

Portal hypertension

Genito-urinary blood loss Cancer or benign tumor

Traumatic blood loss Hemorrhagic surgery (total hip 
prosthesis, etc.)

Hematoma

Iron absorption reduction Digestive tract aging

Drugs: 

Proton pump inhibitors

Short bowel syndrome

Pernicious anemia

Iron intake decrease Malnutrition

Vegetarian diet

Vegan diet

Chronic alcohol

Blood extraction Blood donors

Hepcidin elimination 
abnormality

Severe renal failure

Table 2 Causes of Iron Overload

Anatomical Location or 
Mechanism

Causes

Hereditary or acquired 
metabolic disorder

Hemochromatosis 

(hereditary or secondary)

Porphyria cutanea tarda

Metabolic syndrome

Chronic 
hepatopathies

Hepatitis Viral

Auto-immune

Toxic Alcoholic

Steatosis Alcoholic

Non-alcoholic

Hematological mechanism Myelodysplastic syndrome

Hemophagocytic 
lymphohistiocytosis

Excessive iron 
intake

Iterative 
transfusions

Thalassemia

Homozygous sickle cell 

disease

Sideroblastic anemia

Iron 
administration

Dialysis

High level athletes

Other Ferroportin mutation

Hereditary 

aceruloplasminemia
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cell membranes, proteins and DNA.1,12 Another mechan-
ism leading to cell death from excess iron is ferroptosis, 
which was recently described and was initially presented 
as non-apoptotic, non-necrotic and non-autophagic. 
Ferroptosis appears to be the result of the dysregulation 
of the antioxidant power of the cell and an increase in 
intracellular iron levels, resulting in lipid peroxidation of 
the plasma membrane leading to cell death.62

Iron overload can have a negative impact on the brain, 
and can even affect cognition.25 Some authors reported 
higher SF levels in individuals with Alzheimer’s disease, 
whose frequency increases with advancing age, than in 
those without.25 Liver dysfunction, including through 
hepatic sinusoidal obstruction syndrome, can also result 
from iron overload.63 In extreme cases, it can lead to 
cirrhosis.14 Cardiac consequences such as heart failure 
and supraventricular or ventricular rhythm disturbances 
are possible.48 Ultimately, excess iron can accumulate 
and cause damage in various organs or systems, including 
the liver, spleen, heart (cardiomyopathy), bone marrow, 
pituitary gland, pancreas and the central nervous 
system.48

Fortunately, the human body has defense mechanisms 
to prevent iron toxicity when it is possible. These are the 
previously described proteins involved in the transport of 
iron through cell membranes in order to store it initially in 
a nontoxic form, making it available to the body when 
needed.1,12

Laboratory Tests for a Suspected 
Decrease in the Level of Circulating 
Iron
There are two possible situations when exploring dysfunc-
tion in iron metabolism: a suspected decrease in the cir-
culating iron, or, on the contrary, an iron overload. As 
mentioned in the introduction, here we are only addressing 
the first situation.

A decrease in circulating iron can be clinically sus-
pected if the interview and physical examination of the 
patient suggests ID or anemia. A decrease in circulating 
iron can also be revealed by laboratory tests, including 
either a fortuitous serum hemoglobin exam completed by 
an assessment of iron status in case of anemia suggestive 
of an iron metabolism disorder, or directly with an assess-
ment of iron status.

We should start by noting that when ID is suspected in 
a patient with anemia, bone marrow aspiration is the gold 

standard diagnostic test.64 Perls staining on bone marrow 
does not find iron in erythroblasts and macrophages, char-
acterizing AID, while it shows that iron is present in 
macrophages and absent in erythroblasts, which is very 
suggestive of FID. However, the invasive nature of bone 
marrow aspiration means it is not appropriate for routine 
examinations.64 Therefore, the analysis of biomarkers is 
the most suitable means of gaining information about iron 
status.

A suspected decrease in circulating iron, whether or 
not there is non-regenerative microcytic (or normocytic 
at the start of inflammation) anemia, suggests the need 
to measure SF, which is the first marker to quantify. It 
is important to clarify that the serum iron and transfer-
rin assays are no longer useful in this situation, nor 
recommended because they are less reliable than 
ferritin.

