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Abstract
Iron-de� ciency anaemia (IDA) is a global public health problem, affecting an estimated 51% of children below 4 years of age
in developing countries and 12% in developed countries. Owing to rapid body growth and a depletion of neonatal iron stores,
iron requirements during late infancy are higher than during any other period of life. There is a well-known association
between IDA and delayed neurodevelopment in infants and young children. Early weaning to cow’s milk or formula
unforti� ed with iron is known to increase the risk for IDA in this age group. Iron forti� cation of common infant foods is
recommended in many countries. Iron supplements are often recommended for infants who are breast-fed for longer than
4–6 months and who do not consume adequate amounts of iron-forti� ed complementary foods. The scienti� c bases for these
recommendations are discussed in this review, as are safety aspects, and the diagnostic criteria for IDA in infants and young
children are critically examined.
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Introduction
Iron is essential for virtually all living organisms.
The quantitatively dominating function of iron in
the human body is as the oxygen-binding core of
haemoglobin (Hb), the red pigment of blood,
transporting oxygen from the lungs to all tissues.
During the progress of iron de� ciency (ID), Hb
synthesis in the bone marrow is restricted and
anaemia (low Hb in blood) results. Anaemia
caused by ID is called iron-de� ciency anaemia
(IDA), distinguishing this condition from other
causes of anaemia, such as infection, in� ammation,
haematological disorders and other nutritional
de� ciencies.

IDA is the most common micronutrient de� -
ciency in the world, with about 600 million individ-
uals affected (1). Rapid growth makes infants and
young children a particular risk group for IDA. In
1980, the World Health Organization (WHO) esti-
mated the world-wide prevalence of anaemia in
children below the age of 4 years to be 43%, with a
higher prevalence in developing regions (51%) than
in developed regions (12%) (2).

History
In the early twentieth century, anaemia was preva-
lent and often severe among infants in the Western

world, especially in poor families, and often in
combination with general malnutrition and chronic
infections, a situation resembling current condi-
tions in many developing countries (3). However,
the cause for anaemia in these infants was not
known and treatment was controversial. At that
time, a vast majority of infants were breast-fed
during most of their � rst year of life, but the use of
cow’s milk was gaining in popularity (4). It was
recognized that anaemia was more common in
infants who were fed cow’s milk than in those who
were not (3). In 1928, the British paediatrician
Helen Mackay showed that anaemia in infants
could be prevented through iron forti� cation of
evaporated cow’s milk (5). Unfortunately, several
decades passed before iron forti� cation of milk or
infant formulae came into more widespread use.

In the 1940s, IDA was regarded as the most
common anaemia during infancy (3). At that time,
most infant formulas were prepared at home from
evaporated milk, water and sugar, with or without
� our. In the 1950s, the popularity of commercially
prepared infant formulae increased dramatically.
During the 1950s and 1960s, IDA in infancy was
still common, with a prevalence of over 40% in
some urban populations (6). Iron forti� cation of
commercial formula was introduced after the stud-
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ies of Marsh (1959) and Andelman (1966), who
essentially con� rmed the results of Mackay (7, 8).
However, the use of unforti� ed formula and whole
cow’s milk was still common and breast-feeding
continued to decline until about 1970. During the
1970s and 1980s, the prevalence of IDA among
children diminished in developed countries, a de-
cline attributed to the increased use of iron-for-
ti� ed infant formulae and other iron-forti� ed
infant foods (9). At the same time, there was a
marked increase in breast-feeding in the Western
world, possibly contributing to the decline in IDA
and also leading to new research questions con-
cerning the iron requirements of breast-fed infants
(10).

High iron requirements in infancy
In adult humans, there is little exchange of iron
between the body and the environment, since body
iron is recycled and physiological iron losses are
small. In the infant, however, the recycling yields a
de� cit since a substantial part of iron turnover is
diverted to growing tissues. Figure 1 shows that in
an infant aged 6 months, about 0.5 mg day¼1 is
needed for ‘‘blood growth’’ and 0.1 mg day¼1 for
growth of muscle and other tissues. Since iron
requirements without growth would equal basal
iron losses (0.15 mg day¼1), infant growth in-
creases iron requirements 5-fold to approximately
0.75 mg day¼1 (Fig. 1).

As a consequence of reduced Hb concentration
and a redistribution of iron to storage sites, the
infant is able to double its birth weight without
exhausting iron reserves, independent of external

Fig. 2. Changes in body iron during infancy. [Modi� ed from
Dallman 1992 (13).]

iron (11). For term infants this occurs at about 5
months of age and, soon thereafter, iron absorp-
tion from the diet becomes critical to the mainte-
nance of iron balance (12).

