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Abstract

Pregnancy is a physiological challenge that may require additional nutritional support.
Suboptimal micronutrient intakes and micronutrient deficiencies during pregnancy are a
global problem, often leading to poor maternal and child outcomes. Micronutrient
supplementation is commonly recommended during pregnancy to support and enhance
maternal metabolism. Recent studies suggest that the use of multiple micronutrient
supplements may be of benefit during a normal pregnancy and may significantly reduce the
risk of preeclampsia, preterm delivery, gestational diabetes, and improve pregnancy
outcomes. Given the crucial role that the placental plays in mediating pregnancy outcomes,
it is important to consider the impact of micronutrient supplementation on the mechanisms
associated with placental function, as well as maternal and fetal homeostasis. This review
will consider the role of key micronutrients in supporting pregnancy and the possible
mechanisms by which multiple micronutrients influence placental function and modulate

placental oxidative stress and inflammation.
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1. Introduction

Micronutrients are defined as elements and compounds required in very small
quantities to exert physiological effects and include numerous vitamins and minerals
derived from the diet. Micronutrients are essential for cellular metabolism, optimal tissue
function and growth, due to their involvement in the production of enzymes, hormones,
signalling molecules, and the regulation of differentiation and apoptosis [1] [2]. An adequate
supply of micronutrients during pregnancy facilitates the successful development of the
fetus, and supports maternal and placental homeostasis as physiological demands increase
across gestation [3, 4].

Throughout the course of pregnancy, the requirements of the growing fetus may lead
to an increased risk of micronutrient deficiency [5]. Maternal micronutrient deficiencies can
have long-term impacts for offspring, including effects on cognition and increased risk of
cardio-metabolic disease, in addition to the risk of adverse complication during pregnancy
and fetal and maternal mortality [5]. In the developing world, micronutrient deficiencies
during pregnancy are common, with poor nutrition associated with both suboptimal
perinatal outcomes [6, 7], and deficiencies in several key micronutrients linked with the
inflammatory processes involved with preterm labour and pre-eclampsia [7]. Antenatal
micronutrient supplementation has been shown to improve birth outcomes in areas of
inadequate dietary intake [8].

As the site of micronutrient transfer, the placenta is central to the provision of
resources to the fetus. Placental transport capacity will adapt across gestation to supply the
variable resource demands of the developing fetus [9, 10]. Several micronutrients are
actively transported across the placenta, and fetal nutrient supply can be maintained by the

up-regulation of transporters when maternal availability is limited [10]. In addition to



nutrient transport, the placenta has key roles in the modulation of inflammation and
oxidative stress that are also affected by micronutrient sufficiency [11]. This review will
consider the evidence to support multiple micronutrient preparations and the role of
essential micronutrients including iron, iodine, zinc, folate and selenium in supporting
placental function and healthy pregnancy. The role of vitamin A will also be considered due
to its importance in supporting fetal development despite its absence from pregnancy

specific preparations.

2. Micronutrients

2.1 Multiple micronutrient preparations

In most developed nations, pregnancy specific multiple micronutrient supplements
are widely available and in common use. In a recent study conducted in Australia, it has
been estimated that as many as 100,000 pregnant women could be consuming these products
per annum [12]. The majority of supplements available on the market contain a combination
of b group vitamins (niacin, riboflavin and thiamine, B12, B6), vitamins D, E and C, folate,
iron, iodine, copper, selenium and zinc. In addition to this core group of components, a wide
variety of vitamins, minerals and herbal preparations are also added with significant
variability in formulations evident [12].

Retrospective cohort analysis has suggested that the use of multiple micronutrients
during pregnancy may significantly reduce the risk of developing complications of
pregnancy including pre-eclampsia [13-15], preterm delivery [7] and other complications

[16]. However, despite these findings, and mechanistic evidence of plausible materno-fetal



health advantages, varied results have been noted upon systematic review of
supplementation trials [6]. Such variability may be linked to specific population contexts
and resultant supplementation responses [6].

A recent Cochrane review however, analysed 19 trials across low and middle-
income countries and concluded that there was a strong basis from which to replace iron and
folic acid supplements with multiple micronutrient preparations for pregnant women [8].
Such evidence highlights, that although significant advancements in understanding of
micronutrient effects during pregnancy have been made across the past 20 years, there
remains gaps in our understanding of the interaction effects of multiple micronutrient
supplements and the preparation formulations required for greatest efficacy - which warrant

further investigation.

