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Abstract

Background:In addition to a diet including forigd dietary staples, the use of prenatal
multivitamin supplements among women has been shpwisome caseso lead to excessive
micronutrient intake levels for nutrients such as folic acid (FA). It was therefore hypothesized
that prenatal vitamin suppimentation, in addition to a standard Canadian diet, would place
pregnant Canadians at risk for excessive FA intake. With little available research on the
potential negative impact of excess FA intake in pregnancy, it was further proposed that high
concentations of FA may adversely affect placental health and function. Thuairtied the
current study was thredold: 1) To determine micronutrient intake in a large Canadian cohort
of pregnant women; 2) To determine the extent to which FA intake in thisrtonay exceed

the tolerable upper intake level (UL) after prenatal supplementation; and 3) To determine the
effects of excessive FA exposure on placental health and furiatiatro.

Methodology. Second trimester3-day foal records of pregnant womenNE216) were
analyzed fomicronutrient intake using ESHA Food Proce$saddutrient intake values were
compared to established Dietary Reference Intake (DRI) values. In a series of experiments, the
effects of exogenous folic acid-4®00 ng/ml) on placentdealth and function were examined

in two placental cell lines [HT&®SVneo (N=3) and BeWo (N=3)], andhtanan placenta
explant model (N=6). Followirag48hour incubation period, the effects of excessive folic acid
exposure on placenta cell proliferatipaiability, and apoptosis were determined, along with
evaluation of placenta cell function via cell invasion BAICG hormone release assays.

Results: Through dietary sources alone, most pregnant women studied were consuming
adequate levels of most micnoitrients. However themajority of examinedwomen (>50%)
demonstrateda risk ofdietary inadequacy for vitamin D, vitamin E, folate, and irdn.the
examined cohort, 83% of study participants reported prenatal supplement ushgeitro
exposure of huran placenta cells and explants to excessive FA concentrations resufted in
significant differences in cellular proliferation, apoptosis, invasion, &hCG hormone
production However, decreased cell viability was observedeWo ceB at increasedrFA
concentrations(200-2000 ng/mL)

Conclusion: Food sources alone do not appear to provide women in Canada with adequate
intake of all micronutrients recommended for a healthy pregnandyhough a prenatal
supplement containing FA may be necessary for mastien, current FA levels imany
prenatal supplementsnay lead to excessive FA inta#bove the established ULYet, as
measured in this study, high FA concentrations do not seem to adversely mfstprimary
indicators of placental cell health or funa.
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Chapter 1
Theoretical Foundations

In this chapter, the aim is to deliver a briefesview on folate metabolism and
requirements; the Dietary Reference Intakes and the Risk Assessment Model; prevalence of
folic acid supplementation during pregnandliye available literature on high micronutrient
intake; evidence for adverse outcomes doehigh micronutrient intake levels; as well as the
importance of the placenta and how high micronutrient intake may impact this vital organ of
pregnancy. This overview will be followed by the rationale for the study, the overarching
hypothesis and speaifiresearch objectives.

1.1 Folate and Folic Acid

Folate is the generic term for the watspluble vitamin B which is critical for one
carbon metabolism and is found in a range of chemical foiq8]. Naturally occurring
folates (pteroylglutamate) are polyglutamates containing a string of one to six glutamate
molecules, and are found in foods such as dark green leafy vegetables, liver, and citrus fruits
[4, 5] Before folate can be absorbed by the body, enzymes in the small intestine must
remove all but oe glutamate to produce folic ac[@8¢8]. Folic acid (pteroylglutamic acid) is
the monoglutamate form of folate (folylmonoglutamate) and le tform used in fortified
foods and vitamin supplemeni8, 9]. Once taken up by enterocytes, folylmonoglutamate is
hydrolyzed into Emethyltetrahydrofolate (SMTHF), the metabolically active form of folate
found in circulatio [10, 11]

Estimates suggest that about 50% of the folate naturally found in food is absorbed;
whereas the bioavailability of folic acid is almost double that of folate due to the unnecessary
requirement br enzymatic removal of excess glutamate®, 13] To account for differences
in folate and folic acid bioavailability, the Dietary Reference Intakes (Section 1.2) represent
units of folate as dietry folate equivalents (DFE), where 1 DFEg fbod folate = 0.6rg of
folic acid from fortified food or as a supplement consumed with food =9.5f folic acid
from a supplement taken on an empty stomaftf]. Thus, the source of folate is an
important consideration when determining consumption levels in a pain.

Acting as a methyl donor in orearbon metabolism, folate derivatives are necessary
for proper DNA, RNA, and protein methylation, as well as DNA synthesis and maintenance

1



(Figurel) [14]. Once folylmonoglutamate isonverted into SMTHF in the enterocytes with
the help of enzymes and-Btamin cofactors, 8MTHF is transferred to peripheral tissues
where vitamin Bx-dependent methionine synthase transfers the methyl grouprfreMTHF

to methylate homocysteine toproduce methionine and tetrahydrofolate (THIE)O].
Methionine is actiated by ATP and adenosylmethyltransferase to produce SAM, which
functions as a subsequent methybnor by methylating DNA, RNA, lipids, and prot¢irdg.
Alterations in methylation patterns due to improper folate intake, may adversely affect
epigenetic regulation of gene expressid®, 16] On the other nd, THF can be converted

to 5,10methyleneTHF by vitamineBlependent serine hydroxymethyltransferase (SHMT)
which simultaneously converts serine into glycid®]. It is 5,18methyleneTHF and its
derivative 16formyl-THF that is used in the process of DNA synthesis to respectively produce
pyrimidines and purine$l0]. Hence, it is understandable that adequate folate intake is
essential throughout pregnancy for proper establishment of methylation patterns and DNA
synthesis as required for rapid fetal growth and development.

Diet
DNA

Synthesis /\

! Dietary Folate Folic Acid

\/ Methylation

DNA

dTMP DHF « RNA
Psvrin:dipe Purine l *+ Lipids
ynthesis Synthesi . i
ynthesis THE Methionine _____-\ Proteins
B6 SAM R
DMG l
dUMP 5,10-methylene THF R-Methyl

Betaine «— Choline SAH

lBZ
Homocysteine —/

5-methyl THF

Figurel. Folatemetabolism. An outline of key players in the osmarbon metabolism
pathway. h green, nutrients obtainable frordietary sources. In red,8Btamin cofactors
required for proper enzyme fumion in folate metabolism Folate derivaties play a role in
DNA synthesis as well as methylation of DNA, RNA, proteins, and lipids.



1.1.1 Folic Acid Supplementation within the Context of Pregnancy

Neural tube defects (NTDs), such as spina bifida and anencepin@lya group of
heterogeneous anomalies of the central nervous systamsed by incorrect closure of the
neural tube during embryogenesis. Initially, folic acid became implicated in NTDs when
Thiersch (1952) used aminopterin, a folic acid antagonist, for therapeutic abortions in 12
women and observed fetal malformations i cases of live birth where spontaneous
abortion did not occuffl7]. At the time, folatedeficiency was known to have a role in
megaloblastic anemia, but eventually, Hibbard (1964) suggested that fdédieiency may
also have a role in NTI)B8]. In 1976, a landmark study by Smithelisal. [19] officially
attributed nutritional deficiencies to be an important contributing factor in congenital
defects, specifically finding that babies born to folaleficient mothers a@ more likely to
have NTDs. This led to increased investigation to determine the protective effects of folic
acid supplementation to prevent NTDs.

In 1991, the Medical Research Council (MRC) published results from an international
randomised doublélind preventia trial, whichdemonstratedthat when women, who had
already had an NTBffected child from a previous pregnancy, were given 4 mg of
periconcepional folic acid, 72% of NTDs were prevented in the second ¢R0f In a
subsequent large randomised controlled study, periconmel 0.8 mdolic acidcontaining
multivitamin intake was shown to be significantly effective in preventing first NTD occurrence
[21]. However, other studies have shown that dosedaav as 0.36 m2] to 0.4 mg[23] of
daily folic acid supplementation may be effective in NTD prevention.

{AYyO0S (GUKS RA&AO2OSNE 27F TR0 R1IJJFGCOUNTES,S Ay
including Canada, have instated nationwide fortificaiwsograms in which at least one grain
product (wheat flour, maize, or rice) is fortified with folic af28]. This is a unique example
of a public healtlpolicy, in which the entire population is exposed to folic acid fortified foods
to ensure adequate folic acid intake in women of cli&hring age. In 1996, voluntary
fortification of white flour, cornmeal, and enriched pasta was permitted in Carja@h
However, since 1998, Canada implemented mandatory folic acid fortification for all white
flour, cornmeal, and enriched pagia/]. This program has been effective, resulting %4
decrease in the rate of NTDs among Canadja8k However, Health Canada additionally
recommends women who are pregnant or planning to become pregnanstotake a daily
multivitamin supplement containing 0.4 mg of folic ad29], while the Society of
Obstetricians and Gynaecologists of Canada (SOGC) recommends up to 1 mg of additional



folic acid[30]. This discrepancy in recommended folic acid intake warrants further research
to determine the appropriate folate intake level during pregnancy.

Health Canada has also identified a high risk population of women, who are
recommended to take higher than normal doses of FA throughout pregri8i¢y This high
risk population includes women with a personal or family history of NTDs, women with pre
gestational or gestational diabetes, lowethry folate intake, Hispanic ethnicity, obese
women, and women who consume alcohol during pregndB@g34]. Atrisk women are
recommended to take-b mg d folic acid supplementation (in combination with vitamit)B
for 3 months prior to becoming pregnant as well as during the first trimef88]. This
increased dosage was established based upon findings of a reduced recurrence of NTDs
following this FA supplementation regim0, 36]

Despite the numerous recommendations promoting folic acid supplementation in
pregnancy, there has been little work doneregards to the safety of high FA intake from
supplementation on the developing fetus. Due to the important role of folate in biological
process such as DNA replication and methylation, it is critical that a comprehensive
evaluation of safe and efficaciotlserapeutic windows of FA supplementation is conducted
in orderto ensure that clinical recommendations provided to pregnant women are safe to
them and their unborn children.

In Section 1.2, below, key definitions and calculations used to define micrenutri
adequacy, deficiency, and excessive intake will be described and applied to the case of folate
and folic acid.

1.2 Dietary Reference Intakes (DRIS)

Dietary Reference Intakes (DRIs) are the most recent set of nutrient intake standards
developed by t& Ly adAddziS 2F aSRAOAYySQa C22R | yR
assessment and planning in Canada and the United S{&@&s All DRI valuesvere
determined by considering indicators gbod health, prevention of chronic disease, and
observations of adverse health outcomes due to excessive nutrient intBlepending on
data availability, each nutrient has a set of DRIs including an EstrAaerage Requirement
(EAR) and eithest Reconmended Dietary Allowance (RD#&) an Adequate Intake (Al) that
indicate the reommended daily nutrient intake, based on physiological requiremeats,
healthy individualg§37]. Additionallyusng the Risk Assessment ModalTolerable Upper
Intake Level (ULhas been recognized for many nutrients and identifies a nutrient



concentration above which adverse health outcomes may become appg@éenhtThese DRI
values are used to determine the risk of inadequacy, adequacy, and excessive intake in a
population Figure?). Key terminology idescribed below andummarized in Table 1 (p.12).

TheEstimated Averag Requirement (EARS the median nutrient intake value that
is estimated to meet thephysiologicalrequirements of 50% of healthy individuals in a
particularlife stage(defined by biological sex, age, and life events such as pregnancy and/or
lactation) The remaining 50% of individuals would not meet the nutrient requiremente
EARs for different nutrients wergetermined by Expert Nutrient Review Panels for each
nutrient (ex. The Panel on Folate, Other B Vitamins, and Choline) and the Standing
Commitee on the Scientific Evaluation of Dietary Reference Intakes (i.e. The DRI Committee)
at the Food and Nutrition Board, Institute of Medicifie].

Considerations used to determine the DRI values inclugkeient bioavailability,
nutrient-nutrient interactions, evidence forisk of developmental abnormality odisease
reduction, as well as the available data frohetliteratureinvolving metabolic, observational,
and epidemiological studigd2]. The quality of thewvailablestudieswere also considered
by taking into account thetudy design, method fomtake measurement and any other
confounding factor$38]. In the case of folate, the EAR, in dietary folate equivalents (DFE),
was determined to be 0.32 mg DFE/day for both men and women over the age[b2]19
Though other factors were considered, this value was basegklia on al1995 study by
h QY S&E[3)], which idetified folate intakes deemed to be sufficient to maintain normal
blood concentrations of erythrocyte folate, serum folate, and plasma homocysteine over a
period of 70 days in 50%-@women) of the 5 non-pregnant women ireach group irthe
study.

