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Objective: In this review we sought to determine the clinical benefits and safety of
a multiple micronutrient supplement/supplementation (MMS) throughout precon-
ception, pregnancy, and lactation in the mother and their child.

Background: No guidelines for pregnancy specifically recommend supplementa-
tion with micronutrients other than folic acid and iron or continuing the use of
MMS beyond the first trimester. Yet micronutrients are essential during all stages of
pregnancy for healthy fetal growth and development and maternal health, with
an increased intake of many micronutrients recommended during pregnancy and
lactation. The MMS reviewed (Elevit, Bayer) is the most studied prenatal form of
MMS, supported by 30 publications reporting studies conducted worldwide over
30years and used by millions of women over a period of 40 years. Until now, the
data have not yet been consolidated.

Methods: We performed a literature search to identify published studies for trials
that used MMS at any stage of the pregnancy journey.

Results: Outcomes reported in 30 trials suggested that MMS improves micronu-
trient status, leads to a healthier reproductive environment during preconception,
and can significantly reduce neural tube defects and congenital abnormalities in
early pregnancy above and beyond supplementation with folic acid alone. We also
found that MMS can reduce adverse pregnancy outcomes during the second and
third trimesters, including miscarriage, pre-eclampsia, anemia, preterm birth, and
placental insufficiency, and improve docosahexaenoic acid status. In addition,
MMS improves the quality of breastmilk and reduces postpartum depression. Using
MMS containing 800ug folic acid is more effective than supplementing with
400 ug folic acid alone. Very few adverse events were reported in infants, almost
all of which were considered unrelated to MMS intake. In one cohort,
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periconceptual MMS in children was linked to higher rates of otitis media and
atopic dermatitis than placebo, but these results may be partly attributed to multi-
ple hypothesis testing and differences in family history, respectively.

Conclusion: Improving micronutrient status with MMS in women who are trying
to conceive, pregnant, or breastfeeding may have beneficial effects on fertility, the
integrity of the embryonic environment, development of the embryonic brain and
nervous system, and the growth, development, and long-term health of the child.
Key words: adverse pregnancy outcomes, birth defects, multiple micronutrient supplementation,

preconception, pregnancy.

INTRODUCTION

Good Nutrition During the First 1000 Days of Life is
Essential

There is strong evidence to suggest that early life—con-
ceptualized as the “first 1000 days of life” (including pre-
conception, fetal life, and the first 2 years of infancy)—
has an impact on health trajectories in later life.'”
Maternal nutritional status has a major influence on
fetal development and maternal health during these first
1000 days, and optimizing dietary intake is a basic step
toward a healthy pregnancy.*® Epigenetics play a vital
role during gestation, when the fetus experiences a crit-
ical period of plasticity—suboptimal nutrition during
this time can induce epigenetic changes, specifically
DNA methylation. DNA methylation patterns are a fun-
damental part of the embryonic development program
and are necessary for gene regulation and normal cog-
nitive function, for example—but if not precisely regu-
lated, DNA methylation can adversely reprogram the
phenotype of an individual and affect future health.®”®
Micronutrients in particular are essential for reproduc-
tive health, required at every stage during preconcep-
tion, pregnancy, and lactation™'’ (Figure 1), and dietary
reference intake guidelines worldwide recommend
increased intake during pregnancy and lactation to
address increased demands during development of the
placenta and fetus.'' ™'

In the preconception period, for example, adequate
nutrition and levels of micronutrients such as folate,
vitamin D, and trace elements, including iron, zinc, and
copper, are required for cell division, cellular membrane
stability, DNA synthesis, antioxidant capability, and
oocyte quality and maturation, all of which are linked to
fertility and the potential for implantation.'®”*" When
conception is successful, the normal development of the
embryo and fetus depends entirely on the supply of
nutrients from the mother—therefore, her nutritional
state is of paramount importance. Micronutrients, par-
ticularly folate and other B vitamins (B2, B6, B12), are
essential for neural tube closure, which normally occurs
within 4 weeks after conception; if closure is incomplete

at this time, there is a risk of neural tube defects
(NTDs)** that can lead to serious complications such as
spina bifida and anencephaly. A dose-response relation-
ship has been demonstrated between early pregnancy
red blood cell (RBC) folate levels and the risk of
NTDs.> Folate insufficiency also leads to high levels of
homocysteine—an amino acid produced when proteins
break down, and a risk factor for adverse pregnancy
outcomes, including NTDs, miscarriage (the most com-
mon complication of early pregnancy), preeclampsia,
preterm birth, and poor fetal growth.'®**** The risk of
these and other adverse pregnancy outcomes can also
be increased by anemia (which can occur when folate
and vitamins B2 and B12 are insufficient) and iron-
deficient anemia (IDA; which may develop if iron stores
become depleted).”® Oxidative stress in the placenta,
caused by an imbalance between oxidants and antioxi-
dants such as vitamins A, C, and E, can contribute to
first-trimester miscarriage.””

Micronutrients are also essential to support a grow-
ing baby during lactation.”® Adequate supplies of critical
nutrients in breast milk are required for brain develop-
ment and cognitive function, bone growth, immune
functions, and the general health of the baby; micronu-
trient deficiencies can lead, for example, to blindness
(vitamin A), rickets (vitamin D), anemia (iron), mucosal
bleeding and scurvy (vitamin C), and seizures, depression,
and neurological disorders (various B vitamins).*?* !
Micronutrients have essential roles in many neuronal
functions and regulate mental processes in the baby, and
also in the mother, in whom the lack of certain vitamins
and minerals (eg, the B vitamins, vitamin D, zinc, iron,
omega-3 fatty acids) can adversely affect mental process-
ing, leading to postnatal depression.*”

Micronutrient Levels May Be Insufficient During
Conception and Pregnancy

Despite general awareness of the need for good nutri-
tion during preconception and throughout pregnancy,
mothers may not always find it possible to meet nutri-
tional needs, and it may be difficult to consume the
daily recommended levels of essential micronutrients,
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Figure 1. Examples of Some of the Key Roles of Micronutrients Throughout Preconception, Pregnancy, and Lactation. Abbreviations: DHA,
docosahexaenoic acid; Lut, lutein; RDA, recommended dietary allowance; Vit, vitamin.

which are required in higher amounts during this
time.""'* For example, 69% of women of reproductive
age worldwide (equivalent to 1.2 billion women) have
been found to present with deficient levels of iron, zinc,
and/or folate.” In addition, many women may not even
realize they are pregnant and will not have prepared for
pregnancy, increasing their risk of micronutrient insuf-
ficiency. This “hidden hunger” can occur without any
signs or symptoms in the mother, but can have long-
term adverse effects on the growing baby.”*°
Micronutrient deficiencies are more common in devel-
oping countries, where food sources may be more lim-
ited,”**” but food insecurity and food deserts are
prominent global health problems.*®

Even when relevant food sources are available,
many different factors contribute to inadequate micro-
nutrient levels in women, such as a lack of awareness of
healthy food sources, dietary choices (eg, a vegan or
vegetarian diet), and religious and cultural aspects (such
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as long, concealing clothing) or excessive use of sun
blocker, which may both lead to insufficient sun expo-
sure, and pre-existing metabolic disorders such as obe-
sity, diabetes, and polycystic ovary syndrome.> *'
Furthermore, many toxic chemicals that may be
ingested during nutrient intake (eg, heavy metals, per-
sistent organic pollutants, air pollutants, alcohol, and
toxins obtained from smoking, etc.) impair the normal
absorption and metabolism of both macro- and micro-
nutrients, predisposing individuals toward impaired
metabolism.** Thus, even in industrialized countries,
where nutritious food is more available, micronutrient
levels are often below recommended levels in women of
child-bearing age and women who are pregnant.*>**
This situation is exacerbated by a lack of awareness in
women themselves about the specific impact of
adequate nutrition throughout the pregnancy journey,
particularly the reasons why it is so important to adopt
appropriate nutritional practices during this time.*” Yet
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women have a strong desire for nutritional issues to be
addressed by clinicians during routine antenatal
appointments,*® and the use of a simple nutrition
checklist could help to identify women with suboptimal
dietary quality in early pregnancy.*’

Supplementation With Multiple Micronutrients
Should Continue Throughout Pregnancy and
Lactation

In addition to nutritional guidance, preconceptional
care guidelines generally recommend that women
increase their folate intake before conception and until
the end of the first trimester—a simple measure that has
been proven to minimize the occurrence of NTDs.**
This increase in folate most often occurs in the form of
a daily supplement that contains at least 400 ug folic
acid to address periconceptional needs. Fortification of
food with folic acid (eg, in flour) is also mandatory in
69 countries, while 47 have voluntary fortification
(some countries like China do not fortify food with
folate); mandatory fortification results in the highest
mean plasma folate levels and the lowest prevalence of
NTDs.*” Furthermore, it has been recommended that
oral contraceptives should contain folic acid to help pre-
vent birth defects in women who become pregnant after
they stop taking birth control pills.”® It should be noted
that approximately 8 weeks after supplementation with
folic acid has ended, RBC folate concentrations decline
to levels that are no longer protective against NTDs
(<906 nmol/L**).”!

However, several gaps remain in current pericon-
ceptional guidelines. Nutrition and micronutrients are
barely mentioned in guidelines in the field of fertility,
including those for in vitro fertilization (IVF). In most
pregnancy guidelines (eg, those provided by the
WHO™), 400 ug folic acid is generally recommended
but only until the end of the first trimester. In addition,
only a few countries, such as China, the United States,
and Canada, recommend 400-800/1000 ug folic acid
and concomitant multiple micronutrients until the end
of the first trimester (China, United States) or before
conception and throughout the whole pregnancy
(Canada).”>>* In fact, preconceptional care guidelines
on supplementation with micronutrients other than
folic acid, iron, vitamin A, and iodine are uncommon—
although the International Federation of Gynecology
and Obstetrics (FIGO) does state that the benefits of
supplementing with multiple micronutrients outweigh
those observed with folic acid and iron with respect to
birth and pregnancy outcomes.'” Almost no guideline
recommends continuing supplementation with multiple
micronutrients after the end of the first trimester—even
though needs for some micronutrients, such as iron and

calcium, are increased during the second trimester, and
the levels of most micronutrients decrease during preg-
nancy unless supplemented.

A good rationale exists for providing women with
multiple micronutrient supplements during every stage
of pregnancy, not just preconception and the first tri-
mester.” As outlined in various guidelines for recom-
mended dietary allowances,! 12> many micronutrients
are required in higher amounts during conception,
pregnancy, and lactation. Sufficient levels of micronu-
trients not only support fertility’> and reduce the risk of
NTDs and other congenital abnormalities (CAs) during
early pregnancy,’® but also help to improve some of the
adverse outcomes associated with pregnancy, such as
anemia, pre-eclampsia, and miscarriage,””*® and
improve the nutritional quality of breastmilk during lac-
tation."” Maternal micronutrient status in the pericon-
ceptional period and throughout pregnancy and
lactation should be viewed as a continuum, not
regarded as a series of separate stages with respect to
micronutrient needs.”