In proportion to body weight, the need for di-
etary iron is greater during late infancy than during
any other period of life (Fig. 2) (13). Based on
assumptions about certain factors such as total
body iron at birth and basal iron losses, Oski
estimated the average requirement for absorbed
iron during the � rst year of life to be 280 mg,
averaging 0.8 mg day¼1 (12). This is an intake
which is virtually impossible to achieve with un-
modi� ed complementary foods, suggesting that ad-
ditional iron is needed, either as food forti� cation
or as separate iron supplements, to cover the esti-
mated needs (14).

A randomized trial of iron supplementation of
Swedish and Honduran infants of normal birth
weight was performed recently (15). These infants
were all exclusively breast-fed until 6 months of age
but signi� cant differences in iron status between
Swedish and Honduran infants were already ob-
served at 4 months of age. At 9 months, when the
infants were partially breast-fed, the prevalence of
IDA in unsupplemented Swedish infants was B
3%, suggesting that the iron requirements of these
infants are lower than previously assumed. How-
ever, in Honduras, 28% of the unsupplemented
infants were classi� ed as having IDA at 9 months,
suggesting higher iron requirements in a socioeco-
nomically disadvantaged population, possibly
partly because of the poor nutritional status of
mothers, limiting foetal iron accretion.

Consequences of iron de� ciency
Nutritional IDA rarely causes any overt symptoms
in infants and young children. Fatigue and tachyp-

Fig. 1. Approximate iron turnover between major iron compart-
ments at 6 months of age. The width of each arrow is proportional
to iron � ux; the area of each circle is proportional to compartment
size.
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noea only occur in severe anaemia. Pallor is a
consistent � nding in cases of moderate and severe
anaemia, but often passes unnoticed by the parents.

Neuro logical impairment
Many observational studies have shown that young
children with IDA have poorer cognitive and motor
functions than do controls. These differences have
remained when controlling for social background
factors, even though the possibility of confounding
environmental factors or nutritional de� ciencies
other than iron cannot be completely excluded (16,
17). Using brainstem auditory evoked response,
Roncagliolo et al demonstrated signi� cantly pro-
longed central conduction time in 6-month-old in-
fants with IDA, possibly suggesting impaired
myelination of central nervous system neurons (18).
This would be consistent with rat experiments doc-
umenting the essential role of iron in myelin forma-
tion and brain development (19, 20).

Randomized treatment trials as well as prophy-
lactic iron supplementation trials in children aged
B2 years have yielded con� icting results, some
showing a bene� t of iron (21–23) and others not
(24, 25). Several randomized controlled trials in
schoolchildren with ID and IDA have shown that
iron improves intellectual performance (16, 17, 26).
The fact that the effect of iron on the psychomotor
performance of iron-de� cient individuals is more
easily demonstrated in adolescents than in young
children may be due to neuropsychologica l tests
being more dif� cult to interpret in the younger age
group.

Although the causal relationship has not been
conclusively proven, from a public health perspec-
tive, neurological impairment must be regarded as
the most worrying manifestation of ID in young
children.

Causes of iron-de� ciency anaemia
There are two principal causes of IDA in young
children: increased iron losses through bleeding
(haemorrhagic IDA), and insuf� cient dietary iron
intake (nutritional IDA). Sometimes, IDA can be
caused by a combination of these two mechanisms.

Haemorrhagic iron -de� ciency anaemia
Blood loss is the most common cause of IDA
world-wide (27). The reason is almost always gas-
trointestinal bleeding, which is most often occult
and can only be detected by a test for blood in
stools. Common causes of chronic, occult gas-
trointestinal haemorrhage in early childhood are

intestinal infection (e.g. hookworm, Giardia ), food
intolerance (e.g. cow’s milk allergy) and malforma-
tions (e.g. Meckel’s diverticulum) (27). A more
detailed account of causes of haemorrhagic IDA is
beyond the scope of this review. In some cases of
food intolerance (including coeliac disease) and
other in� ammatory states of the enteric mucosa,
general malabsorption results. In these cases, ID
may be caused by a combination of blood loss and
poor iron absorption.

Nutritional iron -de� ciency anaemia
Factors determining the risk for young children of
developing nutritional IDA are birth weight, mater-
nal and obstetrical factors, and diet.

Birth weight
It has been estimated that the term newborn has a
total body iron content averaging about 75 mg
kg¼1 body weight (28), which can be compared
with 55 mg kg¼1 for an adult. Although placental
iron transport is negligible during the � rst two
trimesters, it rises progressively to 4 mg daily to-
wards the end of the third trimester (11). Conse-
quently, both birth weight and gestational age are
major determinants of the total body iron content
at birth, although interindividual variation is
considerable.