In pregnant women, there is increased need for folate to support DNA synthesis due
to uterine enlargement, placental development, increased maternal erythrocyte count, and
fetal growth[40]. Preferential fetal folate usage, over maternal usage,deesn suggested
by findings of increased circulating folate levels in fetuses and newborns compared to the
maternal circulatiorj41, 42] To determine the EAR for the pregnant population, population
based studies using the erythrocyte folate co(#i8¢45], reflecting tissue stores of folate,
and serum folate levelpt6¢50] were used as the primary indicators for adequacy among
healthy pregnant women. A digfontrolled metabolic study51] and the urinary excretion
of folate breakdown productfs2] using healthy pregnardnd norpregnant women were
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also used as evidence to determine the HAR. Since studies demonstrated that 0.2 mg
DFE/day is insufficient to support the average folate status in pregnant wp#eeb0], this

intake level was simply added to the established EAR of 0.32 mg DFE/day {mmregoant
women to ensure adequate intake. Thtise EAR for pregnant women was established to
be 0.52 mg DFE/day to support maintenance of maternal tissue stores of folate, despite high
fetal demand, in order to prevent megaloblastic aneifia]. It is important to note, that at

the time of EAR determination, limited data was available and a more robust analggis

be necessary.

The EAR is used to calculate Recommended Dietary Allowance (RDAJhe RDA
refers to the average daily dietary intake level thmenhough to satisfy the required nutrient
intakeof 97-98% of healthy individuals in a particutsxspecificlife stage grouplf the EAR
is normally distributed and the standard deviation (SD) is available, the EAR value is used to
determine the RDA as follows: RDA = EAR #a2SBowever, due to limited data on the
variability of requirements for flate, a coefficient of variation of 10% was used instead.
Based on evidence used to establish the EAR, the RDA for folate in men apcegoant
women over 19 years of age is 0.4 mg DFE/day, and is 0.6 mg DFE/day for pregnant women
[12, 39, 51, 52]

When there is not enough scientific evidence availableletermine theEAR and
calculate theRDA values, théddequate Intake (Al)s determined. The Al is based on
observed or experimental estimates of nutrient intake by a group (oumgsd of healthy
individuals. For example, scientific evidence is scarce for the determination of an EAR, and
hence an RDA, for pantothenic acid, manganese, potassium, and sfidiu®s3, 54] thus,
for these micronutrients, an Al is instead determined. Due to limited data used to determine
the Al, the risk of inadequate intake is only determined for micronutrients with an EAR.

Finally, theTolerable Upper Intake Level (Uis)the maximum daily nutrient intake
that is unlikely to pose a risk of adverse health effects to almost all individuals in the general
population. Chronic nutrient consumption above the established Uleiases the risk for
adverse health outcomed-jgure?) [38]. The Risk Assessment Model, developedHsy
National Research Council, has been a crucial tool in the determination of the UL for many
nutrients by the Subcommittee on Upper Reference Levels of Nutrients (i.e. the UL
Subcommittee) at the Food and Nutrition Board, Institute of MedigiM)[12, 38, 55]
This method of deriving the UL will be explored in further detail while highlighting a case
study on the determination of the UL for folic acid (1 mg) in Section 1.2.1.



1.2.1 The Risk AssessmeNodel: Identifying the UL for Folic Acid

The Risk Assessment Model was developed by the National Research Council and
involves characterizing the nature and likeliness of adverse effects resulting from human
exposure taagentsin theenvironmen{55]. For the purposes of the current research project,
the agents considered are micronutrients (i.e. folate), while the environment includes food,
water, nutrition supplements, and other plnmacologic preparations.

To identify the likeliness of adverse effects for specific micronutrients, the Risk
Assessment Model for Nutrient Toxicity involves using the available literature to identify any
potential hazard due to nutrient consumption, dpse doseresponse assessments to
determine any association between nutrient intakes (dose) and the incidence or severity of
GKS STFFTFSOUG oNBalLkRyaSuv:r FyR faz2 FaasSaa GKS
[38]. Based on these factors, the level of risk is identified and a UL is established.

In most cases, ULs were established based on data examining total nutrient intake
from multiple sources, such as food, water, and supplem¢3®$ However, some ULs were
established based solely on evidence related to nutrierdketfrom supplements and/or
fortified food alone. This difference in adverse health effects across different nutrient
sources is likely the result of differences in bioavailability and the chemical form of the
nutrient, the timing of intake, and/or the aocunt consumed each timg38]. These
differences can affect nutrieatutrient interactions and result in alterations in absorption,
metabolism,excretion, transport, storage, and/or the function of other nutrients.

For example, when determining the DRIs for folate in 1998, there was no evidence
indicating adverse health effects from excessive consumption of naturally occurring folate
from food saurces[38, 56] However, at the timegvidence suggested that excess folic acid
consumption from supplements and fortified foods could result in adverse health effects,
particularly neurological damage by masking vitamindgficiency[57¢65]. Thus, a UL for
naturally occurring folate from food was not identified, but was instead, established for folic
acid only.

Using the Risk Assessment déd, it is assumed that there is no risk of adverse effects
unless chronic nutrient intake surpasses a threshold IB&]l This threshold leal for each
nutrient is identified as theTolerable Upper Intake LevgUL) to protect most of the
population. However, in most cases, acute intake in the stewrh does not pose a threat
[38]. Ideally, theno-observedadverseeffect level (NOAELhich is the highest intake of a



nutrient that does not seem to result in adverse health effects, is used to calculate the UL
[38]. However, when there is not enough information to determine a NOAELpwWest-
observedadverseeffect level (LOAElhay be used insteafB8]. The LOAEL is the lowest
intake level of a nutrient where an adverse effect on health has been observed.

The UL is derived based on the NOAEL or LOAEL aitingany identified
uncertainties, referred to aincertainty Factors (UF$38]:

UL =NOAEl(or LOAEL
UF

UFs arise due to incompletenesd the data. They take into consideration
uncertainties identified during the risk assessment when establishing the UL. For example,
in the absence of sufficient data for nutrient intake in children, data may be extrapolated
based on proportional body &ight from information available for adults. Furthermore, in
many cases, inferences are made from experiments using lab animals. Based on the number
and the degree of uncertainties, a numerical value €110.0) is assigned and referred to as
the UF forthe particular nutrient. Though somewhat arbitrary, lower UFs indicate a smaller
degree of uncertainty; whereas higher UFs indicate a higher degree of uncertainty of the
adverse health effects on the general population at a given intake.

To determine tie UL for folic acid, the UL Subcommittee, with collaboration from the
DRI Committee and nutrient experts in the Food and Nutrition Board (IOM), reviewed
existing literature describing the hazardous health effects of high folic acid ifé&8keThe
health effects specifically examined included: neurological efil&G65], reproductive and
developmental effect§21, 36, 6@73], carcinogenicity74, 75] hypersensitivity76¢78], and
intestinal zinc absorptiof56, 7;83]. Based on the data available and analysed, it was
determined that the main gk factor to consider in the establishment of the UL for folic acid
was neuropathy resulting from folic aerdasked vitamin Bdeficiency[38].

The studies used to determine the reproductive and developmental health effects of
high intake of folic acid, specifically evaluated the effects of¢®@ mg/day of
periconceptional folic acid supplementation on the prevention of NJZls 36, 6673].
Though the sample sizes were large in many of these examined studies (ranging fcom 81
5,502 women per study), they were not designed with a primary outconetdrmining
risk of adverse shortand/or longterm health outcomes for mothers or the infants. The
authors for the folic acid risk assessment admit lack of systematic evidence eliminating



adverse reproductive and developmental effects of excessive doldt intake and advised
further research [38]. Nonetheless, since no adverse reproductive outcomes were
specifically reported at the time, théocus in the determination of a UL for folic acid
remained on the ability of high folic acid intake to mask vitamindBficiency resulting in
neurological deficits.

Pernicious anemia, due to vitamin-Bleficiency, can be treated by folic acid theyap
to improve symptoms of anemia. Though this is a cure for the anemia in thetshartthe
vitamin B> deficiency remains and if the deficiency is continued over the-teng, it can
result in serious neurological damage such as subacute combined elagjen (SACD) of
the spinal cord degeneration and eventual ded84]. Therefore, to prevent masking a
vitamin B> deficiency with egessive folic acid intake, both animal and human studies were
used to establish the UL for folic a¢&8].

The animal studies, using monkeysdafruit bats, demonstrated that vitamin B12
deficient animals developed symptoms of neuropathy earlier than controls if supplemented
with folic acid[57¢59]. Across 23 human studies analysed by the ULdbulnittee at the
Food and Nutrition Board (IOM), 142 individuals (N=250) reported neurological
complications following intake of 5 mg/day or more of folic d8@]. Each study reported
the effects of different doses {500 mg/day) of folic acid among4B individuals (including
both males and females), over varying time periods (22 daysyears]38]. In an additional
8 human studies, 13 individuals (N=17) reported neurological problems at folic acid intake
levels less than 5 mg/day (0.83.5 mg/day)38]. Using these studies, there was insufficient
data to derive a NOAEL,; thus, a LOAEL of 5 mg of folic acid/day was det€@8ined

Based on the available data, the uncertainty factor of 5.0 (where 1.0 is the lowest
degree of uncertainty on a scale of 1.00.0) was assigned due to increased risk of severe
neurological effects, lack of clear evidence for all patient populations, and using the LOAEL
instead of the NOAEL to derive the UL. With an uncertainty factor of 5.0, the UL was
determined to be 1 mg of folic acid/day for all individuals over the age ofisifg the
following calculation:

Ul_tolic acid— LOAEL/UF
=5mg/5.0
=1mg
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It is important to note that one third of the 31 studies were individual case studies
[85¢94], while only seven had 15 or more study participafé2, 63, 93, 9§98].
Furthermore, all 31 of these studies, except one in 183} were done between 1947961,
prior to official fortification of grains in Canafl2z/]. At the time of UL establishment, since
there was no evidence for adverse effects in pregnant and lactating women due to folic acid
intake, the same UL of 1.0 mg/day was kept for pregnant and lactating women as well as the
general adult populatioj38]. For children, the UL was adjusted based on relative body
weight and no UL was established for infants due to lack of &g Thus, interpretation
of the UL, for example in the establishment of clinical guidelines for supplement usage, must
be performed with caution, as the establishéJLs are calculated and established using a
degree of ambiguity.

For some nutrients, such as thiamine, riboflavin, pantothenic acid, and vitaipia B
UL has not been recognized due to insufficient data. Nevertheless, risk of adverse effects
due to highintake is still possible though the UL has not been established. Of considerable
relevance to the current project, pregnancy was not a priority when ULs were determined
for many micronutrients. It could certainly be argued that micronutrient intakel$efaind
to be safe for the general population may not be safe for pregnant women, where the health
and safety of a developing fetus must also be considered.

The dated studies and ambiguous nature of the currently established UL for folic acid,
particulaly in relation to the pregnant and lactating population of women is reason for
concern. Currently, only approximately 1% of the adult Canadian population demonstrate
metabolic vitamin B deficiency[99], suggesting it is no longer of primaryncern with
relation to high folic acid intake during pregnancyrurthermore, at presentprenatal
multivitamins supplements such asMaterna™, contain formulationsthat consist ofmany
micronutrients includindpoth folic acid and vitaminiBto helpprevent masking anyitamin
Biodeficiency Table2). As aresult, the UL for folic acid may need to be revised to additionally
consider the posfortification dietary intake of folic acid among pregnant women.
Furthermore, the dects of excessive folic acid during pregnancy on fetal health and
development in the short and lorAgrm requires further investigation.
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Tablel. DRIsand Risk AssessmeniKey Definitions

Abbreviation

Definition

DRI

EAR

RDA

Al

UL

NOAEL

LOAEL

UF

Set of nutrent standards developed by the IOM.

Median nutrient intake value that is estimated to meet tthaily
physiologicatequirements of 50% of healthy individuals in a
particularlife stagegroup.

Average daily dietary intake level tha @nough tcsatisfy the
required nutrient intakeof 97-98% of heahy individuals in dife stage

group.

Recommended average daily nutrient intake level based on
observed or experimentally determined estimates of nutrient intake
in a life stage group.

Maximumdaily nutrient intake that is unlikely toyp almost all
individuals in a population at risk of adverse health effects.

Highest intake of a nutrient that does not seem to result in adverse
health effects.

Lowest intake level of a nutrient whee an adverse effect on health
has been observed.

Uncertainty factor are considered when determining the UL.
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1.3 Folic Acid Supplementation during Pregnancy

As mentioned in Section 1.1, the benefits of folic acid in preventing NTDs has led to
fortification of all white flour, cornmeal, and enriched pasta in Canada, as well as the
recommendation to take a folic acwbntaining supplement (0-4.0 mg/day) for women
who are planning to become or currently are pregnf#, 29] In this sectin, an overview
of the literature pertaining to micronutrient supplementation in the pregnant population will
be discussed with particular attention focused on the prevalence of excessive folic acid
supplementation in this population.