In most women, a multiple micronutrient supple-
ment/supplementation (MMS) that has been specifically
tailored to the needs of pregnant women may be neces-
sary to address increased needs during pregnancy and
support the reproductive environment, with the aim of
improving pregnancy and maternal outcomes. It has
already been shown that many women in “high-
income” countries appear to have suboptimal levels of
folate (despite the well-advertised need for increased
intake during pregnancy), vitamin B12, vitamin D, cal-
cium, iodine, iron, and selenium.*>** Thus, it may be
necessary to recommend continued daily use of an
MMS throughout pregnancy and lactation, to meet the
increased micronutrient needs that extend beyond the
first trimester.

In this review we outline some of the studies that
have been performed with an MMS that was specifically
designed for use during all pregnancy stages, including
preconception, and has been widely used throughout
the world for over 40 years (Elevit, Bayer; Table 1). This
MMS brand was the first of its kind to be clinically
tested for the prevention of first-occurrence NTDs and
is recommended for daily use before conception and
throughout pregnancy and lactation to optimize preg-
nancy outcomes and minimize the potential for adverse
outcomes associated with pregnancy. To our knowldge,
this review is the first to consolidate data from these
studies, with the aim of providing a critical overview of
why supplementing with multiple micronutrients every
day—starting with the first thoughts of trying to con-
ceive right through to breastfeeding the baby—is essen-
tial to optimize reproductive health and the health of
the mother and child. Using the available evidence, it is
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Table 1. Overview of the vitamins and minerals in the reviewed multiple micronutrient supplement.

Vitamins® Amount Minerals® Amount Others® Amount
A€ 770 (RE) to 2200 ug Calcium 120-125 mg DHA 200 mg
B1 (thiamin) 1.3-1.6 mg Copper 0.9-1.0 mg EPA 80 mg
B2 (riboflavin) 1.4-1.8 mg lodine® 150-225 ug Lutein 250 ug
B3 (niacin) 12-19 mg Iron 9-60 mg

B5 (pantothenic acid) 5-10 mg Magnesium 57-100 mg

B6 (pyridoxine) 1.4-2.6 mg Manganese 1-2mg

B7 (biotin) 30-200 ug Phosphorus 125 mg

B9 (folic acid) ¢ 400-800 ug Selenium® 50-60 ug

B12 (cobalamin) 2.6-4.0 ug Zinc 7.5-11 mg

C 60-100 mg

D3 5-12.5 ug

E€ 6.5-15 mg

Abbreviations: DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; RE, retinol equivalents.
The specific formulation adheres to local guidelines and regulations within each country.

®Only included in some formulations.

“Different forms of vitamin A were used (eg, beta carotene), depending on formulation and geography.
dpartly in the form of L-5-methyltetrahydrofolate-calcium (L-5-MTHF-Ca) in some studies (NB. 225 ug L-5-MTHF-Ca corresponds to

200 ug folic acid).
€eg, alpha tocopherol.

important to determine whether there are clinical bene-
fits associated with (1) MMS vs no supplementation,
folic acid, or iron supplementation alone, and (2) con-
tinuing to use MMS into the second and third trimester
and beyond into the lactation period.

METHODS

A literature search was conducted (PubMed and refer-
ence lists within published studies) for trials using the
MMS (Elevit, Bayer) at any stage of the pregnancy jour-
ney. Only this specific brand of MMS was considered
because it has been used globally in clinical practice for
more than 4 decades. This MMS provides folic acid
(800 ug) and vitamins B6 and B12, as well as additional
micronutrients (Table 1) that are vital throughout every
stage of pregnancy”'? (Figure 1). Meta-analyses on folic
acid supplementation alone have clearly demonstrated
the need for this vitamin during preconception and
early pregnancy,””®' but mostly at a dose of around
400 pg of folate. Few studies have evaluated doses of
800 ug folic acid, and it is important to allay any poten-
tial concerns about using this dose during all pregnancy
stages. There is also a need to look at data beyond folic
acid, including the clinical efficacy and safety of supple-
menting with multiple micronutrients throughout preg-
nancy. This specific supplement was the first prenatal
MMS to have been evaluated in placebo-controlled,
randomized clinical trials (RCTs) that demonstrated its
efficacy at reducing birth defects. Several clinical studies
have also specifically looked at the benefits of this MMS
beyond minimizing the risk of NTDs, providing insight
into its impact on the risk of morning sickness, anemia,
pre-eclampsia, placental insufficiency, miscarriage, and
preterm delivery, as outlined below.

Nutrition Reviews® Vol. 00(00):1-20

Because of the considerable heterogeneity between
studies in terms of design, patient populations, compa-
rator groups, and study outcomes, it was not possible to
apply any synthesis methods or to examine the results
via meta-analysis. Therefore, we have provided a narra-
tive review of available studies, with data presented
descriptively per pregnancy stage and study population
group. We aimed to provide a concise overview of the
potential benefits of supplementing with multiple
micronutrients before, throughout, and beyond
pregnancy.

DISCUSSION
Characteristics of Identified Studies

Thirty studies (8 of which reported further analyses of
older studies included in our review) of women using
MMS or their offspring were identified (Table2):
Hungary (n=6, based on the same population; pub-
lished 1992-2004); Russia (n=6; 2005-2021); China
(n=15; 2013-2020); Germany (n=5; 2009-2020); Italy
(n=3; 2013-2020); Japan (n=2; 2021-2023); Turkey
(n=2, based on the same population; 2010-2011);
Australia and New Zealand (n=1; 2016). Four studies
were in healthy, nonpregnant women (all original
RCTs), 5 in women trying to conceive (1 original RCT),
5 in women undergoing IVF (2 original RCTs), 14 in
women at different stages of pregnancy (2 original
RCTs), and 2 postpartum (both original RCTs). Overall,
the use of MMS was studied in 19 864 women. At the
time the studies were conducted, and to the best of our
knowledge, food fortification with folic acid was not
mandatory apart from in Australia.
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Efficacy Outcomes Throughout the Pregnancy Journey After Using Multiple

Micronutrient Supplementation Compared to Control or Baseline (Further Details can be Found in Table S1). Abbreviations: CA, congenital
abnormalities; FF, follicular fluid; HCY, homocysteine; IDA, iron-deficiency anemia; NTD, neural tube defects; RBC, red blood cell. Vitamins:
FA, folic acid. Minerals: Al, aluminum; Ca, calcium; Cu, copper; Fe, iron, Mg, magnesium; Mn, manganese; P, phosphorus; Se, selenium; Zn,
zinc. Others: DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid.

Full details and key outcomes for each study can be
found in Table S1. The results presented below were all
statistically significant (P <.05), indicating improved
outcomes with MMS compared with control or baseline.
A summary of all studies showing significant efficacy
outcomes for MMS is also illustrated in Figure 2.
Figure 3 provides an evidence-based overview of the ben-
eficial effects of MMS throughout each pregnancy stage.

Impact of Supplementation with Multiple
Micronutrients

Preconception. A healthy reproductive environment is
essential when trying to conceive, which is supported by

an adequate supply of micronutrients. For example, the
metabolism of homocysteine is important for protein
synthesis and to reduce inflammation within the body,
a process that is dependent on folate and vitamins B6
and B12. When levels of these vitamins are low, homo-
cysteine levels increase.”” Even moderate hyperhomo-
cysteinemia is detrimental to reproductive health,
resulting in reduced cell division during oogenesis or
folliculogenesis, production of inflammatory cytokines,
changes in nitric oxide metabolism that can affect
oocyte production and fertilization, oxidative stress, cell
death, and impaired methylation reactions that can
reduce the production of healthy eggs.'® Prior to con-
ception, it is vital that RBC levels of folate reach a
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threshold that is protective against NTDs (>906 nmol/
L).>> Nucleotide synthesis and replication of DNA and
RNA all rely on folate—low folate levels can result in
incomplete closure of the neural tube and subsequent
defects of the embryonic brain and spine during the
first month of pregnancy.”*** Vitamin D is also impor-
tant, with immunomodulatory functions that can help
to regulate inflammation that might otherwise have an
adverse impact on fertility'’; serum concentrations
>50nmol/L are generally regarded as adequate in most
people.’* Furthermore, minerals and trace elements
have essential roles, such as hormone regulation during
the menstrual cycle, ensuring proper ovarian function
and ovulation, maintaining endometrium health and
receptivity for implantation, and regulating oxidative
stress via antioxidant processes to prevent damage to
cellular structures.'®'” Ovarian and uterine function is
also dependent on adequate oxygen transport—a proc-
ess in which iron, as an essential component of hemo-
globin, plays a vital role."®

Increasing RBC folate to levels protective against NTDs
and_reducing homocysteine during preconception. In
healthy women in Germany, administration of MMS
for 16 weeks led to a significant increase in RBC folate
compared with placebo, reaching protective levels
within 4 weeks.®>®* The increase was significantly
greater in women with lower baseline RBC folate levels
at baseline.®” Plasma folate also increased compared
with placebo, as did concentrations of vitamin B65364
and B2.%” Plasma vitamin B12 levels either increased®
or remained the same (compared to a decrease with pla-
cebo).®* In both studies, there was a significant decrease
in total homocysteine with MMS, compared to no
change or an increase with placebo.®>** Similar results
were observed in a Russian study of women planning
pregnancy, in whom the mean plasma folate was 5ng/
mL at baseline; by 12 weeks, there had been a significant
increase in folate levels across all women, including
those with gene variants in methylenetetrahydrofolate
reductase (MTHFR; an enzyme that plays a central role
in folate and homocysteine metabolism) and overweight
women.® In infertile women undergoing fertility treat-
ment in Japan, who had low plasma folate (<7.0 ng/mL)
and high homocysteine (>13.5nmol/L) at baseline,
serum folate levels had increased to >7.0 ng/mL in all
women and none had hyperhomocysteinemia after
4weeks of MMS (regardless of the presence of addi-
tional vitamin D).%® Increases in folate and decreases in
homocysteine to minimize the risk of NTDs were noted
across MTHFR genotypes after supplementation for
only 1 month. In a Russian study of women with hyper-
homocysteinemia and a history of recurrent miscar-
riage, MMS taken for 3 months during preconception
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and pregnancy significantly reduced blood homocys-
teine levels compared with baseline.”” In another study
of infertile women in Japan, this time in women with a
history of frozen embryo transfer failure, there was a
significant reduction in homocysteine after 12 weeks of
MMS use during preconception compared to similar
women who did not use MMS.%®

Other studies have explored whether higher doses
of folic acid—for example 800 ug instead of the usual
dose 400 ug—could confer additional benefits that
might offer better protection against the risk of NTDs
and other CAs, for example. In healthy German women,
most of whom had RBC folate levels <906 nmol/L at
baseline, supplementing with an MMS containing
800 ug folic acid led to significantly higher RBC folate
levels at 4 and 8 weeks than those seen with MMS con-
taining 400 pug folic acid.®® Furthermore, significantly
more women using the higher dose (84%) achieved pro-
tective levels after 8 weeks of supplementation com-
pared with women using the lower dose (55%). The
lower dose also led to an increase in RBC folate com-
pared with baseline, but levels were still mostly below
906 nmol/L at 4weeks. In a Chinese study, in women
with low serum folate levels (around 7 ng/mL) at base-
line who were actively trying to conceive, more women
achieved target RBC folate levels at 4 weeks in the group
who used MMS containing 800 ug folic acid (95.2%)
compared to the group taking 400 ug folic acid alone
(58.8%).”% In addition, there was a significant increase
in vitamin B12 with the higher dose (compared to no
significant change with the lower dose), accompanied
by a significantly greater decrease in homocysteine from
2 weeks until the end of the study at 8 weeks. These 2
studies indicate that more than 40% of women who use
400 pg folic acid alone will be unlikely to reach RBC
folate levels that are protective against NTDs within 4-
8 weeks. This finding is important because most women
will not realize that they are pregnant until at least
4 weeks have passed—thus, the ability to reach protec-
tive RBC folate levels in a shorter amount of time is vital
to reduce the risk of NTDs.

