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Executive Summary

Maternal nutrition refers to the nutrient intake and dietary habits of women from
the time they start trying to conceive through pregnancy, the postpartum period,
and lactation. The importance of maternal nutrition cannot be overstated, as
adequate nutrition during the prenatal stage and pregnancy is essential to
ensure healthy fetal growth and development, as well as the mother’s health
during and after pregnancy. This window of opportunity represents a vulnerable
and impactful period of time, when the nutrients provided have lasting impacts
to both mom and baby. Reflecting this, in 2020, the WHO released updated
antenatal care recommendations for a positive pregnancy experience. Their new
guidelines give explicit recommendations that pregnant women should consume
a multiple micronutrient supplement - which includes 15 vitamins and minerals
- during pregnancy, replacing their previous advice for iron and folic acid
supplements alone.

As rates of infertility continue to rise, research is growing on how modifiable
lifestyle factors, like diet and nutrient intake, impact fertility outcomes. An
evidence base is emerging for the relationship between dietary supplements
and fertility outcomes, particularly in women utilizing assisted reproduction.
While some dietary patterns such as high sugar and saturated fat intake are
noted to hinder fertility, the beneficial effects of folate, unsaturated fats
like n-3 fatty acids, and vitamin D, and consistent intake of fruit,
vegetables, and fish have been documented. Research is also
emerging on links between other nutrients such as co-enzyme Q10,
cobalamin, and inositol and fertility.

PScientific data have highlighted the importance of certain nutrients
when it comes to prenatal and pregnancy outcomes: iron, as iron
deficiency is the most common micronutrient deficiency known to

impact maternal health and infant outcomes; folate, for its role in
preventing neural tube defects; DHA, for its ability to reduce
the risk of preterm delivery and support infant brain and
eye health; vitamin D for its association with reducing the
incidence of miscarriage and pre-eclampsia; choline, for
the critical role it plays in early brain development; and
carotenoids — with a focus on lutein and zeaxanthin - as
research has illustrated an association between
carotenoids and visual and cognitive health. The
literature around these nutrients enhances our
knowledge of just how fundamental they are in
supporting maternal and infant health, as well as in
shaping the health of future generations.



2 | Recent Advances in
Maternal Nutrition

The nutrition and care that mothers and babies receive during the
first 1,000 days - from conception until the child’s 2nd birthday -
have an immense impact on long-term growth and development.

The perinatal period is a critical window of time where optimal nutrition
supports fertility, fetal growth and development, and the mother’s
health throughout conception, pregnancy, and the post-partum period.
However, measures of maternal and reproductive wellness are less

than encouraging. Global fertility rates - the total number of births in a
year per 1,000 women of reproductive age — have decreased
dramatically, falling roughly 50% in the last 50 years. There are many
reasons for this, including women’s empowerment in the workforce,
lower child mortality, and the increased cost of raising children.?
However, infertility contributes to this trend, with available data
suggesting that 1in 6 people will experience infertility in their
lifetime.? Preterm birth remains a crucial public health challenge,
with global rates of premature birth estimated to be greater than
10%,* and complications from early birth are the most common
cause of mortality in children less than 5 years of age.’
Additionally, preterm birth disproportionately impacts infants o‘
racial and ethnic minorities.® Finally, maternal morbidity,
which includes the short- or long-term consequences of
labor and delivery that negatively impact a woman'’s
health, has been steadily increasing in recent years.” o

Figure 1: Estimated preterm birth rates in 2014. U.S. rates reflect 2023
data from the Centers for Disease Control and Prevention (CDC)*#
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Throughout life, nutrient requirements differ according to pregnancy by authoritative bodies can be found in the
gender and life stage. But women have distinct nutrient Appendix, Table A1.

needs before, during, and after pregnancy. Optimizing the
nutrition status of the mother ultimately supports the
growth, development, and health outcomes of her infant®
Figure 2 illustrates these increased requirements. Further
detail on recommended daily nutrient intakes during

As the body of evidence surrounding the impact of nutrient
intakes on fertility and pregnancy outcomes evolves, so do
expert recommendations. A noteworthy example is the recent
update to the World Health Organization (WHO) guideline for
micronutrient supplementation during pregnancy.

Figure 2: Micronutrient needs during pregnancy compared to baseline requirements (non-pregnant 19-50 year olds) °°
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2.1. A Historic Update to the World Health Organization Recommendations

In 2020, the WHO released updated guidelines on antenatal
care recommendations for a positive pregnancy experience.
Their Nutritional Interventions Update: Multiple micronutrient
supplements during pregnancy guidelines give explicit
recommendations that pregnant women should consume a
multiple micronutrient supplement (MMS) - which includes 15
vitamins and minerals - during pregnancy." These recent
guidelines replace the WHQO's 2016 recommendations on
antenatal care for a positive pregnancy experience, which
focused primarily on iron and folic acid supplementation
during pregnancy.

The newest WHO antenatal care guidelines were derived
from evidence in randomized controlled trials, an
independent participant meta-analysis, and a Cochrane
systematic review establishing that MMS provide a greater
benefit than only iron and folic acid supplements in
reducing the risk of adverse pregnancy outcomes"*
Supplementation timing is also of importance: initiation of
MMS earlier than 20 weeks gestation had a greater impact
on reducing the risk of preterm birth compared to later
initiation of MMS (risk ratio [RR] 0.89, 95% confidence
interval [CI] 0.85-0.93, P=0.03).2 A recent Cochrane Review -
also considered in the WHO's updated guidance - provided
evidence that a daily, multiple micronutrient supplement
containing iron and folic acid, vs. iron and folic acid
supplements alone, significantly reduced the risk for low
birth weight (LBW) (average RR 0.88, 95% Cl 0.85-0.91) and
small for gestational age (SGA) (average RR 0.92, 95% Cl 0.88-
0.97) in low- and middle-income countries (LMICs).* Some
outcome benefits for MMS are illustrated in Figure 3.

The new recommended formulation - the United Nations
International Multiple Micronutrient Antenatal Preparation
(UNIMMAP) - has been widely tested in clinical trials from
various geographical regions. These studies provide
evidence that the UNIMMAP prevents iron-deficiency anemia
as effectively as iron and folic acid supplementation alone
and additionally reduces the risk of having a LBW infant
(P<0.049) or an infant born SGA (P<0.03).2" Figure 4 provides
the complete list of nutrients included in the UNIMMAP.

Figure 3: Benefits of MMS Compared to IFAS Alone™"'"
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Figure 4: Vitamins and Minerals Included in the UNIMMAP
Formulation with Recommended Intakes"

Vitamin A
800 pg RAE*

Vitamin C
70 mg

Folic acid
680 mg DFE**
(400 ug)

Selenium

65 g Vitamin B2

1.4 mg

Vitamin B1
Vitamin D - 1.4 mg
5pug Vitamin B3
(2001U) 4 18 mg niacin

equivalent

Vitamin B6
1.9 mg

*RAE: Retinol Activity Equivalent; **DFE: dietary folate equivalent; UNIMMAP: United Nations International Multiple Micronutrient Antenatal Preparation
IFAS: Iron Folic Acid Supplementation; MMS: Multiple Micronutrient Supplements; LBW: low birth weight; SGA: small for gestational age.
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2.2. Nutrient Intake and Female Fertility: A Growing Body of Evidence

Infertility is a growing clinical and public health concern. It
is estimated that 15-25% of women in western countries
struggle with infertility, and worldwide, it affects up to 48
million couples and 186 million individuals.*® Infertility is
defined by the inability to become or remain pregnant after
at least 12 months of trying to conceive. It can be caused by
anatomical abnormalities of the reproductive system,
diminished ovarian reserve, and hormonal disorders, but
the cause is often unexplained.”

Many of these women turn to assisted reproduction
technologies (ART) such as in-vitro fertilization (IVF). The
advent of ART has facilitated the targeted study of how
modifiable lifestyle factors — such as diet and nutrient
intake - impact fertility outcomes. These outcomes can be
measured in several ways: the number of follicles that
mature, the number of oocytes retrieved, the number of
high-grade embryos developed, and implantation success.?
A body of literature is emerging on the relationship between
dietary supplement intake and fertility outcomes, especially
in women undergoing assisted reproduction.®?

2.3. Maternal Nutrition is Central to Infant and Child Development

While ample clinical studies and observational trials have
demonstrated the influential role of nutrition overall in
pregnancy outcomes - for both mother and baby™"? - select
nutrients are of particular importance and will be highlighted
in this review. These include: iron, as iron deficiency is the
most common micronutrient deficiency known to impact
maternal health and infant outcomes®?; folate, for its role
in preventing neural tube defects (NTDs) and encouraging
optimal cognitive outcomes??; docosahexaenoic acid (DHA),
for its ability to reduce the risk of preterm delivery and
support infant brain and eye health?>2°3"; vitamin D, for its
association in reducing the incidence of miscarriage and pre-
eclampsia and supporting bone formation32®; choline, for
the critical role it plays in early brain development?#*%; and
finally, carotenoids with a focus on lutein and zeaxanthin, as
research has illustrated an association between these
carotenoids and visual and cognitive health.®
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3 | Key Nutrients for Supporting Maternal
and Infant Health Outcomes

According to current
scientific knowledge,
several nutrients play a key
role in certain aspects of
infant development or in
supporting the health and
well-being of a woman on
the motherhood journey.
For some nutrients, the
importance and relevance
overlaps throughout more
than one stage of the
perinatal time frame;
others are critical during a
distinct phase of
development. Here, we will
explore these key nutrients
- iron, folate, DHA,
vitamin D, choline, and
carotenoids - and their
positions in supporting
maternal and infant health.