Prenatal multivitanm supplementationjn addition to diet,leads to micronutrient
intakelevelsthat exceed the UL for several vitamins and minefH0®]. Asurvey performed
on the micronutrient intake of 22pregnant women in the United States showed that on
average, womerconsumed 5 timesthe RDA for 10 vitamins and 5 minerals amab
exceeded the UL for iron due to dietary sources and supplementti@d]. Furthermore,
the total intake of folate and niacin from dietary and supplemented sources also surpassed
the established U[100], though only intake from supplemental sourcessp a risk Baker
et al. [101]demonstrated that pregnant American women hlagpervitaminemic circulating
levels (above the reference range using fpyegnant, norsupplemented women) for folate,
biotin, pantothenate, and riboflavin due to supplementation in all three trimesters of
pregnancy. Taken together, these studies demaitstra common denominator where
pregnant North American women are consuming high levels of folate after supplementation.
Thus, current dietary and supplementary micronutrient intake in the Canadian population
requires detailed investigation to support adesfe micronutrient intake, particularly folate,
needed for a healthy pregnancy.

Materna™ is one of the most common prenatal multivitansitaken by pregnant
Canadian womefil02]. One dailyMaterna™supplement is able to provide 100% of the RDA
for most vitamins and mineralé the supplement Table 2). Specifically, following a
comparison of theRDA foifolic acidfor healthy singleton pregnanci€8.6 mg DFE/daygnd
the folic acidpresent in one dailyvaterna™supplement(1 mg folic acid)and considering
foods fortified with folic acidthere is growing concern for excessive folic acid intake in the
pregnant population. Considering the bioavailability of folic acid, shigplement alone is
able to providepregnant women with 27& of the RDAin DFE). Interestingly, the
recommendations promoting prenatal folic acid supplementation for pregnant women do
not include consideration of the diet of the individual mother, including her consumption of
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Table2. Nestlé@Materna™ vs. Recommended Dietary Allowance (RDA)

_ Nestlé® Percent of
Nutrient RDA UL
Materna™ RDA (%)
Vitamin A (g RA} 425 770 - 94
Vitamin A (g RE) 300 -- 3000 --
Thiamine (mg) 14 14 - 100
Riboflavin (mg) 14 14 - 100
Niacing NE (md) 18 18 35° 100
Pantothenic Acid (mg) 6 6* - 100
Vitamin B (mg) 1.9 1.9 100 100
Vitamin B2 () 2.6 2.6 - 100
Vitamn C (mg) 85 85 2000 100
Vitamin D (g) 10 15 100 67
Vitamin E (md) 13.5 15 100C 90
Folate (ug DFE) -- 600 - 278
Folic Acidrg) 1000 - 100C --
Calcium (mg) 250 1000 2500 25
Copper (mg) 1 1 10 100
Iron (mg) 27 27 45 100
Magnesium (mg) 50 350,360 350 14
Manganese (mg) 2 2* 11 100
Seleniumfg) 30 60 400 50
Zinc (mgq) 7.5 11 40 68

a As retinol activity equivalents (RAESs); wherayIRAE = fig retinol RE = 1@gb-carotene. The RAE for preformed vitamin
A is the same as RE.

b As retinol egivalents (RE); whererig RE = frg preformed vitamin A, which is used to establish the UL.

¢ As niacin equivalents (NE); where 1 mg NE =1 mg of niacin = 60 mg of tryptophan.

d Asa-tocopherol.

e TheULs for for niacin, folic acid, and vitamin E lgfgp syntheticforms obtained from supplements, fofigéd foods, orboth.
fThe EAR and RDA values listed for magnesium are from food sources for pregnant womer3@gaisdl 9150 years old
respectively The UL for magnesium applies onlytie supplemated form found in medication (pharmacologicaemts) and
dietary supplements.

* Adequate Intake (Al) values. RDAs have not been established for these micronutrients.

SourcesNestlé@Materna™ label[185] and the DietaryReference Intakes (DRIs) established by the Institute of
a SRA OA y &neKutrith@ BRoRrd. DRIs for calcium, phosphorous, magnesium, vitamin D established in 1€
thiamin, riboflavin, niacin, vitamin B6, folate, vitamin B12 in 1998; vitamin C, vitamin E, selenium in 2000; vita
copper, iron, and zinc in 2001; andaam and vitamin D DRIs were updated in 2011. Values listed are establis
for women between the ages of 430 years old during pregnancy.
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folate-rich and/or folic acid fortified foodsWith a higher flour fortification ledan Canada
(0.15 mg/100 g) than in the United States (0.14 mg/10@1g)103] but with both countries
recommending at least an additional 0.4 mg of folic acid from supplen|@6ts104] the
concern for excessive folic acid intake in the pregnant population is pertinent.

Sufficient consumption of folic acid enriched foods place specific populations of
individuals, particwdrly children, at risk of exceeding the UL for folic 4t@b]. Using data
collected by the National Birth Defects Prevent (NBDP) Study in the United $satess
determined to be asociated with preconceptional folic aeidntaining supplement usage
include ethnicity, education, maternal age, employment, and incofh66]. Women of
Caucasindescent with higher socioeconomic status, a latelife or subsequent pregnancy,
and higher levels of education and income are more likely to take a foliecantdining
supplement [107¢109] R ff 2gAy 3 |1 SFfGK /| yIlitRiasQBeen NBEO2 Y
determined that themajority of Canadiarwomen (8097%)of higher socioeconomic status
in the urban cities of Ontario and Alberae compliant in taking a prenatal supplementhvit
folic acidduring their pregnancj102, 10%109].

However conflicting resultsusing data from the nationallyrepresentative 2004
Canadian Community Health Survey ( CCéi®pled tha, in generala low percentage (15
29%) of Canadian women of reproductive age are taking a foliecaaqi@ining supplement
[110]. This discrepancy suggests that there is a large segment of the population (ex. among
younger women of lower socioeconomic status, less education, and/or being born outside of
Canada) Wwo are at risk of inadequate folic acid intaKell]. Thusfurther studies are
necessary to determine an accurate representation of tetary folate intake and
prevalence of folic acidontaining supplemnt use among Canadian womeas well as to
target populations most at risk for low folate intakes.

Nonetheless, though measuring micronutrient consumption is one method of
determining folate intake adequacy, red blood cell (RBC) folate functions assairageent
of longterm tissue stores of folate. Using the 20BU09 CCHS, 78% of women of
reproductive age demonstrate red blood cell (RBC) folate levels above that considered
optimal for maximum NTD risk prevention (>906 nmo[A32].  Furthermore, 40% of
women of childbearing age (4% years) had high RBGlate concentrations (>1360 nmol/L)
[112]. This suggests that dietary folate intake may be sufficient for the majority of women
in Canada and recommendations for supplementation may require reassessment.
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In addition to these high intake levels, women who are at inseelarisk of NTDs and
some other health risk factors are recommended to take up to 5.0 mg/day of folic acid three
months pre and postconception[35, 113] Data from the Québec Pregnancy Registry has
suggested that though high dose periconceptional folic acid (5 mg) use has increased from
0.17% to 0.80%p€0.05) over the last decade, the prevalence of congenital malfoomsit
also increased by 15% (3.35% to 3.8[@40),.05)[114]. Currently, there is a folic acid clinical
trial (FACT study) undertaken at the Qe Hospital Research Institute (OHRI) to determine
whether a high dose (4.0 mg/day) of folic acid supplementation will reduce the incidence of
preeclampsia, the most common complication associated with pregnfiid]. Though
benefits to folic acid supplementation during pregnancy are evident, more relSeis
required to explore theadverse effects of folic acid and other micronutrient intake levels in
order to determine an appropriatand saferange of supplementation.

1.4 Adverse Effectef Excessive Folic Acid Consumption

With growing interest in lie use of folic acid supplementation to improve birth
outcomes, it is essential that a comprehensive investigation into the safe therapeutic window
is also undertaken. Currently, there are several animal and human studies providing
evidence of adverse pgnancy outcomes resulting from exposure to excessive micronutrient
intake. However, the adverse effects of high folic acid levels during pregnancy, including
shortterm and longterm effects on fetal metabolism and development, have only been
explored ina limited number of studies. In this section, a brief synopsis of the literature
available will be provided.

1.4.1 Adverse Effects of Excessive Micronutrient Consumption

Several human and animal studies indicate adverse effects of high micronutrient
intake leels on their offspring. In comparison to pregnant rats on a standard diet, pregnant
rats whoconsumed 10x thie regular daily vitamin contertiad male offspring that displayed
increased food intake afteweaning, components of the metabolic syndrome (exreased
levels of fasting glucose, insulin, ghrelin), an 8% increase in body weight, a 27% increase in
fat pad mass as well as offspring with altered skierm and longterm tissue fatty acid
concentration [116, 117] Specific micronutrients have also been linked to adverse
embryonic development and fetal outcaan For example, exposure to high levels of a
vitamin Aderivative (i.e. retinoic acid) during embryonic development can negatively affect
the development of kidneys in hamster and mice modéts8, 119] Though necessary
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during pregnancy, high levels of iron intake have also been found to be teratogenic to the
brain, particularly during day 8 and day 9 of embryonic developrfl2@]. Excessive iron
consumption has also been linked to increased risk for SGA bgldgk decreased zinc
absorption [122], oxidative stress[123, 124] and gastrointestinal symptom$§125].
Furthernore, excessive iodine intake during pregnancy has been associated with
hyperthyrotropinemian newborns and their mothefd 26], as well as adverse effects during
postnatal neurodevelopment in rat offsprif@27]. Recent studies have also demonstrated
that excessive maternal sodium intakierring pregnancy may negatively impact postnatal
brain development in rat offspring by altering protein expression in the neonatal cerebral
cortex and hippocampufl28], as well as metabolism in the mother and offspr[ag9].
These studies demonstrate that consumption of high levels of essential micronutrients
during pregnancy can dsarmful.

Periconceptional nutrition has also been shown to affect fetal and postnatal
developmentthrough epigenetic modifications of thegenome by altering methylation
patterns[130]. Without causing any genetic change, these epigenetic changes can result in
long lasting effects on health by affecting gene expressiauring early embryogenesis and
fetal developmat, nutrients that function as methyl donors and cofactors are required in
order to allow for the establishment of proper DNA methylation pattgii¥l, 132] These
nutrients include, but are not limited togholine, vitamin B, folic acid,vitamin B>, and
methionine [131]. Improper establishment of the fetal g@nome, through aberrant
nutrient availability throughout gestation, can impact gene expression patterns in the
offspring in both the short and long term, and has been implicated in establishment of adult
onset diseases in the offsprifg33¢135].

For example, a pivotal study performed blackAgouti mice demonstrated that a diet
with high intakes omethyl donors, such a®late, vitamin B, betaine,and choline during
pregnancy led to an alteration of gene expressam subsequently, an altered phenotype
in the offspring[136]. Thisstudy was able to demonstrate that vitamin intake during
pregnancy has direct repercussions in the metabolism and development of offspring. In
another study, dams that were fed a high multivitamin diet showed evidence of having
offspring with epigenetic ypermethylation on T cells, resulting in a decrease in T cell
chemokine receptor expressioii37]. Ultimately, this indicates that high micronutrient
levels during pregancy would result in a decreased response to-jpftammatory signals in
the mice offsprind137].

17



In a randomised placebeontrolled trial with 2404 pregnant women, was found
that high-doses of antioxidants, vitamin C and E, were correlated to an increased rate of low
birth weight babied138]. Additionally, high levels of vitamina@d E were shown to alter
placental function and affect placental immuniiging anin vitro culture model[139]. This
evidence sugests that excessive intake of some vitamins may induce placental stress
response pathways. However, little to no work has been done to study the relationship of
high intake levels of other micronutrients on the placental health and function.

1.4.2 Adverse HEects of Excessive Folic Acid Consumption

Specificto folic acid, animal studies have shown that excessive consumption during
pregnancy may be harmful during embryonic development in njic&0], leadng to
increased risk of mammary tumorigenesis, altered synaptic transmission, and increased
seizure susceptibil/ in rat offspring[141, 142] Studies on newborn piglets exposed to
excessive folic acith utero also demonstrated abnormatxpression of several hepatic
proteins invohed in metabolic regulation, oxidativstressresponses, and cell migration
[143]. In human studies, excessive folic acid consumption during pregnancy has been
associated with increased risk of respiratory disefskl], asthma, atopic dermatitis, and
bronchiolitis in childhood for the offsprifd@45], though controversial data also sugfeno
association between folic acid and asthnip46]. Nonetheless, maternal folic acid
supplementation among a genetically vulnerable subsktthe population of pregnant
women is associated with increased risk of early childhood retinoblastoma in the offspring
[147]. It is possible that many of these effects are linked to epigenetic modifications that
occurred during maternal folic acid intake during pregnancy.

aSiKetlGAaAzy 27F | LidnotkraegionysikRiceskyshe dxpre3siif]S Qa  LIN.
As a result, increased or decreased intake of medoylors (i.e. folate, cholineand
methionine) may result in hyper hypermethylation of DNA and cause alterations in gene
expression136, 14&152). Decreased folate intake hagdn shown to be linked t®ONA
hypomethylationof the p53 gene of rat$152], lymphocytes in postmenopausal women
[153], and cervical tissue in adult womdi54]. Decreaseglasma folate, and subsequent
DNAhypometylation, hasalso been linked witlgastric carcinogenesis imumans[155].
Similarly, increased maternal folate intake has been associated with altered global DNA
methylation in the brairof offspring using a mouse model, including significantly differe
alterations in DNA methylation on several genes between male and female [hGfE
Increased maternal folate intake has also affected DNA methylatigepnas associated with
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neural growth and developmeni57], spinal cord regeneratiof158], and lymphoblastoid
cells[159]. As a result, there is growing concern in determining the appropriate wirattv
doseof folic acid supplementation for propdetal devebpmentand short and longterm
health outcomes for the offspring

1.5 The Placenta

Maternal nutrition is a crucial factor that affects fetal development, growth, and
health. In contrast to the postnatal environment where individuals control their noitrie
intake, fetal nutrient status istrongly influenced bynaternal nutrition, metabolismand
hormonalregulation. Howeverplacentalhealth and function ultimately dictates how the
fetus will develop and grow across gestation, as the placesgalaies all transport and
exchange of gases, nutrients and metabolites between the mother and f&60§, and its
endocrine function helps to promote appropriate maternal ptaion to pregnancyl161].