Addressing increased micronutrient needs for reproduc-

tive bealth. Supplementing with multiple micronutrients
also helps to address additional micronutrient needs
during preconception. For example, insufficient
vitamin D intake is widespread among women of child-
bearing age.*’ In healthy women in Germany, it has
been shown that MMS can increase levels of 25-hydrox-
yvitamin D [25(OH)D] to adequate levels (>50 nmol/
L)"'; although a significantly greater median increase
was seen with MMS containing 800 IU vs 2001U vita-
min D3 at 4 and 8 weeks, 70.4% of women using 200 IU

Nutrition Reviews® Vol. 00(00):1-20
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vitamin D3 were still able to reach adequate levels after
8 weeks.

In women undergoing IVF, severe dietary deficien-
cies of trace elements such as copper, selenium, and
zinc are commonly observed, along with higher follicu-
lar fluid (FF) levels of iron’? that are detrimental to the
reproductive environment.”” It has been demonstrated
that MMS had a normalizing effect on trace element
levels in women undergoing IVF in Turkey and China,
with significant increases in FF levels of copper,
zinc,”»”* and selenium”® with MMS taken for 45”% or
607* days before conception compared with placebo.
There was also a corresponding increase in serum levels
of copper, zinc,””’* selenium,”” and manganese,”* as
well as a significant reduction of iron levels in FF.”>”*

Reducing oxidative damage. Increased lipid peroxida-
tion and decreased levels of antioxidants have been
recorded in women undergoing IVF in Turkey com-
pared with healthy controls.”” When MMS was admin-
istered for 45days prior to conception in women
undergoing IVF, significant increases in vitamins A and
C and the peroxidase enzyme of the antioxidant gluta-
thione (GSH) were observed in FF, along with signifi-
cant increases in serum vitamins C and E and GSH.”
There were also corresponding significant decreases in
FF and serum levels of lipid peroxidation. When MMS
was administered for 3 months prior to a second IVF
cycle in Italy, the total antioxidant capacity in FF and
serum increased significantly compared to no treatment
in the first IVF cycle.”® This resulted in significant pro-
tection from oxidative damage in FF and serum pro-
teins. It was concluded that MMS, when started
3 months before the IVF cycle, protected the follicular
microenvironment from oxidative stress,”® which could
be linked to improved chances of conception.””

Improving fertility. Improving reproductive health by
using MMS during preconception, presumably via
mechanisms such as those outlined above, could help to
improve fertility. A recent analysis of infertile women
with a history of IVF or intracytoplasmic sperm injec-
tion failure in Japan found a significant inverse relation-
ship between homocysteine levels and serum 25(OH)D,
as well as a correlation between high homocysteine lev-
els and a lower rate of fertilization.*® Thus, the findings
that MMS decrease homocysteine levels®*****"® and
increase levels of serum 25(0OH)D,”! combined with its
normalizing effect on micronutrient levels, should have
a positive impact on fertility.

Although rarely evaluated in studies, use of MMS
throughout preconception in Hungary led to more reg-
ular menstrual cycles in healthy, well-nourished women
trying to conceive compared with placebo—mainly in

Nutrition Reviews® Vol. 00(00):1-20

women with irregular cycles.”® In addition, a signifi-
cantly higher rate of conception was observed in the
same population of women compared with placebo,
representing a 5% increase in fertility.”” The time
required to conceive was also significantly shorter with
MMS, which required fewer menstrual cycles to achieve
conception than placebo. It was concluded that the
mechanism for increased fertility may be related to
more regular menstrual cycles because of improved hor-
monal status.”’ Furthermore, in women who used MMS
for 3 months before their IVF cycle in Italy, significantly
fewer poor quality oocytes were retrieved and the subse-
quent ongoing pregnancy rate was significantly higher
compared to the cycle with no treatment.”®

First/Second Trimester. It is essential to continue taking
folic acid throughout the first trimester to ensure that
RBC folate levels remain above 906 nmol/L and to
reduce the risk of hyperhomocysteinemia that continues
to be detrimental throughout pregnancy, causing endo-
thelial dysfunction that can result in placental abrupt-
ion, fetal growth restriction, pre-eclampsia, and
recurrent miscarriage.”* Furthermore, it likely that the
increased intake recommended for other micronu-
trients during pregnancy (ie, vitamins Bl, B2, B3, B6,
B12, and C, iron, magnesium, selenium, zinc, and
iodine'"'>**"%%) can only be fully met by using a sup-
plement containing multiple micronutrients in addition
to folic acid—dietary intakes of folate; vitamins B2, B6,
B12, and D; and calcium, iron, and iodine, for example,
have been found to be insufficient to a variable degree
among pregnant women.*’

Lowering the risk of NTDs and other CAs during preg-
nancy. Analyses of results from thousands of pregnant
women in Hungary have confirmed the protective effect
of folic acid against the risk of NTDs and other CAs. In
the original RCT, MMS was compared against a placebo
containing trace elements (copper, manganese, zing,
and vitamin C), both taken throughout preconception
until the end of the first trimester. In the final pooled
analysis, no NTDs were reported in the MMS group
compared to 6 in the placebo group, and the difference
was found to be significant.*’ In addition, the rate of
CAs was significantly lower with MMS compared with
placebo, even after exclusion of the 6 NTDs in the pla-
cebo group. The reduction in CAs was mainly explained
by the reduction in the rates of congenital cardiovascu-
lar malformations, urinary system defects, and congeni-
tal hypertrophic pyloric stenosis. The author concluded
that the protective effect against CAs could be related to
the intake of folic acid plus other vitamins.*® In a later
2-cohort trial, women from a Hungarian RCT were
recruited at 14 weeks of gestation and matched against
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pregnant controls who had not used any micronutrient
supplement, to further evaluate the impact of MMS on
NTDs and other CAs.** It was observed that the risk of
NTDs was significantly lower with MMS than in con-
trols without MMS, with no increased risk in women
with a family history of NTDs. Furthermore, MMS led
to a significantly lower risk of cardiovascular CAs
(mainly due to fewer ventricular septal defects with
MMS) and stenosis/atresia of the pelvic ureteric junc-
tion. These results confirmed that MMS had protective
effects against NTDs and led to the primary prevention
of some major structural defects, even in women at high
risk of these adverse pregnancy outcomes.** Results in
women from both the Hungarian RCT*’ and the 2-
cohort trial®* were then compared against data for off-
spring included in the Hungarian Case-Control
Surveillance of Congenital Abnormalities (HCCSCA) .2
In the intervention trials,*»** MMS use vs no supple-
ment significantly reduced the risk of NTDs (odds ratio
[OR], 0.08), obstructive urinary CAs (OR, 0.19), cardio-
vascular CAs (OR, 0.57), and congenital pyloric stenosis
(OR, 0.20). The author concluded from these results
that MMS prevented 92% of NTDs.* Results from the
HCCSCA demonstrated that folic acid alone also pre-
vented NTDs (first month: OR, 0.68), as well as poste-
rior cleft palate (first month: OR, 0.50), cardiovascular
CAs (second month: OR, 0.75), rectal/anal atresia/
stenosis (second month: OR, 0.39), and new candidate
CA (hypospadias, poly/syndactyly, and multiple CA,
especially when taken during the first month).
However, MMS was found to be more effective than
folic acid alone at reducing the risk of both NTDs and
CAs. Thus, daily use of an MMS that includes 400-
800 pg folic acid was recommended with a healthy diet
and lifestyle in women to reduce the risk of NTDs and
some CAs.>

In a later study of women who became pregnant
after IVF in China, MMS use for 3 months from the day
of transplant resulted in no NTDs compared with 6
cases in similar women who did not use any supple-
ment.*® There was also a significant reduction in func-
tional CAs requiring correction in women with
hyperandrogenism in Russia who used MMS for 3-
6 months during preconception and throughout preg-
nancy compared to no supplementation.87

Lowering the risk of adverse pregnancy outcomes.
Morning sickness (nausea and vomiting) is common
during early pregnancy, affecting most women in their
first trimester, with many women trying often unusual
remedies in an attempt to alleviate the condition. It is
possible that insufficient levels of micronutrients, par-
ticularly vitamin B6, may contribute to morning sick-
ness.*” Early analysis of women in the Hungarian RCT
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found that using MMS compared to the trace element
placebo from preconception until the end of the first tri-
mester significantly lowered the rate of vertigo, nausea,
and vomiting both in early pregnancy and at the end of
the first trimester.” It was thought that this effect was
likely due to the combined effect of micronutrients that
optimized the nutritional status and metabolism in the
expectant mothers.

Pregnancy can also result in outcomes with more
serious consequences, such as the risk of miscarriage
and preterm delivery (affecting almost 8%-24%"" and
10% of all pregnancies,” respectively), pre-eclampsia,
anemia, and placental insufficiency. Many factors can
increase these risks. For example, hyperhomocysteine-
mia (a metabolic consequence of folate insufficiency)
increases the risk of complications related to the pla-
centa and has been associated with recurrent miscar-
riage, preterm birth, and pre-eclampsia.”* Hypertensive
disorders of pregnancy are one of the main causes of
maternal deaths worldwide (after hemorrhage),93 and
are issues that need to be addressed. The causes of pre-
eclampsia, which has a complex pathophysiology, are
multifactorial —but it can be exacerbated by certain
deficiencies of nutrients, such as vitamins D, C, and E
and minerals calcium, iron, and zinc.”**> An imbalance
between oxidants and antioxidants and the resulting
oxidative stress in the placenta is also a major risk factor
contributing to first-trimester miscarriage.”” It is possi-
ble that folic acid supplementation or MMS have the
potential to reduce the risk of miscarriage or
stillbirth.”>%”

In pregnant women hospitalized primarily for
threatened miscarriage in Russia, a 2-fold decrease in
homocysteine was observed in those who used MMS
during the first and second trimester compared with
baseline.”® In addition, MMS normalized total antioxi-
dant capacity and increased the total anti-radical activ-
ity in the second trimester. No increase in coagulative
potential was observed in most of these women, and no
premature or operative deliveries occurred. In the
Russian study in women with hyperhomocysteinemia
and a history of recurrent miscarriage who took MMS
for 3months during preconception and pregnancy,®’
there was a significant reduction in the incidence of
spontaneous miscarriage and nondeveloping pregnan-
cies—compared with previous pregnancies, the act of
delivery increased by 2.5 times, term birth increased by
4 times, and preterm birth decreased by 6.6 times.

