
Iron deficiency anemia is a leading cause of infant mor-
bidity and mortality worldwide.1 Numerous studies
have demonstrated that even moderate anemia (hemo-

globin < 100 g/L) is associated with depressed mental and
motor development in children that may not be re-
versible.2–4 Because of the possible irreversibility of this
condition, primary prevention is a more appropriate goal
than screening and treatment. In Canada, 4%–5% of non-
Aboriginal preschool children suffer from iron deficiency
anemia, compared with a prevalence of between 14% and
24% in First Nations and Inuit infants and children.5–7 In
developing countries, however, the prevalence of anemia
reaches and in some countries exceeds 50% in one-year-old
children.8 Because of the well-documented sequelae of ane-
mia, there is a continuing need to develop strategies and
educate caregivers about the prevention and management
of iron deficiency anemia.

Factors that increase the risk of anemia

The environmental conditions that are usually found
when the prevalence of iron deficiency anemia is high are
outlined in Table 1, as is their impact on iron status. De-
pending on the age and circumstances of the individual
child, each condition will affect iron status to varying de-
grees. The transfer of iron from mother to fetus largely oc-
curs during the last trimester of gestation and is stored
mainly in the liver and bone marrow. Thus, the amount of
iron present at birth depends on the length of the gesta-
tional period and the weight of the baby. Because 5%–7%

of infants in Canada (and some 13 million infants interna-
tionally) are born either prematurely or with low birth
weight, these factors play a large role in increasing predis-
position to anemia. Over the first months of life, human
milk (which contains 0.2–0.3 mg/L of iron) does not pro-
vide enough iron to meet the demands of rapid erythro-
poiesis, so iron stores are mobilized to meet the iron re-
quirements of the infant.9 Iron stores are generally depleted
by 6 months of age, yet from 4 to 12 months after birth the
infant’s blood volume doubles. Thus, at this age, dietary
sources of iron become critical to keep up with this rapid
rate of red blood cell synthesis.10

The recommended dietary allowance (RDA) for iron
during childhood and adolescence is shown in Table 2.11

To prevent the development of anemia, the Canadian Pae-
diatric Society and the American Academic of Pediatrics
recommend exclusive breast-feeding for at least 4 months
and the introduction of iron-containing complementary
foods and foods containing ascorbic acid, which enhance
iron absorption, at the age of 4–6 months.12,13 The choice of
complementary foods at this stage will markedly influence
iron status. Typical grain-based or rice-based complemen-
tary foods are poor sources of iron and may contain phytic
acid, which is a potent inhibitor of iron absorption.14 To
augment the amount of iron found in these grain-based
foods, commercial infant cereals are highly fortified with
electrolytically reduced iron. Iron-fortified cereals have
been shown to prevent iron deficiency anemia.15,16

The adverse effects of anemia

Even moderate anemia (hemoglobin < 100 g/L) has
been consistently shown to be associated with depressed
mental and motor development in children (Box 1).2–4 Al-
though the mechanism whereby iron influences develop-
ment is not fully understood, older research identified the
role of iron in central nervous system neurotransmitter
function, and more recent work has shown that brain iron
is essential for normal myelinization.17–19 Longitudinal stud-
ies have indicated that children who were anemic in early
childhood continue to have poor cognitive and motor de-
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Case
A 13-month-old infant is seen routinely in the office of a family
physician for immunizations and periodic health examinations.
The child’s growth is entirely normal but, in taking a develop-
mental history, the physician notes that the child is described
as being generally irritable and is reluctant to explore her envi-
ronment away from her caregiver’s side. She was weaned from
the breast at 8–9 months of age and went directly to whole
cow’s milk, as is recommended by the Canadian Paediatric So-
ciety. Her current diet consists primarily of jars of fruit and veg-
etables, with an occasional jar of a meat or poultry meal. She
drinks at least 4 8-oz bottles of whole milk daily. On physical
examination, the only abnormal finding is slightly pale con-
junctiva. The physician suspects a diagnosis of iron deficiency
anemia. Blood tests are ordered to confirm the diagnosis.
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velopment and depressed school achievement into middle
childhood.4 For anemic children less than 2 years of age,
there is no good evidence from randomized controlled
trials that iron treatment helps their cognitive and motor
development.2 For children above 2 years of age, short-
term treatment is associated with improvement in cogni-
tion but not in school achievement.