2.2 lron

Globally, iron is one of the most prevalent micronutrient deficiencies and is
estimated to affect 32 million pregnant women [17]. During pregnancy iron is required in
high levels to support fetal development with supply facilitated by the active transport from
the maternal to the fetal circulation against the concentration gradient by the placenta [10].
With fetal demand increasing significantly during late gestation, maternal requirements also
elevate and as such the risk of anaemia increases with advancing gestation [17].

In total, the placenta transports approximately 270 mg of iron to the fetus each day,
with the iron stored during in utero development the major iron source for the first six
months of life[18]. Iron uptake is facilitated via maternal diferric-transferrin binding to and
being endocytosed by placental transferrin receptors (TfR) found on the apical

syncytiotrophoblast [18]. Iron is then released by the acidification of vesicles and reduced



by ferrireductases, which are then transported into the cytoplasm by divalent metal
transporter 1 (DMT1). Iron can be stored in the cytoplasm as ferritin or transported to the
fetal circulation via ferroportin and oxidised by ferroxidase zyklopen/hephaestin like-1 [18].
Placental iron transport can adapt to maternal and fetal iron levels. In women with
iron deficiency, placental transport of iron is increased [10], possibly through the increased
expression of placental TfR [19]. Indeed, increased expression of TfR leads to increased
iron uptake in BeWo cells [19]. Low iron status in rat dams has been evidenced to lead to
increased expression of TfR and DMT1, and an increased activity of copper oxidase [19]
Low fetal iron levels can also lead to the up-regulation of the placental TfR and DMT1 [18].
The human placenta is thought to rely primarily on the uptake of non-heme iron, however
there is some evidence that the placenta may also be able to utilise iron of heme origin [19].
The placenta expresses proteins involved in heme iron uptake and heme scavenger receptors
[19]. Despite the up-regulation of placental transporters, low maternal iron levels can
compromise fetal iron needs and may lead to altered metabolism and development in

offspring, including reduced cognitive function [18].

2.3 lodine

lodine is essential for thyroid hormone synthesis and thyroid hormone is essential for
normal human fetal brain development. Maternal iodine deficiency is the single most
preventable cause of mental retardation and brain damage worldwide [1]. In the first and
second trimesters, before the fetal thyroid gland is functional, fetal brain development is
dependent on the passage of maternal thyroid hormone across the placenta [20]. In areas of

severe iodine deficiency, maternal supplementation with iodine prior to conception reduces



the risk of cretinism [21]. Once the fetal thyroid gland becomes active, it requires placental
transfer of iodine in order to synthesize thyroid hormones.

Human trophoblasts express the sodium iodide symporter (NIS) [22, 23] and Pendrin
[24] and functional studies have demonstrated that these are responsible for iodide influx
and efflux respectively [24]. Pendrin is an anion exchanger [24] and activated by high
concentration of intracellular iodide generated by NIS [25]. Placental NIS is localised to the
apical membrane of syncytiotrophoblasts, which directly contacts with maternal blood.
Conversely, Pendrin is located in the basal membrane of syncytiotrophoblasts and effluxes
iodide into the extracellular space [23, 24].

Excess iodide inhibits iodide organification in the normal thyroid gland (Wolff-
Chaikoff effect) [26] and is associated with a decrease in NIS mRNA and protein levels
[27]. In iodine deficient rats, NIS mRNA is up regulated in fetal thyroid and placenta [28].
In BeWo cells, iodide causes a significant decrease in NIS mRNA and apical membrane
protein that is followed by decreased iodide uptake [29]. These studies suggest that self-
regulation of iodide uptake by intracellular iodide occurs in thyroid and placenta.
Interestingly, in cases of maternal hypothyroxinaemia and moderate iodide deficiency,
neonatal cord blood thyroid hormone levels are significantly higher than maternal levels
[30] suggesting that placental NIS expression is increased resulting in increased materno-
fetal iodide transport. Conversely, excessive maternal iodide intake may down-regulate

placental NIS expression and reduce iodide transport to the fetus.

2.4 Selenium

Selenium is an essential trace element required to form selenocysteine, which is now

widely recognised as the 21° amino acid. Selenocysteines are incorporated into the active



site of specialised selenoproteins, which have a variety of functions [31]. Currently, 25
selenoproteins have been characterised and these include 6 isoforms of glutathione
peroxidase (GPx), 3 isoforms of thioredoxin reductase (TrxR) and 3 iodothyronine
deiodinases (DI) [31]. These selenoproteins have important roles to play in fetal
development and placental redox homeostasis and emphasise the need for adequate
selenium during pregnancy. Other important selenoproteins include selenoprotein H that is
involved in mitochondrial biogenesis and selenoproteins that stabilise the endoplasmic
reticulum such as Sel N, Sel S and the recently discovered Sel R [32].