Maternal and obstetrical factors
The amount of circulating Hb iron is a function of
the concentration of Hb and the blood volume. The
average Hb concentration of cord blood from nor-
mal term infants is 170 g l¼1, with a range from 135
to 210 g l¼1 (11). The average blood volume at
birth is about 85 ml kg¼1; thus depending mostly
on birth weight, but to some extent also on the
timing of umbilical cord clamping (29). Thus, for
infants with similar birth weights, individual varia-
tions in Hb and blood volume at birth are major
causes of differences in body iron content.

Iron supplements are commonly recommended
for pregnant women but many studies have failed
to show any correlation between maternal Hb and
cord blood Hb. It has therefore generally been
assumed that the iron status of the foetus, and
subsequently the infant, is rather independent of
maternal iron status during pregnancy (11). How-
ever, a direct effect of maternal iron status on infant
iron stores has recently been suggested, and further
studies are needed to investigate this possibility (27,
30).
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Diet
Cow’s milk. In the authors’ clinical experience in
Sweden, most cases of severe nutritional IDA in
infancy and early childhood occur when parents do
not follow the nutritional advice routinely given by
health-care centres. This may be due to language
problems, cultural differences or economical prob-
lems. Affected infants are typically 6–18 months
old, have dif� culties in the transition to a solid diet
after discontinuation of breast-feeding, and often
have been fed whole cow’s milk almost exclusively
for several months. In these infants, the high risk
for severe IDA is easily explained by the low con-
centration of iron in cow’s milk (about 0.3 mg l¼1),
its poor bioavailability [about 10% absorbed (31)]
and, above all, the lack of other dietary sources of
iron.

In some susceptible infants, whole cow’s milk
induces gastrointestinal bleeding and, in these, the
risk for IDA increases when \500–1000 ml of
whole cow’s milk is consumed daily (32). The sus-
ceptibility to cow’s milk-induced gastrointestinal
bleeding seems to decrease with age and this condi-
tion is rarely seen after 2 years of age. The factor
that induces blood loss has not been identi� ed, but
several studies have shown that cow’s milk formula
reduces intestinal bleeding signi� cantly compared
with whole cow’s milk (32, 33).

Exclusive breast -feeding. Human milk has unique
properties and most authorities therefore recom-
mend exclusive breast-feeding until about 6 months
of age (34, 35). However, the concentration of iron
in human milk is low (0.2–0.4 mg l¼1); this is
thought to be partly compensated for by its high
bioavailability , which is frequently cited as 50%
(36). However, the fractional absorption of iron
from breast milk is highly variable and it was
shown recently that it changes with infant age and
dietary iron intake (37). Assuming a daily intake of
800 ml breast milk and an absorption of 50%, an
exclusively breast-fed 4-month-old infant would
absorb 0.12 mg of iron daily. This is approximately
suf� cient for covering the estimated basal iron
losses (20 mg kg¼1 per day) (12), but does not allow
for net gain of iron. Thus, additional sources of
iron are needed after about 4–6 months when
neonatal iron stores have been depleted (Fig. 2).
This is one of the major reasons why it is recom-
mended to introduce complementary food at 4–6
months of age (38, 39). The time at which IDA will
develop in exclusively breast-fed infants depends
on the size of iron stores at birth. In a Finnish

study of 36 exclusively breast-fed infants at 9
months of age, none had IDA (40). The authors’
clinical experience is that Swedish infants who are
exclusively breast-fed for a prolonged period typi-
cally develop IDA at about 12 months of age.
However, in populations where maternal and ob-
stetrical factors or low birth weight may compro-
mise infant iron stores at birth, i.e. most
developing countries, IDA in is likely to develop
soon after the age of 4–6 months in exclusively
breast-fed infants (15).

Complementary food and formula. Partial breast-
feeding together with complementary food (possi-
bly including formula) is recommended from 4–6
months until 1–2 years of age (34, 35). Partially
breast-fed infants who consume unforti� ed com-
plementary food are at higher risk for IDA than
exclusively breast-fed infants (41). One reason for
this is likely to be poor bioavailability of iron in
the complementary food. Thus, in partially breast-
fed infants, the composition of the complementary
food is crucial for the prevention of IDA. In clini-
cal practice, moderate or severe nutritional IDA is
very uncommon in Scandinavian infants and
young children on a diversi� ed diet. This is proba-
bly due to the use of iron-forti� ed infant foods in
combination with adequate iron stores at birth.
However, in some studies, the prevalence of mild
IDA has been reported to be high in Swedish
infants at 1–2 years of age (42, 43). This has
prompted a re-evaluation of current diagnostic
criteria.