3.1. The Role of Iron in Female Fertility & Pregnancy

Iron Overview

Iron is an essential element that plays critical roles throughout periconception
and pregnancy.’®* Dietary sources of iron include meats, liver, fish, shellfish,
fortified grains, vegetables, nuts, legumes, and dietary supplements.*°

Iron is essential for the function of all cells. It is a component in hundreds of
proteins and enzymes that support essential biological functions. It is a crucial
element of red blood cells (RBC) and in oxygen transport.3® Oxygen - fundamental
for all living cells - is carried throughout the body by hemoglobin, a protein in
RBCs, and iron is pivotal in making hemoglobin. Thus, iron is needed to carry
oxygen to visceral cells where it can be used for cellular metabolism and energy
production.®® Iron is also an indispensable cofactor for several enzymes involved
in DNA synthesis and repair, which is critical for oocyte maturation and healthy
fetal development.®+¢ Adequate iron intake during pregnancy is also crucial to
build iron stores in the fetus. Human milk is low in iron, and exclusively breastfed
infants rely on the iron stores they are born with for the first 6 months of life.*®



Iron Deficiency

When iron deficiency (ID; indicated by low ferritin) progresses
to iron deficiency anemia (IDA; indicated by low hemoglobin),
hemoglobin levels, and thus, arterial oxygen levels decrease,
resulting in symptoms such as shortness of breath and
fatigue.*®“¢ IDA is a global public health issue that impacts
both resource-limited and resource-rich countries.* Globally,
an estimated 36% of pregnant women and 30% of women of
childbearing age have IDA.“*¢ Rates vary according to a
country’s socioeconomic status; among pregnant women
and women of childbearing age, rates range from ~13% and
15%, respectively, in high-income countries to ~49% to 52%,
respectively, in West and Central Africa.”’*® Women of
childbearing age are prone to ID and IDA due to iron losses
during menstrual bleeding and increased iron requirements
during pregnancy.®* Figure 6 highlights the global
prevalence of anemia in women of reproductive age.

Deficiency of iron is a common cause of IDA, but other
nutrients are also involved in iron metabolism: vitamin C,
vitamin A, and riboflavin help with iron absorption;
vitamin E, vitamin C, and riboflavin are involved in iron
mobilization; and vitamin A, vitamin B6, vitamin B12, folic
acid, and riboflavin are involved in RBC synthesis.*®
Additionally, there is some evidence to support a role of
vitamin D in anemia reduction, most likely through
vitamin D’s anti-inflammatory role as a regulator of
hepcidin, allowing iron export from ferroportin, increasing
serum iron, and making iron available for erythropoiesis.”

Figure 6: Prevalence of anemia in women of reproductive age (ages 15-49), measured as the
percentage of women with a hemoglobin level less than 110 gm/L at sea level®
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Iron and Female Fertility

ID and IDA may impact female fertility.>>** Women with a
history of recurrent pregnancy loss have lower ferritin levels
and are more likely to have ID compared to women without
fertility issues. Ferritin levels are also negatively correlated
with the number of pregnancy losses. Unfortunately, little
is known about how IDA impacts follicular development,
ovulation, and the menstrual cycle in humans.*

The Impact of Iron Supplementation on Female Fertility

In a large prospective cohort study, women of childbearing
age who took iron supplements were 40% less likely to
develop ovulatory infertility compared to those who did not,
suggesting a protective effect of iron supplementation
(RR=0.60, 95% Cl 0.39-0.92).5 Another prospective cohort
study found some evidence linking iron supplement use
with improved fecundability rate (the monthly probability of
conception), especially for women with risk factors for IDA.5¢
Randomized controlled trials are needed to determine if
iron supplementation improves fertility outcomes in women
trying to conceive, especially among those with IDA.5+%

Iron and Pregnancy Outcomes

IDA is associated with negative pregnancy outcomes such as
intrauterine growth restriction, preterm labor, stillbirth, LBW,
and neonatal anemia. Anemia is also associated with SGA,
low Apgar score, and perinatal and neonatal death. Women
with anemia have a high risk of maternal morbidities such
as spontaneous abortions, antepartum hemorrhage,
postpartum hemorrhage, preeclampsia, and prolonged
labor.®® When iron levels are inadequate during pregnancy,
DNA methylation increases, which alters gene expression
and can impact offspring health. Such alterations in DNA can
be hereditary and may even impact future generations.*"*

Both IDA and excess iron during pregnancy have been
associated with negative neurodevelopmental outcomes in
offspring.®® Some pregnant women are susceptible to iron
overload, including those with replete iron stores who take
excess iron supplements and women with genetic mutations
in the HFE gene (involved in iron metabolism), which
increases intestinal iron absorption. Although the need for
iron supplementation to prevent IDA during pregnancy is
well-known, tailored supplementation according to
hemoglobin levels may be ideal.®’
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The Impact of Iron Supplementation on
Pregnancy Outcomes

A 2015 Cochrane review comparing daily oral iron
supplementation to no iron or a placebo included 44 trials
of 43,274 women.®? The authors concluded that daily iron
supplementation reduced ID at term by 57% (RR 0.43; 95%

Cl 0.27-0.66, low-quality evidence) and IDA at term by 67%
(RR 0.33; 95% Cl 0.16-0.69). Women taking daily iron were
more likely to have higher hemoglobin concentrations at
term and postpartum, but were also at increased risk of
having hemoglobin concentrations above 130g/L during
pregnancy and at term, although there was high
heterogeneity for this outcome and a wide range of doses
were used in the included studies. There were no differences
in maternal infection, maternal mortality, neonatal death, or
congenital abnormalities between groups.®

Another Cochrane review compared daily iron
supplementation with intermittent iron supplementation
during pregnancy.® The review included data from 21 trials
and 5,490 women. Maternal and infant outcomes were
similar in both groups, but the intermittent iron group had
fewer side effects and a decreased risk of high hemoglobin
levels, though the risk of mild anemia at term was increased.
The authors concluded that intermittent iron
supplementation may be a suitable alternative for pregnant
women who are not anemic.®®

Alternatives to Oral Iron Supplementation

There are alternatives to oral iron supplementation for
preventing and treating IDA in pregnant women. Oral iron is
inexpensive and easy to use, but there can be side effects
including nausea and constipation, already common in
pregnancy.®®% Intravenous iron has been shown to be as
effective as oral iron, but is typically reserved for women
with severe IDA later in pregnancy, those who do not
tolerate oral iron, or in cases where oral iron is not
increasing blood markers of IDA.3® Another less common
alternative is lactoferrin, which is an iron binding protein
naturally found in mammalian milks.®* Lactoferrin improves
iron status by increasing dietary iron absorption from the
intestine. Bovine lactoferrin (100 mg twice daily) has been
shown in multiple clinical trials to improve hemoglobin and
ferritin levels in pregnant females without the untoward
side effects of other iron forms. Lactoferrin may also have
additional benefits such as reducing inflammation,
protecting against pathogens, and regulating immune
system activity.®
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Iron Supplementation Recommendations for

Pregnant Women

Recommendations for iron supplementation during
pregnancy differ by region. The Centers for Disease Control
and Prevention (CDC) and WHO recommend routine iron
supplementation during pregnancy, but the American
Congress of Obstetricians and Gynecologists (ACOG), the
European Food Safety Authority (EFSA), and the Australian
Department of Health (ADH) only recommend
supplementation in women at risk or those identified as

having IDA.5>

Table 1: Iron Supplementation Recommendations for

Pregnant Women

Organization

Iron Supplement Recommendations

American College
of Obstetricians
and Gynecologists®

Screen all pregnant women for IDA
and provide an iron supplement in
addition to a prenatal vitamin to
those with IDA.

United States
Centers for Disease
Control®®

Supplement all pregnant women
with low dose iron (30 mg/day) and
screen for IDA. Women with IDA
should supplement with 60-120 mg/
day of iron.

European Food

Supplement if at risk of IDA.

Safety Authority®

Australia Advise iron supplementation
Department of to pregnant women based on
Health® their hemoglobin concentration

at 28 weeks.

Advise pregnant women taking an
iron supplement that weekly
supplementation (80-300 mg
elemental iron) is as effective as
daily supplementation (30-60 mg
elemental iron) in preventing (but
not treating) iron-deficiency
anemia, with fewer adverse effects.

World Health
Organization™

Supplement with a multiple
micronutrient supplement including
30 mg of iron.




3.2. The Role of Folate (Vitamin B9) in Female Fertility and Pregnancy

Folate Overview

Folate is an essential vitamin widely recognized for its
importance before and during pregnancy. Folate occurs
naturally as methylfolate in fruits, vegetables, and legumes.
Folic acid is the synthetic and less bioavailable form of
folate found in fortified grains and dietary
supplements.”® As a methyl-donor and co-enzyme
in the synthesis of DNA and RNA, folate is central
to the modulation of gene expression. It is
required for proper cell division and normal
embryo and fetal development. During
pregnancy, folate is essential for protein
metabolism and is known to play a critical role

in neural tube development.”"” Early folic acid
supplementation has been a global public

health initiative considering the abundance of
evidence for its ability to prevent neural tube
disorders, as well as megaloblastic anemia.»>”
Mandatory folic acid fortification of staple foods
began in the U.S. in 1998 and is currently
implemented in ~60 countries. Countries that
adopted mandatory fortification programs saw
significant declines in NTDs and maintain rates
of NTDs that are lower than countries with either
voluntary or no fortification programs.”
Initiatives continue to expand mandatory folic
acid fortification globally.®

/"" '
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Folate Deficiency Folate and Female Fertility

Despite global public health initiatives to increase folate consumption through In both men and women, the MTHFR
folic acid fortification and targeted supplementation, inadequate intakes polymorphism is associated with
remain common.” Folate deficiency can impair RBC synthesis, leading to infertility and failed ART cycles, which
megaloblastic anemia. This is characterized by reduced and abnormal RBC may be directly linked to folate
production and symptoms similar to IDA.”27 status.”® In a prospective cohort study
of 116,480 female nurses of
childbearing age, those with pre-
pregnancy folate intakes in the highest
quartile (>851 ug/day) had a 9%
reduced risk of spontaneous abortion
compared to those in the lowest
quartile of intake (<285 pg/day) (RR
0.91, 95% Cl 0.82-1.02).88 Although the
exact pathophysiology is unclear, it has
been hypothesized that the reduced
availability of methylfolate leads to DNA
hypomethylation and thus, poor
embryo development and early
pregnancy loss in women.”

Folate deficiency also leads to high homocysteine levels.”* Homocysteine is an
amino acid known as a marker of inflammation, and elevated levels are
associated with a myriad of health issues including cardiovascular disease and
cancer. Adequate intakes of folate, vitamin B6, and vitamin B12 are necessary
to maintain healthy homocysteine levels.”” Among women of childbearing age,
folate deficiency is estimated to occur in <5% of women in higher income
countries, but this increases to >20% in lower income countries.”” However, even
folate insufficiency can increase a woman'’s risk of having a baby with
NTDs.”>” When it comes to NTD prevention, time is of the essence. RBC folate
levels should be adequate before the neural tube closes between 4 and 6
weeks of pregnancy. A RBC threshold of >906 Nmol/L has been established as
the benchmark for protection against NTDs.” It has been estimated that folate
insufficiency (<906 Nmol/L) occurs in >40% of women of childbearing age in
most of the countries with available data; this includes developed nations.”

