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Tackling iron deficiency in infants: galacto-oligosaccharides may be up
to the task
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Iron, an essential trace element, plays a critical role in maintain-
ing health by mediating mitochondrial function and DNA synthesis
and repair and serving as a critical factor for key enzymes (1). In
children, iron deficiency is the most common nutritional deficiency.
In particular, iron deficiency is highly prevalent among resource-
limited nations in Africa, in which two-thirds of all preschool-aged
children are estimated to be anemic and one-half of their anemia is
caused by iron deficiency (2). In contrast, iron deficiency is much
less prevalent in resource-rich countries such as the United States,
although the incidence is highest among infants and young children
because of their high iron requirements during development (2).

Iron deficiency in early childhood causes developmental de-
lays and poor physical performance, and dietary iron supplemen-
tation and food fortification are commonly recommended in
many countries to increase iron intake and correct or prevent iron
deficiency and anemia. In Africa, iron-containing micronutrient
powders (MNPs) are widely used to control anemia in infants.
However, although these MNPs contain high amounts of iron
(providing 12.5 mg Fe/d), they have limited iron absorption (only
4–9%) and they can increase the risk of enteropathogenesis,
diarrhea, or both (3). Therefore, iron-containing MNP formulations
for infants must be improved to increase iron absorption and to
minimize the occurrence of adverse effects.

In current years, a growing body of evidence suggests that pre-
biotics—a nondigestible food ingredient that has beneficial effects
on the gut microbiome and the host’s health—can be used as
a dietary supplement to enhance the absorption of minerals such
as iron, zinc, and magnesium (4, 5). In this issue of the Jour-
nal, Paganini et al. (6) report that infants who consume dietary
iron supplements together with prebiotic galacto-oligosaccharides
(GOSs) have significantly increased iron absorption compared
with a control group. In their study, 50 infants in Kenya were
fed a maize porridge fortified daily with an MNP containing
2.5 mg ferrous fumarate and 2.5 mg sodium iron EDTA (NaFeEDTA).
One group (n ¼ 22) received the iron-containing MNP to-
gether with 7.5 g GOSs/d (Fe1GOS group), whereas the other
group (n ¼ 28) received the iron-containing MNP without GOSs
(control group). After 3 wk of this dietary intervention, iron ab-
sorption, blood iron markers, and gut bacteria were measured in
both groups. The results showed that the infants in the Fe1GOS

group had higher iron absorption and iron bioavailability than the
control group. Consistent with this finding, the iron storage bio-
marker ferritin and the iron-regulatory hormone hepcidin also in-
creased in the Fe1GOS group. A recent report by the same group
showed that the inclusion of GOSs in an iron-containing MNP can
mitigate the adverse effects of iron on the gut microbiome in in-
fants in Kenya (7). Together with the current report, these findings
indicate that giving infants GOSs with an iron-containing MNP
can help improve the efficacy of iron supplementation while re-
ducing the risk of adverse effects associated with high iron intake.

In the intestine, the uptake of dietary iron is mediated by the di-
valent metal transporter 1 (DMT1), whereas the movement of iron
from the intestinal epithelium to the blood is mediated by the “iron
gate” protein ferroportin. Ferroportin can interact with the liver-
derived iron-regulatory hormone hepcidin and is degraded when
dietary iron uptake, body iron stores, or both are sufficient. The
presence of an infection can stimulate the secretion of hepcidin,
which reduces intestinal iron uptake and decreases iron availability.
Therefore, on the basis of the so-called hepcidin-ferroportin axis,
several compounds such as Caulis Spatholobi, black soybean seed
coat extract, myricetin, and vitamin C have been shown to regulate
hepcidin concentrations to increase dietary iron absorption from the
intestine and to increase the mobility of iron from iron-storing organs
(8). For example, black soybean seed coat extract has been shown to
downregulate hepcidin, thereby improving iron status in mice (9).
Although compounds that target the hepcidin-ferroportin axis are
promising, evidence in humans, particularly infants, is scarce.

The availability of iron in dietary supplements can be affected by
many factors, including the form of iron, the presence of infection,
and the gut microbiome. Nevertheless, the efficacy of prebiotics in
improving iron absorption provides new possibilities for future iron
supplementation strategies. Iron supplements that contain prebiotics
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have several advantages over conventional iron supplements. First,
prebiotics increase the absorption of iron fromboth iron supplements
and regular iron-containing foods. Second, reduced doses of iron can
be used in iron-containing MNPs that include prebiotics without re-
ducing efficacy in infants (10). Finally, prebiotics may also increase
the absorption of other minerals, such as zinc, magnesium, and
calcium, which may be beneficial in terms of iron absorption and
other essential minerals (4, 5). Despite these advantages, however,
the long-term effects of combining prebiotics with an iron supple-
ment require further study, ideally in large cohorts of infants
and other vulnerable populations such as adolescents and
pregnant women.

It is also interesting to note that based on their C-reactive pro-
tein concentrations, the infants in studies by Paganini et al. had
iron deficiency but no obvious sign of infection or inflammation
(6, 7). Thus, the efficacy of GOSs should be tested in iron-
deficient subjects with infectious disease or an inflammatory
condition. This is particularly relevant given that in anemia of
chronic disease, inflammation can induce hepcidin overexpres-
sion, which increases iron retention in iron-storage organs and
reduces ferroportin in the small intestine, potentially reducing
the efficacy of iron supplementation.

Prebiotics selectively fermented by gut bifidobacteria and the
subsequent production of short-chain fatty acids can decrease the
pH in the colon, which may increase the solubility of minerals
(5). Interestingly, Paganini et al. (6) found that the consumption
of prebiotic GOSs increased the fecal amounts of Bifidobacte-
rium spp., Lactobacillus, Pediococcus, and Leuconostoc spp.
and reduced fecal pH. In addition, low intestinal pH due to
GOSs may also facilitate the dissolution of ferrous fumarate.
Moreover, prebiotics have been reported to increase the expres-
sion of intestinal DMT1 and ferroportin while decreasing the
expression of intestinal IL-6, IL-10, and TNF-a in rats (10).
Although the underlying molecular mechanism by which pre-
biotics increase iron absorption remains to be determined,
Paganini et al. provide compelling evidence to support the
notion that combining GOSs with a supplement containing fer-
rous fumarate and NaFeEDTA is an effective—and potentially
safer—strategy for iron-deficient infants. On the basis of these
promising findings, future studies are clearly needed to evaluate

the long-term effects of this formula in a larger cohort of infants
and to test the feasibility and efficacy of including prebiotics in
iron supplements in a broader population with iron deficiency
anemia.
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