Selenium deficiency has been shown to impact several important biological systems
and may lead to a range of pathologies including cardiac myopathy and muscular dystrophy,
impaired thyroid metabolism, neurological systems, and male reproductive system [33].
Maternal selenium concentrations have been shown to progressively decline during
pregnancy [34] hence the recommendations for increased selenium intake over the course of
gestation. In a significant recent publication, Mariath et al presented a systematic meta-
analysis of 33 studies which conclusively demonstrated that poor selenium status was
correlated with poor pregnancy outcomes including increased incidence of recurrent
miscarriage, preeclampsia, intrauterine growth restriction and preterm birth [35].

Selenium is essential for fetal development and placental function and lower levels
have been associated with poor pregnancy outcomes [36]. Several key selenoproteins play a
role in preventing placental oxidative stress, stabilising trophoblast endoplasmic reticulum
and have important endocrine roles. To date there have been 3 randomised control trials
examining the efficacy of selenium supplementation on the incidence of preeclampsia [37-
39]. All have used a supplement containing 60-100pg/day or placebo from 1% trimester to
term. However, all 3 trials have been under-powered with only 50-100 patients in each arm

of the trial, yet there have been claims of significant benefit.



2.5Zinc

Zinc has antioxidant activities and is involved in carbohydrate and protein
metabolism, nucleic acid synthesis, cell division and differentiation and therefore plays a
critical role in fetal growth and development. Severe zinc deficiency is rare and results in
short stature, hypogonadism, impaired immune function, skin disorders, cognitive
dysfunction, and anorexia [1]. Inadequate zinc levels have been found to effect placental
development in a mouse model, through reduced trophoblast differentiation and protein
expression, with resulting reduction in placental weight and size. In humans zinc deficiency
has been associated with pregnancy complications such as prolonged labour.

Around 30% of the world’s population is affected by mild to moderate zinc
deficiency [1]. Meat (especially shellfish) provides the best source of zinc and so those on
plant-based diets are vulnerable to deficiency particularly since high levels of inhibitors
(such as fibre and phytates) in the plant based diet can reduce absorption of metallic cations
[40]. Mild to moderate deficiency increases susceptibility to infection [41] and is involved
in much of the morbidity related to malaria in children [42]. It is estimated that zinc
deficiency plays a role in 800,000 deaths per year due to diarrhoea, pneumonia, and malaria
in children under five.

Interestingly, the human fetus has higher zinc levels than its mother due to placental
zinc transport and zinc binding to placental metallothionein [43]. Several zinc transporters
have been identified in human placenta including Zinc Transporter 5 (ZnT5) and human
ZnT-like 1 (hZTL1). Similarly to enterocytes, hZTL1/ZnT5 are localised to the apical
membrane of the placental syncytiotrophoblasts [43]. However in contrast to enterocytes,

which increase transporter expression when exposed to increased levels of zinc [44], human



placental cells reduce expression of hZTL1/ZnT5 proteins under zinc supplemented
conditions [44] meaning that there is higher expression of zinc transporters during zinc
deficiency. Similarly, zinc uptake by human syncytiotrophoblast microvillous membrane
vesicles showed that, although gestational age and maternal zinc levels do not alter affinity
for zinc, zinc uptake capacity in human placentae is influenced by gestational age and by
low levels of maternal serum zinc, presumably to ensure an adequate materno-fetal placental
zinc transfer [45, 46]. Maternal zinc deficiency can reduce trophoblast differentiation,
placental weight, and change protein expression, associated with aberrant fetal development

[47].

2.6 Folate

Folate is an essential vitamin involved in redox processing and one-carbon
metabolism required for amino acid metabolism, purine and pyrimidine synthesis. In the
cell, 5-methyltratranydrofolate (5-MTHF - folate) is involved in homocysteine metabolism
and formation of S-adenosylmethionine (SAM) vital to methylation of DNA, RNA, protein
and phospholipids [48]. Folate required metabolic processes are influenced by folic acid
(Vitamin B9 — synthetic form) intake and intake of other B-group vitamins, especially B12
and B6 [49].