Some women are more susceptible to folate insufficiency and deficiency
because they carry polymorphisms in the methylenetetrahydrofolate
reductase (MTHFR) gene.’® MTHFR is the enzyme needed to convert folic acid,
the synthetic form in fortified foods and supplements, into the active

form, methylfolate, found naturally in foods and RBCs.”” The

occurrence of MTHFR polymorphisms varies, but approximately . 1 “,
one-third of the general population are heterozygous —
carriers.”®®® MTHFR polymorphisms can impair enzyme activity
by 30-70%, resulting in reduced RBC folate status.’s®

O
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Folate Supplementation and Female Fertility

Research suggests that folate supplementation can
positively impact female fertility, with possible mechanisms
related to its impact on ovarian function, implantation, and
embryogenesis.® In the same prospective cohort study
mentioned above, women who were supplementing with
>730 pg/day of folic acid before pregnancy had a 20%
reduced risk of spontaneous abortion compared to those
not taking a supplement (RR 0.80, 95% Cl 0.71-0.90),
suggesting that folic acid supplementation may protect
against early fetal demise.® In a large randomized
controlled trial (n=7,905), women randomized to a
supplement with 800 pg folic acid were more likely to
conceive, and conceived earlier, than those receiving a
placebo (71.3% vs. 67.9%, P=0.001).% In a smaller trial, 93
women who had been unable to conceive for 6 to 36 months
were randomized to a supplement with 400 pg of folic acid
or a placebo for 3 months. Those in the supplement group
were more likely to conceive than those receiving a placebo
(26% vs. 10%, P=0.01).%" In an observational study, folic acid
supplementation during IVF encouraged a higher number of
total oocytes and mature oocytes compared to no
supplementation.”? However, folic acid supplementation
does not appear to improve outcomes for women with
unexplained infertility undergoing IVF.»

Women with MTHFR gene polymorphisms are at increased
risk for infertility. In this population, providing supplemental
folate as methylfolate rather than folic acid may be
especially beneficial. Since methylfolate does not require
enzymatic processing, its bioavailability is not impacted by
the presence of MTHFR gene mutations.® In a retrospective
study of 269 Italian women who underwent IVF, they
received either 400 pg folic acid or 400 ug methylfolate
along with 5 pg vitamin B12 and 3 mg vitamin B6 according
to their physician’s prescribing practices. A significantly
higher percentage of women who received methylfolate had
healthy fertilized eggs available for transplantation,
clinically confirmed pregnancies, and live births compared
to those who received folic acid. The women in the
methylfolate group also had a greater number of
mature oocytes available for fertilization. There was no
difference in early pregnancy loss between the two
groups. Although this is a retrospective study and not a
robust randomized controlled trial, it does show
promise that supplementation with methylfolate may
support positive IVF outcomes.*

Adding to the evidence base for the potential benefits of
methylfolate, a clinical trial of 100 women with a known
MTHFR mutation and a history of at least 2 early pregnancy
losses were randomized to receive either 5,000 ug folic acid
or 1,000 pg methylfolate from the time of a positive
pregnancy test until the end of the first trimester. Though a
small trial, the results were dramatic: women in the MTHF
group experienced 16% fewer miscarriages and 52% more full
term births compared to those in the folic acid group.”> While
encouraging, larger randomized controlled trials are needed.

Folate and Pregnancy

The importance of folate for normal fetal development
during pregnancy has been firmly established. It is well-
known that inadequate folate levels are associated with
NTDs.”»¢ Other folate-sensitive birth defects include oral
facial cleft, congenital heart defects, spina bifida, and
urinary tract anomalies. Inadequate folate status has also
been correlated with preterm birth and infants born SGA.”%
Further, while the data available to date are inconclusive,
emerging studies have shown associations between maternal
folate levels that are either low or high and a greater risk of
childhood autism or allergy.”* These findings illustrate
that maintaining a healthy range of folate levels is critical to
neurological and immune system development. Finally,
folate insufficiency has also been correlated with perinatal
depression which effects ~15% of women, making it the most
common complication of pregnancy.°02
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Folate Supplementation and Pregnancy Outcomes

Folic acid is the most clinically studied form of folate for supplementation during
pregnancy, and the evidence around its efficacy in preventing NTDs serves as the

foundation for expert recommendations for folate supplementation.”77103104

Recent studies have demonstrated that methylfolate is as
effective as folic acid in increasing plasma folate, an
important metric when measuring effectiveness. In a
12-week study, women of childbearing age who were
supplemented with methylfolate had higher RBC
folate levels compared to those supplemented
with an equimolar dose of folic acid,
suggesting methylfolate may, in fact, be
more effective than folic acid in raising
blood folate levels in pregnant women.%

?

Science continues
to build on the
importance of
folate during

infancy with
an RCT of growth
& tolerance

As stated above, achieving target blood
folate levels (906 Nmol/L) before the
neural tube closes between 4 and 6
weeks of pregnancy is critical for the
prevention of NTDs.” Studies have

shown that this protective threshold is
reached after 8 weeks in women
supplemented with the recommended

dose of 400 pg folic acid.®® In another
small study, when the recommended dose
of folic acid was combined with 451 ug
methylfolate, the protective threshold was
reached after only 4 weeks of supplementation.’”’
While more robust study is needed, the findings to
date begin to build an evidence base for the
consideration of methylfolate as an addition or alternative to
folic acid in prenatal supplements.

Supports infant
brain
development

The primary form
of folate
circulating in the
blood stream

Does not mask B12
deficiency/interact with
medications

Figure 8: Overview of the
characteristics and potential benefits
of L-Methylfolate’0 7285108

Primary form of
folate reported
in breast milk

The body’s active
form of folate

L-Methylfolate

Highly
bioavailable
source of folate

Efficiently used
regardless of
genetic variants

Folate Supplementation Recommendations for Women of Childbearing Age and Pregnant Women

Recommendations for folic acid Organization

Folic Acid Supplement Recommendations

supplementation during pregnancy are
consistent globally. Due to the
available evidence, folic acid is the
form of folate recommended by the
WHO and other expert bodies before

American College of
Obstetricians and
Gynecologists™

All women of childbearing age should supplement
with 400 pg folic acid per day.

Women with increased risk of NTDs should
supplement with 4,000 ug/day.

United States Preventative
Services Task Force™*

and during pregnancy at a dose of
400 pg daily. 2596109

Women who are planning or capable of pregnancy
should take a daily supplement containing
400-800 pg folic acid.

Table 2: Folic Acid Supplementation
Recommendations for Women of
Childbearing Age and Pregnant Women

Australia Department of
Health™

Advise dietary supplementation of 400 g per day
folic acid, ideally from 1 month before conception
and throughout the first 3 months of pregnancy to
reduce the risk of NTDs.

World Health
Organization™

Supplement with a multiple micronutrient
supplement including 400 ug folic acid.
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3.3. The Role of Docosahexaenoic Acid (DHA) in Female Fertility and Pregnancy

DHA Overview

Docosahexaenoic acid (DHA) is an omega-3 long-chain
polyunsaturated fatty acid (LCPUFA) mainly found in
seafood. More recently, DHA-rich eggs and DHA-fortified
milks have become available. Both fish oil and algal-derived
dietary supplements are also sources of DHA? Some
preclinical and emerging data from clinical trials suggest
that a diet rich in omega-3 PUFAs has a positive impact on
oocyte quality, embryo implantation, and reproductive
hormones, illustrating the potential to positively impact
fertility.™ During pregnancy, DHA is intricately involved in
the development of the brain and the immune system, and
plays a central role in visual acuity.™" DHA is the
predominant omega-3 fatty acid in the brain and is critical
for myelination and visual development."®"” Omega-3 fatty
acids also play a role in a mother’'s mental health and
wellbeing, with studies showing a link between maternal
eicosapentaenoic acid (EPA) and DHA levels and perinatal
depression." Finally, an extensive body of evidence
demonstrates an important role for DHA to positively
support pregnancy duration and reduce the risk of
premature birth10

Inadequate DHA Intake

While DHA is not considered an essential nutrient as
humans can synthesize it from the essential fatty acid
alpha-linolenic acid, it is sometimes referred to as
conditionally essential during pregnancy.?'22 Due to genetic
variations in enzyme activity, some people have a limited
ability to synthesize DHA? Still, DHA deficiency is not
defined. However, low dietary DHA intakes and very low
blood levels are widespread, with >96% of the global
population having sub-optimal levels, as seen in Figure 9%
When DHA levels are reduced, it increases the ratio of
omega-6 to omega-3 fatty acids, resulting in a predominance
of pro-inflammatory omega-6 fatty acids. Alternatively, a
higher omega-3 to omega-6 ratio favors anti-inflammatory
pathways.” Although clinical criteria to diagnose a true DHA
deficiency have not been identified, a low blood fatty acid
status is associated with increased non-communicable
disease risk.

Figure 9: Global blood levels of the sum of EPA+DHA. Values are percentages of
omega-3 fatty acids (EPA + DHA) in erythrocyte equivalents™

Adequate (>8%)
Moderate ( 6-8%)
Low ( 4-6%)

Very Low (s4%)
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DHA and Female Fertility

The overall quality of the maternal diet is known to impact
fertility. Studies have shown that a Mediterranean-style diet
focusing on seafood, lean animal protein, whole grains,
fruits and vegetables is supportive of early pregnancy
success.®? One of the hallmarks of the Mediterranean diet is
low saturated fat intake and a focus on heart-healthy
unsaturated fats, including the omega-3 fatty acid DHA. In a
study to evaluate the relationship between intakes of PUFAs
and infertility in healthy women, omega-3 intake was only
slightly associated with infertility, yet intakes in the highest
tertile were shown to reduce the risk of infertility by nearly
40% when compared to intakes at the lowest tertile. Further,
omega-3 fatty acid levels positively correlated with desirable
ART outcomes.?
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In a small randomized controlled trial (RCT) in women with
overweight and obesity undergoing IVF, those who became
pregnant had higher levels of PUFA intake (P=0.03), with a
trend towards higher omega-3 PUFA intake (P=0.06)?
Another analysis of 100 women undergoing ART revealed
that higher serum levels of LCPUFAs were linked to a higher
probability of a clinical pregnancy and live birth. Specifically,
for every 1% increase in serum LCPUFA level, the probability
of both clinical pregnancy and live birth increased by 8%.
Additionally, replacing just 1% of energy from saturated fatty
acids with omega-3 LCPUFAs resulted in a higher probability
of a live birth, with a RR of 2.37 (95% CI 1.02, 5.51).
Researchers suspect that the proinflammatory aspects of
omega-6 and the anti-inflammatory characteristics of
omega-3 fatty acids underly the mechanisms for this
proposed link. More study is needed in this area - in
particular, on different types and ratios of omega-3 fatty
acids to shape guidance for women in the earliest stages of
their motherhood journey.



