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Editorial
An important question pertaining to the nutritional needs of

human infants currently remains unanswered. Are exclusively
breastfed infants, whose sole source of iron is breast milk, receiving an
adequate amount of iron? The iron concentrations in the milk of
other, non-human species are considerably higher than that of
humans. The iron concentration in human colostrum is approximately
0.8 μg/ml, while that in mature human milk is 0.2-0.4 μg/ml. In
contrast, the iron concentration in mature rat milk is 5-10 μg/ml, a
value that is roughly 25 times higher [1]. Although iron concentration
in human milk is low, it is seemingly independent of the mother’s iron
status. It therefore cannot be increased through alterations in the
maternal diet, or by use of supplementation [2]. Further, studies have
shown that the iron concentration in mother’s milk is fairly similar in
those with high and low intakes of iron [3,4]. There is still much
controversy, as well as a lack of agreement among the scientific
community with regards to what should be recommended for infants
when it comes to iron. Do they need more iron, possibly provided
through supplementation? Are they obtaining sufficient amounts of
iron through the natural process of breast feeding? This article aims to
show both the concerns and the relevant support for each side of this
argument.

Iron deficiency anemia (IDA) is a common cause of anemia in
infants. Early iron deficiency is associated with later
neurodevelopmental impairment [5]. A longitudinal study in Costa
Rica assessed changes in cognitive functioning following iron
deficiency in infancy. This was done by scheduling 4 follow-up visits at
the ages of 5, 11-14, 15-18, and 19 years old. The results showed that
iron deficient infants had lower cognition scores compared to the
control group, which included infants with good iron status [6-8].
These findings increase the concern that early iron deficiency may lead
to irreversible negative changes in long-term neurodevelopment, and
accentuate the fact that maintaining adequate iron status is critical to
the infant’s neurological development. Since iron is a critical nutrient
involved in brain development, it is recommended by Health Canada
that babies’ first complementary foods be iron-rich [9].

Although there is no current national data on iron deficiency in
Canadian infants over the last 30 years, data from smaller studies
suggests that iron deficiency anemia is a significant health problem
[10]. For example, a study in Vancouver found that approximately
15% of breast-fed infants developed anemia at 8 months of age [11].
Further, the prevalence of iron deficiency anemia has been found to be
even higher in preterm infants, and may be above 25% during their
infancy [12].

The rationale in Canada of waiting 6 months before introducing
solids to provide iron is not convincing. First of all, it is unclear
whether data from current animal models sufficiently represents

human iron metabolism. The iron content of mother’s milk from
species other than humans and cows is generally much higher [13].
Additionally, iron intakes of animals in the aforementioned studies
were much higher than the daily iron intake of exclusively breast-fed
infants per bodyweight. Secondly, since lactoferrin expressed in
human milk is only 5% to 8% saturated with iron, it would be expected
to have antibacterial properties [14]. Iron-binding proteins in human
milk, including lactoferrin, may play an important part in resistance to
infantile enteritis caused by E. coli [15,16]. This effect is abolished by
saturating lactoferrin with iron. Therefore, the anti-pathogenic
property of iron may be related to the binding forms of iron, rather
than the amount of iron. Thirdly, early supplementation of iron may
improve cognitive development of infants. In a double-blind,
randomized study, Friel et al. demonstrated that healthy, breast-fed
babies given iron supplementation between the ages of 1 and 6 months
had better scores on the Bayley mental and psychomotor
developmental indexes, as well as better visual acuity at 13 months of
age than did the babies in the non-iron supplement group [17]. From
this data, the American Academy of Pediatrics recommended that
exclusively breast-fed full-term infants receive 1 mg/kg of iron
supplementation per day, beginning at 4 months of age [18]. This
policy supports the concept that the small amount of iron in human
milk may not be enough for the physical and neurological
development of exclusively breast-fed infants.

Why did the human species evolve to rely, during the first months
of life, on an iron endowment instead of a continuous source of this
element in mother’s milk? In order to shed light on such an intriguing
question, it must be analyzed from an evolutionary perspective. It is
hypothesized that the environment in which babies were raised, as well
as their exposures during the first months of life, were quite different
in ancient times as compared to current conditions in developed
countries. However, these ancient conditions were not necessarily
worse than those of the less fortunate populations in the present day.
In ancient times, continual exposure to pathogens from the
environment and from food, capable of causing infectious diseases and
threatening survival, constantly put the continuation of the human
species at risk. This exposure was unavoidable and likely played a key
role in shaping several mechanisms for infection prevention and host
defense [19,20]. Among these mechanisms, those involving iron
obtainment, metabolism, and utilization are of special interest, since
iron is an essential element for survival and present in every cell in the
body. Iron is also required for intracellular reactions involving certain
commensal and pathogenic microbes which reside on the mucosal
surfaces of the intestine [21]. Health Canada recommends that
healthy, full-term infants should be breastfed until 6 months of age, at
which point iron-rich complementary foods should be introduced.
This recommendation is in accordance with the above hypothesis of
auto-regulation in iron obtainment and utilization [9].
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It is known that human milk is low in iron, and that the iron
content in human milk is independent of maternal iron status in all
cases except those involving severe maternal anemia [22-24]. This
suggests regulation for transport of iron from the mammary glands
into breast milk [19]. Interestingly, while iron in human milk declines
during lactation [24], infants from 6 to 9 months develop an enhanced
capacity to absorb iron, thereby avoiding iron deficiency [25]. Overall,
such mechanisms might suggest that too much iron is not desirable. In
fact, there has been speculation as to whether unrestrained absorption
and excessive iron in the intestinal lumen might be detrimental. This
harmful effect could lead to iron accumulation in tissues, which may
lead to damage [26], or the creation of a supportive environment for
pathogenic, iron-requiring bacteria [21]. Certainly, there are beneficial
gut colonizing bacteria, such as lactobacilli and bifidobacteria, which
do not rely on free iron. While lactobacilli are iron independent [27,
28], bifidobacteria harvest iron through scavenging compounds called
siderophores [29] in order to thrive in the gut.

Thinking back to our ancestors, there are a few questions that
become important. How did they cope with the low iron content in
milk and the shrinking of the iron endowment between 4 and 6
months of life? Were they iron deficient? Were they anemic? One
hypothesis is that the iron endowment used to be higher, owing to a
greater transfer of maternal blood into the baby at birth. It is known
that the modern day obstetric practice of early cord clamping after
delivery reduces placental blood flow into the newborn, leading to an
inferior iron status when compared to that of babies subject to delayed
cord clamping [30,31]. As previously mentioned, another possibility is
that environmental exposure was much higher, and occurred earlier in
life as compared to the modern world. It is speculated that iron from
soil, as well as the introduction of iron rich foods (maybe pre-chewed
by mothers) [20] could have contributed to the prevention of iron
deficiency conditions. Additionally, the ability to thrive in an
environment in which exposure to pathogens was predominant may
have led to the survival of the exposed individuals, allowing for their
genes to spread.

From the studies discussed throughout this article, it is apparent
that there is no clear answer to the proposed question. We know that
our ancestors were able to thrive without any nutritional interventions,
thereby suggesting that naturally acquired iron through mother’s milk
is satisfactory. On the other hand, it has been shown that iron
deficiency, commonly seen in exclusively breastfed babies, can lead to
negative physical and neurological deficits. The question therefore,
remains unanswered. Future research should focus on identifying the
pros and cons to either iron supplementation for infants, or lack
thereof. It is vital to human health to gain more clarity on this topic,
with the hopes of setting more evidence-based guidelines on iron
requirements for future generations.
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