Diagnostic criteria
From Table 1, it may seem that the diagnosis of ID
and IDA should be easy, using the available bat-
tery of tests for the clinical evaluation of iron
status. Indeed, this is most often the case for severe
IDA. In milder cases, however, the interpretation
of iron status is more challenging since the result-
ing combination of normal and abnormal values in
many cases does not � t into the theoretical model
(Table 1). The reason for this is that each of the
iron status variables re� ects different aspects of
iron metabolism (20). Another problem is that mild
or moderate ID, unlike most other pathological
conditions, is often totally asymptomatic. It is
therefore not surprising that there is no consensus
about the laboratory criteria for ID and IDA in
adults or children (44).

In the absence of other conditions causing
anaemia, IDA is usually de� ned as a low Hb
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Table 1. T heoretical changes in iron status variables in iron overload and iron de�ciency of increasing severity

Compartment Variable Iron overload Mild ID Moderate ID Severe ID

No IDA Mild IDA Severe IDA

Hb N N NBM and RBC ¼ ¼¼

MCV N N N ¼ ¼¼

ZPP N N » »» »»

Serum S-Fe »» N ¼ ¼¼ ¼¼

TIBC ¼¼ N » »» »»

TfSat »» N ¼ ¼¼ ¼¼

TfR N N » »» »»Tissues

Ferritin »» ¼ ¼¼ ¼¼Stores ¼¼

ID: iron de�ciency; IDA: iron de�ciency anaemia; BM: bone marrow; RBC: red blood cells; Hb: haemoglobin; MCV: erythrocyte mean cell volume; ZPP: zinc protoporphyrin;

S-Fe: serum iron; TIBC: total iron binding capacity in serum (transferrin); TfSat: transferrin saturation with iron (calculated from S-Fe and TIBC); TfR: soluble transferrin

receptors ; N: normal or almost normal; ¼:¼¼: lower:much lower than normal; »:»»: higher:much higher than normal.

together with other indicators of ID such as either
low serum ferritin (45) or a combination of multiple
criteria (i.e. abnormal values for any two out of three
variables of iron status) (46). Even though the
multiple criteria model is most commonly used,
there is no consensus on whether to use single or
multiple criteria, or which iron status variables to
use in the multiple criteria model (16, 44).

Postnatal changes in iron metabo lism
The interpretation of iron status in infants and
young children is complicated by the dramatic phys-
iological changes seen in most measures of iron
status during this period of life.

Changes in haemoglobin and erythrocyte mean cell
volume
Directly after birth, there is a sudden increase in
tissue oxygen tension, which is re� ected by a marked
decrease in plasma erythropoietin, in turn leading to
a virtual cessation of erythropoiesis and Hb synthe-
sis during the � rst 6–8 weeks of life (11, 29).
Coincident with the ensuing decline in Hb is a shift
of iron from the circulating Hb mass to storage sites.
It is not until the Hb concentration falls from the
umbilical cord level of 170 g l¼1 to about 120 g l¼1

that erythropoiesis resumes.
After the rapid decrease in Hb during the � rst 2–3

months of life, there is a slow decrease until a nadir
is reached at about 8–18 months of age, when mean
Hb is usually 110–120 g l¼1. After 2 years of age,
mean Hb slowly increases to 135–140 g l¼1 at 12
years of age (47, 48).

Foetal and neonatal erythrocytes are considerably
larger than those of older children and adults. The

erythrocyte mean cell volume (MCV) is on the
average 135 � at 24–25 weeks of gestation and 119
� at term, reaches a nadir of 72–77 � at about 6–18
months of age and thereafter steadily increases to
85–90 � in adults (29, 47–49).

From the above it can be concluded that infants
between 6 months and 2 years of age have lower Hb
and lower MCV than at any other age. In unselected
populations of seemingly well-nourished infants in
this age interval, many studies have reported a high
prevalence of mild anaemia (42, 47, 50, 51). Large
doses of intramuscular iron given to 9-month-old
well-nourished infants (three doses over 1 month,
totalling 250 mg of iron), resulted in slightly higher
mean Hb at 12 months of age (123 g l¼1 compared
with 116 g l¼1 in controls) but no signi� cant differ-
ence in mean MCV (79 � in treated compared with
77 � in controls) (52). This suggests that part of this
‘‘anaemia of late infancy’’ is caused by ID, but a
sizeable proportion of the low Hb, and especially the
low MCV, at 6–24 months of age probably re� ects
normal physiological changes in the developing
infant.