DHA Supplementation and Female Fertility

Few studies have explored if DHA supplementation can
improve fertility outcomes. In the prospective “Time to
Conceive” study of 900 women, those who reported taking
an omega-3 supplement had 1.5 times (95% Cl 1.12-2.04)
the probability of conceiving compared to those not
taking an omega-3 supplement, suggesting that omega-3
supplementation may improve fertility.”® In a small RCT,
120 sub fertile women undergoing IVF were randomized to
receive 1,000 mg of omega-3 fatty acids (including 120 mg
of DHA) or a placebo for eight weeks.” Compared to those
in the placebo group, women in the supplementation
group had improved fertility outcomes such as the
number of mature oocytes, fertilization rate (52% vs. 68%,
P<0.05), and the number of grade 1 embryos (0.67 +/- 013
vs. 216 +/-0.28, P<0.001).%

Another small RCT was conducted among 34 women with
polycystic ovary syndrome (PCOS)-related infertility
undergoing ovulation induction treatment.® They were
randomized to 1,800 mg of omega-3 (including 720 mg of
DHA) or a placebo for a maximum of 2 menstrual cycles.
Results showed a greater number of clinical pregnancies
in the omega-3 supplement group

compared to the placebo group

(26.7% vs. 13.3%, P=0.1),

especially among obese

women (29.6% vs. 5.3%,

P=0.04)%° This is an emerging

area, and more clinical trials

are needed to determine if

omega-3 supplementation

- and DHA specifically -

can improve pregnancy

rates in both healthy and

infertile women.

DHA and Pregnancy

The importance of omega-3 fatty acids for fetal brain
development is undisputed.”” During the last trimester of
pregnancy, the placenta preferentially transfers DHA to the
fetus. The fact that this particular omega-3 is prioritized
over other fatty acids signals its importance in fetal
development.™® In the brain, various types of
phosphoglycerides - critical for processes like signal
transduction and memory formation — have DHA
profiles™2 In addition, DHA is a precursor for metabolites
such as prostaglandins, leukotrienes, resolvins, and
endocannabinoids; these substrates modulate the central
and enteric nervous systems.™ A recent systematic review
reported that DHA intakes during pregnancy are positively
correlated with desirable neurodevelopment outcomes in
infants and children”

DHA intake is also associated with other pregnancy
outcomes. In a meta-analysis of 12 studies on omega-3
fatty acid blood levels in pregnant women, those with
perinatal depression had low levels of DHA and total
omega-3 PUFAS, and an increased ratio of omega-6 to
omega-3 fatty acids compared to heathy controls?
Several population cohort studies have shown
associations between fish intakes during pregnancy and
reduced risk of preterm births, and at a population level,
preterm birth rates decrease as omega-3 fatty acid levels
increase** Further, a convincing body of evidence
demonstrates that women entering pregnancy with low
DHA intakes and/or levels are at an increased risk of
preterm delivery compared to those with adequate
intakes and levels, suggesting that pre-conception DHA
levels play an influential role in later pregnancy
outcomes.’*™"° The link between a mother’s baseline DHA
status and preterm birth is illustrated in Figure 10.

Figure 10: Baseline maternal omega-3 status influences
the risk of premature delivery®°
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Omega-3 DHA Supplementation and Pregnancy Outcomes

There have been several trials assessing the impact of omega-3 supplementation
during pregnancy on maternal and infant outcomes; these were synthesized in a
Cochrane systematic review.?® High-quality evidence showed that the addition of
omega-3 fatty acids during pregnancy reduced the risk of having an infant with
LBW (15.6% versus 14%; RR 0.90, 95% Cl 0.82-0.99; 15 trials, 8,449 participants).2
However, the authors found a possible increased risk of having a large for
gestational age (LGA) baby (RR 1.15, 95% Cl 0.97-1.36; 6 RCTs, 3,722 participants;
moderate-quality evidence). In addition, the review also showed a potential
for the reduced risk of perinatal death (RR 0.75, 95% Cl 0.54-1.03; 10 RCTs,

7,616 participants; moderate-quality evidence) and fewer neonatal
intensive care admissions (RR 0.92, 95% Cl 0.83-1.03; 9 RCTSs, 6,920
participants; moderate-quality evidence) with omega-3 fatty acid
supplementation during pregnancy. Very few differences were
observed in long term neurodevelopment outcomes in children.
The review also evaluated maternal outcomes: omega-3 fatty acid
supplementation during pregnancy possibly reduced the
incidence of pre-eclampsia, although the quality of evidence was
low (RR 0.84, 95% Cl 0.69-1.01; 20 trials, 8,306 participants).2



Omega-3 DHA for Preterm Birth Risk Reduction

The most noteworthy findings of the review were related to
premature birth. Compared to women who did not take
supplemental omega-3 fatty acids, those who did had longer
gestations (mean difference [MD] 1.67 days, 95% Cl 0.95-2.39;
41 trials, 12,517 participants; moderate-quality evidence) and
a lower risk of preterm (<37 weeks gestation) (13.4% versus
11.9%; RR 0.89, 95% Cl 0.81-0.97; 26 RCTs, 10,304 participants;
high-quality evidence) and early preterm births (<34 weeks
gestation) (4.6% versus 2.7%; RR 0.58, 95% Cl: 0.44-0.77; 9
RCTs, 5,204 participants; high-quality evidence).? The results
were largely driven by trials that used daily doses of 600-
1,000 mg of omega-3 fatty acids, and study results were
more compelling in trials that used DHA only or DHA-
predominant fatty acid blends.

Three large RCTs exploring the impact of omega-3 fatty acid
supplementation on preterm birth rates have been
published since the Cochrane review.3**%™ The meta-
analyses for preterm and early preterm birth were recently
updated to include the newer trials and confirmed the
findings from the Cochrane review.™” Best et al., found with
high-certainty evidence that omega-3 fatty acid
supplementation compared to no supplementation or low-
dose fatty acid supplementation reduced the risk of preterm
births by 12% (RR 0.88, 95% Cl 0.81-0.95; 36 trials, 23,726
participants) and early preterm births by 35% (RR 0.65, 95%
Cl 0.46-0.92; 12 trials, 16,782 participants).™ They also
recognized that women who started supplementing with
omega-3 fatty acids or who had adequate dietary intakes of
omega-3 fats early in pregnancy were at a reduced risk of
preterm birth and should maintain those intakes throughout
pregnancy. However, women with low omega-3 fatty acid
intakes early in pregnancy benefit most from high dose
omega-3 fatty acid supplementation, starting before 20
weeks of pregnancy and continuing until birth

Illustrating this finding, in the ADORE trial by Carlson et al.,
a total of 1,100 pregnant women in the U.S. were randomized
to receive either a high dose (1,000 mg/day) or a low dose
(200 mg/day) of algal omega-3 DHA. Preterm and early
preterm birth rates were reduced in the high dose group
compared to the low dose group (preterm birth: 10.5% vs.
131%, posterior probability [pp] 0.95; early preterm birth:
1.7% vs. 2.4%, pp 0.81).3 The findings were even more
compelling in the per protocol analysis: women who were
compliant with the high dose regimen had a 43% reduction
in preterm birth (11.0% vs. 6.3%, pp 1.00) and a 50%
reduction in early preterm birth (2.4% vs. 1.2%, pp 0.93)
compared to those in the low dose group.™

PP: posterior probability

The ADORE trial also evaluated baseline maternal DHA blood
status and DHA intake via a validated food frequency
questionnaire.*® Although all women who adhered to taking
the supplement benefited from the high dose, those who
entered the study with low DHA intake benefited the most.
As shown in Figure 11, women with low DHA status at
enrollment who were randomized to the high dose of DHA
(1,000 mg/day) had half the incidence of early preterm birth
compared to those who had low DHA status at enrollment
and who were randomized to the lower dose (200 mg/day)
(2% vs. 41%, pp 0.93).% This suggests that supplementing
with the amount of DHA typically found in prenatal
supplements - 200 mg per day - is insufficient to reduce the
risk of preterm birth, especially among women with low DHA
intake early in pregnancy.

Figure 11: Early preterm birth rates were influenced by
baseline DHA status and the dose of DHA supplementation
in the ADORE trial*®
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Unfortunately, women are not routinely screened for blood
DHA status in early pregnancy, and there is no consensus on
the blood fractions that should be measured or the levels
that should be used to determine low and replete status.*
Implementing a universal screening strategy based on blood
measures may be challenging, and even impossible in some
populations. The validated food frequency questionnaire
utilized in the ADORE trial was able to identify women who
would benefit most from high dose DHA supplementation.
This simple and inexpensive tool was successfully
implemented as the standard of care for screening all
pregnant women at a U.S. university medical center*
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Omega-3 DHA Supplementation Recommendations for
Women of Childbearing Age and Pregnant Women

As the evidence grows that omega-3 DHA intakes before
and during pregnancy can reduce the risk of preterm birth,
expert bodies have begun issuing recommendations for
omega-3 DHA supplementation during pregnancy (see
Table 3). Given the findings that women with low baseline
omega-3 PUFA intakes or status are at increased risk of
preterm birth and early preterm birth, ensuring women
have adequate omega-3 PUFA intakes before pregnancy
may be the most effective strategy to reduce the rates of
preterm birth.2°=%%° When it is not possible to assess early
pregnancy baseline omega-3 PUFA status, healthcare
professionals may advise pregnant women to supplement
with a moderate dose of DHA (450-600 mg per day), which
is supported with expert guidelines, population level
studies, and a clinical trial showing that 600 mg of DHA per
day reduced the risk of early preterm birth in a largely
omega-3 deficient pregnant population 45145146

For women who have been identified as having low DHA
status or intake early in pregnancy, the most recent clinical
trials indicate a higher dose of 1,000 mg DHA may be
appropriate.’* Other medical guidelines align with the
focus that DHA status and the risk of preterm birth should
be considered in advising on DHA supplementation.
Pregnant women who take supplements have significantly
higher DHA intakes and are 10 times more likely to have
intakes that meet minimum recommended levels of

200 mg/day."”
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Organization

Table 3: Omega 3 DHA Supplementation Recommendations
for Pregnant Women

DHA Supplement Recommendations

Polish Society of
Gynecologists &
Obstetricians™®

Supplement at least 200 mg DHA in
all pregnant women

Consider higher-dose DHA in
women consuming small amounts
of fish during pregnancy and in the
preconception period

Use 1,000 mg DHA daily in women at
risk of premature birth

Australian
Department of
Health™

Supplementation with omega-3
LCPUFA (800 mg DHA and 100 mg
EPA per day) may reduce the risk of
preterm birth among women who
are low in omega-3

International
Society for the
Study of Fatty Acids
and Lipids™

Adequate intake of omega-3 LCPUFA
in early pregnancy, consistent with
existing nutritional guidelines, is
associated with a lower risk in
preterm and early preterm birth for
women with singleton pregnancies.