Structurally, the basaplate of the human placenta faces the maternal uterine
SYR2YSUNRdzYT 6KSNBI & (KS LI} I Toyfad) doetw@dn2 NR 2 y 7
these two plates lies the intervillous space, the site of nutritional exchangereninaternal
blood is deposited. Floating within the intervillous space are placental villous trees that
encase fetal capillary beds. Maternal blood in the intervillous space bathes the villous trees,
thereby allowing the exchange of nutrients and maikes to occur between the mother and
fetus[160].

The placenta is entirely fetal in origin and the primary cell type of the placenta is the
trophoblast cell.  During lpcental development, the trophoblast progenitor cells
differentiate into two functionally distinct cell types: 1. The villous cytotrophoblast (CT) cells,
or 2. The extravillous trophoblast (EVT) cgl§2]. The CT cells continue to proliferate
throughout gestation and terminally differentiate into an overlying multinucleated
syncytiotrophoblast layer, which is in direct contact with maternal circulation. This
important cellular &yer is directly responsible for mediating nutrient, gas, and waste
exchange between the maternal and fetal circulatj@60]. The EVT cells are responsible for
invadng the uterine wall, thereby anchoring the placenta, and play an active role in
remodelling the uterine vasculature, establishing an optimal Halexental blood flow
throughout gestatiori160].
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Figure3. Key structures of the Placenta (A) A representative rendering of the fetus ar
placenta during pregnancy(B) The branched chorionic villous tree (pink) encasing the fi
capillaries and bathed in maternal blood found in the intervillous spaE) The extravillous
trophoblasts (EVTs) of the anchoring villi invade into the maternal uterine wall (decidu
remodel the uterine spiral arteriegD) A crosssection of the chorionic villous tree, demonstratir
the underlying proliferative villous cytimphoblast cells (CTs) and the overlying multinuclea
syncytium (SynT) in direct contact with the maternal blood in the intervillous sjSmacefFigure
reproduced with permission fronDr. Julien Yokellelievre atThe Ottawa Hospital Researc

Institute (OHRI)
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1.5.1 Placental Folate Transporters

The placenta acts as a selectively permeable barrier that prevents direct interaction
between the maternal and fetal blood supply, but facilitates the exchange of waste products,
nutrients and other necessary molecules via passive diffusion and active trand&dit
Nutrients such as potassium, magnesium, calcium, and phosplats are actively
transported across the placén [163]; however, for other micronutrients, there are
interspecies differences in placental transport. For example, movement of sodium and
chloride ions occurs passively in sheep, but is,rabdium ions are actively transported to
the fetus and chloride ions are exchanged via a carrier and/or ion chgdh6a].

To maintain the transport of folate/folic acid across the plaeeto promote fetal
development and growth from early on in pregnancy, there are several transporters present
within the human placentdFigure4): 1. Folate receptoa (FR1), 2. Protorcoupled folate
transporter (PCFT), and 3.Reed folate carrier (RF{1)64]. Each transporter has varying
degrees of affinity and transport capacity for folates. Tha &Rl PCFT are docalized on
the microvillus plasma membran@VM) of the syncytiotrophoblast and actively move
folate from the maternal circulation into thglacenta via endocytosj464]. In contrast, the
RFC is located on both the basal membrane (BM)MYi of the syncytiotrophoblast and
has a high affinity for bidirectional transport of reduced folates. Multidrug resistance
associated proteins (MRPs), members of the -Aifing casette superfamily of
transporters, are low affinity folate exporters found in intestinal and renal ti$$64, 165]
Though they are also distributed on the basal membrane of the pladé6&], their role in
the placenta is currently unclear.

Overall, through the use of these transporters, the placenta actively shuttles folates
from the mother to the fetus such th&BGnd serum folates in the newborn are already 2
4 times that bund in the mother, without any prenatal folic acid supplementatidh]. With
high intake levels through supplementation, there is a need to investigate the impact
supplementation may have on the placenta and the developing fetus. Fuontiver though
folate is necessary for fetal development, the ideal range of supplementation must be
determined for optimal health of both the mother and the offspring.

1.5.2 The Impact of Excessive Folic Acid on the Placenta

Despite increased folic acid consungoti from fortified foods and prenatal
supplementation, studies examining the effects of folic acid on the placenta are scarce. One
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Figure4. Folate TransportersModel for folate transport across human placent
syncytiotrophoblast. Once folate receptar(FR1) binds folate (8MTHF), cdocalisation
of FRw and the protoncoupled folate transporter (PCFT) to the microvillus plas
membrane (MVM) surface allows internalisation of both transporters as an endos
Acidification of the endosome allows*Houpled transport of folate by PCFT anthe

cytoplasm of the syncytiotrophoblast. Subsequentlya BRd PCFT are recycled back
the MVM surface. Favoured at physiological pH, reduced folate carriers (RFC) pro\
alternate route for folate transport across the MVM. Folate transporbasrthe basal
membrane (BM) occurs via RFC. Other transport mechanisms may also allow
transport across the BMSource:Adapted from Solankgt al.[164].
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study found that high concentrations of folic acid (3o increase from physiological adult
serum folate leels) increased placental cell invasion, apoptosis, and vascular density, but
decreased cell proliferation in first trimester placenta67]. In contrast, a folic acid
treatment approximating physiological levels of serum folate in adultsi8.4g/mL)[101,

168], resulted in the most proliferation anéast apoptosis of the folic acid concentrations
tested on the placental tissug67], thereby sugesting an impact of circulating folic acid
concentrations on the health of this vital organ of pregnancy. Thus, more in depth research
is needed to confirm these results and determine the implications of folic acid intake on
placental health and functian
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1.6 Study Rationale

The detrimental effects of various maternal nutrient deficiencies on fetal
developmentand pregnancy outcombkave led to the development and recommended use
of multivitamin supplements to promote a healthy pregnanfyl3]. Women are
recommended by Health Canada to take multivitamin supplemenisaining 0.4 mg of folic
acid prior to conception andduring pregnancyregardless of their nutritional status, to
ensureadequate vitamin and mineralVels throughout gestatiof29].

In industrialized countries, with the exception of iron, a large portion of middle
upperincome pregnant women consume diets that already meet many nutrient
requirements for a healthy pregnan¢$69]. In addition to their regular dietthe use of
prenatalmultivitamin supplements has been shown to lead to excessive micronutrient intake
levels[100]. The availble literature indicates that high intake of vitamins and minerals are a
reality for pregnant women due to recommended intake of multivitamin supplements by
healthcare professionals. However, limited studies have assessed micronutrient intake from
diet ard supplementation among pregnant Canadian women. Thus, this will be the first
largescale study assessing micronutrient intake among pregnant Canadian women in a
Québec population.

Among the studied nutrients, the risk of surpassihg UL is most likglthe highest
for folic acid based on recommended intake levels, food fortification, and supplementation.
As a methyl donor, folic acid is known for its role in epigenetics and the risk of adverse effects
at high and low intake levels. Evidence that Higlic acid intake levels can trigger adverse
effects in both animal and human models has been observed, and may have a severe impact
on fetal health and development. Nevertheless, little work has been done to directly study
the effects of high folic aciexposure on the vital organ of pregnangthe placenta.

A healthy placenta is necessary for a healthy pregnancy. In fact, placental dysfunction
has been directly linked to several adverse pregnancy outcomes, such as preeclampsia and
fetal growth restiction [170]. At a time when clinical trials are in place to determine the
efficacy of 4 mg of folic acid supplementation, as opposed to simply 0.4 hgjggrevent
preeclampsia and congenital malformatiddd 5, 171] the adverseeffects of excessive folic
acidlevelsneeds to be further studied. If these excesdeels offolic acid adversely affect
placental health and functiarit is possible that fetal growttdevelopment and healthmay
be compromisd.
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1.7 Hypothesis

The overarching hypothesid the current research projeds that excessivéolic acid
exposure throughout pregnancy, as a result of vitamin supplementaticedddition to a
balanced maternal diet, may result@mpromisedplacental health and function.

Hypothesis 1: A balanced diet consisting solely of food sources is sufficient to provide
pregnant Canadian women with adequate micronutrients necessary for a
healthy pregnancy.

Hypothesi®: Considering most women are consuming prenatal multivitamin
supplements, intake levels for folic acid exceeds the tolerable upper intake
level (UL) in a significant proportion of Canadian pregnant women.

Hypothesis 3: Exogenous exposure to increasing concentrations of folic adiersely
affects placental cell health and functiom vitro in a dosedependent
manner.

1.8 Objectives

The overall objective of this research project is to assess micronutrient intake in a
subsample of pregnant Canadian womendetermineif they are meeting recomended
intake levels, with a particular focus on folic acid; and to elucidatether folic acid,
obtained through the addition of multivitamin supplements to a nutritious diet dgrin
pregnancycan negatively impact placental cell health and function.

Objective 1: Establishvitamin and mineraintake level from food sources and supplements
for a Canadian (Québec) cohortmregnant women

Objective 2: Determine whether folicacid intake in the Canadian cohort of pregnant
women exceeds the UL (in Objective 1), duatdaily prenatal multivitamin
supplement.

Objective 3 Determine whether exogenous folic acid can impact placental cell health and
function in adosedependert manner, usingn vitro trophoblast cell culture
and ex vivo placental explant culture models.

25



Chapter2
Dietary Analysis of Micronutrient Intake during
Pregnancy

2.1 Introduction

Adequate nutrition during pregnancy is a key ingredient for prdet development
and positive pregnancy outcomes. As a public health measure to prevent neural tube defects
(NTDs), Canada began fortifying all white flour, cornmeal, and enriched pasta with folic acid
in 1998[27]. Though this measure has resulted in a dramatic 46% decrease in NTDs in Canada
[28], some women across the country still do not meet folate levels suggested verre
NTDs[110, 112, 172] In addition, only 3.5% of pregnant women in the Prenatal Health
Project consumed recommended servings from all food groups recommended by the 2007
9FrGAy3a 2Sftf ¢ AGuikle[107], glgdestithathatGapplénentation is often
necessary for a variety of micronutrient

To combat low folate intakes, Health Canada and the Society of Obstetricians and
Gynaecologists of Canada (SOGC) recommend women who are pregnant or planning to
become pregnant to also take a daily multivitamin supplement containing 0./hg of folc
acid [29, 30] Results from the 2004 Canadian Health Measures Survey, a nationally
representative assessment, and a study with young women in the province of Manitoba
demondrated that a low perentage (2629%) of Canadian women of reproductive age are
taking a folic acigtontaining supplemenf{l10, 173] However, studies in the Canadian
provinces of Alberta and Ontarimve shown thathe majority ofpregnantwomen (8697%)
of higher socioeconomic statue compliant in &king a prenatal supplement containing
folic acid[102, 10%109]. Using more recent data from the 2007 Canadian Health Measures
Survey, approximately 40% of Canadiansrewvidentified as having high RBC folate
concentrations (>1350 nmol/[}12]. They also found that among Canadian women of €hild
bearing age, approximately 88% have above optimal levels of RBC folate to prevent NTDs
(906 nmol/L)[112, 173] Thus, due to food fortification ansupplement usage, there is
growing concern of increased folic acid intake during pregnancy. Itis possible that a targeted
approach to folic acid supplementation would be more effective to ensure folate adequacy
among the pregnant population.
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To better gauge micronutrient consumption among specific groups of pregnant
Canadian women, the first aim of this study was$sess micronutrient intakieom dietary
sourcesin a subsample of pregnamvomenin the province ofQuébec. Of the folic acid
containingprenatal supplement®on the market Materna™ is one of the most common
prenatal multivitamin taken by pregnant Canadsgii02]. Basel on the proportion of
women who reported taking supplements in this cohort, the second aim was to estimate the
shift in micronutrient intake status once women have taken a prenataterna™
supplement, and to determine the risk of exceeding the UL fiic &xid intake.