Folate deficiency in non-pregnant and pregnant women varies globally, with the
daily intake of DFE being below the RDA in low and middle-income countries, particularly
in Asia and Africa [50]. Deficiency of folate impairs nucleotide and DNA synthesis that
support cell division, leading to megaloblastosis and cell death, especially of highly prolific
somatic cells [51]. Periconceptional folate deficiency is linked to disturbances in

fertilization, gametogenesis, pre-implantation embryo development and increases in
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follicular homocysteine levels adversely effecting DNA and histone modification of the
oocyte [51]. During pregnancy, this inhibition of cell proliferation has profound effects on
embryonic neural tube and neural crest cells inducing congenital malformations including
neural tube defects (NTD) such as spina bifida and anecephaly as well as neurocristopathies,
increasing the risk of premature delivery and miscarriage [48].

Maternal to fetal transfer of folate occurs against a concentration gradient, requiring
up-regulation of active folate specific transporters when availability is limited to maintain
fetal supply. Maternal dietary intake of folate is critical to ensuring the mechanism of folate
transfer to the fetus is unidirectional [52]. Several folate transporters have been isolated
from human placental membranes including Folate receptor a (FRa), proton-coupled, high-
affinity folate transporter (PCFT) and the reduced folate carrier (RFC) [53]. Folate transport
across human placental syncytiotrophoblasts involves co-localisation of FRa and PCFT on
the microvillus plasma membrane, which bind and internalise 5-MTHF. Transport across
the basal plasma membrane (BM) into cytotrophoblasts involves and the RFC and may
include other mechanisms localised to the BM [53]. Establishment of functional coupling
between folate transporters early in pregnancy is crucial to high demands of folate in
pregnancy, enabling normal embryogenesis and transplacental, maternal to fetal transport of

folate, imperative to early fetal development [53].

2.7 Vitamin A

The term Vitamin A refers to a number of fat-soluble retinoid compounds with
retinol activity essential to the growth and development of all vertebrate species. These
compounds are found in animal products and plant based foods that form part of a healthy

diet and yet are known to be deficient in both children and women of reproductive age in
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many places throughout the world [54, 55]. The biological activity of vitamin A is
regulated by oxidised metabolites of retinol such as retinaldehyde (essential to visual
processes) and retinoic acid (regulates gene transcription). Inside the cell, retinol is oxidised
to form retinoic acid, which regulates transcriptional processes [56]. The metabolism of
retinol to retinoic acid is catalysed by enzymes known to be involved in ethanol metabolism,
such as alcohol dehydrogenase [57]. As such, retinoic acid signaling can be impaired by
ethanol exposure and is thought to be a contributing factor in fetal alcohol syndrome [58].
While Retinol bound RBP levels are known to be carefully regulated in both humans and
animals, prolonged vitamin A deficiency, stress, protein restriction or impaired hormonal
influences can negatively impact on this carefully controlled system [59]. Conversely
excessive maternal vitamin A has been shown to be teratogenic.

While retinoic acid signalling is important in many physiological processes in the
adult, it is vital to many stages of embryonic development. Indeed, the term vitamin A
deficiency syndrome (VAD syndrome) is well characterised by certain developmental
deficits [60]. In contrast, excess retinoic acid is known to induce teratogenic effects with
the pattern of birth defects that develop often referred to as retinoic acid syndrome (RAS).
Key developmental processes regulated by this micronutrient include, axial polarisation and
cellular morphogenesis as well as formation or organs including the kidney, eye, heart,
blood vessels, skeletal muscle and reproductive organs [65]. In addition, the process of
placentation itself is mediated by retinoic acid signalling [61]. In the human placenta,
retinoic acid is important in trophoblast invasion and parturition and regulates production of
hormones such as placental lactogens, chorionic gonadotropin hormone and leptin [61].
Maternal retinol binding protein (RBP) is known to be unable to cross the placental barrier
but it is likely that placental transport of retinol involves offloading of retinol from maternal

RBP and uptake by fetal RBP within placental tissues or primitive tissues in earlier
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gestation. It is likely that the placenta is in fact a storage site for vitamin A and can to some
degree buffer fluctuations in retinol levels to promote fetal development and prevent
teratogenesis [59]. It is important to note that regulation of fetal vitamin A supply and cell
signalling is regulated by numerous factors with maternal regulation of fetal retinol supply
disrupted in a number of pregnancy complications including preeclampsia [62] and

gestational diabetes [63].

3. Micronutrient function during pregnancy

The role of micronutrients in supporting fetal development and maternal homeostasis
extends across the materno-placental fetal axis [3]. Retrospective cohort analysis and in
vitro models provide the foundation for much of our existing understanding of the role of
micronutrients in supporting pregnancy with limited in vivo evidence to elucidate causal

mechanisms in relation to outcomes [64].