In infertile women with MTHFR genotypes under-
going fertility treatment in Japan, who had been supple-
mented with MMS (with or without additional
vitamin D) for 6 months, it was observed that no women
had hyperhomocysteinemia after 1month of MMS
use.®® Furthermore, there was no significant difference
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in the rate of miscarriage (total <8.7%) associated with
MTHFR genotypes in pregnant women. In another
study of infertile women in Japan, this time with a his-
tory of frozen embryo transfer failure, there was signifi-
cant decrease in the rate of miscarriage in pregnant
women who had used MMS for 12 weeks compared to
controls (women recruited using the same criteria, but
who did not use MMS).%®

Other studies have also shown a beneficial effect of
MMS on the rate of miscarriage. In hyperandrogenic
women in Russia, there was a signiﬁcant reduction in
the rate of threatened miscarriage in pregnant women
who used MMS compared to those who did not.*” In a
Chinese study, pregnant women with a history of unex-
plained recurrent miscarriage were supplemented with
MMS for 3 months before conception and until the end
of the first trimester (plus acetylsalicylic acid 100 mg for
3 months before conception then 75 mg and prednisone
5mg throughout).”” In these women, there was a signif-
icantly higher rate of successful treatment (defined as a
12-week pregnancy with an obvious embryo and
embryonic heart revealed by ultrasound examination,
nuchal translucency thickness <0.25 cm, size consistent
with gestational age, and no early malformation) than
in women who used folic acid alone (400 ug) during the
same period.

Using MMS during pregnancy has also been shown
to have a beneficial effect on the risk of pre-eclampsia.
In pregnant women in Russia hospitalized primarily for
threatened miscarriage, in whom there had been a sig-
nificant reduction in homocysteine compared with
baseline, mild pre-eclampsia was still present after using
MMS during the first and second trimester—however,
the rate (5.5%) was lower than normally seen in the gen-
eral population.”® In pregnant women who had been
stratified by weight in Australia and New Zealand, the
overall occurrence of pre-eclampsia was significantly
lower in pregnant women who used MMS during the
first trimester than in the control group who used either
folic acid (400 ug) alone or no supplement.'® After
adjustment, the risk of pre-eclampsia remained signifi-
cantly lower in pregnant women who used MMS com-
pared with those who used no supplement (OR, 0.33),
and in overweight or obese pregnant women who used
MMS (OR, 0.48); the protective effect of MMS increased
with increasing body mass index (overweight women,
OR, 0.45; obese women, OR, 0.38). In an analysis in
China, a significant reduction in pre-eclampsia was
observed in pregnant women who used MMS in early
pregnancy or throughout pregnancy compared to
women who used only folic acid (400 pg) alone.'”!

The increased systemic requirements for iron dur-
ing pregnancy can deplete iron stores within the body
and increase the risk of IDA, unless those stores are
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replenished; deficiencies in folate and vitamin B2
(water-soluble vitamins that cannot be stored in the
body) and vitamin B12 also contribute to the risk of
anemia.’® Anemia is a common problem throughout
the world, even in developed countries (where intake of
all of these micronutrients is often inadequate*’) and is
associated with adverse impacts on maternal and fetal
health.*®

In pregnant women hospitalized primarily for
threatened miscarriage in Russia, use of MMS (contain-
ing 60 mg iron) during the first and second trimester
had an effective preventive role in IDA.”® Compared to
baseline, there was no decrease in hemoglobin by the
second trimester and a significant increase in serum
iron levels to normal physiological values, while the lev-
els of ferritin and transferrin transport proteins did not
change significantly. An analysis performed in China
has also shown that using MMS (containing 60 mg iron)
in early pregnancy or throughout pregnancy signifi-
cantly reduced the incidence of IDA compared to folic
acid (400 pg) alone.'*! Significant reductions in the inci-
dence of fetal macrosomia and postpartum hemorrhage
were also observed when MMS was taken during the
whole pregnancy, as well as a significantly lower risk of
intrahepatic cholestasis of pregnancy, premature birth,
postpartum hemorrhage, and low birth weight when
MMS was taken during early pregnancy.

Reducing the risk of anemia during pregnancy
could also have a beneficial effect on the risk of placen-
tal insufficiency.'”® In both healthy pregnant women
and those with a hyperandrogenic condition (a high-
risk group of women with respect to premature deliv-
eries and placental insufficiency) in Russia, there was a
significantly lower rate of IDA and a lower risk of pla-
cental insufficiency when MMS (containing 60 mg iron)
was used for 3-6 months preconception and throughout
gestation compared to similar pregnant women who
did not use a supplement.®’

Second and Third Trimester. The benefits of continued
supplementation with multiple micronutrients have
been found to extend throughout the second and third
trimester, particularly in women at higher risk of
adverse pregnancy outcomes, and may include benefi-
cial effects on maternal health and support during fetal
growth. For example, an analysis of pregnant women
with anemia, pre-eclampsia, or thyroid disorders in
Russia determined that MMS taken in the second and
third trimester addressed deficiencies in folic acid, iron,
magnesium, and other trace substances; had a beneficial
effect on the course of pregnancy; and decreased the
rate of obstetric complications.'” In anemic pregnant
women (who had low folate, hemoglobin, erythrocyte,
and hematocrit levels at baseline), MMS (which
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included 60 mg of iron) increased folate levels to phys-
iological levels and significantly increased magnesium
and iron.'"” In pregnant women with pre-eclampsia,
MMS significantly increased folic acid, phosphorous,
magnesium, calcium, and iron levels by the end of
pregnancy.'® In all pregnant women with anemia or
pre-eclampsia, there was a significant increase in hemo-
globin, erythrocytes, hematocrit, and serum iron by the
end of pregnancy.'” In pregnant women with thyroid
disorders, MMS (which did not contain iodine) signifi-
cantly increased folic acid, phosphorous, and iron.'** It
was concluded that the MMS used was effective for the
prevention and combination treatment of mild and
moderate anemia and pre-eclampsia and enabled indi-
vidual and appropriate hormonal correlation with
iodine drugs in women with thyroid disorders.'®’

In another Russian study in pregnant women who
used MMS from the early stages of pregnancy and con-
tinued throughout all trimesters and postpartum, it was
determined that the subsequent regulation of micronu-
trient intake during pregnancy resulted in improve-
ments in obstetric and perinatal outcomes.'”* It was
observed that in women not using MMS regularly or at
all during pregnancy, multiple hypovitaminosis was
common and was significantly associated with obstetric
and perinatal complications, including maternal ane-
mia, chronic fetal hypoxia, acute maternal infectious
diseases during pregnancy, pathological delivery in
mothers, adaptation disorders, perinatal damage in the
central nervous system (CNS), and acute infectious dis-
eases in neonates.'”* However, regular use of MMS
(containing 60 mg of iron plus additional potassium
iodide, 250 ug) significantly increased blood levels of
iron, copper, zinc, and selenium, as well as vitamins A,
E, C, Bl, and B2 in the third trimester. In addition,
MMS significantly reduced the rates of pre-eclampsia,
anemia, chronic fetal hypoxia, acute maternal infectious
diseases, and active labor abnormalities in mothers.
Furthermore, there was a significant reduction in dis-
harmonic physical development, adaptation disorders,
perinatal damage in the CNS, and acute infectious dis-
eases in neonates.'” These results confirmed the value
and expediency of continuous micronutrient supple-
mentation throughout pregnancy.

Docosahexaenoic acid (DHA) is an omega-3 fatty
acid that plays a key role in the development of the fetal
brain and begins to rapidly accumulate after the first tri-
mester, when the neural tube has closed and gray matter
begins to form.'*>'% However, the body is not efficient
at producing DHA,'"” and the levels of DHA available
to the fetus are governed by the maternal diet.'”
Furthermore, low dietary intake and blood levels of
DHA and eicosapentaenoic acid (EPA; another omega-
3 fatty acid) are associated with an increased risk of
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preterm birth."® Thus, supplementation with MMS
that contains DHA could be beneficial. An additional
intake of DHA >100-200mg/d is recommended in
pregnant women, preferably beginning in the second
trimester of pregnancy (no later than 20 weeks of gesta-
tion) and continuing until childbirth.'” It has been
shown in an RCT that in pregnant women in Italy who
used MMS (400 pg folate) plus DHA (200 mg) from ges-
tational week 13 to 15, there was a significantly greater
increase in RBC DHA levels than in women who did
not use any supplement; the increases in RBC DHA
were greater in women with lower levels at baseline,
and all women had reached the RBC DHA threshold
(5%) by the end of the study.''” In addition, there was a
significantly better RBC DHA/total fatty acids ratio and
omega-3 index and higher 25(OH)D levels with MMS
compared to no treatment. In the infants born to moth-
ers who used MMS, there was a significantly thicker
skinfold thickness and greater bone density compared
to infants whose mothers did not use a supplement.''’
The authors concluded that using MMS plus DHA in
pregnant women in industrialized countries can com-
plement dietary intake and significantly improve mater-
nal DHA and vitamin D status—an important finding
considering the essential roles of DHA and vitamin D
during pregnancy.''’

Postpartum. Exclusive breastfeeding is the recom-
mended feeding method for the first 6 months of an
infant’s life. Thus, the increased need for micronutrients
continues into the lactation period, to support maternal
health and neonatal growth and development.'""
However, it has been shown that women in Russia who
were not regularly using MMS or were not using MMS
at all during pregnancy had low concentrations (ie,
50%-60% below normal values) of vitamins A, B1, B2,
and C and beta-carotenoids, iodine, Fe, Zn, and Se in
the breast milk of lactating women.'** In addition, accu-
mulation of DHA in the infant brain continues for up
to 2years,111 so a constant maternal intake is necessary
to support breastfed babies. Also needed is a regular
supply of lutein—a carotenoid that preferentially accu-
mulates in the infant brain and has an impact on retinal
function.'"” In lactating women with no overt nutri-
tional deficiencies in Germany, macro- and micronu-
trient intake from food alone was often shown to be
insufficient."'? Therefore, it is important to continue
using MMS during lactation to address the increased
micronutrient needs, because the nutritional status of
the mother determines the quality of breastmilk.

In a German RCT of healthy lactating women from
high-income countries, use of MMS (containing 500 ug
folic acid plus 200 mg DHA and 250 ug lutein) during
the lactation period led to significant increases in
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maternal milk levels of DHA, EPA, and beta-carotene,
and maternal blood levels of DHA, EPA, 25(OH)D,
folate, vitamin B12, lutein, and beta-carotene—all of
which decreased with placebo.'"” There was also a sig-
nificant decrease in maternal blood levels of homocys-
teine with MMS compared to an increase with placebo;
docosatetraenoic acid (an omega-6 fatty acid that can
have proinflammatory effects on accumulation''®)
decreased with MMS and placebo, but to a significantly
greater extent in the MMS group.'"”