Changes in other iron status variables
Ferritin. Mean serum ferritin is high at birth in term
infants (100–200 mg l¼1) and increases further to
200–400 mg l¼1 during the � rst weeks of life. After
erythropoiesis resumes there is a progressive decline
in serum ferritin to about 30 mg l¼1 at 1 year of age
(53). Since these changes parallel the theoretical
early increase and later decrease in body iron stores
(see above), ferritin is considered a valid measure of
iron stores in infants, even though it should be noted
that this has never been validated by other methods
(11).
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Zinc protoporphyrin. Zinc protoporphyrin (ZPP) is
formed when zinc, instead of iron, is incorporated
into protoporphyrin during the � nal step of haem
biosynthesis (54). This occurs more often in states
of iron-de� cient erythropoiesis , and the ratio be-
tween ZPP and haem is used clinically to detect
states of preanaemic iron depletion (55). As yet,
this indicator has not been characterized and used
extensively in young children (20). ZPP decreases
from 4 to 9 months of age in healthy, breast-fed
infants (15).

Transferrin receptors. Soluble transferrin receptor
(TfR), a novel indicator of iron status, can be
demonstrated in serum and has been suggested to
correlate well with cellular iron needs (56). Unlike
serum ferritin, TfR is not affected by in� ammation
or infection (57). However, there is currently no
international standard for TfR and commercially
available assays vary with regard to reference val-
ues (58). Several studies have con� rmed that mean
levels of soluble TfR are considerably higher in
infants than in adults (15, 59). The reason for this
is not yet known, even though one could speculate
that it might be due to a large proportion of
rapidly dividing cells in the growing infant. Com-
pared with many other indices of iron status, TfR
concentrations are relatively stable during the � rst
year of life (10).

Other indicators. For serum iron and transferrin
saturation, there is a considerable diurnal variation
with high values in the morning and after meals. In
addition, there is considerable overlap in these in-
dices between normal and iron-de� cient subjects,
which diminishes their usefulness in diagnosing ID
(20).

De�nition of iron -de� ciency anaemia in infants
Commonly used cut-off values for Hb and other
iron status variables in infants are often based on
data extrapolated from older children, and have
been challenged (50, 51). New cut-off values have
recently been suggested based on iron-replete,
breast-fed, unsupplemented infants at 4–9 months
of age (Table 2) (10).

Notably, the cut-off value for Hb to de� ne
anaemia at 9 months was 100 g l¼1 rather than 110
g l¼1 (60) and the cut-off for ferritin at 9 months
was 5 mg l¼1 rather than 12 mg l¼1 (60). The
authors further suggest an alternative multiple
criteria de� nition for IDA in this age interval: low
Hb in combination with one of the following: high

Table 2. Suggested 2 standard deviation cut-off values for iron status variables at

4, 6 and 9 months of age, based on iron-replete, breast-fed infants

9 mo6 mo4 mo

Hb (g l¼1) B105 B105 B100

MCV (�)a B73 B71 B71

\75\75 \90ZPP (mmol mol¼1 haem)

Ferritin (mg l¼1) B20 B9 B5

\11\11\11TfR (mg l¼1)

Hb: haemoglobin; MCV: erythrocyte mean cell volume; ZPP: zinc protoporphyrin;

TfR: soluble transferrin receptors .
a Based on Swedish infants.

ZPP, low ferritin or high TfR, based on the 2 SD
cut-off values from Table 2 (10).

Haemoglobin response to iron
It has recently been shown that Hb increases as a
response to iron supplementation from 4 to 6
months of age, independent of initial iron status,
suggesting that the Hb response to iron is not
useful as a criterion of IDA in infants below 6
months of age, at least not in infants without
severe anaemia (10). This latter observation is im-
portant and should lead to a more cautious inter-
pretation of Hb outcome in any study in which
iron supplementation is given to infants below 6
months of age.

Infant gender
It is well known that there are differences in iron
status between males and females in adolescence
and adulthood (61), but it is commonly assumed
that there is no difference in iron status between
boys and girls before puberty.

One study found signi� cant gender differences in
Hb, MCV, ZPP, ferritin and TfR at 4, 6 and 9
months, seemingly suggesting a higher prevalence
of ID in boys. At 9 months, boys had an approxi-
mately 10-fold increased risk for being diagnosed
with IDA. Signi� cant gender differences remained
when controlling for growth and diet. The gender
differences in some variables (MCV, ZPP and fer-
ritin) may be due to genetic or hormonal factors,
whereas the differences in some other variables (Hb
and TfR) probably re� ect a truly increased risk of
ID in boys (DomelloÈ f et al. submitted).