3.1 Maternal

Maternal micronutrient sufficiency has implications from conception to parturition.
Disruption to gametogenesis, fertilization, and early embryonic development have been
linked to deficiencies in micronutrients involved in one-carbon metabolism [51]. Beyond the
periconception period, early reproductive failure has been associated with deficiencies in
folate, vitamin B12, vitamin E, selenium, zinc, copper and iodine [2]. With roles suggested
for micronutrients in supporting early pregnancy through the maintenance of cell division,

DNA and nucleotide biosynthesis, essential fatty acid synthesis, antioxidant turnover and

13



amelioration of oxidative stress, enzyme induction, cell signaling and the maintenance of
lipid membrane integrity [2, 3, 10, 64].

Pregnant women with hypothyroidism have a higher incidence of early miscarriage,
preterm delivery and complications such as placental abruption and preeclampsia [65].
Many micronutrients are required for normal maternal thyroid function (and consequently
normal pregnancy) including iodine [21], magnesium [66], vitamin A [67], Vitamin B-12
[68], zinc and copper [69], and selenium [70]. Selenium supplementation reduces maternal
thyroid inflammation and the incidence of hypothyroidism, perhaps due to up-regulation of
glutathione peroxidase or iodothyronine deiodinase activities [71]. Recurrent early
pregnancy loss and reduced selenium concentrations have been linked in two separate
studies [72, 73].

Deficiencies in zinc and iron have been associated with alterations in parturition that
has been linked alteration in the release of placental corticotropin releasing hormone [74].
Across the course of gestation, micronutrients are important in supporting maternal
homeostasis and pregnancy associated hemodynamic, cardiovascular, renal, and
gastrointestinal adaptations. However, additional research is required to elucidate

mechanisms by which micronutrients may support or respond to these changes [2].

3.2 Placental

The placenta plays a vital role in supporting the developing fetus through the supply
of nutrients, gaseous and waste exchange, immunologic protection and release of hormones
to regulate metabolism, fetal growth, and parturition [75]. Across gestation, functional
changes in the placenta occur that accommodate the metabolic demands of the developing

fetus, including alterations in the surface area for nutrient exchange, the number and type of
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nutrient transporters, blood flow, metabolic rate, and hormone production [2, 10, 75]. In
pregnancies complicated by micronutrient insufficiency, placental nutrient-specific
transporters may be up-regulated to maintain fetal supply and transport against the maternal
concentration gradient (for example, vitamins B6, B12 and C, folate, iron, zinc), however
this is not the case for all micronutrients [10].

Many micronutrients affect endothelial function and can therefore play a role in
normal placentation and pregnancy disorders such as hypertension and preeclampsia; for
example by reducing the uterine-artery resistance index [76]. Deficiencies of B-complex
vitamins and folate are common and result in homocysteinaemia, which can also cause
endothelial cell dysfunction [6]. Micronutrients are also key to the synthesis of endogenous
antioxidant systems that indirectly affect endothelial function and protect the embryo from
oxidative stress. Endogenous antioxidants include glutathione peroxidases (selenium),
thioredoxin reductases (selenium) and superoxide dismutases (copper, zinc, and
manganese). Micronutrient deficiencies in the periconceptional period and first trimester
have been associated with placental oxidative stress and complications of pregnancy such as
preterm delivery and preeclampsia [77]. Molecular mechanisms controlling placental
vascularization have been associated with micronutrient status. Increased levels of vitamins
D and E may promote placental expression of angiogenic factors, including vascular
endothelial growth factor which may have a role in preeclampsia [78, 79]. There is also
evidence that immune and metabolic functions in the placenta are modulated by vitamin D
[80, 81].