The study of cognitive function and iron status has
been expanded to older children and adolescents. In a
randomized controlled trial, adolescent girls with de-
pleted iron stores who received iron supplements im-
proved their scores on a test of memory and verbal learn-
ing compared with the placebo-treated group.20 Another
large study in preadolescents and adolescents described
an association between iron status and standardized
mathematics scores.21 Those with iron deficiency anemia
or iron deficiency without anemia were 2.3 and 2.4 times
more likely to have low mathematics scores than those
with no iron deficiency. The authors of this report sug-
gested that screening for iron deficiency may be war-
ranted for all children and adolescents.

Interventions to prevent anemia

There are 3 interventions that if implemented success-
fully are likely to prevent anemia. These include dietary di-
versification to foods with more bioavailable iron; fortifica-
tion of foods targeted to full-term infants and children; and
supplementation of the individual. Dietary diversification
involves promotion of a diet with a wider variety of natu-
rally iron-containing foods, especially red meat, poultry
and fish (Table 3). These foods have a high content of
highly bioavailable heme iron and thus are most appropri-
ate for infants and children above 6 months of age. Despite
their widespread availability, even among Aboriginal chil-
dren, they are not widely used (possibly because of the per-
ceived unacceptable taste and smell of commercial prod-

ucts) or are diluted before use (e.g., meat is rich in iron but
meat broth is not). Recent Canadian survey data indicated
that 57% of female teenagers do not consume the mini-
mum number of servings from the “meat and alternatives”
food group.22 An increasing number of adolescents are fol-
lowing vegetarian diets and thus restrict their intake of
heme iron sources.

Two types of fortification strategies have been imple-
mented successfully in Canada. These are the fortification
of staple foods, such as flour, and the fortification of specific
foods, such as infant formula, infant cereals and most break-
fast cereals (Table 4). Fortification of staple foods is likely to
increase iron intake for those who eat the most (i.e., adult
males). However, infants and children who have a limited
capacity to eat large quantities of food are not likely to ben-
efit significantly from this strategy. Targeted fortification
(e.g., the fortification of foods typically eaten by infants and
children), however, provides an excellent source of iron to
those who need it the most. Infant cereals, for example, typ-
ically contain 7.1 mg of iron per 15-g serving, and breakfast
cereals for children contain over 4 mg of iron per 30-g serv-
ing.23 A single 30-g serving of these “ready-to-eat” cereals
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Table 1: Conditions that affect iron status

Condition Impact on iron status

Premature birth or intrauterine
growth retardation (IUGR)

Low hepatic and bone marrow
iron stores at birth

Early cord clamping Decreased transfer of iron (as
hemoglobin) at delivery

Prolonged exclusive breast-feeding Decreased intake of dietary iron
Inappropriate use of whole
cow’s milk

Decreased intake of dietary iron;
intestinal blood loss

Timing of introduction and type
of complementary food

Decreased availability and/or
bioavailability of dietary iron

Frequent infections Anorexia associated with
infection can lead to decreased
ingestion of iron-containing
foods; infection can decrease
erythropoiesis; parasitic infection
can cause enteric blood loss

Table 2: Recommended dietary allowance (RDA)
of iron for both sexes from birth to 18 years

Age RDA for total iron intake, mg/d

0–6 mo 0.27
7–12 mo 11.xx
1–3 yr 7.xx
4–8 yr 10.xx
9–13 yr 8.xx
14–18 yr 11 for boys; 15 for girls

Box 1: The adverse effects of anemia

Infants:

• May show altered behaviour and cognition, 
such as increased fearfulness/wariness, irritability
and unhappiness.