Women with adequate intake of
omega-3 LCPUFA in early pregnancy
should be encouraged to maintain
their intakes.

Women who are low in omega-3
fatty acids will benefit most from
omega-3 LCPUFA supplementation
to reduce their risk of early birth.

In such cases, supplementation
with a total of ~1,000 mg of EPA plus
DHA is recommended.
Supplementation should commence
before 20 weeks gestation.

Routine maternal screening for
omega-3 depletion in early
pregnancy is recommended to
identify women who would benefit
from specific supplementation.
Assessment of omega-3 status in
blood is ideal.




3.4. The Role of Vitamin D in Female Fertility and Pregnancy

Vitamin D is an essential nutrient produced in the skin after sun exposure. It is
unique among vitamins since it functions as a hormone. The two main forms of
dietary vitamin D are cholecalciferol (vitamin D3) and ergocalciferol (vitamin D2).
Vitamin D3 is mainly found in animal foods such as fatty fish and egg yolks,
while vitamin D2 is found vegetarian sources like mushrooms. Both forms

are available in dietary supplements and fortified foods. After absorption, .|
both vitamin D2 and D3 are converted to 25-hydroxyvitamin D (25[OH]D) in

the liver. Another enzymatic hydroxylation reaction in the kidney transforms

25(0OH)D to the biologically active form of vitamin D, calcitriol*

Although the science is evolving, vitamin D appears to influence hormones that
influence follicle development and suppression of ovarian maturation, both of
which are important for fertility!**"' Vitamin D also seems to directly impact the
success of embryo implantation in the uterus. Vitamin D receptors have been
identified in human maternal uterine tissue, and calcitriol regulates transcription
of a key gene associated with embryo implantation During pregnancy, vitamin D
is best known for its roles in bone development and in aiding the absorption and
retention of calcium and phosphorous, minerals
important for healthy fetal
development. Vitamin D is
known to impact immune
homeostasis, incidence of
infection, proinflammatory
cytokines, and
vasoconstriction, all mechanisms ‘
thought to be involved in the »
development of both preeclampsia
and prematurity.?>'

Vitamin D Deficiency

Since vitamin D is synthesized in the skin after sun
exposure, modern trends of spending more time indoors

and using sunblock have increased the prevalence of
vitamin D deficiency! People with darker skin tones
synthesize less vitamin D from sun exposure compared to
those with lighter skin tones!>“"%> Qvert vitamin D deficiency
results in osteomalacia in adults. This is uncommon in
developed nations, but subclinical deficiencies are prevalent,
especially in pregnant women.* Subclinical vitamin D
deficiency is associated with an increased risk of
autoimmune, cardiovascular, neurogenerative, and
infectious diseases in adults™ Globally, an estimated

54% of pregnant women have vitamin D deficiency
(25[0HID <50 nmol/L) and 18% have severe vitamin

D deficiency (25[0OH]D <25 nmol/L). Vitamin D

deficiency rates among pregnant women range

from 46% in the Eastern Mediterranean to 87% in
Southeast Asia. In the Americas and Europe, an

estimated 64% and 57% of pregnant women have el
a vitamin D deficiency, respectively>



Vitamin D and Female Fertility

In northern countries, there are seasonal peaks in pregnancy
rates during summer and autumn. This coincides with seasons
with more sunlight and when higher blood 25(0H)D levels are
observed, leading to the hypothesis that vitamin D supports
fertility.**® According to a recent meta-analysis, among
women undergoing ART, those with adequate vitamin D
levels had more clinical pregnancies (odds ratio [OR] 1.46,
95% Cl 1.05-2.02) and live births (OR 1.22, 95% Cl 1.08-1.65)
compared to those who had insufficient status*'»

Lower levels of vitamin D during early pregnancy have also
been associated with increased risk of early and recurrent
spontaneous abortions. In an observational study, vitamin D
deficiency during the first trimester was linked to a greater
than two-fold risk of miscarriage.®® Further, a meta-analysis
evaluated data from 14 clinical studies and showed that
women with recurrent spontaneous abortions had
significantly lower vitamin D levels compared to controls
(P<0.001) and pregnant women with vitamin D deficiency
might be at a 4 times higher risk for recurrent spontaneous
abortions (OR 4.02, P<0.001).¢'

In a similar meta-analysis of 10 studies and over 7,000
women, those with vitamin D deficiency (25(0H)D <50 nmol/L)
had almost double the risk of spontaneous abortion when
compared with women who were vitamin D replete
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(25(0H)D >75 nmol/L) (OR 1.94; 95% Cl 1.25-3.02).3 Even when
women who were either vitamin D insufficient (25(0H)D =
50-75 nmol/L) or deficient (25(0H)D <50 nmol/L) were
compared with women who were vitamin D replete (25(0H)D
>75 nmol/L), an association to early miscarriage remained
(OR 1.60; 95% Cl 111-2.30).® Given the body of evidence, it
appears that an adequate vitamin D status is important to
optimize female fertility.

Vitamin D Supplementation and Female Fertility

Although studies exploring links between vitamin D
supplementation in natural female fertility are lacking,
emerging data suggest supplementation might improve
success of IVF'®2 A meta-analysis of 12 studies including 2,352
infertile women found that clinical pregnancy rates (fetal
heartbeat confirmed by ultrasound) were increased by 70%
in women receiving vitamin D supplementation compared to
those without (OR 1.70, 95% Cl 1.24-2.34) No significant
differences were observed for implantation rates (the
percentage of embryos that successfully implanted
confirmed by ultrasound) or miscarriage rates. The level of
improvement in pregnancy rate was influenced by the
vitamin D status of the women, dosage of vitamin D, and
duration of supplementation. The authors conclude that
infertile women with vitamin D levels below 75 nmol/L and
supplemented with 1,000-10,000 1U daily for 30-60 days
could improve their chances of pregnancy.*




Vitamin D During Pregnancy

Studies have demonstrated that insufficient vitamin D
status during pregnancy is associated with several adverse
outcomes including gestational diabetes, pregnancy-induced
hypertension, prematurity, and having an infant born SGA®
A prospective cohort study of almost 5,000 pregnant women
in China revealed that, when compared to women with
severe vitamin D deficiency (25[0H]D <25 nmol/L), women
with blood 25(0H)D levels between 50-75 nmol/L had a ~25%
reduced risk of developing gestational diabetes, and this
increased to a 60% reduction in women with blood 25(0H)D
levels >75 nmol/L* These findings were confirmed in a
meta-analysis of 20 observational studies and 28,982
pregnant women, where vitamin D insufficiency was
associated with a 39% increased risk of developing
gestational diabetes (pooled OR 1.39, 95% Cl 1.20-1.60).1¢5

Similar associations have been found between vitamin D
status and pregnancy-induced hypertension. Women with
preeclampsia had significantly lower vitamin D levels
compared to healthy pregnant women in a nested case
control study (median (IQR) = 43.3 [35.5, 55.2] versus 47.5
[37.6, 60.4] nmol/L, P =.014)% In a meta-analysis of 22
studies including 25,530 pregnant women, those with
vitamin D insufficiency or deficiency had a 58% higher risk
of preeclampsia compared to women with sufficient vitamin D
levels (OR 1.58, 95% Cl 1.39-1.79).32

Women with vitamin D deficiency are also at an increased
risk for preterm birth and having infants born SGA. A
retrospective study at a large urban medical center in the
U.S. found gestational length increased as vitamin D levels
increased® A similar finding was observed in a meta-
analysis of 31 trials. A linear dose-response analysis showed
that each 25 nmol/L increase in 25(0H)D was associated
with a 6% reduction in the risk of preterm birth (RR 0.94;
95% Cl 0.90-0.98). In the same study, there was also a
linear- dose response for vitamin D levels and having an
infant born SGA. Each 25 nmol/L increase in 25(0OH)D was
associated with a 10% reduction in risk (RR 0.90; 95% Cl| 0.84-
0.97)1%8 |n a meta-analysis of 13 cohort studies with a sample
of over 28,000 individuals from seven countries, the pooled
overall odds ratio for babies born SGA was 1.588 (95% ClI
1.138-2.216; P<0.01) for women with vitamin D deficiency®
Longer-term effects of pregnancy vitamin D status have also
been explored: deficiency during pregnancy has been
associated with multiple negative sequelae including a
higher risk of childhood asthma, language difficulties, and
autism, but more studies are needed.”

Vitamin D Supplementation and Pregnancy Outcomes

A 2019 Cochrane review examined if vitamin D
supplementation during pregnancy improved maternal and
fetal outcomes™ The analysis included 22 trials involving
3,725 pregnant women. Compared to women taking a
placebo or no intervention, women who took a vitamin D
supplement had a 52% reduced risk of preeclampsia (RR
0.48, 95% Cl 0.30-0.79; & trials, 499 women, moderate-
certainty evidence), a 49% reduced risk of gestational
diabetes (RR 0.51, 95% Cl 0.27-0.97; & trials, 446 women,
moderate-certainty evidence), and a 45% reduced risk of
having a LBW infant (RR 0.55, 95% Cl 0.35-0.87; 5 trials, 697
women, moderate-certainty evidence), as shown in Figure 12.
Supplementation did not appear to significantly reduce
preterm birth risk (RR 0.66, 95% Cl 0.34-1.30; 7 trials, 1640
women, low-certainty evidence)” These findings are
consistent with a more recent meta-analysis comparing
high-dose vitamin D supplementation (>2,000 1U/day) with
lower doses or a placebo during pregnancy that found no
difference in preterm birth risk.”

Supplementation during pregnancy may also impact infant
health. Another recent meta-analysis found an association
between vitamin D supplementation and improved fetal
linear growth, improved infant vitamin D status, and reduced
fetal or neonatal mortality.”? Additional studies of vitamin D
supplementation during pregnancy, especially among
women with vitamin D deficiency, are needed.