Prevention

Dietary recommendations
Exclusive breast-feeding is recommended until 4–6
months of age (34, 38). At this age, complementary
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foods should be introduced, but breast-feeding
should be continued until at least 1 year of age (34,
38). Recently, the World Health Assembly recom-
mended exclusive breast-feeding until 6 months and
partial breast-feeding until 2 years of age (35).

The complementary food should preferably be
varied. Iron-rich food, e.g. meat, should be in-
cluded, adequate vitamin C intake should be en-
sured and known inhibitors of iron absorption
(high-� bre cereals, tea, coffee) should be avoided.
Furthermore, whole cow’s milk should be avoided
until the age of 10–12 months (39, 62) and unfor-
ti� ed infant formula should not be used at all.

Iron forti� cation
Since even a perfectly diversi� ed and balanced un-
forti� ed diet does not cover the estimated iron needs
at 6–12 months of age (14), iron forti� cation of
common infant foods is practised in many countries.

Formula before 6 months. It has long been recog-
nized that iron forti� cation of infant formula signi� -
cantly reduces the risk for IDA (7), even though the
optimal level of iron forti� cation still remains to be
determined (63). The concentrations of iron in dif-
ferent iron-forti� ed infant formulae are commonly
10–12 mg l¼1 in the USA and 4–7 mg l¼1 in
Europe (64). An even lower level of forti� cation
may suf� ce: in healthy, term Swedish infants, no
difference was found in iron status (including Hb) at
6 months between those exclusively breast-fed and
those exclusively fed formula with 2, 4 or 7 mg iron
l¼1 from 1 to 6 months of age (65, Hernell at al,
submitted). However, to the authors’ knowledge,
there have been no studies investigating whether the
concentration of iron in infant formula, given from
0 to 6 months of life, has any effect on iron status
at 12–24 months of life.

Formula after 6 months. After 6 months of age,
infant formula or follow-on formula normally
should be combined with other foods. The optimal
concentration of iron in follow-on formula to pre-
vent IDA at 6–24 months of age depends on the
individual iron needs of the infant as well as on the
quantity of formula consumed (ranging from B1%
to 100% of the diet in different individuals during
different periods). However, it also depends on the
total intake of bioavailable iron from all other
dietary sources from 0 to 24 months of age.

Assuming a daily intake of 500 ml follow-on
formula with an iron content of 10 mg l¼1 and a
bioavailability of 10%, the iron intake from formula

would be 5 mg day¼1, which is approximately 60%
of the estimated daily requirement (12) or even more
if the iron requirements of healthy, term Scandina-
vian infants are lower than previously believed (as
suggested above). The remaining iron will in this
case have to be provided from other iron-rich foods
(e.g. meat products or iron-forti� ed foods).

Other foods. Formula has been most extensively
studied, but other iron-forti� ed infant foods (e.g.
cereals) have also been found to be effective in
preventing IDA (66).

Iron supplementation
Low birth-weight (LBW, B2500 g) infants have
low iron stores at birth and a rapid postnatal growth
rate, theoretically leading to a depletion of iron
stores within 2–3 months of age (12). Different
authorities therefore recommend iron supplementa-
tion (at least 2 mg kg¼1 body weight daily) of all
LBW infants starting at 2–8 weeks of age and
continuing to 1–2 years of age (60, 67, 68). How-
ever, local recommendations vary widely (69), and
there is a need for randomized studies addressing
long-term psychomotor outcome to determine the
optimal dose and duration of iron supplementation
to LBW infants.

Iron drops at a dose corresponding to 1–2 mg Fe
kg¼1 per day have been recommended for term
infants who are exclusively breast-fed between 4 and
6 months (70) and for infants after 6 months of age
if they do not consume adequate amounts of iron-
forti� ed foods (e.g. at least 400 ml of iron-forti� ed
formula daily) (71–73). Furthermore, in developing
countries, a separate iron supplement (ferrous sul-
fate mixture, 1–2 mg kg¼1 daily) given to all infants
is a low-cost alternative to food forti� cation (15).
Iron supplementation of term, breast-fed infants
from 4 or 6 months to at least 9 months of age can
prevent IDA in a socioeconomically disadvantaged
population with a high prevalence of IDA (15).

Safety aspects
Iron poisoning. An accidental overdose of iron may
lead to acute iron poisoning, which is potentially
lethal (74). Iron supplements should therefore al-
ways be kept out of reach of children.