Insufficient levels of micronutrients, particularly
the B vitamins, vitamin D, and trace minerals, have
been implicated in the etiology of postpartum depres-
sion—a relatively common and often severe mood dis-
order that can develop in women after childbirth.'"
Low maternal serum vitamin D levels also increase the
risk of depression during pregnancy—thought to affect
10%-20% of women in high-income countries''°*—with
a subsequent increased risk of postpartum depres-
sion."'” Anemia is also another risk factor for maternal
depression.''® An RCT in Italy of healthy women with-
out risk factors for depression compared the use of
MMS 3-30days after delivery to supplementation with
calcium (500mg) plus vitamin D3 (400 U).1%?
Significant and comparable increases in anemia-related
indicators were observed in both supplemented groups,
including blood iron, hemoglobin, and ferritin.
However, there was a significantly greater improvement
in postnatal depression (ie, decrease in Edinburgh
Depression Postnatal scale [EPDS] score) with MMS vs
the control supplement, which was particularly evident
in women with a basal EPDS score <12.""” It was con-
cluded that MMS favorably modulated brain functions
antagonizing the evolution to postpartum depression.

Safety of MMS

In total, this review included 10 studies that reported
the occurrence of any adverse effects in women (5 in

healthy, nonpregnant women®7%>%%7L, 4 in pregnant

13y Two studies

women®”?>*®11% 1 in lactating women
specifically looked at any potential safety issues in
infants after maternal supplementation from precon-
ception until the end of the first trimester,'**'*" while
any adverse events reported in offspring were also out-
lined in another 2 studies.''®'"® Full details can be
found in Table S2. As outlined below, these studies indi-
cate that this MMS (which has been used by millions of
women worldwide) throughout preconception, preg-
nancy, and lactation has a good safety and tolerability
profile, with no long-lasting or serious adverse effects
on maternal health or on the developing fetus.

Nutrition Reviews® Vol. 00(00):1-20

Safety Profile in Women. Overall, the use of MMS dur-
ing preconception and throughout pregnancy has been
found to be well tolerated in women (n = 1263), with
no significant differences in adverse events compared
with no supplementation,''* placebo,®****>''* or sup-
plementation with a lower dose of folic acid
(400 ug).*>”" The most commonly reported treatment-
related adverse events were associated with gastrointes-
tinal intolerability.*>*®''* Only 1 study, conducted in
Germany, reported that gastrointestinal complaints,
including diarrhea, nausea, and flatulence, occurred
more often with MMS than placebo.”* No adverse
events led to treatment discontinuation, and no severe
or serious adverse events were reported, including
death, with the exception of 1 study in Italy, in which
the death was unrelated to treatment.'' In the studies
that evaluated laboratory parameters for safety, includ-
ing kidney and liver function, parameters were within
normal ranges.''” Some studies have evaluated whether
there is an association between micronutrient intake
and gestational diabetes (a common complication of
pregnancy), with inconclusive results.'**'** In the clini-
cal trials included in this review, there were no reports
of a higher risk of gestational diabetes mellitus or mac-
rosomia after intake of 800 ug folic acid throughout pre-
conception, pregnancy, and lactation.

Safety Profile in Infants. In infants, 1 study in Germany
reported that there were no treatment-related adverse
events with MMS,"''? while another study in Italy stated
that 1 woman had a treatment-emergent adverse event
pertinent to the fetus/child that led to permanent dis-
continuation; however, whether the event was suspected
to be treatment related was not reported.''® There has
been some concern that excessive supplementation with
folic acid could cause epigenetic effects and long-term
health problems, including the risk of neonatal death,
via modulation of DNA methylation. However, these
concerns were not reflected in the Hungarian studies
that evaluated postnatal somatic and mental develop-
ment after periconceptional MMS either in the short
term (n=1809 infants)'*® or over a longer period of 2
or 6 years (n =323 infants)."*! No significant differences
between infants after maternal MMS or placebo were
found in the short term in terms of mortality, overall
rates of serious or chronic disorders, somatic develop-
ment (body weight and length, head circumference),
mental and behavioral development, and social skill
quotient.””® There was a significantly higher rate of
atopic dermatitis in MMS infants, but 4 of the 15 chil-
dren had a parent with atopic dermatitis.'** There was
also a significantly higher rate of asthma and wheezy
bronchitis in MMS infants; once again, 6 of the 26 chil-
dren affected had a positive family history, in contrast
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to none of the maternal placebo infants. As this study
did not include a sensitivity analysis to determine
whether the higher rate with MMS remained significant
after removing children with a family history, it may be
advisable to evaluate any allergenic potential in future
studies. Long-term follow-up over 2 and 6years con-
firmed that there were no adverse effects of periconcep-
tional MMS on the long-term postnatal somatic and
mental development of children.'*' There were no sig-
nificant differences between infants after maternal
MMS or placebo in terms of overall rate of allergies
(including atopic dermatitis), anthropometric data,
ophthalmological and audiological examinations, devel-
opmental variables, and intelligence or development
quotients. However, there was a significantly higher rate
of otitis media after maternal MMS, which was border-
line significant at 2 years and slightly more significant at
6 years; it was suggested that this result might have been
the consequence of chance due to multiple compari-
sons, but required further investigation. There were no
reports of teratogenic effects (which may have been a
concern with long-term use of a supplement containing
vitamin A).

CONCLUSION

Good nutrition during the first 1000 days of life is vital
for maternal health, normal development of the fetal
body and brain, and long-term health of the child. An
inadequate supply of micronutrients—whether when
trying to conceive, during pregnancy, or when breast-
feeding—has adverse effects on fertility, integrity of the
embryonic environment, development of the embryonic
brain and nervous system, and the growth, develop-
ment, and long-term health of the child.

Yet despite awareness of the importance of mater-
nal nutrition, micronutrient status is often inadequate
in women of child-bearing age and pregnant women,
even in industrialized countries. Supplementing with
folic acid is already widely recommended to prevent
NTDs—but supplementation with multiple micronu-
trients that have been specifically tailored for pregnancy
is also important for prevention of multiple birth defects
and to address the “hidden hunger” and fully support
maternal and fetal health. Supplementation with MMS
may also be necessary in women struggling to conceive
and can help to improve the reproductive environ-
ment—a concept that to our knowledge is not currently
discussed in fertility guidelines.

The MMS reviewed here (Elevit) has a strong herit-
age, having been used by millions of women for more
than 40 years. To our knowledge, this MMS brand is the
most studied prenatal multiple micronutrient, sup-
ported by 30 publications conducted in many countries
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worldwide over 30years (from 1992 to 2023). These
studies demonstrate that supplementing with multiple
micronutrients that are required throughout every stage
of pregnancy (Figure 1) has beneficial effects (Figure 3),
as outlined below.

During preconception, MMS increased micronu-
trient levels (iron, vitamin D, copper, zinc, selenium,
manganese) in blood and/or FF (apart from a decrease
of iron in FF) and increased antioxidant levels (vitamins
A, C, and E, and GSH), thereby reducing lipid peroxida-
tion and oxidative stress. These actions led to a healthier
reproductive environment that supported and improved
fertility—including women who were undergoing IVF,
in whom MMS normalized micronutrient levels in
serum and FF and homocysteine concentrations, and
reduced the risk of oxidative stress. In addition, MMS
with 800 ug folic acid increased RBC folate to levels pro-
tective against NTDs (>906 nmol/L) in 4 weeks;
increased levels of vitamins B2, B6, and B12; and low-
ered the risk of hyperhomocysteinemia in all women,
including those with MTHFR genotype mutations that
can affect their ability to process folic acid.

In early pregnancy, MMS with 800 ug folic acid
plus vitamin B6 and B12 prevented 92% of NTDs, with
a significantly lower risk even in women with a family
history of NTDs. There was also a significant reduction
in other CAs, ie, obstructive urinary CAs (by 81%), car-
diovascular CAs (43%), and congenital pyloric stenosis
(80%). For both NTDs and CAs, MMS was more effec-
tive than supplementing with folic acid alone. It should
be noted that supplementing with inositol may also
reduce the risk of NTDs'**; however, further research is
required to support this pilot trial. Furthermore, MMS
reduced the risk of nausea, vomiting, and miscarriage
(attributed to the combined effect of micronutrients
that optimized the nutritional status and metabolism).
Early use of MMS also reduced the risk of pre-
eclampsia, especially in overweight or obese women,
while using MMS that contained 60 mg iron from pre-
conception or the first trimester reduced the risk of ane-
mia later in the pregnancy journey.

During the second and third trimester, MMS con-
tinued to normalize micronutrient levels (ie, folic acid,
iron, calcium, magnesium, copper, zinc, and vitamins
A, E, C, Bl, and B2) and thereby reduced adverse preg-
nancy outcomes. These included miscarriage (via a
reduction in hyperhomocysteinemia; the reduction was
also seen across women with various MTHFR genotypes
and those at increased risk of miscarriage), pre-
eclampsia, anemia (including IDA, via improvements in
iron status and anemia indicators such as hemoglobin,
hematocrit, ferritin, and transferrin transport proteins),
preterm births, and placental insufficiency (in healthy
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women and those at high risk). Maternal DHA and vita-
min D status also improved.

Postpartum, MMS improved the quality of breast
milk (ie, increased maternal milk levels of omega-3 fatty
acids [DHA, EPA] and beta-carotene, increased maternal
blood levels of DHA, EPA, 25(0OH)D, folate, vitamin B12,
lutein, and beta-carotene, decreased levels of the omega-6
fatty acid docosatetraenoic acid), and reduced postpar-
tum depression by favorably modulating brain functions
(likely via normalizing levels of various micronutrients).

The MMS reviewed, which contains 800 pg folic
acid, was significantly more effective than 400 pg folic
acid alone in terms of (1) quickly increasing RBC folate
to protective levels at 4 weeks (vs 400 pg folic acid alone
and MMS containing 400 ug folic acid), significantly
reducing homocysteine levels from 2 weeks, and
increasing vitamin B12 levels; (2) increasing the chance
of a healthy pregnancy at 12 weeks in women at risk of
miscarriage; (3) significantly reducing the risk of pre-
eclampsia during the first trimester and throughout
pregnancy; and (4) significantly reducing the risk of
IDA and subsequent adverse pregnancy outcomes (for
MMS containing 60 mg iron—which is within WHO
recommendations of 30-60 mg in areas with a high
prevalence of anemia'?).

Intake of MMS throughout pregnancy did not result
in a higher frequency of adverse events or complications
compared to no supplement, placebo, or 400 ug folic
acid, apart from some instances of increased mild gastro-
intestinal ~ complaints compared with  placebo.
Significantly higher rates of atopic dermatitis, asthma,
and wheezy bronchitis were noted with MMS in chil-
dren, albeit including those with a family history of such
conditions; thus, further investigation into the allergenic
potential of MMS may be required, as well as for the
impact of MMS on the risk of otitis media in young chil-
dren. None of the clinical studies included reported food
allergies after MMS, or the occurrence of autism spec-
trum disorder (ASD) in the study in older children.'*!
In fact, studies that have specifically evaluated the impact
of exposure to folic acid before and during pregnancy
found that the risk of ASD decreased in infants with
maternal folic acid supplementation compared to infants
without maternal nutritional supplementation.'*>™'*®
These findings do not support assertions that higher lev-
els of folic acid, particularly in countries where food is
fortified with folic acid, could lead to increased levels of
unmetabolized folic acid and thus a higher risk of these
conditions.'”” There were no reports of an adverse
impact on liver or kidney function.