Figure 12: Vitamin D supplementation during pregnancy
improves maternal and infant outcomes™

Prenatal
Vitamin D
Supplement

52%
Reduced
Risk of
Preeclampsia ()

45%
Reduced Risk
of Low
Birthweight
Infant
49%
Reduced Risk
of Gestational
Diabetes

Page 25



Calcifediol: An alternative to Vitamin D2 and
Vitamin D3 supplementation

Currently, cholecalciferol (vitamin D3) and ergocalciferol
(vitamin D2) are the most widely used vitamin D supplements,
but evidence is growing that calcifediol is a more bioavailable
form.”777 In non-pregnant study participants, supplementation
with calcifediol resulted in a more rapid increase in serum
25(0H)D compared to vitamin D3, as shown in Figure 13.7
This may be partly related to a higher intestinal absorption
rate of calcifediol along with it not requiring enzymatic
conversion.” Although studies in pregnant women are
lacking, calcifediol may be a more favorable option than
vitamin D3 for two reasons: its ability to achieve optimal
vitamin D status faster and with smaller doses.”*"® Since
compliance with supplement regimens involving large
capsules during pregnancy are a known challenge, smaller
doses may be especially beneficial.*

Figure 13: Effect of supplementation of cholecalciferol
(vitamin D3) compared to calcifediol on serum
25-hydroxyvitamin D status™
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Vitamin D Supplementation Recommendations for
Women of Childbearing Age and Pregnant Women

Supplement recommendations during pregnancy are
inconsistent, but in general, prophylactic supplementation is
not recommended to avoid adverse pregnancy outcomes
(see Table &) WHO recommends universal vitamin D
supplementation as part of a MMS" Universal screening for
deficiency is also not typically recommended, but when
identified, high dose supplementation is recommended.”
Given the high prevalence of vitamin D deficiency during
pregnancy, routine supplement and screening
recommendations may need to be revisited.

Table 4: Vitamin D Supplementation Recommendations for
Pregnant Women

Organization DHA Supplement Recommendations

American College of
Obstetricians and
Gynecologists™

Pregnant women should
supplement with the dose of
vitamin D found in a standard
prenatal vitamin until more
evidence is available to support a
specific dose.

When vitamin D deficiency is
identified during pregnancy, most
experts agree that 1,000-2,000 IU
per day of vitamin D is safe.

The International
Federation of
Gynecology and
Obstetrics™®

Women at high risk for deficiency*
should supplement with at least
400 IU/day

* Vlegetarians, dark skinned individuals, those
who live in environments with minimal sun
exposure or who routinely wear sunblock

Australia Routine testing for vitamin D
Department of status in pregnant women is
Health™ not recommended without a

specific indication.

If testing is performed, vitamin D
supplementation is recommended
for women with 25(0H)D levels
<50 nmol/L.

World Health
Organization™

Supplement with a multiple
micronutrient supplement including
200 IU Vitamin D.




3.5. The Role of Choline in Female Fertility and Pregnancy

Choline is an essential nutrient found predominantly in animal foods, with
eggs and milk being especially good sources. Choline is necessary for lipid
metabolism and cellular repair as well as liver, muscle, and brain function. It
is required to make acetylcholine, an important neurotransmitter' Like
folate, choline is a methyl-donor nutrient, which means it plays a role in DNA
methylation. Therefore, it can influence gene expression, a process central to
conception and healthy fetal development.®>*® During early development of
the brain and nervous system, choline influences stem cell proliferation,
altering brain and spinal cord structure and making it a key nutrient for
preventing NTDs. It is also thought to be involved in the expression of genes
that regulate learning, memory, and synaptic plasticity.?>'®>'83 Choline is
transferred across the placenta in large amounts during pregnancy, and
choline concentrations in amniotic fluid and in umbilical cord and fetal
plasma are significantly higher than in maternal blood or plasma,
signaling an influential role for this nutrient in early development.®

Inadequate Choline Intakes

The recommended intake of choline increases during
pregnancy, yet the vast majority of pregnant women fail
to consume adequate choline through diet alone®' A
National Health and Nutrition Examination Survey
analysis revealed that only ~8% of pregnant women in the
U.S. had choline intakes above the adequate intake level
(450 mg)® The situation is similar in other regions including
Europe and Australia. A comprehensive review of 23 dietary
intake studies found that the average intake of choline
among women of childbearing years ranged from

233-383 mg/day, falling below current recommendations.®
Many prenatal vitamins do not contain choline, and

when they do, levels are typically

below the adequate intake level.”®

It is unclear why many vitamins do —

not contain choline, but it may be

due to sensory and application issues

with the nutrient.
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Choline and Female Fertility

Very little is known about the relationship between choline
intake or supplementation and female fertility outcomes.
Given that choline plays a key role in reducing the risk of
NTDs, which are a common cause of early fetal demise, it
is likely that choline has an impact on fertility '€’ PCOS is
a metabolic disorder that reduces female fertility. Plasma
and follicular fluid choline levels are lower in women with
PCOS compared to healthy women, suggesting choline
may play a role in ovarian function.®'® Animal studies
suggest that the addition of choline improves ovarian
function, but human trials are needed.”®

Choline and Pregnancy

Due to its role in the mitigating the risk of NTDs, optimizing choline intake prior to compared to intake that was

or in the earliest stages of pregnancy is vital.*"%"" A recent meta-analysis and approximately 50% of the pregnancy Al
systematic review studying the associations between prenatal and early postnatal for choline® Collectively, these
choline intake, brain development, and neurocognitive function in children found findings illustrate the potential

that low maternal choline intakes were associated with a higher odds ratio for neuroprotective effects of optimizing
NTDs, up to 2.36-fold in some populations.® In a large prospective study that choline intake during pregnancy, but
followed more than 180,000 pregnant women, serum levels of the nutrient were more studies are needed.

assessed in pregnancies affected by NTDs. Lower levels of total serum choline

were associated with an elevated NTD risk, and conversely, a reduced risk was Figure 14: Overview of the potential

benefits of choline for mother and
baby188,192,193,’|96

linked to higher levels of choline*?

Studies have also evaluated maternal choline status and infant cognitive
outcomes. A prospective observational study found a positive association
between maternal plasma choline levels at 16 weeks gestation and

WCEP NUTRIENT sy”EleG
/¢,
Xy

infant neurodevelopment scores (as assessed by the Bayley Scales of @\\\P‘

Infant Development-IIl) at 18 months of age!® In an observational Choline supplementation
. . during pregnancy improves

study that assessed the longer-term impacts of early choline Red Blood Cell DHA levels.

exposure, maternal intake of choline was linked to cognitive

abilities in children 7 years later. Seven year old children g
whose mothers had consumed approximately twice the daily 5
recommended adequate intake (Al) of choline (930 mg/day w : C.holine Choline intakes
vs. pregnancy Al of 450 mg/day) during the third trimester 4| Chotine may is Key during pregnancy
. < play a role for are associated
of pregnancy performed better on a task that required = in healthy e
. . . = i Mom and

sustained attention compared to children whose mothers = oanan developmental

. o e function. Baby outcomes in
consumed the Al of choline® These findings are congruent o infants. S
with another study that found positive associations between %; é’?
early pregnancy choline intake and visual memory at 7 years o g‘}
of age. Higher second trimester choline intake - and intake that 9

Choline helps to reduce the
was near the Al for pregnancy (406 mg/day vs. 253 mg/day) - was risk of neural tube defects.

associated with modestly better visual memory at age 7 years, «
\2

€y
S,
Ure PROPER DE\IE‘-O"“\
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Choline Supplementation and Pregnancy Outcomes

Only a few small RCTs have explored the impact of choline
supplementation on pregnancy outcomes in healthy
women.** In Caudill et al., 24 pregnant women were
randomized to either 100 mg or 550 mg of choline
supplementation in the third trimester. The infants of
mothers who received the higher dose of choline had faster
measures of reaction time — a measure of
neurodevelopment - compared to those who received the
lower dose. In another trial, 100 pregnant women were
randomized to 900 mg of choline or a placebo for the last
two trimesters of pregnancy. More infants in the choline
group had the desired response to an auditory response test
compared to those in the placebo group, but no differences
were observed at other time points or for other
neurodevelopmental outcomes.®® Cheatham et al.
randomized 140 pregnant women to 750 mg choline or a
placebo from 18 weeks of pregnancy through 90 days
postpartum. No differences in measures of
neurodevelopment were observed in the infants up to 12
months of age. Still, a systematic review of human data on
the inter-relationships between choline, neurological
development and brain function during the first 1,000 days
of life was recently conducted. The authors concluded that
maternal or child supplementation with choline during the
critical first 1,000 days could support normal brain
development, protect against in-utero neural insults, and
improve cognitive and neural functioning.®

Choline and DHA: Synergies Between Two Key
Brain Nutrients

As a methyl donor, choline supports the activity of the
phosphatidylethanolamine N-methyltransferase (PEMT)
pathway, which generates molecules enriched in DHA; these
are exported from the liver and then made available to
extrahepatic tissues. Scientists recently investigated
whether prenatal choline supplementation would influence
biomarkers of DHA status in pregnant women consuming
DHA supplements. They found that, indeed, choline
supplementation did yield higher RBC cell DHA levels at 28
to 32 weeks of pregnancy (P<0.05) and at the time of delivery
(P<0.005), as seen in Figure 15. The identification of this
nutrient-nutrient interaction suggests that the efficacy of
DHA may be influenced by whether choline intake is
sufficient. This key learning should be applied to future
studies on these two nutrients known to be influential in
both maternal and infant outcomes.*

Figure 15: The effect of prenatal choline supplementation on
biomarkers of DHA status among pregnant women who were
also consuming supplemental DHA, compared to controls™®

Prenatal choline supplementation improves biomarkers of DHA status
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Choline Supplement Recommendations for
Pregnant Women

There is currently a lack of expert recommendations for
choline supplementation during pregnancy. The
International Federation of Gynecology and Obstetrics
(FIGO) states there are potential benefits of
supplementation and acknowledges that most prenatal
vitamins have inadequate choline levels. In one assessment
of prenatal vitamins in the U.S., only 40% contained choline,
and the median level was 25 mg, far below the
recommended intake of 450 mg.?> Formulating vitamins with
choline presents challenges, including the large size of the
molecule and its unfavorable sensory profile.

Table 5: Choline Supplementation Recommendations for
Pregnant Women

Organization Choline Supplement

Recommendations

The International
Federation of
Gynecology and
Obstetrics™®

Multivitamin supplements
containing choline (approximately
450 mg/day) may be helpful to
maintain adequate choline status
and protect against NTDs, though
many available formulations do not
contain choline

GW: gestational week
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3.6. The Role of Carotenoids in Female Fertility and Pregnancy

Carotenoids Overview

Carotenoids are naturally occurring pigments found in plants, algae, and certain
types of bacteria. The brightly colored molecules are responsible for the red,
orange, and bright yellow hues of carotenoid-rich plants, fruits and vegetables
such as sweet potatoes, watermelon, bell peppers, tomatoes, carrots, mangoes,
and oranges. These fat-soluble compounds are thought to be - at least in part -
responsible for the health benefits of these foods.? Carotenoids function as
antioxidants in the human body, and some are also important dietary sources of
vitamin A. There are more than 600 types of carotenoids; some of the most
common are: a-carotene, B-carotene, lutein, zeaxanthin, and lycopene.?”

