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Iron deficiency anemia (IDA) is a global nutritional disorder affecting large population
groups in varying magnitudes in different countries [1]. Such groups include vulnerable
growing children, adolescent girls, pregnant and lactating women, and the aged. The
physiological challenges of IDA, particularly those impacting growth and reproductive
purposes, pose demands for increased daily iron requirements for these demographics. The
daily iron needs of these vulnerable groups are commonly unmet because of inadequate
iron intake, poor bioavailability, low absorption of iron due to the presence of inhibitors
in the diet, or chronic blood loss, amongst others [2]. Consequently, evidence abounds
regarding the deleterious and debilitating consequences of IDA on infants’ cognition, brain
function, mental capability, work performance, and pregnancy outcomes [3,4]. Strategies
to combat IDA include fortification of foods, iron supplementation to targeted groups,
and attempts to explore and exploit food-based strategies to enhance iron absorption.
For example, recent publications have revealed iron bioavailability data on novel food
products, new oral iron supplements [5,6], and iron-biofortified foods that are safe and
less toxic to the gut. Moreover, food processing procedures such as micro-milling and
food encapsulation are employed to influence luminal bioaccessibility and iron absorption
from foods [7]. Furthermore, gut microflora have emerged as important entities that could
modify food matrices while secreting metabolites that might modulate iron absorption in
the proximal gut region [8].

Besides the common causes of IDA, inflammation places a significant burden on sys-
temic iron metabolism and the iron status of individuals with varying conditions. IDA in
developing countries is often associated with inflammation and infections. Indeed, inflam-
mation is a key regulator of hepcidin, the peptide hormone that modulates iron absorption
and iron homeostasis [9]. Hepcidin expression is elevated in response to proinflammatory
cytokines via a STAT3 transcriptional signaling pathway. This causes reduced iron absorp-
tion, since ferroportin, the iron efflux protein, is ubiquitinated by hepcidin [10]. Hence,
acute or low-grade inflammation therefore contributes to the incidence of anemia due to the
inhibition of iron absorption in the gut. In this issue, Htet [11] reported, in a randomized,
double-blinded, placebo-controlled trial, the effect of sub-clinical inflammation (SCI) on the
absorption of iron supplements in anemic adolescent schoolgirls in the Ayeyarwady region
of Myanmar. The study also investigated the effect of combining vitamin A or folic acid
with iron supplements given to the subjects with SCI. The study found that the efficiency
of iron supplements, as expected, was inhibited by SCI and vitamin A, which mitigated
their effect. Hence, the anti-inflammatory function of vitamin A neutralizes SCI to facilitate
enhanced iron absorption. Moreover, previous studies have indicated the beneficial effect
of vitamin A on the mobilization of stored iron for the enhancement of erythropoietin
synthesis [12,13].

The prevalence of IDA is also associated with genetic variability in human popula-
tions [14]. For example, human genome-wide association studies (GWAS) have identified
the association of multiple variants of the transmembrane protease serine 6 (TMPRSS6)
enzyme with abnormal hematological biomarkers. As a negative modulator of hepcidin
expression, TMPRSS6 down-regulates the transcription of hepcidin via the cleavage of
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hemojuvelin. Mutations in the TMPRSS6 gene lead to loss of function of the matriptase-
2 protein, which induces increased hepcidin levels in the liver. Hence, elevated hepcidin
levels, by degradation of ferroportin, lead to severe microcytic anemia due to reduced iron
absorption in the gastrointestinal tract [15]. Shinta et al. [16] compared the association of
two common TMPRSS6 SNPs (rs855791 and rs4820268) with iron intake and its effects on
the prevalence of IDA in children under two years of age. While the two TMPRSS6 SNP
variants were associated with lower serum ferritin concentrations, the association of IDA
with iron intake was significantly greater in these children [16]. In contrast, however, De
Oliveira Mota et al. [17] reported in the current issue that a red meat intake of 100 g/d
would theoretically not reduce the estimated burden of IDA, particularly in menstruating
females in population groups from France. This finding was obtained from a predictive
mathematical model that quantitatively determined the health burden of IDA in terms
of disability-adjusted life years (DALY) based on the age and gender of the subjects as
well as their iron requirements, intake, and status in France. In another study in this is-
sue [18], non-heme iron and total iron intake, rather than heme iron intake, were positively
associated with MetS (waist circumference, reduced HDL-C, and elevated triglycerides
and blood pressure) in the adult male population in China. An association between iron
intake and MetS risk was reported only in men, but not in women, possibly because of
reduced intake and increased loss of iron from the body due to the menstrual cycle in
the latter. It should be noted, however, that the dietary iron intake was calculated from a
3-day diet record with inherent confounding issues. Nevertheless, evidence abounds in
the literature [19–21] on the complex relationship between iron metabolism and the risk of
MetS. The mechanism underlying these interactions is a subject of increasing research and
may be linked to ferroptosis.

Moreover, the dysregulation of iron metabolism has been associated with the de-
rangement of body tissue composition, energy expenditure, and metabolic syndrome.
Moreno-Fernandez et al. [22] reported that Fe deficiency resulted in significant reductions
in lean tissue mass and body fat, as well as inducing low energy expenditure in mice.
While the levels of the triiodothyronine, thyroxine, and ghrelin hormones decreased in
the anemic mice, glucose-dependent insulinotropic polypeptide (GIP), glucagon, insulin,
corticosterone, and adrenocorticotropic hormone levels were elevated. Low oxygen con-
sumption and hypoxia in the anemic mice may possibly have impacted the iron-dependent
enzymes that are involved in ATP synthesis and the resultant weight loss in the mice, as
was also reported by Schneider et al. [23].