• May have altered motor development, such as
decreased exploration of environment, decreased
willingness to leave a caregiver’s side and increasing
fatigue.

Children and adolescents who were anemic infants:

• Are more likely to repeat school grades or need
special services.

• May have lower test scores of cognitive performance
(spatial memory and selective recall).

Adolescents with anemia:

• May have decreased verbal learning and memory
and lower standardized mathematics scores.



provides 60% of the RDA for children
aged between 1 and 3 years, 45% of
the RDA for children aged 4–8 years
and 75% for boys and girls aged 9–
13 years. For adolescents, especially
those who are restricting their total
food intake or who are vegetarians, the
use of iron-fortified breakfast cereals
that typically contain 4–8 mg/serving is
an excellent way to prevent anemia.23

In fact, ready-to-eat cereals are among
the top contributors to iron, folate, vit-
amin A and C, and zinc intakes.24

The third approach is through sup-
plementation of individuals or commu-
nities at risk. This approach would be
implemented for the treatment of indi-
viduals with anemia or in situations
where at-risk communities of infants
and young children do not have ready
access to targeted iron-fortified foods
(e.g., geographically isolated Aborigi-
nal communities).25 When a soluble
form of iron (such as ferrous sulfate or
fumarate) is ingested in the proper
dose, this intervention is efficacious.
However, adherence to long-term in-
gestion of oral iron drops is often poor
because of the unpleasant metallic taste
of drops; drops can stain a baby’s teeth
unless wiped off immediately after use;
and if the dose is high, the infant may
complain of abdominal discomfort. In
recently completed studies in anemic
infants, it has been demonstrated that
the impact of iron drops on anemia is
equally effective if the drops are pro-
vided once daily versus the traditional
3 times daily, without additional “side
effects.” Daily dosing may improve
compliance with this intervention.26

The case revisited

Blood work, which included a com-
plete blood count and measurement of
serum ferritin and transferrin receptor
levels, revealed a hypochromic micro-
cytic anemia (hemoglobin 92 g/L) and a
ferritin level that was less than 12 µg/L.
Serum transferrin receptor, a relatively
new measure of the availability of iron
to the erythrocyte, was elevated at
12 mg/L, which is consistent with iron
deficiency anemia. Because ferritin is an
acute phase reactant, it may be falsely
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Table 3: Heme iron–containing foods23

Iron content, mg

Food
Per 100 g of edible

portion Per serving unit

Chicken liver 8.5 0.6 (per liver)
Chicken soup (Cup-a-Soup – dry mix) 3.1 0.5 (envelope of dry mix)
Beef (luncheon meat) 2.7 0.6 (5 slices)
Beef (e.g., steak, joint) 2.7 5.4 (200 g)
Fast-food burger (double patty with
condiments) 2.6 5.8
Beef (regular ground) 2.4 4.0 (per patty)
Pizza (with cheese, meat and
vegetables) 1.9 1.5 (per slice)
Beef (bologna) 1.7 0.4 (per slice)
Fast-food fish sandwich with tartar
sauce 1.6 2.6 (per sandwich)
Pepperoni (beef and pork) 1.4 0.5 (7 pieces)
Pork (cured ham – regular) 1.3 2.3 (170 g)

Chicken (roast, dark meat) 1.3

1.2 (1 unit – yield from
459 g ready-to-cook

chicken)
Chicken (roast, white meat) 1.1 0.8 (as above)
Salmon (canned) 1.1 3.9 (per can)
Tuna (canned in water) 1.0 1.7 (per can)
Pork (Canadian bacon) 0.8 0.4 (2 slices)
Toddler food – beef stew 0.7 1.2 (170-g jar)
Toddler food – chicken stew 0.7 1.1 (170-g jar)
Tuna (canned in oil) 0.6 0.6 (per can)
Baby food – chicken noodle, strained 0.6 0.7 (113-g jar)
Baby food – beef noodle, strained 0.4 0.5 (113-g jar)