Carotenoids are classified into two main groups: xanthophylls and carotenes. The
xanthophyll class of carotenoids contain oxygen, often have a yellow pigment, and
are often associated with eye health. Lutein and zeaxanthin are two specific
xanthophyll carotenoids. The carotene carotenoids do not contain oxygen and are

associated with red and orange pigments. Well-known carotenes are B-carotene
and lycopene.?0"2%

The antioxidant properties of carotenoids have been widely studied in recent
years, including for their potential to positively impact fertility. A summary of
available evidence is below.
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Carotenoid Intakes

Few studies have investigated carotenoid intake during
pregnancy. Overall, intakes vary widely depending on the
population studied and seasonal and geographical
variation.2® Plasma levels of carotenoids in pregnant women
are a direct function of their intake of fruits and vegetables,
a variable influenced by seasonal availability of these foods,
overall access to fruits and vegetables, dietary habits, and
potential changes in maternal diet during pregnancy.2042°
Dietary supplements can also be a significant source of
carotenoids. In the Norwegian Mother and Child Cohort
Study, plasma carotenoids were higher in women who took
supplements compared to those who did not.2%

Currently, Dietary Reference Intakes (DRIs) for carotenoids
overall do not exist, although blood concentrations

<1,000 nmol/L have been associated with increased risks of
developing chronic diseases, such as type 2 diabetes,
cardiovascular disease, stroke, and certain types of cancer.2%°
An analysis based on the National Health and Nutrition
Examination Survey (NHANES) evaluated links between
intakes of carotenoids and hypertension in U.S. adults;
median (interquartile range [IQR]) total carotenoid intake
ranged from 79.73 (112.79) pu/kg/day to 94.35 (129.79) u/kg/day.2
Based on the inverse relationship between carotenoid
intake and hypertension, the authors recommended intakes
of at least 100 pg/kg/day.?” Some guidance is available for
intake of individual carotenoids - like provitamin A
carotenoids - though not for the entire group.?® For certain
populations such as smokers and asbestos workers, higher
blood concentrations of carotenoids are associated with
harmful effects.?®

Carotenoids and Fertility

While multifactorial in nature, infertility is thought to be
partly related to oxidative stress and low antioxidant
status. Antioxidant levels have been shown to be
associated with reproductive hormone concentrations in
healthy women,?® and studies have demonstrated a lower
total antioxidant status in women with PCOS - a risk factor
for infertility — and in the peritoneal fluid of women with
infertility of unknown origin.2%2"

To investigate this further, in a secondary data analysis of a
RCT in couples being treated for unexplained infertility,
researchers evaluated whether increased antioxidant intake
in women was associated with a shorter time to pregnancy
(TTP).22 The relationship between various antioxidants and
fertility varied. However, in multivariable models, intake of

B-carotene from dietary supplements was associated with
shorter TTP in women with a body mass index 225 kg/m(2)
(HR 1.29, 95%Cl 1.09-1.53) and in women <35 years of age (HR
119, 95% Cl 1.01-1.41). B-carotene intake from dietary
supplements seemed to be more relevant than intake from
food, though a mechanism for this could not be explained
by the study’s authors.??

In a prospective cohort study in the U.S., the relationship
between preconception levels of a number of antioxidants
and TTP was assessed in 1,228 women with 1to 2 prior
pregnancy losses.?® Serum levels of zeaxanthin,
cryptoxanthin, lycopene, a-carotene, B-carotene, a-tocopherol
and y-tocopherol were measured in participants attempting
pregnancy without the use of fertility treatments. The authors
found that increased preconception serum carotenoid
concentrations were linked to improved fecundability (OR 1.7,
95% Cl 1.0-1.36) and shorter TTP (OR 1.21, 95% Cl 1.02-1.44).
Conversely, y-tocopherol levels at or above the U.S. average
were associated with a longer TTP2® While preliminary in
nature, these findings suggest the potential for carotenoids to
influence fecundability, a prospect that deserves more study.

The Impact of Carotenoids in Pregnancy Outcomes

Pre-eclampsia (PEC) is a major pregnancy complication with
manifestations that include hypertension, proteinuria, and
edema. PEC significantly increases the risk of negative
pregnancy outcomes such as fetal growth restriction,
premature delivery, and stillbirth. An imbalance between
antioxidants and pro-oxidants is thought to contribute to
PEC development.* A study investigated the association
between maternal dietary carotenoid intake and pre-
eclampsia in 880 pregnant women in China.?” Food-
frequency questionnaires were used to assess dietary intake
of carotenoids. After adjusting for confounders, the
researchers found that the intakes of total carotenoids,
B-carotene, B-cryptoxanthin, lycopene, lutein, and
zeaxanthin were negatively associated with the odds of
developing PEC. When compared to the lowest quartile
intake, the adjusted odds ratio (95% Cl) for the highest
quartile intake was as follows: total carotenoids (OR 0.29,
95% Cl 0.16-0.54, P<0.001); B-carotene (OR 0.31, 95% Cl 0.16-
0.5, P<0.001); B-cryptoxanthin (OR 0.50, 95% Cl 0.27-0.90,
P=0.007); lycopene (OR 0.55, 95% Cl 0.30-0.99, P=0.04); and
lutein-zeaxanthin (OR 0.32, 95% Cl 0.17-0.61, P=0.001).2
These findings are in alignment with those of other studies
showing positive impacts of increased maternal carotenoid
concentrations on PEC.2'%27
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A Focus on Lutein and Zeaxanthin

Lutein and zeaxanthin are carotenoids that are well-
recognized for their roles in supporting eye health.*® Recently,
researchers investigated carotenoid levels in the placenta
and umbilical cord of infants, and found higher levels of
lutein and zeaxanthin that any other carotenoid (49% and
37%, respectively). In addition, the rate of transfer of lutein
and zeaxanthin from maternal to fetal cord blood was the
highest of all carotenoids.?® These carotenoids have been
studied in premature infants - a population at high-risk for
eye disease - for whether their addition to human milk could
support retina maturation.?”® In an RCT of 203 infants <33
weeks gestation, lutein and zeaxanthin supplementation
resulted in greater rod photoreceptor sensitivity (P<.05), one
marker of vision and overall retinal function. Additionally,
supplemented infants had lower plasma C-reactive protein
(P<.001), a measure of inflammation.?®

Studies have examined whether early exposure to lutein and
zeaxanthin leads to long-term benefits for visual health.
Maternal concentrations of lutein and zeaxanthin at delivery
were assessed for a relationship to visual acuity (VA) in 3
year olds.??® The highest tertile of maternal zeaxanthin
concentration was associated with 38% lower likelihood of
poor VA in children (95% Cl 0.42-0.93, p-Trends = 0.02). Higher
maternal lutein concentrations were associated with a lower
likelihood of poor VA in children (middle tertile: RR 0.60, 95% Cl
0.40-0.88; highest tertile: RR 0.78, 95% Cl 0.51-1.19) (p-Quadratic
=0.02).2° These results are promising, but further studies with
broader measures of vision and eye function are needed.
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While several studies have established a role for lutein and
zeaxanthin in eye development, evidence is accumulating
for an important role for lutein in brain development.??'?2
This is unsurprising since the brain and eye share the same
embryological origin in the neural tube. The fact that this
carotenoid accumulates in areas of high metabolic demand
and with increased oxidative stress suggests it may play a
crucial role as an antioxidant during the development and
maturation of these organ systems.?2 In a prospective
cohort study, researchers evaluated whether lutein and
zeaxanthin intake during pregnancy correlates to child
cognitive development and measures of executive function.”
Better scores on verbal intelligence and behavior regulation
in children were linked to higher maternal intake of lutein
and zeaxanthin during pregnancy, suggesting exposure to
these carotenoids during early brain and cognitive
development may indeed be important.?’

Recommended Intakes of Carotenoids for
Pregnant Women

While there are no DRIs for carotenoids as they are not
considered essential nutrients, the importance of these
substances to maternal and infant health can be inferred
based upon other recommendations, such as the focus on
fruit and vegetable intake across the lifespan and especially
during pregnancy, the higher levels of carotenoids found in
breastmilk compared to infant formula,?® and the evidence
for eye health benefits in adults who take lutein daily.>6242%



3.7. Additional Emerging Nutrients for Fertility Support

As the relationship between nutrient intake and fertility continues to be studied,
certain nutrients have recently emerged as having a potential positive impact on
fertility. A brief overview of some of these nutrients and available data are
discussed below.

Co-enzyme Q10 andFertility

Co-enzyme Q10 (CoQ10) is an antioxidant naturally produced by the body. It is
essential for the production of energy and protects cells against oxidative damage.
The highest levels are found in the heart, liver, kidneys and pancreas.?”?*Studies
have suggested that CoQ10 may have a positive effect on female fertility. Some
research has shown that supplementation with CoQ10 may improve ovarian
function and egg quality, as well as increase the chances of pregnancy in women
undergoing IVF.222# Additionally, studies have also explored the impact of CoQ10 on
male fertility, and have found CoQ10 supplementation may improve sperm quality
and motility, as well as reduce oxidative stress in the reproductive system.0%'

A systematic review and meta-analysis assessed the available evidence for the
impact of CoQ10 on clinical pregnancy, live birth, and miscarriage rates compared
with placebo or no treatment in women undergoing ART.??® Five RCTs with a total
of 449 women were included in the review. Oral supplementation with CoQ10
increased clinical pregnancy rates when compared with placebo or no treatment
(28.8% vs. 14.1%, respectively; OR 2.44, 95% Cl 1.30-4.59, P=0.006). When women
with poor ovarian response and PCOS were analyzed separately, the effect
remained significant. No differences in live birth rates or miscarriage rates were
observed between groups.?® Further studies are needed to confirm these findings
and to determine the optimal dosage and duration of supplementation.

Cobalamin and Fertility

Cobalamin, or vitamin B12, is an essential nutrient required for many physiological
processes, including DNA synthesis, RBC formation, and neurological function.
Studies have also suggested that cobalamin plays an important role in fertility.??
It is necessary for the proper functioning of the female reproductive system, and
is involved in the development and maturation of ovarian follicles. Low levels of
cobalamin have been linked to irregular menstrual cycles, ovulatory dysfunction,
and early pregnancy loss.?>?