Infections. Iron is a known trophic factor for sev-
eral pathogenic bacteria and there has also been
concern that iron supplementation of breast-fed
infants may saturate human milk lactoferrin, thus
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diminishing its anti-infective properties (75). Par-
enteral iron therapy has been associated with the
exacerbation of malaria and neonatal sepsis (76).
For these reasons, it has been suggested that iron
forti� cation and supplementation may increase the
incidence of gastroenteritis and other infections in
infants. However, several studies have failed to
con� rm this theory for iron-forti� ed formula. One
study even showed that iron forti� cation provided
a small, but signi� cant degree of protection against
diarrhoea (77).

Growth. Several studies have addressed the issue of
whether iron supplementation affects growth, but
the results have been contradictory. Iron sup-
plementation to anaemic (24) or malnourished
children (78, 79) resulted in improved growth; in
the latter case possibly due to reduced morbidity.
Some studies have shown no effect of iron on
growth (22, 80, 81), whereas two studies has shown
a negative effect on body growth when iron sup-
plements were given to iron-suf� cient infants (82,
83). Iron supplementation given to infants at
a dose of 1 mg kg¼1 per day between 4 and 9
months of age had a negative effect on length gain
and head circumference growth. This effect was
more pronounced in Swedish than in Honduran
infants, and it was more pronounced in infants
with initial Hb \110 g l¼1, suggesting that iron-
suf� cient infants are more susceptible to this com-
plication. The mechanism for this effect is
unknown (10).

Mineral absorption. There has been concern that
iron supplements or iron forti� cation at the levels
currently used may compete with other divalent
ions, e.g. zinc and copper, and thus decrease the
absorption of these minerals. Studies have sug-
gested that this may be the case for copper (66, 84)
but not for zinc (85). The present authors found no
effect of iron supplementation on plasma zinc lev-
els in infants (unpublished data), but it should be
noted that plasma zinc is not an optimal indicator
of zinc status.

Long -term effects. Considering the possible long-
term effects of iron overload (e.g. cardiovascular
disease (86) and cancer (87)), short-term iron sup-
plementation or forti� cation in infancy at currently
recommended levels is unlikely to have any major
in� uence on iron status in adulthood.

Iron supplements. For several reasons, a cautious
approach is warranted with regard to routine iron
supplementation (e.g. iron drops) during infancy.
First, iron-replete infants at 6–9 months of age
were unable effectively to down-regulate iron ab-
sorption (37). Secondly, a seemingly unregulated
Hb response to iron was found in iron-replete
infants at 4–6 months (15). Thirdly, a retardation
of longitudinal growth and head growth was found
in iron-supplemented Swedish infants (83).

In poor regions with a high prevalence of IDA,
the advantages of iron supplementation are likely
to outweigh these possible disadvantages. How-
ever, in more af� uent regions, and in those with a
wide range in economic and nutritional status,
universal iron supplementation of breast-fed in-
fants may cause unwanted effects in a signi� cant
proportion of the population. Although targeting
is costly and sometimes impractical, it may be a
safer option in such situations.

National screening programmes are not feasible
because of high costs and a lack of sensitive and
speci� c biochemical markers for ID, but smaller
programmes should perhaps be set up in areas
containing a high number of at-risk children (e.g.
inner cities with large numbers of socioeconomi-
cally disadvantaged families).

Iron -forti� ed foods. No study has shown any nega-
tive effects of iron forti� cation of infant foods at
current levels. Iron forti� cation can therefore still
be recommended to populations with a large pro-
portion of iron-replete infants and young children.

Perspectives
Further studies are needed to assess more accu-
rately the total body iron in newborns and infants
at different risk for IDA. Novel techniques have to
be developed to measure total body iron accurately
and non-invasively, e.g. improved magnetic reso-
nance imaging or magnetic susceptibility measure-
ment (88, 89). This would also be useful to validate
ferritin and other variables as measures of iron
status in infants.

Ultimately, determination of iron requirements
should not be based on laboratory values or theo-
retical calculations. Instead, recommendations
should be based on the minimal iron intake that
prevents physiological consequences of ID. More
research is therefore needed to clarify the relation
between dietary iron intake in infancy, iron status
and long-term physiological outcomes such as neu-
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rological development. Since IDA is a global pub-
lic health problem and since the � rst years of life
are a crucial period for growth and development of
the central nervous system, this issue deserves high
priority.
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15. Domellöf M, Cohen RJ, Dewey KG et al: Iron supple-
mentation of breast-fed Honduran and Swedish infants
from 4 to 9 months of age. J Pediatr 2001;138:679–87.