2.2 Materials and Methods
2.2.1 Data Collection

Recruitment

The 3D StudyDécouvrir, Développer, Deveniwas developed byhe Integrated
Research Network in Perinatology@tiébecand Eastern Ontario (IRNPQET)e IRNPQEO
is a multidisciplinar group of researchers from five universities (McGill University, University
of Ottawa, University of Montréal, Laval University, and the University of Sherbrooke) with
the aim to better understand the effect of perinatal events on child development. &siw
May 2010 and September 2012, a total of 16E2ailed 3day food records were collected
from a large pregnancy cohafi=2456) s part ofthe 3DStudy.

Women includedn this studywere screened to participate during their first prenatal
visit to oneof ten participating clinics across Québec: the Centre Hospitalier Universitaire
(CHU) Saintdustine, the CHU of Montréabt. Luc Hospital, the Public Reproduction Centre
of McGill University Health Centre, the Royal Victoria Hospital, the CHU ofr&tlexbthe
CHU of Québec, Sae®peur Hospital, Saet  NE Qa | 2aLA Gl € / SydSNE
Hospital of Montréal, and the OVO Clinic.

To be eligible to participate, womewere recruited during their 83th week of
gestation,had a maternal age betvem 1850 yearswere fluent in either English or French,
and planned to deliver atne ofthe study hospitad. Informed consent was obtained from
women meeting the criteria and agreeing to participate in the studyxclusion criteria
included women who wre planning to donate or bank her cord blood, intravenous drug
users, HIV positive, or had renal disease with altered renal function, collagen vascular disease
requiring active treatment, epilepsy, cardiovascular disease, serious pulmonary disease,
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cancer or a severe hematologic disorder. uMple gestations were excluded from the 3D
Sudy due to changes in nutrient requirements across gestation.

Food Record Collection

Data collection in the form of food records requires the participants to prospdgtive
record what foods, and what quantity, were consumed throughout the day to avoid relying
on memory. This method was selected over theh®dir dietary recall method and food
frequency questionnaire~=FQJpecause the food record prevents perception aedall bias
and can be used to estimate curramualintake of nutrient§174]. The food record method
also allows participants the fléility to include information on more ethnic and diverse
foodsthan the FFQ

Multiple days throughout the week or over different seasons should be used when
analyzing nutrient intake using the food record method, as single day inputs are not
representatve of a complex diet. It has been shown thatday food record, that includes
at least one weekend day or holiday, has a high level of va[itity]. As a result, the
nutrient intake of a large population with a variety of food choices and eating habits can be
adequately considered.

Study personnehstructedeach paticipant on how to complete a-8ay food record
Each participant was provided with food record (Appendix A)to documentfood and
beverageintake for 2 weekdays and 1 weekend day during their sdcttimester of
pregnancy and were asléo complete and return the food record within 1 week. The food
records were photocopied at each centre, and then the photocopies were sent to the main
centre (CHU Stdustine), and then to the University of Ottawa for our analysis.

Demographics

Once enrdled in the study, participants completed a questionnaire regarding their
demographic and socioeconomiccharacteristics For example, egarding ethnicity,
participants were asked in the questionnaire whether they believed they fell into the
categories ofWhite, African American, Native African, South Asian, East Asian\Wesib
Asian, Latin American, Natiboriginal People, or OtheT &ble30 ® L¥ GKSe asStsSo
an openended question asked participants to specify.

TS [dzSadA2yylIANBE gl a |faz2z dzaSR G2 OFft Odz |
= kg/n?) by using their height and weight at their first prenatal visit as measured by study
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staff (Table5). Based on Health Canada classificat{d@6], participants were categorized
as underweight (< 18.5 kghy normal (18.5 24.9 kg/n¥), overweight (24 29.9kg/m?), or
20SasS o0& on 13IkY

CdZNIKSNXY2NB>X GKS ljdzSadAz2yylrANS NBIdzSadSR
health history, drug and supplement intake, and personal habits (ex. Number of cigarettes
per day) during each trimester of their pregnancyartiipants recorded whether they were
taking vitamin/mineral or nutritional supplements 3 months prior to becoming pregnant, as
well as during their second and third trimesters (Appendix B)seB on the selfeported
individual answers in the questionnairesnakers have been identified as light-14
cigarettes/day), moderate (134 cigarettes/day), heavy (25 or more cigarettes/day), and
non-smokerg177, 178]

2.2.2 Sample Size Calculation

The sample size was based on the probability that women exceed the UL for at least
one micronutrient (in this case, folic acid) when taking a prenatal supplefd@®. In a
study performed in London (Ontario, Canada), it was found that 79.7% of pregnant women
participants reported taking supplements containing folic acid during their pregt{aoe].
In another Canadian cohort of the Alberta Pregnancy Outcomes and Nutrition (APrON) study,
between 9197% of respondents repted taking multivitamin/mineral supplements in each
trimester [108]. Using this information, a representative sample size of womes
Ol £t Odzf F SR dzaAy3 / 20KNIySQa F2N¥XdzZ I F2NJ RAOF

no = [®2* (P)@)] /(dy
= [(1.96F* (p)(9) ]/ (0.05F

GKSNBE aiGé¢ Aa GKS @IFfdz2S F2NJ GKS &St SN SRLI £ LI
Ad (GKS SELISOISRLENPEIBNIDAYYE e KB SmGAYIFGS
GRE A& (GKS | OOS LI oSin&thetalduBtdd yeprésgéntatvbldmpIsizeT n ® 1
(no) is greater than 5% of thpopulation size (i.e. foodecords from 81 women, where

brmcmMHOSE / 20KNIyQa omMmptrT0O O2NNBOUGAZY T2 N)Ydf |

size (n):

nn  =n/ (1 +n/Population)
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Using these two formulas and expecting at least 80% of women to take a supplement, a
minimum representative sample size of 213 women was deemed to be sufficient for the sub
analysis AppendixC: Sample Size CalculajionTo ensure sufficient data, a total of 216
completed 3day food records were randomly selected. This-gudup analysis was
approved by the University of Ottawa Health Science and Science Research Ethics Board
(REB) as well as the REB at CHW&ittne (Appendix E).

2.2.3 Food Record Analysis

Theestimatedfood intake from the 3day food records from each partiept were
entered into a nutrient analysis program, ESHA Food Procésemrsion10.13.1.0,ESHA
Research, Oregon), using foods primarily listed in the 2010 Canadian Nutrient File (CNF)
Database. The CNF Database is compiled by the Nutrition Res@asatniat Health Canada
and is the standard reference food composition database for the amount of nutrients in
foods normally consumed in CanafleB0]. This enabled increased accuracy in analysing
vitaminand mineral intake levels in a Canadian population.

Food Record data entry into ESHA Food ProcB$sa@rs performed by two third year
nutrition students (30% and 15% respectively), a research assistant with a PhD in nutrition
(15%) and myself (40%). o Tninimize inconsistencies, each entered food record was
reviewed in detail by two trained Registered Dietitians to maintain uniformity and validity
among arbitrary decisions made.

Food and beverages listed by participants in their individual food recseds first
searched in ESHA Food ProceB%osing items listed by the Canadian Nutrient File (CNF). If
a brand was specified, but the item was not listed in the CNF, then the recipe and nutrition
information was searched online and a recipe was createlSHA Food Proces8r For
brand items that were listed in CNF, but nutrient composition differed from what is published
on the website, the CNF recipe was modified. Only seven items were selected from the
United States Department of Agriculture (USDAjtrient Database: Greek yogurt (ESHA
code: 16436), parmesan fondue (ESHA code: 43906), Goji berry (ESHA code: 18653), almond
milk (ESHA code: 28100), Clif chocolate chip energy bar (ESHA code: 55176), focaccia bread
(ESHA code: 38926), and calamari (ESida: 71702).

Portion sizes were entered according to what was stated by the participant. In the
event that portion sizes were not mentioned (ex. Different soups, mixed dishes such as
AKSLIKSNRQAE LIASS SGOp0I AG 61 & ¢cdrdingz’toSHe G K I
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databas€181].

Daily Micronutrient Intake fom Food Sources

Assuming a normal distribution of nutrient requirements, the EARpoirit method
is often used to estimate the risk of inadequate intake in a populd®3h Individuals in a
population with intakes below the EAR would be considered at risk of inadequate intake,
while those above the EAR would be considered to have met adequate intake requirements
(Figure2). Sinilarly, individuals who surpass the UL are deemed at risk of excessive intake.

bdzi NASYy(d lylfeara 2F F22R IyR 0S@OSNI IS A
LR2AYG YSUK2RE T2N) YAONRYydziNASy(da sAGK Ly
Processo™ listed micronutrient content information for more than 50% of foods available
in the CNF database. Sufficient data (i.e. >50% of food items listed in CNF datalese ha
micronutrient content information) was available for vitamin A (95%), thiamine (vitamin B
(94%), riboflavin (vitamin 28 (94%), niacin (vitamin B3) (95%), vitamin(®%), folate
(vitamin B) (89%), vitamin B (94%), vitamin C (97%), vitamin D (90%), vitamin E (67%),
calcium (99%), copper (91%), iron (99%), magnesium (92%), phosphorusSgeédim
(81%), and zinc (92%). Manganese (84%), pantothenic acid (vitgyn(iB3Bo), potassium
(96%), and sodium (99%) did not have an EAR/RDA for pregnant women (Al only).
Nonetheless, since ESHA Food Procé¥soontained sufficient data (>50%) fohese
micronutrients, they were also included in order to determine intake levels.

(s}

Though iodine and molybdenum have an established EAR/RDA, they were excluded
from the study due to lack of information on the percentage of foods with iodine and
molybdenumcomposition data in the CNF. Only 2/216 participants were observed to have
values for iodine intake and 1/216 participants for molybdenum. Micronutrients that only
had an Al instead of an EAR/RDA for pregnant women and less than 50% of foods listed in
the CNF had information on the micronutrient were excluded: vitamin K (49%) and choline
(vitamin B) (42%). Other micronutrients that only had an Al for pregnant women, such as
biotin (vitamin B), chromium, fluoride, and chloride were excluded as well tuéack of
information on percentage of foods with composition data for these nutrients in the CNF.

The ShapiraVilk normality test was used to determine normality of distribution for
each micronutrient. Normally distributed micronutrients includedofiavin, vitamin B,
calcium, phosphorus, potassium, selenium, and zinc. The National Research Council (1986)

31



recommended transforming daily intakes so that the transformed values modelled a normal
distribution [182]. Micronutrient intake became normally distributed after natural log
transformation (vitamin A, thiamine, niacin, folate, vitamin E, copper, iron, magnesium, and
manganese), square root transformatiomnitamin C, vitamin D, and folic acid), and rank
transformation (vitamin B). Micronutrient data that was transformed to achieve normality
was compared to the same type of transformation for the DRI value. Transforming the data
did not alter the results.

For normally distributed data, univariate outliers were detected usksgates with
a standard deviation of 3 and multivariate outliers were detected using Mahalonobis
distances (MD). For data without a normal distribution, univariate outliers werectksde
using the Tukey method and multivariate outliers were detected using the Minimum
Covariance Determinant (MCD). Identified outliers were individually reviewed for data entry
errors or assessed for unique dietary habits. If necessary, any errordareatty were
modified to ensure reliability and accuracydsta entry. The analysis was performed using
SAS 9.3. All micronutrient intakes are presented as median values withargb 75"
percentiles.

Using descriptive statisticgjitamin and mineal intakes during pregnancwyere
compared to established Dietary Reference Intake (DRI) values for pregnant wdioeren
with intakes below the established EAR for each micronutrient were identified as at risk of
inadequacy[37]; whereas women with intake above the established UL were identified as at
risk of excess consumptid8]. Pregnant women withmicronutrientintake between the
respective EAR and UL were identified as having adequate intake. In the case of vitamin A,
inadequate and adequate consumption was determined based on retinol activity equivalents
(RAE) of vitamin A. dwever, the UL for vitamin A is only for preformed vitamin A (retinol),
given in retinol equivalents (RE) and so, percentage of women exceeding the UL for vitamin
A was determined using vitamin A in RE. In the case of magnesium, separate EAR and RDA
values have been determined for pregnant women aged3f9years and 350 years, though
the UL remains the same for both groups. Levels of consumption at risk of exceeding the UL
for folate are determined using the synthetic form of folate (i.e. folic acithe percentage
of women who surpass the UL for each identified vitamin and mineral, and the extent to
which they surpass the Ulascalculated.

Like folate, the ULs for vitamin E and niacin apply only to the synthetic form which is
obtained from supplemets, fortified foods, or a combination of both. However, the extent
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to which study participants surpassed the UL for these micronutrients could not be
determined since ESHA Food ProceB%aiid not differentiate between the natural and
synthetic forms.

Prenatal Supplemenéation

As discussed in Section 2.2.1, participants in the 3D study completed questionnaires
regarding their supplement use before and during their pregnancy. Detailed information on
supplement intake, including brand name and dosage, le@s ldocumented and are in the
process of being entered for the entire cohort. This information will be made available in the
future. Currently, only information as to whether or not participants were consuming a
supplement (yes/no) prior to pregnancy addring each trimesterAppendixB: Supplement
Intake Survey Questigmas been received.