Table 4: Milk, infant formula and cereals23

Iron content (mg)

Food (manufacturer)
Per 100 g of edible

portion Per serving unit

Infant cereals, including rice, oats, mixed
cereals

47.5 7.1 (15 g)

Cheerios (General Mills) 27.0 8.1 (30 g)
Count Chocula (General Mills) 15.0 4.5 (30 g)
Froot Loops (Kellogg’s) 14.0 4.2 (30 g)
Corn Flakes (Kellogg’s) 14.0 4.2 (30 g)
Oreo O’s (Kraft Foods) 6.7 1.8 (27 g)
Rice Krispies (Kellogg’s) 6.0 2.0 (33 g)
Shredded Wheat (Kraft Foods) 3.2 1.6 (49 g)
Infant formula – with iron (Similac, Ross; SMA,
Wyeth-Ayerst; Enfamil, Mead Johnson), ready-
to-feed (all) 1.2 2.9 (240 mL)
Chocolate milk 0.2 0.6 (240 mL)
Infant formula – low iron (Similac, Ross; SMA,
Wyeth-Ayerst; Enfamil, Mead Johnson), ready-
to-feed 0.1; 0.1; 0.5

0.3; 0.3; 0.3; 1.1
 (240 mL)

Cow’s milk, whole 0.05 0.1 (240 mL)



elevated in the presence of infection or inflammation. Serum
transferrin receptor, however, is insensitive to inflammation
and can be used to distinguish iron deficient anemia from the
anemia of chronic disease.27 A 2-month treatment course with
daily ferrous sulfate drops was initiated. A repeat blood sam-
ple 10 days later that revealed an increase in hemoglobin of
5 g/L and a brisk reticulocyte response confirmed the diagno-
sis of iron deficiency anemia and was evidence of an appropri-
ate hematologic response. Concurrent dietary counselling is
important to maintain the child’s nonanemic status when
treatment is completed (Box 2). A list of recommended foods
that contain a lot of highly available heme iron (Table 3) and
nonheme iron (Table 4) was provided to the child’s caregiver.

Summary

Iron deficiency anemia in childhood and adolescence is
associated with serious adverse outcomes that may not be
reversible. Infants born prematurely, infants who are exclu-
sively breast-fed for a prolonged period and adolescent girls
who are menstruating and restricting their food intake are
particularly at risk. It can be prevented through the use of
iron-containing or iron-fortified foods such as meat and
fortified breakfast cereals. If anemia is detected, it should
be treated with appropriate doses of bioavailable iron, such
as ferrous sulfate or fumarate.
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Box 2: Assessment and treatment of a patient with
suspected anemia

Assessment

1. Review medical history for sources of blood loss
(emesis, stool, heavy menses) or chronic parasitic
infection.

2. Review diet for sources of heme and nonheme iron
and for inhibitors of iron absorption (tea, high-fibre
diets).

3. Review serum hemoglobin, blood smear and serum
ferritin.

Treatment

1. If patient is iron depleted (low ferritin) but not
anemic, suggest increased sources of heme iron or
nonheme iron combined with ascorbic acid to aid
absorption. Limit intake of foods that inhibit iron 
absorption (tea and high-fibre diets).

2. If patient with iron deficiency anemia is an infant or
young child, prescribe ferrous sulfate drops or syrup
(5 mg/kg per day). This can be provided as a single
daily dose. For older children and adolescents, use
ferrous sulfate tablets (100–200 mg/day). Provide
therapy for 2 months. Repeat hemoglobin test at end
of therapy.

3. To prevent recurrence, recommend dietary sources
of iron as in number 1 above.
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