16. Grantham-McGregor SM, Ani CC: The role of mi-
cronutrients in psychomotor and cognitive develop-
ment. Br Med Bull 1999;55:511–27.

17. Nokes C, Bosch van den C, Bundy DAP. The effects of
iron de� ciency and anemia on mental and motor per-
formance, educational achievement and behaviour in
children: an annotated bibliography. Washington, DC:
International Nutritional Anemia Consultative Group
(ICNAG), 1998.

18. Roncagliolo M, Garrido M, Walter T et al: Evidence of
altered central nervous system development in infants
with iron de� ciency anemia at 6 mo: delayed matura-
tion of auditory brainstem responses. Am J Clin Nutr
1998;68:683–90.

19. Yu GS, Steinkirchner TM, Rao GA, Larkin EC: Effect
of prenatal iron de� ciency on myelination in rat pups.
Am J Pathol 1986;125:620 –4.

20. Aggett PJ, Agostoni C, Axelsson I, et al. Iron
metabolism and needs in early childhood: do we know
enough? A commentary by the ESPGHAN Committee
on Nutrition. J Pediatr Gastroenterol Nutr 2002 (in
press).

21. Idjradinata P, Pollitt E: Reversal of developmental
delays in iron-de� cient anaemic infants treated with
iron. Lancet 1993;341:1–4.

22. Moffatt ME, Longstaffe S, Besant J, Dureski C: Pre-
vention of iron de� ciency and psychomotor decline in
high-risk infants through use of iron-forti� ed infant
formula: a randomized clinical trial. J Pediatr
1994;125:527–34.

23. Williams J, Wolff A, Daly A et al: Iron supplemented
formula milk related to reduction in psychomotor de-
cline in infants from inner city areas: randomised study.
Br Med J 1999;318:693–7.

24. Aukett MA, Parks YA, Scott PH, Wharton BA: Treat-
ment with iron increases weight gain and psychomotor
development. Arch Dis Child 1986;61:849–57.

25. Walter T, deAndraca I, Chadud P, Perales CG: Iron
de� ciency anemia: adverse effects on infant psychomo-
tor development. Pediatrics 1989;84:7–17.

26. Bruner AB, Joffe A, Duggan AK et al: Randomised
study of cognitive effects of iron supplementation in
non-anaemic iron-de� cient adolescent girls. Lancet
1996;348:992–6.

27. Andrews NC, Bridges KR. Disorders of iron
metabolism and sideroblastic anemia. In: Nathan DG,
Orkin SH, eds. Nathan and Oski’s hematology of in-
fancy and childhood. Philadelphia, PA: WB Saunders,
1998; 423–61.

28. Widdowson EM, Spray CM: Chemical development in
utero. Arch Dis Child 1951;26:205–14.

29. Brugnara C, Platt OP. The neonatal erythrocyte and its
disorders. In: Nathan DG, Orkin SH, eds. Nathan and
Oski’s hematology of infancy and childhood. Philadel-
phia, PA: WB Saunders, 1998; 19–52.

30. Allen LH. Anemia and iron de� ciency: effects on preg-
nancy outcome. Am J Clin Nutr 2000; 71 (5 Suppl):
1280 –4S.

31. Lönnerdal B: Effects of milk and milk components on
calcium, magnesium, and trace element absorption dur-
ing infancy. Physiol Rev 1997;77:643–69.

32. Wilson JF, Lahey ME, Heiner DC: Studies on iron
metabolism. V. Further observations on cow’s milk-in-

28



Iron-de�ciency anaemia in infancy

duced gastrointestinal bleeding in infants with iron-de� -
ciency anemia. J Pediatr 1974;84:335–44.

33. Ziegler EE, Jiang T, Romero E et al: Cow’s milk and
intestinal blood loss in late infancy. J Pediatr
1999;135:720 –6.

34. American Academy of Pediatrics. Work Group on
Breastfeeding. Breastfeeding and the use of human
milk. Pediatrics 1997;100:1035–9.

35. World Health Assembly (WHA). Infant and young
child nutrition. Resolution WHA 54 2 2001.

36. Saarinen UM, Siimes MA, Dallman PR: Iron absorp-
tion in infants: high bioavailability of breast milk iron
as indicated by the extrinsic tag method of iron absorp-
tion and by the concentration of serum ferritin. J
Pediatr 1977;91:36–9.
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Magnus Domellöf M.D., Ph.D.
Department of Clinical Sciences, Pediatrics, UmeaÊ University,
SE-901 85 UmeaÊ , Sweden.
E-mail: magnus.domellof@pediatri.umu.se

30