In doubtful situations and as a second-line approach, 
assay of TS can be useful. In principle, normal ferritin and 
TS levels exclude AID. The assay of inflammatory mar-
kers can help at this stage. The third-line approach, and 
only if there is a doubt as to the inflammatory origin of 
anemia in the presence of normal SF, the assay of serum- 
soluble TfR (sTfR) may be useful for the positive diag-
nosis of the ID type.

In cases of a suspected decrease in circulating iron, SF 
can be low, normal or high.

Figure 1 summarizes the laboratory tests to be ordered 
in case of suspected ID with or without anemia.

Low SF
Low SF indicates a decrease in IR, causing AID.3

The liver has the ability to detect AID and to inhibit the 
synthesis of hepcidin in order to increase the intestinal 
absorption of iron.12 Indeed, if the serum hepcidin level 
is lowered, the activity of ferroportin is no longer inhib-
ited. Hence, the release of iron from enterocytes and 
macrophages is stimulated, as is the intestinal absorption 
of iron.

In case of deficiency, in addition to lowered SF, as 
well as a frequent hypochromic microcytic anemia, the 
remainder of the biological screening, though it has been 
proven useless and is no longer indicated, would show 
a low serum TS, high serum sTfR, low serum iron levels, 
low serum hepcidin concentrations, and finally high 
levels of serum transferrin and total iron-binding capacity 
(TIBC).3,64,65
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Figure 1 Laboratory tests recommended in case of suspicion of iron deficiency.
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High SF
In the event of clinical or biological suspicion of 
a decrease in circulating iron, elevated SF indicates 
inflammation. Anemia, which is often associated, is all or 
part of inflammatory origin. It is non-regenerative and 
initially normocytic before becoming microcytic.

Inflammation, whether acute or chronic and whatever 
its origin, therefore, induces an increase in SF. Indeed, in 
an inflammatory condition, the production of ferritin and 
hepcidin is stimulated by cytokines, in particular 
interleukin-6.65 Hepcidin inhibits the activity of ferropor-
tin, thereby decreasing both the intestinal absorption of 
iron and its passage into the blood compartment while 
promoting the sequestration of iron in enterocytes and 
macrophages as ferritin.16 The result is an increase in 
ferritin in the body, therefore in iron stocks, while in 
parallel serum iron is low.4 This is what happens in 
FID.4,25

Inflammatory markers (such as C-reactive protein), 
which should be increased, and TS, which should be 
normal or decreased, are the second-line variables.65

If there is still a doubt, serum sTfR should be mea-
sured as a third-line. In FID, this marker will be not 
raised.64

The other biological assays, which are no longer con-
sidered relevant, would show low serum iron, high serum 
hepcidin concentrations and low levels of serum transfer-
rin and TIBC.12,64,65

Normal SF
When ID is suspected while ferritin is within the normal 
range, two situations are possible: either a combination of 
AID and inflammation known as MID, which is both 
absolute and functional, or isolated inflammation (FID). 
For the latter, see the previous sub-paragraph.

In MID, the assays of inflammatory markers, serum TS 
and sTfR are indicated. Inflammatory markers are 
increased, TS is decreased or normal, and sTfR is 
increased.3,64 In addition, there is often non-regenerative 
microcytic or normocytic anemia.

The other biological assays, which are no longer con-
sidered relevant, would show a low serum iron level, 
normal or low serum hepcidin, and normal or slightly 
elevated levels of serum transferrin and TIBC.3,64

Frail OAs, characterized by polymorbidity, are particu-
larly exposed to MID (associating absolute and FID).66

Conclusion
Iron is involved in various important mechanisms, includ-
ing the synthesis of hemoglobin.

ID can be absolute if there is a decrease in both IR and 
circulating iron, or functional, resulting in a decrease in 
circulating iron while IR are increased or normal.

Causes of ID are frequently intertwined in OAs as 
a result of the polymorbidity that characterizes them.

ID can have dramatic consequences, especially in frail 
older individuals. It is therefore crucial to implement 
a careful approach to biological testing that targets and 
interprets the appropriate biological markers. These steps 
are important for avoiding errors in the positive diagnosis 
of AID or FID and for highlighting the one or more 
etiological diagnoses that can be used to tailor treatment.
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