In a Canadian study, Reyal. [102] discovered that of the 643 women who reported
the name brand of their prenatal supplement in their study, Centrivigerna™ (n = 592,
92%) was the most common. As a result, assuming all of the women who reported taking a
prenatal mutivitamin supplement were takindvlaterna™ in this cohort, hypothetical
micronutrient intake from diet angdupplementation was calculateddblell). In July 2013,
bSadftsS I OljdZANBR t FAT SNRA& A yCehtryniMatedzd™\idadi A 2 y L.
now become Nestlé®laterna™ [183, 184] Nevertheless, the formulation for the
Materna™ prenatal supplemenhasremained the sam§185].

For Vitamin A, Nestlé®aterna™ contains 1500wy of b-carotene as well as 30y
of preformed vitamin A as retinyl acetate. Using the conversion factorg(RAE = hy
preformed vitamin A = hy retinol RE = 18y b-carotene) from the Institute of Medicine
OLhavQa 5ASGINE wST igbtyetrs totalyiniake] b ditamin 5Awis. & 0 >
presented as 425y RAE (1500y b-carotene/12 + 300wy preformed vitamin A)53]. To
determine the percentage of the population at risk of excess (intakes surpassing the UL), only
preformed vitamin A (in RE) is used.

Like vitamin A, the risk of exceeding the UL for magnesium, folic acid, raadin,
vitamin E is based on the form of the micronutrient. The UL for magnesium only applies to
intake from a pharmacological agent and does not include intake from food and water. For
folic acid, niacin, and vitamin E, the UL only applies to the syntfatic which has been
obtained from supplements, such &katerna™, and/or fortified food. However, ESHA Food
Processo™ was unable to distinguish the form of niacin consumed through foods and so,
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the percentage of women at risk of exceeding the UL faciniwas undetermined. Thus, in

the analysis, the percentage of study participants at risk of exceeding the UL was determined
for magnesium, folic acid, and vitamin E using the amount included in supplements and
fortified food.

Nestlé®Materna™ also cantains biotin, chromium, molybdenum, and iodifE85];
however these could not be analyzed for hypothetical intake due to lack of sufficient data in
ESHA Food Proces8 Furthermore, potassium, phosphorus, and sodium were excluded
in this analysis becaudéaterna™ did not contain these micronutrients.

To help healthcare professionals better target women who may need multivitamin
supplementation,the chisquaretest for independence ws used to determinavhether
women with an adequatenadequate micronutrient intake from diet alone differed from
each other based on their demographic/socioeconomic stdfiteble 8) or likelihood for
supplemen consumption(Table10). Adequacy for vitamin or mineraitake was coded as
either adequateor inadequate Vitamins analysed included vitamin A, thiamine, riboflavin,
vitamin B, vitamin Bz, and vitamin C. Minerals analyséacluded calcium, copper,
magnesium, and zind-olate, iron, vitamin D, and vitamin E were excluded from this analysis
since the majority (>50%) of women were inadequate for these micronutrieftaus, in
Table8 andTablel0, personal characteristics of women who were at risk of inadequacy were
compared to women who had adequate micronutrient intake for all micronutrients except
folate, iron, vitamin D, and vitamin E. The Amarametric chisquare teswas performed to
explore the differences between adequate vs. inadequate micronutrient intake and
demographic and socioeconomic variables (as categorical variables). This test was deemed
appropriate since noiparametric tests make no assumption aboutethprobability
distribution and was used with categorical variables only. Where significance was observed
using chisquare analysis, the odds ratios (ORs) and 95% confidence intervals (CIs) were also
estimated. All statistical analyses were done using\%&&Son 9.3.

Of the demographic and socioeconomic factors examined, underweight (BMI < 18.5)
women (N=7), single/divorced women (N=9), as well as moderate (N=0) and heavy smokers
(N=1) were excluded from the ebguare analyses due to low frequenci®$<d) in each
group of adequate vs. inadequate intake (vitamins or minerals or all micronutrients).
Similarly, women who seteported as African (American or Native), East/South Asian-Arab
2SA3G 'aAltys [FOGAY ! YSNROI Yy » KA NeS#useKod Mhang S NS
frequencies were less than 5. The effect of employment status on adequate and inadequate
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micronutrient intake was not examined because some women reported as having multiple
employment statuses (ex. Being a student and working-par). Finally, womerwho did

not report an answer to a survey questiowere excludedonly in the analysis for the
respective categorin which they were missin@MI (N=5), Smoking (N=2), Education (N=2),
Income (N=4)Second Trimester Supplement Usage (Na3), Third Trimester Supplement
Usage (N=11)

2.3 Results

2.3.1 Demographic and Socioeconomic Factors

Of the 2,456 eligible pregnant women who were recruited for the 3D study by the
IRNPQEO, a total of 1,612 food records were returned to study personnel for asesabe
of 65.6%.

Demographic characteristic3gble3) of the subsample show that the majority of
$2YSY | NB A §%) inkaSdlatidnship (Q6¥selbidentified as white (80%), and
have been pregnantbefore (58%). Ofi K2aS 62YSy ¢K2 &St SOGSR ar
women reported being from Haiti, one from Spain, one from Mauritius, one from Brazil, and
one identified as an Ashkenazi and one as a Berber. Since Brazil is in Latin America, it was
classified assuchandbre &4AE LI NIAOA LI yia 6SNB tSTlh Ay
reported being ethnically white and Latin American, and so, they were placed into the
GhiKSNE OFGS3a2NE RdzS G2 GKSAN) YAESR oI O1 aNg
reported to be sing and 4 women who were divorced, there were no women who were
separated or widowed.

Socioeconomic characteristics of the subsample of woniable4) demonstrate
that most women were weleducated (93% attended/completed pesécondary school),
had fulltime jobs (74%), and were living in households with an annual income of $80,000 or
Y2NBE O0pmM:0® h¥ GKS y 62YSYy 6K2 NBLR2NISR | 3
on maternity leave, one was sadmployed, one was a seasomhployee, and one was on
sick leave.

Since women at increased risk of giving birth to a child with NTD are often
recommended to take higher folic acid supplementg BLmg)[35], the prevalence of some
risk factors of NTDs are highlighted Table5 and includefirst trimester BMI, diabetes,
alcohol consumption, smoking, and a personal or falmsgtory of children with birth defects.
The selireported prepregnancy BMIs of the participants were not significantly different
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from their BMI measured by study staff during their first trimester visit (pairdest;

p=0.77). Using the BMI measured &yii dzR& a4l ¥FF FyR | SFITGK /[yl
[176], 37% were overweight or obese during their first prenatal visit igirthirst trimester.

The occurrence of diabetes was rare among study participants. Of the three women (1%)
who reported having diabetes, one woman had type 1 diabetes and two women had type 2
diabetes. During their second trimester of pregnancy, 14%hefsubsample of women

reported drinking alcohol and only 5% reported smoking cigarettes weekly.

A total of 17 women (8%) reported having first degree relatives who had children with
birth defects. Fourteen (6%) of these women reported having boththen@and father with
affected children. Though six women (3%) reported having congenital anomalies in a
previous pregnancy, only three study participants (1%) reported congenital anomalies during
this pregnancy.

2.3.2 Daily Micronutrient Intake from Food Sourse

Based on the 8lay food records of study participantBable6 highlights the median
and the 25" and 73" percentiles (i.e. $and 39 quartiles) of daily vitamin intake along with
the current Dietary Reference Intakes foegnant women. From food sources alone, most
study participants seemed to be meeting recommended intake requirements for pregnant
women (i.e. above the EAR) for vitamin A (80%), thiamine (88%), riboflavin (97%), niacin
(100%), vitamin 8(65%), vitamin B (95%), and vitamin C (90%). However, the majority
(>50%) of women were at risk of inadequate vitamin consumption (i.e. below the EAR) for
folate (67%), vitamin D (90%), and vitamin E (92%). Though adequate consumption could
not be assessed for pantoth&nacid due to unestablished EAR/RDA values, the data from
the 3-day food records demonstrate that the median intake of pantothenic acid is slightly
above the established AT&ble6).

In Table7, the €1 dzR & LJ- NiHilk rdirketall-cghsuindion levels from food alone

is presented. Results show that most pregnant women appear to be consuming adequate
levels (i.e. above the EAR) fmlcium (82%), copper (99%), magnesium (73%), phosphorus
(100%), selenim (100%), and zinc (75%). However, it seems that women are especially at
risk of inadequacy (i.e. below the EAR) for iron (93%) from food sources. Manganese,
potassium, and sodium did not have an EAR/RDA needed to assess adequacy; nonetheless,
the medianintakes were above the Al for manganese and sodium, but below the Al for
potassium. Furthermore, 80% of women have daily sodium intakes that surpassed the UL.
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When determining thalifferences in demographic and socioeconomic factors among
women who are adequate vsinadequate for vitamin consumption from diet alaneo
significant difference was observddable8). However,a significant difference between
mineral adequacy vs. inadequacy for marital stagps0(002), racep=0003), and income
(p=0.01) was observed.Furthermore, he odds of being inadequate for mineralgias
significanty lessor white women than fomon-white women (OR = 0.37; 95% ©L.£9-0.73),
though the odds of being inadequate for minerals was higbemwomen with an average
household income of $40,00869,000than for those with an average household income
greater than $80,000 (3.33, 148). Interestingly marital status significantly differed by
race £<0.001), incomep<0.001), as well as by age=0.04), but not by gravidityp€0.18).

2.3.3 Prenatal Supplementation

The proportion of women who planned to become pregnant and took supplements
prior to and while pregnant is shown ifable9. Most women reported that they were
planning to become pregnant (66%) and were taking a vitamin/mineral supplement prior to
their current pregnancy (93%). Over the course of their pregnancy, around 10% of women
subsequently stopped taking supplements in both second and third trimesters.ein th
second trimester, 83% of study participants reported taking a nutritional supplement and in
third trimester, only 72% reported taking a nutritional supplement.

The oddsof being inadequate for minerals from diet alomeas observedo be
approximatelyfour-folds higher §<0.01)in women who did not take a supplement 3 months
prior to becoming pregnant compared to those who did take a supplerf@Rt=3.9; 95% CI
= 1.4¢11.2) (Table 10). Indeed, among norsupplement usersf2.3% of womenwere
identified for mineral inadequacy, while 37.5% of women were adequate for minerals.
However, there was no relationshipX0.05) between supplementsagein the second or
third trimester ofpregnancy andanicronutrientadequacy from dietargources.

Projected Micronutrient Intakeafter Prenatal Supplementation

Based on literature with evidence that over 90% of Canadian women are using
Materna™ as their choice form of prenatal supplementatid®2], Tablell demonstrates
hypothetical micronutrient consumption for our subsample (n=216) when the women who
reported taking a supplement during thhesecond trimester of pregnancy (n=180; 83%) are
assumed to be taking Nestl&é®&terna™. Despite adequate intakes amoifg majority of
women after supplementation for most nutrients, methan 10% of women woulde at risk
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of inadequacy for vitamin [L5%), vitamin E (15%), folate (11%), and magnesium (14%) due
to inadequate diet combinedith a lack of supplement usage

Based on projected intakes after supplementation, it is expected that all of the
women taking Nestlé®laterna™ (83%) will be atisk of exceeding the UL for folic acid (i.e.
1000ng). The median intake of folic acid from diet dndterna™ supplementation (1099.6
ny) is projected to be 9.9% above the UL for folic acid, while the maximal intake of folic acid
from food and supplemerition in thesubsample of womers projected to be 1282.66y.
Additionally, it is expected that a portion of tlseibsamplewill also be at risk of excessive
intake for iron (19%), calcium (1%), manganese (1%), and vitamin A (1%).

Since the UL for magemim only applies to magnesium found in pharmacological
agents and/or nutritional supplements (but not naturatigcurring magnesium in food), the
magnesium found itMaterna™ (50 mg) is not enough to surpass the UL. Thus, excessive
intake of magnesium aa result ofMaterna™ supplementation is not a concern. Due to
insufficient data differentiating between forms of niacin (natural or synthetic) found in each
food item, the percentage of women at risk of exceeding the UL was undetermined for this
micronurient.

Due to a large percentage of the population taking prenatal supplements and their
risk of exceeding the UL for folic acid, this micronutrient warrants further investigation. In
Figure5a, the distribution curve demonstras thatthe majority of womendo not meet
recommended folate intake levels, as measured using dietary folate equivalents {WRE),
healthypregnancy from diet alone. However, once supplemented with the b@J0lic acid
(equivalent to 166y DFE) fond inMaterna™ supplements, the median folate (DFE) intake
exceeds the recommended intake (6@ DFE) by thre®old. Nevertheless, among the 17%
of pregnant women who are not supplemented, 10.7% remain at risk of folate inadequacy
with a median intake ©415.7ng DFE.