Women’s nutrition and health during the “first
1000 days of life” play an important role in the intergen-
erational transmission of human health capital, with the
potential to improve future health, happiness, longevity,
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and economic progress. The health of the next genera-
tion will benefit through reduced risk of stunting, obe-
sity, chronic noncommunicable diseases, and improved
cognitive and behavioral development. Yet a holistic
approach to nutrition in pregnancy is currently lacking.
The usual advice to take folic acid until week 12 may be
insufficient for a healthy pregnancy. Gynecologists, mid-
wives, and mothers-to-be are generally unaware of cur-
rent recommendations, and many obstetricians and
midwives do not provide advice on nutrition. It has been
advised by FIGO that obstetricians and midwives have
an important role to play in optimizing nutrition for the
mother and baby,* and FIGO also recommends MMS
for pregnant women who do not attain an adequate diet.
Well-nourished women may not need MMS to satisfy
the daily requirements—but in the absence of a careful
evaluation by a nutritionist, it is prudent to recommend
an MMS. Ideally, nutritional monitoring and laboratory
tests could in the future help to personalize supplemen-
tation and ensure that the necessary nutrients are pro-
vided safely in doses appropriate to each woman
considering pregnancy. In the meantime, the specific
content of MMS formulations may evolve (for example,
it is possible that higher levels of vitamin D could lead to
more beneficial results)—but this very much depends on
current evidence and local guidelines and regulations.

In this review we have shown that using MMS
throughout the entire pregnancy journey (from precon-
ception to pregnancy and breastfeeding), rather than
preconception and the first trimester alone, can support
maternal nutritional needs and the healthy development
of the baby. However, there is a need for more health-
care providers to recommend the use of MMS during
every stage of pregnancy, and help increase the use of
MMS worldwide. It is imperative that this simple and
proven intervention—used alongside a healthy, bal-
anced diet where possible, and under the guidance of a
healthcare professional (who should consider the indi-
vidual needs of the woman and monitor any pre-
existing conditions)—becomes a common and accepted
practice in women planning a pregnancy and that such
a supplement is easily available to all women worldwide
to help optimize pregnancy outcomes. Currently, no
guidelines for pregnancy specifically recommend sup-
plementing with vitamins and minerals other than folic
acid and iron, or continuing use beyond the first trimes-
ter. This is a situation that, based on the evidence, could
be addressed in the future.

Acknowledgments
The draft manuscript was prepared by Deborah Nock

(Medical WriteAway, Norwich, UK) with full review
and approval by all authors.

17

Gz0z AInr 1 uo 1sanb Aq 981,661 8/6.201BNUALINU/SE0 | "0 | /IOP/[0IIB-80UBAPE/SMSIASIUONLINU/WO2 dNo olwapede//:sdiy Woll papeojumo(]



Author Contributions. ].L. and K.M. contributed equally
to this work and should be considered co-first authors.
J.L and L.K contributed significantly to the conception
and design of the review and searching of the articles. J.
L. and K.M participated in the data interpretation and
planning of the review. J.L., K.M., and G.C.DiR. partici-
pated in guiding the review and critical revision of the
article. J.L., KM, LK., Z.C.G., 0.G,, KK,, HQ., N.T,,
and G.C.DiR. revised, reviewed and approved the final
manuscript.

Supplementary Material

Supplementary Material is available at Nutrition Reviews
online.

Funding. The review was conceived and designed by
Bayer employees (J.L., K.M., L.K.), in collaboration with
all coauthors. The manuscript was reviewed and
approved by Bayer prior to submission. Open access
funding was provided by Bayer Healthcare Company
Limited, Shanghai, China. The authors declare that no
additional grants or other support were received during
the preparation of this manuscript.

Conflicts of Interest

JL, KM., and LK. are all employees of Bayer. The
other authors declare that they have no conflicts of
interests.

REFERENCES

1. Schwarzenberg SJ, Georgieff MK; Committee on NUTRITION. Advocacy for
improving nutrition in the first 1000 days to support childhood development
and adult health. Pediatrics. 2018;141:€20173716.

2. 1000 Days. Why 1000 days. 2024. https://thousanddays.org/why-1000-days/
(accessed 9 Aug 2024).

3. Victora CG, Adair L, Fall C, et al; Maternal and Child Undernutrition Study
Group. Maternal and child undernutrition: consequences for adult health and
human capital. Lancet. 2008;371:340-357.

4. Hamner HC, Nelson JM, Sharma AJ, et al. Improving nutrition in the first 1000
days in the United States: a federal perspective. Am J Public Health. 2022;112:
$817-5825.

5. Marshall NE, Abrams B, Barbour LA, et al. The importance of nutrition in preg-
nancy and lactation: lifelong consequences. Am J Obstet Gynecol.
2022;226:607-632.

6. Chmurzynska A. Fetal programming: link between early nutrition, DNA methyla-
tion, and complex diseases. Nutr Rev. 2010;68:87-98.

7. Lee HS. Impact of maternal diet on the epigenome during in utero life and the
developmental programming of diseases in childhood and adulthood. Nutrients.
2015;7:9492-9507.

8. Moore LD, Le T, Fan G. DNA methylation and its basic function.
Neuropsychopharmacology. 2013;38:23-38.

9. Beluska-Turkan K, Korczak R, Hartell B, et al. Nutritional gaps and supplementa-
tion in the first 1000 days. Nutrients. 2019;11:2891.

10. Farias PM, Marcelino G, Santana LF, et al. Minerals in pregnancy and their impact
on child growth and development. Molecules. 2020;25:5630.

11.  European Food Safety Authority. Dietary reference values for the EU: DRV finder.
2019. https://www.efsa.europa.eu/en/interactive-pages/drvs. Date accessed
August 5, 2024.

18

20.

21.

22

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

Institute of Medicine. Dietary reference intakes for calcium and vitamin D. 2011.
www.ncbi.nim.nih.gov/books/NBK56068/. Date accessed August 4, 2024.
Jouanne M, Oddoux S, No€l A, Voisin-Chiret AS. Nutrient requirements during
pregnancy and lactation. Nutrients. 2021;13:692.

World Health Organization. Nutritional interventions update: multiple micronu-
trient supplements during pregnancy. WHO antenatal care recommendations
for a positive pregnancy experience. 2020. Accessed February 10, 2025. https://
www.who.int/publications/i/item/9789240007789

Hanson MA, Bardsley A, De-Regil LM, et al. The International Federation of
Gynecology and Obstetrics (FIGO) recommendations on adolescent, preconcep-
tion, and maternal nutrition: “Think Nutrition First”. Int J Gynaecol Obstet. 2015;
131:5213-253.

Forges T, Monnier-Barbarino P, Alberto JM, Guéant-Rodriguez RM, Daval JL,
Guéant JL. Impact of folate and homocysteine metabolism on human reproduc-
tive health. Hum Reprod Update. 2007;13:225-238.

Berry S, Seidler K, Neil J. Vitamin D deficiency and female infertility: a mecha-
nism review examining the role of vitamin D in ovulatory dysfunction as a
symptom of polycystic ovary syndrome. J Reprod Immunol. 2022;151:103633.
Kapper C, Oppelt P, Ganhor C, et al. Minerals and the menstrual cycle: impacts
on ovulation and endometrial health. Nutrients. 2024;16:1008.

Grzeszczak K, Kwiatkowski S, Kosik-Bogacka D. The role of Fe, Zn, and Cu in
pregnancy. Biomolecules. 2020;10:1176.

Meng X, Zhang J, Wan Q, et al. Influence of Vitamin D supplementation on
reproductive outcomes of infertile patients: a systematic review and meta-anal-
ysis. Reprod Biol Endocrinol. 2023;21:17.

Fleming TP, Watkins AJ, Velazquez MA, et al. Origins of lifetime health around
the time of conception: causes and consequences. Lancet. 2018;391:1842-1852.
Barry MJ, Nicholson WK, Silverstein M, et al. US Preventive Services Task Force.
Folic acid supplementation to prevent neural tube defects: US Preventive
Services Task Force reaffirmation recommendation statement. JAMA.
2023;330:454-459.

Cordero AM, Crider KS, Rogers LM, Cannon MJ, Berry RJ. Optimal serum and red
blood cell folate concentrations in women of reproductive age for prevention of
neural tube defects: World Health Organization guidelines. MMWR Morb Mortal
Wkly Rep. 2015;64:421-423.

Thakur P, Bhalerao A. High homocysteine levels during pregnancy and its asso-
ciation with placenta-mediated complications: a scoping review. Cureus.
2023;15:e35244.

Balashova OA, Visina O, Borodinsky LN. Folate action in nervous system devel-
opment and disease. Dev Neurobiol. 2018;78:391-402.

Garzon S, Cacciato PM, Certelli C, Salvaggio C, Magliarditi M, Rizzo G. Iron defi-
ciency anemia in pregnancy: novel approaches for an old problem. Oman Med J.
2020;35:e166.

Jo6 JG, Sulyok E, Bodis J, Kornya L. Disrupted balance of the oxidant-antioxidant
system in the pathophysiology of female reproduction: oxidative stress and
adverse pregnancy outcomes. Curr Issues Mol Biol. 2023;45:8091-8111.

Dror DK, Allen LH. Overview of nutrients in human milk. Adv Nutr.
2018;9:2785-294S.

Saros L, Hart K, Koivuniemi E, Egan B, Raats M, Laitinen K. Micronutrient supple-
ment recommendations in pregnancy vary across a geographically diverse
range of countries: a narrative review. Nutr Res. 2024;123:18-37.

Savarino G, Corsello A, Corsello G. Macronutrient balance and micronutrient
amounts through growth and development. /tal J Pediatr. 2021;47:109.

Prentice S. They are what you eat: can nutritional factors during gestation and
early infancy modulate the neonatal immune response? Front Immunol.
2017;8:1641.

Zielinska M, tuszczki E, Deren K. Dietary nutrient deficiencies and risk of depres-
sion (review article 2018-2023). Nutrients. 2023;15:2433.

Stevens GA, Beal T, Mbuya MNN, Luo H, Neufeld LM, Global Micronutrient
Deficiencies Research Group Micronutrient deficiencies among preschool-aged
children and women of reproductive age worldwide: a pooled analysis of
individual-level data from population-representative surveys. Lancet Glob
Health. 2022;10:21590-e1599.

Gernand AD, Schulze KJ, Stewart CP, West Jr KP, Christian P. Micronutrient defi-
ciencies in pregnancy worldwide: Health effects and prevention. Nat Rev
Endocrinol. 2016;12:274-289.

Likhar A, Patil MS. Importance of maternal nutrition in the first 1,000 days of life
and its effects on child development: a narrative review. Cureus. 2022;14:
e30083.

Indrio F, Martini S, Francavilla R, et al. Epigenetic matters: the link between early
nutrition, microbiome, and long-term health development. Front Pediatr.
2017;5:178.

Miiller O, Krawinkel M. Malnutrition and health in developing countries. CMAJ.
2005;173:279-286.

Di Renzo GC, Tosto V. Food insecurity, food deserts, reproduction and preg-
nancy: we should alert from now. J Matern Fetal Neonatal Med.
2022;35:9119-9121.