The health burden of IDA also encompasses debilitating consequences on an infant’s
growth, fatigue, and mental function. IDA in fetuses and babies during the pre- and
post-natal periods could cause impaired memory, reduced attentiveness, and cognitive mal-
function, amongst other issues [24]. Moreno-Fernandez et al. [25] performed a systematic
literature review on the effect of iron status on the growth and developmental indices of
premature infants. Iron demands are high during early growth, and it has been proposed
to give iron supplements to vulnerable infants, particularly those with low birth weights.
The study [24] also showed that low iron overload status in pre-term infants was more
associated with lower birth weights than those with normal iron status. Hence, there is
a delicate balance between the optimal iron supplementation dose to avert the negative
consequences of IDA and the levels required to prevent organ damage due to iron overload.
For example, a study [26] reported that some pregnant Norwegian women had iron supple-
mentation beyond the daily recommended dose, which could cause adverse toxic effects to
both the mothers and newborn babies. Nonetheless, a large-scale prospective study in the
current issue revealed no deleterious consequences of iron supplementation administered
during pregnancy and the postpartum period to the risk of developing Type 1 diabetes
(T1D) in babies [27]. This Danish study concluded that maternal supplemental iron intake
was possibly protective against T1D, rather than being a risk factor. However, there are
instances when unabsorbed supplemented iron can induce the formation of toxic reactive
oxygen species that cause inflammation or enhance the proliferation of iron-dependent
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pathogenic microbes in the distal gut region [28]. The deleterious consequence of high
concentrations of supplemental iron in the colon has indeed been associated with gastroin-
testinal inflammation and microbial dysbiosis [29]. Iron chelation to starve and sequester
iron from pathogenic microbes has been advocated as a panacea to maintain good gut
health. Based on this premise, Horniblow et al. [30] investigated the safety and tolerability
of a biopolymeric alginate as an iron chelator on hematological biomarkers and microbiome
composition in healthy subjects. While the biopolymeric compound was safe and well
tolerated, there were no changes to microbiota populations, and the iron-chelating ability
of alginate was presumed to be confounded, possibly by the presence of other dietary
chelators in the luminal food matrix content. Further published research by the same
authors [31] showed that another biopolymer compound, namely, lignin, chelated iron
and restricted its availability to detrimental proteobacteria while promoting the growth of
favored beneficial bacteroides. Hence, lignin could be used to control microbial dysbiosis
and inflammation associated with gut disorders. Regarding the public health significance
of IDA, strategies to alleviate its effects include food fortification programs that are adopted
by different countries and iron supplementation to specific vulnerable groups [32,33] across
different age groups. Iron compounds used for supplementation include ferrous sulfate, el-
emental iron, ferric pyrophosphate, ferrous sulfate, ferric pyrophosphate, ferric ammonium
citrate, ferrous sulfate, ferric pyrophosphate, fumarate, gluconate, and ferric ammonium
citrate, among several others. Nevertheless, some of these iron salts cause gastrointestinal
side effects such as nausea, constipation, diarrhea, and inflammation, as discussed ear-
lier. Therefore, the initiative to synthesize novel iron salts that are safe, tolerable, and of
high bioavailability is an ongoing challenge. Recently, newly synthesized nanoparticulate,
ligand-modified Fe(III) polyoxo-hydroxide [34], nanoparticulate Fe pyrophosphates [35],
sucrosomal iron [5], and iron multi-amino acid chelate (IMAAC) [6] have been added to the
list of iron supplements to be used to prevent and treat IDA. In line with this development,
Naviglio et al. [36] reported a method by which an iron (II) citrate complex was synthesized
using iron filings and citric acid. The compound, FeC6H6O7·H2O, which contains Fe(II),
was purified with an array of analytical techniques, and it has been proposed to be available
as an iron supplement for commercial purposes. For these reasons, it is imperative to evalu-
ate and compare the in vitro bioaccessibility and in vivo bioavailability of FeC6H6O7·H2O
with the gold-standard FeSO4. Fe(II) is the form of iron that is absorbed by divalent metal
transporter 1, DMT1, the metal transporter in the duodenum of the gastrointestinal tract. Yu
et al. [37] investigated the transport of iron from ferrous bis-glycinate (Fe-Gly) in CRISPR-
Cas 9 DMT1-knockout Caco-2 cells. These authors reported that iron from Fe-Gly was
mainly absorbed by Caco-2 cells via DMT1, and that iron-regulated transporter (IRT)-like
protein 14 (Zip14) expression was induced to compensate for iron absorption when DMT1
was limiting.

In summary, the papers in this issue, which were published originally in Nutrients,
explored the significance of IDA, spanning across its causes and consequences. Furthermore,
some approaches and interventions to prevent its incidence in human populations were
highlighted and discussed. The health burden of IDA includes debilitating effects on energy
metabolism, inflammation, and infection. Strategies to synthesize iron supplements of high
bioavailability, with high redox inert and without adverse effects in the gastrointestinal
tract, will be of immense benefit to the drive to prevent, manage, and treat IDA globally.

Conflicts of Interest: The authors declare no conflict of interest.
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