The population distribution curve demonstrating folic acid intake among the
subsampleof womenfrom diet alone and after 83% dhe subsampléhave consumed a
Materna™ supplement is shown irfrigure5b. The media intake of folic acid among
supplement users (111818y folic acid) is projected to be nearly 12% above the established
UL for folic acid.
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Table3. Demographic characteristics (n = 216 women)

Participants

Variables
Number(n) Percentage (%)

Age (years)

23-29 27 13

30-39 169 78

40-47 20 9
Marital Status

Married 87 40

CommonLaw 120 56

Single/Divorced 9 4
Race

White 173 80

African (American or Native) 9 4

East/South Asian 10 5

Arab-West Asian 9 4

Latin Anerican 3

Othert 8 4
Gravidity

1 90 42

2 59 27

3 32 15

4 16 7

X p 19 9

2Includes mixed backgrounds and other ethnic groups.



Table4. Socioeconomic characteristics (n = 216 women)

Participants

Variables
Number (n)  Percentage (%)
Education
High School or Less 13 6
CEGEP/College/Tedcal Diploma* 60 28
Undergraduate Degree* 82 38
Postgraduate Degree (Masters/PhD)* 59 27
Missing Data 2 1
Employment Statu’
Fulktime 159 74
Parttime 21 10
Student 20 9
Unemployed 10 5
Housewife 6 3
Other 8 4
Annual Household Income
< $20,000 10 5
$20,000 to $39,000 21 10
$40,000 to $59,999 29 13
$60,000 to 79,999 41 19
X bynznnn 111 51
Missing Data 4 2

aCEGERCollege d'enseignement général et professionné&eneral and Vocational College
b224 total answers given by 216 participants
* Attended/Completed diploma or degree
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Tableb. Risk factors for NTDs (n = 216 women)

Variables

Participants
Number (n)  Percentage (%)

First Trimester Body Mass Index (kgfin

Underweight (< 18.5) 7 3
Normal (1821.9) 134 58
Overweight (25¢ 29.9) 53 24.5
Obese 00X o0no 27 12.5
Missing Data 4 2
Diabetes
Yes 3 1
No 213 99
Alcohol Consumption during second trimester
None 186 86
1 day/week 10 5
2 days/week 7 3
3 days/week 8 4
4 days/week 4 2
Smoking during second trimester (# ofgarettes/day)°
NonSmoker 205 95
[ AGKG { Y21 SN 10 4.5
Moderate Smoker (1624) 0 0
| S ge {Y21SN 1 0.5
Family history of relatives with children with birth defects
Mother 15 7
Father 14 6
Sister 2 1
Brother 0 0
No Family History 199 92
Evidence for congenital anomalies: Previous pregnancy
Yes 6 3
No 210 97
Evidence for congenital anomalies: Current pregnancy
Yes 3 1
No 213 99

a230 answers given by 216 participants. Some women had multiple relatives with children witt

defects.
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Table6. Daily vitamin intake during pregnandyom food sourcegn = 216 women)

: Median intake Risk of Adequate Risk of
Nutrient EAR  RDA oL (25N, 75" percentile)  inadequacy (%) intake (%) excess (%)
Vitamin A g RAB) 550 770 -- 798.6 (621.0, 1077.8) 19 80 --
Vitamin A frg RE) -- -- 3000 442.6 (316.3, 573.7) - -- 1
Thiamine (mg) 1.2 1.4 -- 1.9 (15, 2.2 12 88 --
Riboflavin (mg) 1.2 1.4 - 2.2 (1.8,2.7) 3 97 -
Niacin (mg NE) 14 18 35 36.6 (30.8, 42.8) 0 100 --
Vitamin Bs (mg) 1.6 1.9 100 18(1.5,2.2) 35 65 0
Pantothenic Acid (mg) - 6* - 6.4 (5.3,7.4) -- - -
Folate g DFE) 520 600 -- 468.5 (379.1, 557.8) 67 33 --
Folic Acid Ifg) -- -- 1000 120.3 (77.1, 165.6) - -- 0
Vitamin B2 (ng) 2.2 2.6 -- 4.5 (3.2,6.0) 5 95 -
Vitamin C(mg) 70 85 2000 159.0 (102.1, 226.4) 10 90 0
Vitamin D @m) 10 15 100 5.0 (3.0, 7.4) 90 10 0
Vitamin E (md) 12 15 1000 7.2 (5.4,9.5) 92 8 --

a As retinol activity equivalents (RAEs). 1 RABgrrétinol, 12nmgb-carotene, 24vg a-carotene, or 24y b-cryptoxanthin. The RAE for
provitamin A carotenoids is 2x greater than retinol equivalents (RE), whereas the RAE for preformed vitamin A is th&Eame as

b As niacin equivalents (NE); where 1 NE = 1 mg of niacin = 60 mg of tryptophan.

¢ Asa-tocopherol, which includes RRRtocopherol, the only form o&-tocopherol that occurs naturally in foods, and the-@Breoisomeric
forms ofa-tocopherol (RRRRSR RRS and RS&-tocopherol) that occur in fortified foods and supplements. It doesimdtde the 2S
stereoisomeric forms dadi-tocopherol (SRIBSRSRS and SS&-tocopherol), which is also found in fortified foods and supplements.

4The ULs for niacin, folic acid, and vitamin E apply to synthetic forms obtained from supplemeniesd ftartifis, or a combination of both.

€As preformed vitamin A, in retinol equivalents (RE), which is used to establish the UL.

fValues for the synthetic form of folate (i.e. folic acid) from fortified foods.

* Adequate Intake (Al) values. RDAs have neinbestablished for these micronutrients.

Sources5 A Sl NBE wSTFSNBYyOS Lyidl1Sa 05wL & odaddNutritor Board B far ditaninkDSstabliskec

1997; thiamine, riboflavin, niacin, pantothenic acid, vitamin B6, folate, vitamin B12 in 1998; vitamin C, vitamin EVite2000A in 2001; and 45

vitamin D DRIs were updated in 2011. Valuesdisire established for women between the ages ob09ears old during pregnancy.



Table7. Daily mineral intake during pregnandyom food sourcegn = 216 women)

. Median intake Risk of Adequate Risk @
Nutrients EAR RDA ub (25", 78" percentile)  inadequacy (%) intake (%) excess (%)
Calcium (mg) 800 1000 2500 1182.3 (883.5, 1474.6) 18 82 0
Copper (mg) 0.8 1 10 1.6 (1.3,1.9) 1 99 0
Iron (mgQ) 22 27 45 14.8 (12.7, 17.7) 93 7 0
Magnesium (m@ 290,300 350,360 350 356.2 (288.9, 434.7) 27 73 --
Manganese (mg) -- 2* 11 3.7(2.9,4.5) -- -- 0
Phosphorus (mg) 580 700 3500  1497.8 (1230.0, 1757.5 0 100 0
Potassium (mg) -- 4700* - 3287.4 (2766.3, 4036.3 - -- --
Selenium (ug) 49 60 400 112.9 (94.0, 133.7) 0 100 0
Sodium (mg) -- 1500* 2300  2949.6 (2427.0, 3500.3 - -- 80
Zinc (mg) 9.5 11 40 11.6 (9.5, 13.9) 25 75 0

2The EAR and RDA values listed for magnesium are from food sources for pregnant womer38gmsdl 8150 years old respectively. The UL
for magnesium applies only to supplemented form found in matibe and dietary supplements.
* Adequate Intake (Al) values. RDAs have not been established for these micronutrients.

Sources5 A SUI NBE wSTFSNByOS Lyidl1Sa o5wLa0v SaidlofAakKSR oé GKS

phosphorous, magnesium, established1i®97; selenium in 2000; copper, iron, manganese, and zinc in 2001; potassium in 20C
calcium DRIs were updated in 2011. Values listed are established for women between the agé8 p&a% old during pregnancy.
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Table8. Differences in demographic and socioeconomic factors for pregnant wonmer2{6) who are
adequatevs. inadequatefor vitamins or minerals§rom food sources

Vitamin Adequac$

Mineral Adequacy

Adequate Inadequate Chisquare| Adequate Inadequate Chisquare
n (%) n (%) P-value n (%) n (%) P-value
Total Womeng n (%) (i$.22) 114 (52.7) -- 146 (67.6) 70 (32.4) --
Age
23¢ 29 11 (10.8) 16 (14) 21 (14.4) 6 (8.6)
30¢ 39 81(79.4) 88(77.2) 0.76 113(77.4) 56 (80) 0.40
40¢ 47 10 (9.8) 10 (8.8) 12 (8.2) 8 (11.4)
BMI (kg/nr)?
Underweight (< 18.5) -- -- -- -- -- --
Normd (18.5¢ 24.9) 60 (60.6) 65 (61.9) 87 (62.6) 38 (58.5)
Overweight (25¢ 29.9) 26 (26.3) 26 (24.8) 0.97 33(23.7) 19(29.2) 0.70
Obese 0x o 13(13.1) 14(13.3) 19 (13.7) 8 (12.3)
Marital Satus
Married 38 (37.3) 49 (43) 0.26 49 (33.6) 38 (54.3) 0.002
Common Law 62 (60.8) 58 (50.9) 92 (63.0) 28 (40)
Single/Divorced - - -- -- -- -
Race
White 86 (84.3) 87 (76.3) 0.14 125 (85.6) 48 (68.6) 0.003
NonWhite® 16 (15.7) 27 (843) 21 (14.4) 22 (31.4)




Smoking (cigs./day in® trim.)2
Non-smoker (none) 97 (95.1) 107 (95.5) 0.88 139 (95.9) 65 (94.2) 0.50
Light Smoker 0X M 5.9 5 (4.5) 6 (4.1) 4 (5.8)
Moderate Smoket  (15-24) -- -- -- -- -- --
Heavy Smokér O X H -- -- -- -- -- --
Educatior?
High school or less 3(3.0) 10 (8.9) 5 (3.5) 8 (11.6)
CEGEP/College/Dimna 26 (25.7) 33 (29.2) 0.24 41 (28.3) 18(26.1) 0.11
Undergraduate Degree 43 (42.6) 39 (34.5) 55(37.9) 27 (39.1)
Postgraduate Degree 29 (28.7) 31 (27.4) 44 (30.3) 16 (23.2)
Income
< $20,0000 4 (4.0) 5 (4.5) 6 (4.2) 3(4.4)
$20,00039,999 10 (9.9) 12 (10.8) 12 (8.4) 10 (14.5)
$40,000¢ 59,999 9(8.9) 19 (17.1) 0.31 12 (8.4) 16 (23.2) 0.01
$60,000¢ 79,999 24 (23.8) 17 (15.3) 33(23.1) 8 (11.6)
> $80,000 54 (53.5) 58 (52.3) 80 (55.9) 32 (46.4)

2@ Some womendid not report answersegarding these variables: BMI (N=5), Smoking (N=2), Education (N=2), Income (N=4).
® Thechi-square analysis would not be a valid test due to low frequencies. Thus, the categories of Underweight women (N=7),
Single/Divorced women (N=9) Moderate Smoker (INafd Heavy Smoker (N=1) were excluded from the analysis.
¢ Includes women who seleported as African (American or Native), East/South Asian-Wedt Asian, Latin American,
and Other.
4 There were no women in the category of Moderate Smoker.
€ Refers tovitamin A, thiamine, riboflavin, vitaminsBrsitamin B, and vitamin C
"Refers tocalcium, copper, magnesium, and zinc.
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Table9. Supplement consumption (n = 216 women)

Participants

Variables
Number (n) Percentagg%)
Planned pregnancy
Yes 142 66
No 5 2
No Dat& 69 32
Vitamin/mineral supplementation 3 months prior to pregnancy
Yes 200 93
No 16 7
No Data 0
Second TrimesteBupplementatior?
Yes 180 83
No 34 16
No Data 2 1
Third TrimesterSupplemengtion®
Yes 156 72
No 49 23
No Data 11 5

a2Based on answer options in the questionnaire, 3 women reported that they did not know,

M NBEFdzaSR (2 FyagSNE mm aStSOGSR ay2d | LILX AOFof S
b Participants were asked if tigeconsume a medical/nutritional supplement (Appendix B).
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Tablel0. Differences in supplementation among pregnant women (n=216) who are adequate vs. inadedoiate
vitamins or minerals fronfood sources

Vitamin Adequacy Mineral Adequacy
Adequate Inadequate Chisquare| Adequate Inadequate Chisquare
n (%) n (%) P-value n (%) n (%) P-value

Total Womeng n (%) 102 (47.2) 114 (52.7) -- 146 (67.6) 70 (32.4) --
Nutritional Supplementation

3 months before pregnancy 97 (48.5 103(51.9 0.18 140 (79 60 (30 0.008

Second Trimestér 84 (46.7 96 (53.3 0.40 122 (67.8 58(32.3 0.83

Third Trimestet 72 (459 85(54.) 0.61 107 (68.2 50 (31.9 0.85

aThere was no data for some women regarding Nutritional Supplementati®econd Trimester (N=3) and Third Trimester (N=11).
b Refers tovitamin A, thiamine, riboflavin, vitaminsBritamin B», and vitamin C