One-carbon metabolism functions as a critical metabolic integrator of nutrient status
and is regulated by micronutrients including folic acid, choline, vitamin B12, and omega-3
fatty acids. One carbon metabolism integrates carbon units from amino acids and results in

the biosynthesis of lipids, nucleotides and proteins, the maintenance of redox status, and the
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substrates for methylation reactions. These all influence processes in the placenta and play a
role in fetal programming [82]. Maternal micronutrient imbalance (excess folic acid with
vitamin B12 deficiency) reduced methylene tetrahydrofolate reductase (MTHFR) mRNA
and methionine synthase mRNA in rat placenta, but increased mRNA for cystathionine b-
synthase (CBS) and Phosphatidylethanolamine-N-methyltransferase (PEMT) as compared
to control [83]. Supplementation of pregnant dams with Omega-3 normalized CBS and
MTHFR mRNA levels [83]. Therefore the adverse effects of imbalanced maternal diet may
be due to altered regulation of genes involved in the one carbon cycle. This cycle is also
necessary for DNA methylation and a study has shown that the global DNA methylation
levels were higher in women delivering small for gestation age infants as compared to
women delivering appropriate for gestation age infants at term [84]. Additionally lower
methylation levels were described in preterm placenta [84] that may alter epigenetic
programming of the developing fetus.

In utero perturbations that do not lead to overt fetal dysfunction can also have
ongoing effects into adulthood. Human and animal studies have demonstrated that females
exposed to diets moderately deficient in one or more macro or micronutrient(s) during
pregnancy develop subtle placental or fetal adaptations that are not detected at birth.
Moderate organ deficits commonly identified in offspring of mothers exposed to insufficient
macronutrient levels include reduced nephron endowment [85], lower beta cell mass [86], or
cardiomyocyte deficit/immaturity [87]. Micronutrient deficiencies in pregnancy often cause
even more subtle long term organ deficits. Moderate magnesium deficiency during
pregnancy impairs placental development [88] and, while nephron number is not reduced,
induces subtle renal deficits in offspring [89]. Similarly vitamin D deficiency has been
shown to not affect offspring cardiomyocyte number or maturity but cause left ventricular

hypertrophy in offspring [90]. A recent clinical study similarly demonstrated links between
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vitamin D deficiency and offspring disease; with autism-related traits in children at six years
of age associated with low vitamin D during pregnancy [91]. As mentioned above, some of
the long term effects of micronutrient deficits on offspring health may be due to altered one
carbon metabolism and methylation in utero. Suboptimal folate levels that are not severe
enough to cause neural tube deficits have been shown to cause subtle health deficits in
offspring. Mice exposed to folate deficiency prior to pregnancy, and throughout pregnancy
and lactation, having increased metabolic disease outcomes in offspring when exposed to a

high fat diet [92].

3.4 Fetal

Micronutrient status has important implications for fetal organ development and
function during pregnancy and later in life. An increased risk of cardio-metabolic diseases
such as obesity, insulin resistance and dyslipidemia are associated with deficiencies in
vitamins A and E, copper, iron, magnesium and zinc [93]. It has been postulated that such
risk may be associated with structural abnormalities of the kidney, pancreas, heart and
vasculature [94, 95]. In relation to neurological development, significant evidence surrounds
the role of folate in supporting the development of the neural tube, and deficiencies in
micronutrients including iron, zinc, copper, choline, iodine, and vitamin D have been
suggested to affect structural brain development, function, and neurochemistry [96]. Despite
associations from longitudinal cohort analyses, randomized antenatal micronutrient
supplementation trials have failed provided strong evidence to support long-term impacts of
supplementation on motor or cognitive function, although benefits were observed in studies

where women were poorly nourished [6, 8].
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4. Conclusions

Maternal under nutrition and associated micronutrient deficiencies remain
widespread globally. This is the case for not only the developing world but also the
developed world, where the consumption of macronutrient dense, yet micronutrient poor
foods may result in a growing population of mothers with suboptimal micronutrient intakes
[8]. Although a healthy diet remains the preferred means for meeting micronutrient
requirements, the physiological challenges of pregnancy may require additional nutritional
support [2, 3].

Despite retrospective associations and in vitro evidence to support the benefits of
micronutrient supplementation in supporting the maternal, placental and fetal homeostasis
during pregnancy, prospective randomised trials have not yet yielded significant evidence to
support routine supplementation outside of the developing world [6, 8]. In response,
consideration must be given to variations in specific micronutrient supplement preparations,
population characteristics, timing of supplement provision and cohort size when designing
further studies.

The possibility that trace element supplementation could prevent life-threatening
complication of pregnancy and improve longer term outcomes of survival, cognition, and
cardio-metabolic risk in offspring warrants further investigation [2, 5]. Larger trials should
be undertaken, especially in poorer economies where the intake of trace elements is lower
and the need for routine supplementation is greater [6]. Multiple micronutrient
supplementation may be a cost effective, applicable, and safe method of improving
pregnancy outcomes for millions of women across the globe and it is imperative that we
develop our understand of specific micronutrient interactions and the biological mechanisms

that underpin their effects.
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