Lapik IA, Galchenko AV, Gapparova KM. Micronutrient status in obese patients:
a narrative review. Obesity Medicine. 2020;18:100224.

Nutrition Reviews® Vol. 00(00):1-20

Gz0z AInr 1 uo 1sanb Aq 981,661 8/6.201BNUALINU/SE0 | "0 | /IOP/[0IIB-80UBAPE/SMSIASIUONLINU/WO2 dNo olwapede//:sdiy Woll papeojumo(]


https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuaf079#supplementary-data
https://thousanddays.org/why-1000-days/
https://www.efsa.europa.eu/en/interactive-pages/drvs
http://www.ncbi.nlm.nih.gov/books/NBK56068/
https://www.who.int/publications/i/item/9789240007789
https://www.who.int/publications/i/item/9789240007789

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Younes S. The role of micronutrients on the treatment of diabetes. Hum Nutr
Metabol. 2024;35:200238.

Saei Ghare Naz M, Jahanfar S, Ramezani Tehrani F. An overview on effects of
micronutrients and macronutrients interventions in management of polycystic
ovary syndrome. Clin Nutr ESPEN. 2022;52:218-228.

Arun M, Kuchi Bhotla H, Tsibizova V, et al. Nutrition paves the way to environ-
mental toxicants and influences fetal development during pregnancy. Best Pract
Res Clin Obstetr Gynaecol. 2023;89:102351.

Schaefer E. Micronutrient deficiency in women living in industrialized countries
during the reproductive years: is there a basis for supplementation with multi-
ple micronutrients? J Nutr Disorders Ther. 2016;06:199.

Parisi F, Laoreti A, Cetin I. Multiple micronutrient needs in pregnancy in industri-
alized countries. Ann Nutr Metab. 2014;65:13-21.

Furness D, Huynh NKT, Kaufmann L, et al. Real-world insights on nutritional
awareness and behaviors among preconception and pregnant women in three
Asia Pacific countries. Front Glob Womens Health. 2024;5:1332555.

Killeen SL, Callaghan SL, Jacob CM, Hanson MA, McAuliffe FM. “It only takes two
minutes to ask” -a qualitative study with women on using the FIGO Nutrition
Checklist in pregnancy. Int J Gynaecol Obstet. 2020;151(suppl 1):45-50.

Tsoi KY, Chan RSM, Li LS, et al. Evaluation of dietary pattern in early pregnancy
using the FIGO Nutrition Checklist compared to a food frequency questionnaire.
Int J Gynaecol Obstet. 2020;151 suppl 1:37-44.

Greenberg JA, Bell SJ, Guan Y, Yu YH. Folic Acid supplementation and preg-
nancy: more than just neural tube defect prevention. Rev Obstet Gynecol.
2011;4:52-59.

Quinn M, Halsey J, Sherliker P, et al. Global heterogeneity in folic acid fortifica-
tion policies and implications for prevention of neural tube defects and stroke: a
systematic review. eClinicalMedicine. 2024;67:102366.

Lassi ZS, Bhutta ZA. Clinical utility of folate-containing oral contraceptives. Int J
Womens Health. 2012;4:185-190.

Pietrzik K, Lamers Y, Bramswig S, Prinz-Langenohl R. Calculation of red blood
cell folate steady state conditions and elimination kinetics after daily supple-
mentation with various folate forms and doses in women of childbearing age.
Am J Clin Nutr. 2007;86:1414-1419.

Wilson RD, O'Connor DL. Guideline no. 427: folic acid and multivitamin supple-
mentation for prevention of folic acid-sensitive congenital anomalies. J Obstet
Gynaecol Can. 2022;44:707-719.e1.

Keats EC, Haider BA, Tam E, Bhutta ZA. Multiple-micronutrient supplementation
for women during pregnancy. Cochrane Database Syst Rev. 2019;3:CD004905.
Obstetrics Subgroup, Chinese Society of Obstetrics and Gynecology, Chinese
Medical Association. [Guideline of preconception and prenatal care (2018)].
Zhonghua Fu Chan Ke Za Zhi. 2018;53:7-13.

Schaefer E, Nock D. The impact of preconceptional multiple-micronutrient sup-
plementation on female fertility. Clin Med Insights Womens Health.
2019;12:1179562x19843868.

Czeizel AE, Bartfai Z, Banhidy F. Primary prevention of neural-tube defects and
some other congenital abnormalities by folic acid and multivitamins: history,
missed opportunity and tasks. Ther Adv Drug Saf. 2011;2:173-188.

Tuncalp O, Rogers LM, Lawrie TA, et al. WHO recommendations on antenatal
nutrition: an update on multiple micronutrient supplements. BMJ Global Health.
2020;5:003375.

Ahmadi R, Ziaei S, Parsay S. Association between nutritional status with sponta-
neous abortion. Int J Fertil Steril. 2017;10:337-342.

Allen L. Multiple micronutrients in pregnancy and lactation: an overview. Am J
Clin Nutr. 2005;81:12065-1212S.

Jian M, Wang J, Sun H. [Meta-analysis of effect of intervention with folic acid on
neural tube defects]. Wei Sheng Yan Jiu. 2009;38:682-684.

De-Regil LM, Pena-Rosas JP, Fernandez-Gaxiola AC, Rayco-Solon P. Effects and
safety of periconceptional oral folate supplementation for preventing birth
defects. Cochrane Database Syst Rev. 2015;2015:CD007950.

Kumar A, Palfrey HA, Pathak R, Kadowitz PJ, Gettys TW, Murthy SN. The metabo-
lism and significance of homocysteine in nutrition and health. Nutr Metab.
2017;14:78.

Bramswig S, Prinz-Langenohl R, Lamers Y, et al. Supplementation with a multivi-
tamin containing 800 microg of folic acid shortens the time to reach the preven-
tive red blood cell folate concentration in healthy women. Int J Vitam Nutr Res.
2009;79:61-70.

Schaefer E, Bieri G, Sancak O, Barella L, Maggini S. A randomized, placebo-
controlled trial in women of childbearing age to assess the effect of folic acid
and methyl-tetrahydrofolate on erythrocyte folate levels. Vitam Miner.
2016;05:134.

Radzinsky VE, Klimova Ol, Mingaleva NV, et al., eds. Combating Deficiency:
Following the new WHO Recommendations (2020). Overcoming Vitamin and
Mineral Deficiencies as a Component of Pregnancy Management. StatusPraesens;
2021.

Kuroda K, Horikawa T, Gekka Y, et al. Effects of periconceptional multivitamin
supplementation on folate and homocysteine levels depending on genetic var-
iants of methyltetrahydrofolate reductase in infertile Japanese women.
Nutrients. 2021;13:1381.

Nutrition Reviews® Vol. 00(00):1-20

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9.

92.

93.

Arzhanova ON, Alyabyeva EA, Shlyahtenko TN. Hyperhomocysteinemia in
women with recurrent miscarriage. Gynecol J. 2009;5:53-55.

Ogawa S, Ota K, Takahashi T, Yoshida H. Impact of homocysteine as a precon-
ceptional screening factor for in vitro fertilization and prevention of miscarriage
with folic acid supplementation following frozen-thawed embryo transfer: a
hospital-based retrospective cohort study. Nutrients. 2023;15:3730.

Obeid R, Schon C, Wilhelm M, Shrestha RP, Pilz S, Pietrzik K. Response of red
blood cell folate to supplementation in nonpregnant women is predictable: a
proposal  for personalized supplementation. Mol Nutr Food Res.
2018;62:1700537.

Wang Y, Yu Q, Chen R, Cao Y, Feng W, Zhang Y. A comparative study on the
administration of multi-vitamin tablets or single folic acid tablets to achieve
erythrocyte  folic acid threshold concentration. J Reprod Med.
2017;26:1196-1206.

Pilz S, Hahn A, Schon C, Wilhelm M, Obeid R. Effect of two different multimicro-
nutrient supplements on vitamin D status in women of childbearing age: A
randomized trial. Nutrients. 2017;9: Pii:E30.

Ozkaya MO, Naziroglu M, Barak C, Berkkanoglu M. Effects of multivitamin/min-
eral supplementation on trace element levels in serum and follicular fluid of
women undergoing in vitro fertilization (IVF). Biol Trace Elem Res. 2011;139:1-9.
Ni Z, Li Y, Song D, et al. Iron-overloaded follicular fluid increases the risk of
endometriosis-related infertility by triggering granulosa cell ferroptosis and
oocyte dysmaturity. Cell Death Dis. 2022;13:579.

Sun N-X, Xu C, Zhang Q, Lu X-M, Li W. Impact of multivitamin supplementation
on trace element levels in serum and follicular fluid of women undergoing
in vitro fertilisation. J Development Med. 2013;1:74-77.

Ozkaya MO, Naziroglu M. Multivitamin and mineral supplementation modulates
oxidative stress and antioxidant vitamin levels in serum and follicular fluid of
women undergoing in vitro fertilization. Fertil Steril. 2010;94:2465-2466.

Luddi A, Capaldo A, Focarelli R, et al. Antioxidants reduce oxidative stress in fol-
licular fluid of aged women undergoing IVF. Reprod Biol Endocrinol. 2016;14:57.
Zaha |, Muresan M, Tulcan G, et al. The role of oxidative stress in infertility. J Pers
Med. 2023;13:1264.

Dudas I, Rockenbauer M, Czeizel AE. The effect of preconceptional multivitamin
supplementation on the menstrual cycle. Arch Gynecol Obstet.
1995;256:115-123.

Czeizel AE, Métneki J, Dudas I. The effect of preconceptional multivitamin sup-
plementation on fertility. Int J Vitam Nutr Res. 1996;66:55-58.

FIGO Working Group on Good Clinical Practice in Maternal-Fetal Medicine.
Good clinical practice advice: micronutrients in the periconceptional period and
pregnancy. Int J Gynecol Obstet. 2019;144:317-321.

Abraha |, Bonacini MI, Montedori A, et al. Oral iron-based interventions for pre-
vention of critical outcomes in pregnancy and postnatal care: an overview and
update of systematic reviews. J Evid Based Med. 2019;12:155-166.

FIGO Working Group on Good Clinical Practice in Maternal-Fetal Medicine.
Good clinical practice advice: iron deficiency anemia in pregnancy. Int J
Gynaecol Obstet. 2019;144:322-324.

Czeizel AE. The final data base of congenital abnormalities in the Hungarian
randomised controlled trial of periconceptional multivitamin supplementation.
Acta Paediatr Hung. 1994;34:19-44.

Czeizel AE, Dob6 M, Vargha P. Hungarian cohort-controlled trial of periconcep-
tional multivitamin supplementation shows a reduction in certain congenital
abnormalities. Birth Defects Res A Clin Mol Teratol. 2004;70:853-861.

Czeizel AE. The primary prevention of birth defects: multivitamins or folic acid?
Int J Med Sci. 2004;1:50-61.

Sun Y, Dong X, Zhang H. Clinical analysis on preventive effect of multivitamin
on fetal neural tube defect after IVF-ET. Matern Child Health Care China.
2013;28:1199-1203.