Cobalamin supplementation has been shown to improve fertility outcomes in
both men and women. In women, supplementation with cobalamin and folic acid
have been shown to increase the likelihood of ovulation and pregnancy in women
undergoing fertility treatments.?* In men, cobalamin supplementation has been
associated with improved sperm parameters.?> Whether this translates to
improved pregnancy outcomes is unknown.

Overall, the available data suggest that cobalamin plays in important role in
fertility, and that maintaining adequate levels of this essential nutrient may
improve fertility outcomes. However, more research is needed to fully understand
the mechanisms underlying the relationship between cobalamin and fertility,

as well as to determine the optimal dosages and duration of

supplementation needed to positively impact fertility outcomes.

Inositol and Fertility

Inositol is a sugar found in various
fruits, beans, and nuts. It
influences physiological processes
such as insulin signaling and
cellular membrane formation. In
recent years, inositol has been
studied for its potential effects on
fertility in both men and women.

In women, inositol has been found
to help regulate menstrual cycles
and improve insulin sensitivity, both
of which can increase the changes
of ovulation and conception.?®
Specifically, two forms of inositol,
myo-inositol and D-chiro-inositol,
have shown benefits for women with
PCOS-related infertility.?” Studies
have found that supplementation
with both forms of inositol can
improve menstrual regularity,
increase the number of mature
follicles, and improve pregnancy
rates in this population.?82*

In men, inositol may assist in fertility
by improving sperm quality.?°
Research is pointing to the benefits
of supplementing with myo-inositol,
alongside other antioxidants like
selenium, for improved sperm
concentration and motility in men
with asthenozoospermia (low
sperm motility).212:

More research is needed to fully
understand the links between
inositol and fertility, but preliminary
studies do suggest a beneficial
effect for both men and women.
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4 | Summary and Conclusions

The maternal journey — from the early stages of pregnancy up to the
day of delivery - comprises immense and meaningful life changes for a
woman. The changes that unfold during this time can drastically impact
physical health. Nutrition plays such an important and influential role
in supporting a woman through these changes, and provides much-
needed nourishment for the demanding journey of motherhood.
Further, the nutrition provided to the infant during their vulnerable
early days will have ongoing impacts on their growth and development.

Advances in nutrition science are illuminating how diet and nutrient intakes can
have significant and lasting positive impacts on both maternal and infant outcomes,
and are thus guiding expert recommendations. While all nutrients are important
during the sensitive stages of conception, pregnancy, and fetal development,
certain nutrients are known to play a substantial role. Iron, folate, DHA, vitamin D,
choline, and carotenoids are critical for the long-term health of both mother and
baby. These nutrients have been shown to have significant impacts on the incidence
of maternal anemia, the risk of preterm delivery, pregnancy and fertility-related
outcomes, brain health and development, cognitive outcomes, and visual and eye
health. Health policies and nutritional guidance for dietary intake and
supplementation should ensure adequate access and delivery of these vital
nutrients throughout the preconception and pregnancy stages.

5| DSM Supports Maternal Nutrition

At DSM, we believe in the value of quality, sustainable, maternal nutrition
to promote a healthy start in life - without impacting the planet. DSM provides:

With our consumer insights and scientific expertise, DSM's purpose-led solutions * High quality standards
help you to nourish healthier and happier mothers and babies with key ingredients,
such as life’sDHA® algal omega-3, while achieving more efficient speed-to-market.
At DSM, we know life is healthier when it's supported from the

beginning. That's why we're committed to delivering high-quality, « Expert services for
insight-driven, innovative nutritional solutions at every stage application and formulation
of your product’'s development. This takes more than '
ingredients. It takes a partner. Partner with DSM for

access to our broad portfolio of science-backed

products, customized solutions, and expert

services aimed at reliably supporting your entire \

product life cycle, from concept to consumer. ﬁ F |

» Focus on innovation and
sustainability

+ Strong on advocacy
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6 | Appendix

Table A1: Recommended Daily Nutrient Intakes during Pregnancy by Authoritative Bodies

US National Academies RDA for Pregnancy?°s*

EFSA Dietary Reference Values for Nutrients?+**

Calcium 1,300 mg (ages 14-18) 860 mg (ages 18-24)
1,000 mg (ages 19-50) 750 mg (ages 3-25)
Iron 27 mg 16 mg
Magnesium 400 mg (ages 14-18) 300 mg
350-360 (ages 19-50)
Phosphorus 1,250 mg (ages 14-18) 550 mg
700 mg (ages 19-50)
Potassium 2,600 mg (ages 14-18) 3,500 mg
2,900 mg (ages 19-50)
Sodium 2,300 mg 2,300 mg
Zinc 12 mg (ages 14-18) 9.1-14.3 mg (baseline requirements for
11 mg (ages 19-50) non-pregnant women, +1.6 mg)
lodine 220 ug 200 pg
Choline 450 mg 480 mg
Vitamin A 750 pg RAE (ages 14-18) 700 mg
770 pg RAE (ages 19-50)
Vitamin E 15 mg 11 mg
Vitamin D 600 IU 600 IU
Vitamin C 80 mg (ages 14-18) 105 mg
85 mg (ages 19-50)
Thiamin 1.4 mg 1.4 mg
Riboflavin 1.4 mg 1.9 mg
Niacin 18 mg PRI + 1.6 mg/day
Vitamin B6 1.9 mg 1.8 mg
Vitamin B12 2.6 ug 4.5 g
Folic acid 600 pg DFE 500 pg DFE
Vitamin K 75 pg (ages 14-18) 75 pg (ages 14-18)
90 pg (ages 19-50) 90 pg (ages 19-50)
Omega-3 fatty acids | Two servings of fish per week (8-12 0z) to get 350-450 mg from EPA + DHA (250 mg for baseline
desired amount of omega-3* adult requirements, +100-200 mg for pregnancy)

* These guidelines have been adopted by the American College of Obstetricians and Gynecologists (ACOG); ** Average Requirement or Adequate Intake;
US: United States; RDA: Recommended Dietary Allowances; EFSA: European Food Safety Authority; RAE: Retinol Activity Equivalents; PRI: Population Reference Intake;
DFE: Dietary Folate Equivalent; T From low mercury-containing fish and seafood.
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Table A2: Recommendations for Supplementation of Select Nutrients During Pregnancy

Iron Supplementation Recommendations for Pregnant Women

Organization Iron Supplement Recommendations

American College of Obstetricians
and Gynecologists®

Screen all pregnant women for IDA and provide an iron supplement in addition to a
prenatal vitamin to those with IDA.

United States Centers for Disease
Control®®

Supplement all pregnant women with low dose iron (30 mg/day) and screen for IDA.
Women with IDA should supplement with 60-120 mg/day of iron.

European Food Safety Authority®®

Supplement if at risk of IDA.

Australia Department of Health™

Advise iron supplementation to pregnant women based on their hemoglobin
concentration at 28 weeks.

Advise pregnant women taking an iron supplement that weekly supplementation
(80-300 mg elemental iron) is as effective as daily supplementation (30-60 mg
elemental iron) in preventing (but not treating) iron-deficiency anemia, with fewer
adverse effects.

World Health Organization™

Supplement with a multiple micronutrient supplement including 30 mg of iron.

Folic Acid Supplementation Recommendations for Women of Childbearing Age and Pregnant Women

Organization

American College of Obstetricians
and Gynecologists™

Folic Acid Supplement Recommendations

All women of childbearing age should supplement with 400 ug folic acid per day.
Women with increased risk of NTDs should supplement with 4,000 pg/day.

United States Preventative Services
Task Force™*

Women who are planning or capable of pregnancy should take a daily supplement
containing 400-800 pg folic acid.

Australia Department of Health™

Advise dietary supplementation of 400 ug per day folic acid, ideally from 1
month before conception and throughout the first 3 months of pregnancy to reduce
the risk of NTDs.

World Health Organization™

Supplement with a multiple micronutrient supplement including 400 pg folic acid.

Omega 3 DHA Supplementation Recommendations for Pregnant Women

Organization DHA Supplement Recommendations

Polish Society of Gynecologists
& Obstetricians14®

Supplement at least 200 mg DHA in all pregnant women.

Consider higher-dose DHA in women consuming small amounts of fish during
pregnancy and in the preconception period.

Use 1,000 mg DHA daily in women at risk of premature birth.

Australian Department of Health™

Supplementation with omega-3 LCPUFA (800 mg DHA and 100 mg EPA per day) may
reduce the risk of preterm birth among women who are low in omega-3
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International Society for the Study
of Fatty Acids and Lipids™

Adequate intake of omega-3 LCPUFA in early pregnancy, consistent with existing
nutritional guidelines, is associated with a lower risk in preterm and early preterm
births for women with singleton pregnancies.

Women with adequate intake of omega-3 LCPUFA in early pregnancy should be
encouraged to maintain their intakes.

Women who are low in omega-3 fatty acids will benefit most from omega-3 LCPUFA
supplementation to reduce their risk of early birth. In such cases, supplementation
with a total of ~ 1,000 mg of EPA plus DHA is recommended. Supplementation should
commence before 20 weeks gestation.

Routine maternal screening for omega-3 depletion in early pregnancy is
recommended to identify women who would benefit from specific supplementation.
Assessment of omega-3 status in blood is ideal.

Vitamin D Supplementation Recommendations for Pregnant Women

Organization

Vitamin D Supplement Recommendations

American College of Obstetricians
and Gynecologists™

Pregnant women should supplement with the dose of vitamin D found in a standard
prenatal vitamin until more evidence is available to support a specific dose.

When vitamin D deficiency is identified during pregnancy, most experts agree that
1,000-2,000 IU per day of vitamin D is safe.

The International Federation of
Gynecology and Obstetrics'™®

Women at high risk for deficiency* should supplement with at least 400 IU/day.

*vegetarians, dark skinned individuals, those who live in environments with minimal sun exposure or who routinely
wear sunblock

Australia Department of Health™

Routine testing for vitamin D status in pregnant women is not recommended
without a specific indication.

If testing is performed, vitamin D supplementation is recommended for women with
25(0H)D levels <50 nmol/L.

World Health Organization™

Supplement with a multiple micronutrient supplement including 200 IU Vitamin D.

Choline Supplementation Recommendations for Pregnant Women

Organization

Choline Supplement Recommendations

The International Federation of
Gynecology and Obstetrics'™®

Multivitamin supplements containing choline (approximately 450 mg/day) may be
helpful to maintain adequate choline status and protect against NTDs, though many
available formulations do not contain choline.
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