Pasman NM, Dudareva AV, Demina SG, Seemenova NV, Bukhanovskaya IR.
Experience in use of a multivitamin complex “Elevit Pronatal” in preconceptional
period and during pregnancy for prevention of gestational complications in
women with hyperandrogenic conditions. Gynecol J. 2005;1:18-21.

Organization of Teratology Information Specialists (OTIS). Nausea and Vomiting
in Pregnancy (NVP). Mother To Baby | Fact Sheets [Internet]. Brentwood (TN)
2024.

Linus Pauling Institute. Micronutrient needs during pregnancy and lactation.
2024. Accessed accessed Aug 5, 2024. https://Ipi.oregonstate.edu/mic/life-
stages/pregnancy-lactation

Czeizel AE, Dudas |, Fritz G, Técsoi A, Hanck A, Kunovits G. The effect of pericon-
ceptional multivitamin-mineral supplementation on vertigo, nausea and vomit-
ing in the first trimester of pregnancy. Arch Gynecol Obstet. 1992;251:181-185.
NICE (National Institute for Health and Care Excellence). Miscarriage. 2023.
Accessed February 10, 2025. https://cks.nice.org.uk/topics/miscarriage/

Ohuma EO, Moller A-B, Bradley E, et al. National, regional, and global estimates
of preterm birth in 2020, with trends from 2010: a systematic analysis. Lancet.
2023;402:1261-1271.

World Health Organization. Maternal mortality: key facts. April 26, 2024.
Accessed October 14, 2024. https://www.who.int/news-room/fact-sheets/detail/
maternal-mortality

19

Gz0z AInr 1 uo 1sanb Aq 981,661 8/6.201BNUALINU/SE0 | "0 | /IOP/[0IIB-80UBAPE/SMSIASIUONLINU/WO2 dNo olwapede//:sdiy Woll papeojumo(]


https://lpi.oregonstate.edu/mic/life-stages/pregnancy-lactation
https://lpi.oregonstate.edu/mic/life-stages/pregnancy-lactation
https://cks.nice.org.uk/topics/miscarriage/
https://www.who.int/news-room/fact-sheets/detail/maternal-mortality
https://www.who.int/news-room/fact-sheets/detail/maternal-mortality

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Purswani JM, Gala P, Dwarkanath P, Larkin HM, Kurpad A, Mehta S. The role of
vitamin D in pre-eclampsia: a systematic review. BMC Pregnancy Childbirth.
2017;17:231.

Kinshella MW, Omar S, Scherbinsky K, et al; PRECISE Conceptual Framework
Working Group. Maternal nutritional risk factors for pre-eclampsia incidence:
Findings from a narrative scoping review. Reprod Health. 2022;19:188.

Gaskins AJ, Rich-Edwards JW, Hauser R, et al. Maternal prepregnancy folate
intake and risk of spontaneous abortion and stillbirth. Obstet Gynecol.
2014;124:23-31.

Balogun 0O, da Silva Lopes K, Ota E, et al. Vitamin supplementation for prevent-
ing miscarriage. Cochrane Database Syst Rev. 2016,2016:CD004073.

Mozgovaya E, Prokopenko V, Oparina T, Novikova T. Assessment of clinical effi-
cacy of multivitamin and mineral complex Elevit Pronatal in prevention of iron
deficiency anaemia and gestosis in pregnant women. Obstet Gynecol (Moscow).
2011;4:89-94.

Ou H, Yu Q. Efficacy of aspirin, prednisone, and multivitamin triple therapy in
treating unexplained recurrent spontaneous abortion: a cohort study. Int J
Gynaecol Obstet. 2020;148:21-26.

Vanderlelie J, Scott R, Shibl R, Lewkowicz J, Perkins A, Scuffham PA. First trimes-
ter multivitamin/mineral use is associated with reduced risk of pre-eclampsia
among overweight and obese women. Matern Child Nutr. 2016;12:339-348.

Lin S, Xinghui L, Peng C, et al. Retrospective cohort study of supplemental multi-
vitamins during pregnancy and pregnancy outcome. Chinese J Pract Gynaecol
Obstet. 2020;36:177-181.

Wardinger JE, Ambati S. Placental insufficiency [updated 2022 Oct 3]. In:
StatPearls [internet]. StatPearls Publishing; 2025. https://www.ncbi.nlm.nih.gov/
books/NBK563171/

Khodova SI, Murashko LE. Correction of deficiency of vitamins, minerals and
trace substances during pregnancy. Influence of the multivitamin supplement
Elevit on the blood composition of trace substances in pregnant women with
anaemia, gestosis and thyroid disorders. Consilium Medicum. 2006;6:20-23.
Kurmacheva NA, Rogozhina IE, Chernenkov YV, Panina OS. Efficacy of Elevit®
vitamin-mineral complex pronatal from early pregnancy for improvement of
obstetric and perinatal outcomes. Gynecology. 2018;20:19-25.

Rees A, Sirois S, Wearden A. Prenatal maternal docosahexaenoic acid intake and
infant information processing at 4.5mo and 9mo: a longitudinal study. PLoS
One. 2019;14: E 0210984.

Darnell D, Gilbert SF. Neuroembryology. Wiley Interdiscip Rev Dev Biol.
2017;6:10.1002/wdev.215.

Delgado-Noguera MF, Calvache JA, Bonfill Cosp X, Kotanidou EP, Galli-
Tsinopoulou A. Supplementation with long chain polyunsaturated fatty acids
(LCPUFA) to breastfeeding mothers for improving child growth and develop-
ment. Cochrane Database Syst Rev. 2015;2015:Cd007901.

Best KP, Gibson RA, Makrides M. ISSFAL statement number 7—Omega-3 fatty
acids during pregnancy to reduce preterm birth. Prostaglandins Leukot Essent
Fatty Acids. 2022;186:102495.

Cetin |, Carlson SE, Burden C, et al. Clinical practice guideline on behalf of Asia
Pacific Health Association (Pediatric-Neonatology Branch), Child Health
Foundation (Stiftung Kindergesundheit), European Academy of Paediatrics,
European Board & College of Obstetrics and Gynaecology, European
Foundation for the Care of Newborn Infants, European Society for Paediatric
Research, and International Society for Developmental Origins of Health and
Disease. Omega-3 fatty acid supply in pregnancy for risk reduction of preterm
and early preterm birth. Am J Obstet Gynecol MFM. 2024;6:101251.

Massari M, Novielli C, Mando C, et al. Multiple micronutrients and docosahexae-
noic acid supplementation during pregnancy: a randomized controlled study.
Nutrients. 2020;12:2432.

11

112

113.

114.

115.

116.

17.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Carlson SE, Colombo J. Docosahexaenoic acid and arachidonic acid nutrition in
early development. Adv Pediatr. 2016;63:453-471.

Landrum JT, Bone RA. Lutein, zeaxanthin, and the macular pigment. Arch
Biochem Biophys. 2001;385:28-40.

Schaefer E, Demmelmair H, Horak J, et al. Multiple micronutrients, lutein, and
docosahexaenoic acid supplementation during lactation: a randomized con-
trolled trial. Nutrients. 2020;12:3849.

Patterson E, Wall R, Fitzgerald GF, Ross RP, Stanton C. Health implications of
high dietary omega-6 polyunsaturated Fatty acids. J Nutr Metab.
2012;2012:539426.

Ellsworth-Bowers ER, Corwin EJ. Nutrition and the psychoneuroimmunology of
postpartum depression. Nutr Res Rev. 2012;25:180-192.

Roddy Mitchell A, Gordon H, Lindquist A, et al. Prevalence of perinatal depres-
sion in low- and middle-income countries: a systematic review and meta-analy-
sis. JAMA Psychiatry. 2023;80:425-431.

Robinson M, Whitehouse AJ, Newnham JP, et al. Low maternal serum vitamin D
during pregnancy and the risk for postpartum depression symptoms. Arch
Womens Ment Health. 2014;17:213-219.

Kang SY, Kim H-B, Sunwoo S. Association between anemia and maternal
depression: a systematic review and meta-analysis. J Psychiatric Res.
2020;122:88-96.

Paoletti AM, Orru MM, Marotto MF, et al. Observational study on the efficacy of
the supplementation with a preparation with several minerals and vitamins in
improving mood and behaviour of healthy puerperal women. Gynecol
Endocrinol. 2013;29:779-783.

Czeizel AE, Dobé M. Postnatal somatic and mental development after pericon-
ceptional multivitamin supplementation. Arch Dis Childhood. 1994;70:229-233.
Dobd M, Czeizel AE. Long-term somatic and mental development of children
after periconceptional multivitamin  supplementation. Eur J Pediatr.
1998;157:719-723.

Looman M, Geelen A, Samlal RAK, et al. Changes in micronutrient intake and
status, diet quality and glucose tolerance from preconception to the second tri-
mester of pregnancy. Nutrients. 2019;11:

Tranidou A, Magriplis E, Apostolopoulou A, et al. Impact of maternal micronu-
trient intake on gestational diabetes risk: results from Greece’s BORN2020 pro-
spective cohort study. Nutrients. 2024;16:

Greene ND, Leung KY, Gay V, et al. Inositol for the prevention of neural tube
defects: A pilot randomised controlled trial. Br J Nutr. 2016;115:974-983.
DeVilbiss EA, Magnusson C, Gardner RM, et al. Antenatal nutritional supplemen-
tation and autism spectrum disorders in the Stockholm youth cohort: popula-
tion based cohort study. BMJ. 2017; 359:J4273.

Levine SZ, Kodesh A, Viktorin A, et al. Association of maternal use of folic acid
and multivitamin supplements in the periods before and during pregnancy
with the risk of autism spectrum disorder in offspring. JAMA Psychiatry.
2018;75:176-184.

Jiang Y, Guo C, Kuang M, et al. Examining associations of folic acid supplements
administered to mothers during pre-conceptional and prenatal periods with
autism spectrum disorders in their offspring: insights from a multi-center study
in China. Front Public Health. 2024;12:1321046.

Husebye ESN, Wendel AWK, Gilhus NE, Riedel B, Bjerk MH. Plasma unmetabol-
ized folic acid in pregnancy and risk of autistic traits and language impairment
in antiseizure medication-exposed children of women with epilepsy. Am J Clin
Nutr. 2022;115:1432-1440.

Adams JB, Kirby JK, Sorensen JC, Pollard EL, Audhya T. Evidence based recom-
mendations for an optimal prenatal supplement for women in the US: vitamins
and related nutrients. Matern Health Neonatol Perinatol. 2022;8:4.

© The Author(s) 2025. Published by Oxford University Press on behalf of the International Life Sciences Institute.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Nutrition Reviews, 2025, 00, 1-20
https://doi.org/10.1093/nutrit/nuaf079
Narrative Review

20

Nutrition Reviews® Vol. 00(00):1-20

Gz0z AInr 1 uo 1sanb Aq 981,661 8/6.201BNUALINU/SE0 | "0 | /IOP/[0IIB-80UBAPE/SMSIASIUONLINU/WO2 dNo olwapede//:sdiy Woll papeojumo(]


https://www.ncbi.nlm.nih.gov/books/NBK563171/
https://www.ncbi.nlm.nih.gov/books/NBK563171/

	Active Content List
	INTRODUCTION
	METHODS
	DISCUSSION
	CONCLUSION
	Acknowledgments
	References