¢ Refers tocalcium, copper, magnesium, and zinc.
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Tablell. Daily micronutrient intke after hypotheticalMaterna™ consumption (n =216; where 180 women took supplements)

. Nestlé®  Hypothetical Median Intake Risk of Adequate Risk of
Nutrient EAR RDA uL Materna™ (25", 78" percentile) inadequacy (%) intake (%) excess (%)

Vitamin A g RA) 550 770 -- 425 1172.5 (968.8, 1429.7) 3 96 --
Vitamin A fig RB) - -- 3000 300 714.6 (576.7, 834.3) - - 1
Thiamine (mg) 1.2 1.4 - 1.4 3.1 (2.6, 3.5) 2 98 --
Riboflavin (mg) 1.2 1.4 - 14 3.4 (3.0,4.0) 0 100 --
Niacin¢ NE (mg) 14 18 35° 18 53.3 (46.4, 59.7) 0 100 --
Pantothenic Acid (mg) - 6* - 6 12.0 (10.4, 13.3) - -- --
Vitamin B (mg) 1.6 1.9 100 1.9 3.6 (3.1, 3.9) 7 93 0
Vitamin B (ng) 2.2 2.6 -- 2.6 6.8 (5.4, 8.4) 1 99 0
Vitamin C (mg) 70 85 2000 85 237.9 (175.2, 290.2) 2 98 0
Vitamin D () 10 15 100 10 14.5 (12.0, 16.7) 15 85 0
Vitamin E (mdf 12 15 100C 135 20.1 (18.0, 22.4) 15 85 0
Folate (ug DFE) 520 600 - - 2737.2 (1800.1, 2785.3) 11 6 --
Folic Acid ifg) - -- 100C¢ 1000 1099.6 (1045.2, 1148.7) - - 83
Calcium (my 800 1000 2500 250 1401.8 (1099.3, 1629.5) 7 92 1
Copper (mg) 0.8 1 10 1 25(2.2,2.9) 0 100

Iron (mQ) 22 27 45 27 40.7 (37.7,44.1) 16 65 19
Magnesium (mgd) 290, 300 350,360 35C° 50 402.5 (334.5, 476.1) 14 85 0
Manganese (mg) -- 2* 11 2 5.5(4.56.3) -- -- 1
Selenium () 49 60 400 30 138.8 (120.2, 161.8) 0 100 0
Zinc (mg) 9.5 11 40 7.5 18.3 (15.5, 20.9) 4 96 0

a As retinol activity equivalents (RAEsjiere 1ng RAE = fig retinol RE = 1&g b-carotene. The RAE for preformed vitamin As $ame as RE.
bAs retinol equivalents (RE); whered RE = iy preformed vitamin A, which is used to establish the UL.

¢ As niacin equivalents (NE); where 1 mg NE =1 mg of niacin = 60 mg of tryptophan.

d Asa-tocopherol.

e TheULs for for niacirfolic acid, and vitamin E apply to synthdiiems obtained from supplements, fortified foods, or a combination of both.

fThe EAR and RDA values listed for magnesium are from food sources for pregnant womenr3agasdL9150 years old respectivelirie UL for magnesium applies only to
the supplemented form found in edication (pharmacological agents) and dietary supplements

* Adequate Intake (Al) values. RDAs have not been established for these micronutrients.

Sources5 A SGFNE wSFSNByOS LyiGlr{1Sa o5wLa0 Sadl of AdKIRR fobcalciuinkpBosphofaud) magmsiug, vitamin B S
established in 1997; thiamin, riboflavin, niacin, vitamin B6, folate, vitamin B12 in 1998; vitamin C, vitamin E, sel20@0nvitamin A, copper, iron, and zinc in 2001,
and calcium and vitamin DRIs were updated in 2011. Values listed are established for women between the agé&sOofedds old during pregnancy.
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Figureb. Folic acid consumption before and after 83% of women takaterna™ (N=216).
Women who reported taking supplements (83%) were assumed to be takatgrna™

based on literaturg102]. (A)Frequency distribution curve for number of women consum
folate (DFIE from diet only Klue) and after supplementation from diet arddaterna™

(orangg together. Women below the Estimated Average Requirement (EAR) afgh@b
folate (DFE) are deemed at risk of inadequacy and those above the EAR are assumed
adequate intake. (B) Frequency distribution curve for number of women consunfoige

acid from diet only (blupand after 83% of women consurivaterna™ in addition to their
diet (orangg. Women above the Tolerable Upper Intake Level (UL) of i@@® folic acid
are deemed to be at risk of excess and those below UL, but above theieARRsamed to

have adequate intake.
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2.4 Discussion

The benefits of adequate maternal nutrition, to supporhaalthy pregnancy and
proper fetal development, are well established. At a time when fortification is mandatory
for some food staples, and supplements are unanimously recommended for all Canadian
women who are pregnant or planning to become pregnantisiimportant to monitor
micronutrient intake among the target population in case modifications to current policies
are necessary. Thus, tla@m of this study was to investigate dietary micronutrient intake
among aQuébeccohort of pregnantCanadiarwomen. Overall, our findings confirm that
food sources alone are insufficient to provide the majority of pregnant women with adequate
intakes for vitamin D, vitamin E, folate, and iron and supports the need for supplementation
during pregnancy. Though the majoty of women reported supplementation during
pregnancyijt is expected thasupplement userare at risk oexceeding the UL for folic acid.

2.4.1 Demographic and Socioeconomic Factors

Epidemiological studies have shown that socioeconomic status can affeittamal
knowledge and diet quality186]. Lower socioeconomic status and some ethnicities have
been established to be risk factors for nutritional inadequacy as well as decreased use of
prenatal healthcar¢l87¢189]. Likewise, our study identified a relationship between mineral
adequacy and the income of participants, suggesting that women with lower annual family
incomes between $40,00¢59,000 were more likely to have inadequate intake for minerals
compared to those with incomes above $80,0Q0s possible that @ association was found
for lower income strataluetod YI f £ &l YLIX S & AHoweved, yio¥ssaciatialis NI 3 NP
were observed in our present study between vitamin status and any indicators of
socioeconomic status.Previous findings have reported that younger and less educated
mothers, smokers, and womenitl higher BMI are more likely to have poorer nutritional
status and/or adverse pregnancy outcom@®90¢195]. However, in the current project,
these associations were not observed in our cohort, perhaps due to our skeaveples
consisting of a majority of educated white women of higher socioeconomic status and in
theirmidco n Qa @

Interestingly, there appears to be a relationship between mineral adequacy and the
marital status. Compared to the rest of Canada, Québec haspmytionally higher rate of
couples living in commglaw arrangements as opposed to being marrig®6, 197]
Reflective of this Québec culture, the majority of our study participants reported common
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law cohabitation. Though other researchers have found that marriage supports positive
nutritional status[198], herewe found that women in common law relationships were more
likely to be adequate for micronutrient intake than married women.e ®sofound that

these women in commoiaw relationships were more likely to be white and have higher
incomes than married wome suggesting thasocioeconomicfactors as well as racial
backgroundmay account for differences in micronutrient adequacy among women in
Québec. Therefore, health professionals should assess the need for supplements among
women who may be at increasedisk of micronutrient deficiencies and require
supplementation.

2.4.2 Daily Micronutrient Intake from Food Sources

For the majority of women in this study, micronutrient intake from food sources was
sufficient to meet the requirements for pregnancy for all roitutrients studied except for
folate, iron, vitamin D, and vitamin E. Despite fortification of foods with folic acid, 67% of
study participants remained at risk of folate inadequacy from diet alone. However, using the
2004 Canadian Community Health Syr2e2, Shakuet al. [199]found that only 25% of non
supplement users and 33% of supplemesers were at risk of folate inadequacy from diet
alone. Furthermore, other nationwide studies demonstrate that approximately one in five
non-supplemented Canadian women of childaring age donot meet RBC folate
concentrations deemed optimal for maximal neural tube defect reduclidi?, 173] The
decreased risk of folate inadequacy is understandable since the EAR fgregmant
populations is lower than it is for the pregnant population. As a result, it is understandable
that certain populationssuch as Qugec women, who do not achieve mmmended folate
intake levels may require increased attention to ensure sufficiéoiic acid intake through
supplementation. With regards to iron, 93% of women in our study were at risk of
inadequacyrom food sources alondn line with our findingspther North American studies
agree that the risk of iron inadequacy among women of ebddring age is a concefh69,
200c202]. Thus, the need for folate and iron supplementatisrexpected and supports
| SFEGK /FylFRFEQa NBO2YYSYRIFIGAZ2Y F2N ¢62YSy G2
at least 0.4 mg of folic acid and-26 mg of iron prior to conception and during pregnancy
[29].

Vitamin D is a fasoluble vitamin equired for adequate calcium absorption and has
a role in bone metabolism, antiflammatory processes, and supporting proper immune
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functions[203]. Low serum vitamin D status has been identified as a marker of ill health
[204]. Specific to pregnancy, low maternal vitamin D is believed to result in increased risk
for adverse pregnancy outcomes such as preeclampsia, gestational diabetes mellitus (GDM
preterm birth, and smalfor-gestationalage (SGA)205]. Still, requirements during
pregnancy remain the same as npregnant requirements since vitamin D can be
synthesized by the body following exposure to adequate sunliginerally, women with
darker skin pigmentation and during winter or living in aredeere sunlight is limited, have
reduced endogenous vitamin D synthd266¢208]. Though 90% of the women in our study
appear to have inadequate intakes afamin D from dietary sources, vitamin D produced by
the body following sunlight exposurevas unaccounted for. Furthermore, prenatal
supplements, such as Materl§ contain the complete EAR and may solely suffice in
providing at least half of the populath with recommended levels of vitamin [202].
Additionally, inadequacy is slightly overestimated because the developérESHA Food
Processo™ acknowledge that 10% of foods in the database do not have information on
vitamin D. Since most of the women in our study were white and reported regular
supplement intake, it is likely that pregnant Canadian women have higher vitamin D serum
levels despite low intake from food source&fter supplementation and sunlight exposure,
studies using the Canadian Health Measures Survey did not suggesspvieied vitamin D
deficiency in the Canadian populati{#09, 210]

Vitamin E is a fasoluble antioxidant that protects cell membranes due to its
antioxidant agivity, and has been shown to prevent platelet aggregaf@hl]. Like vitamin
D, vitamin Eequirements are the same for both pregnant and fanegnant women, though
instead, it must be obtained exclusively from the diet. Though over 90% of women in our
study were found to be at risk of deficiency for vitamin E, this is an overestimationodue t
lack of a complete Canadian Nutrient File (CNF) database. Currentlg-tdwpherol
(vitamin E) content of foods is only complete for 67% of foods listed in the CNF database
[212]. Thus, it is possible that the women in this cohort have higher vitamin E intakes than
portrayed due to overestimation of inadequacy and prenatal supplementation. Lower
dietary vitamin E intake durinthe second trimester of pregnancy has been shown to be
associated with third trimester insulin resistance and hyperglycemia in the m@2i8j. As
a result, it is important to ensure adequate intake which can be achieved by proper diet and
supplementation as appropriate.
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The majority of women in the current study were adequate for the other
micronutrients studied, however 185% ofthe women were at risk of inadequacy for
vitamin A, thiamine, vitamin gvitamin C, calcium, magnesium, and zinc. For women with
risk of inadequacy for numerous micronutrients, Ramakrisheiaal. [214] suggests that a
prenatal multivitamin supplement may be more beneficial thaimply a folateron
supplement. Nonetheless, indiscriminately recommending a multivitamin may not be
necessary for the entire pregnant population.

In addition to addressing inadequacies from diet alone within the pregnant
population, risk of excess mamutrient consumption is also a concern, albeit to a lesser
extent. From diet alone, only one woman exceeded the UL for vitamin A intake. This was
due to consumption of 150 g of beef liver on one of the three days recorded in her food
record. Howevertiis important to note that vitamin A has high withperson dayto-day
variation and so, three days is not enough to accurately gauge vitamin ifdke 216]
Vitamin A is also fagoluble and can be stored by the body and used during periods of low
intake. Thus, it is possible that if more days were analysed, both the 19% of women currently
deemed to be at risk of inadequacy aneéttvoman who exceeded the UL more would have
an average vitamin A intake that falls within the recommended range.

The majority of women in this study were at risk of exceeding the UL for sodium,
suggesting a high intake of sailth foods. Using datadm the Canadian Community Health
Survey[217], it is recognized that excessive sodium consumption is a concern for most
Canadiang218]. Though sodium is often consumed in the form of table salt, a major
contributor towards excess sodium consumption comes from processedfasd flavor
enhancer and preservatii19221]. High daily sodium intake hagen associated with
increased risk of hypertensid@22], as well as stroke and cardiovascular dis¢a28, 224]

With increased concaa of the effects of maternal nutritional status during pregnancy and
risk of adverse effects on fetal cardiac cells and brain developfd@8t 225] high sodium
intake among the pregnant population should be addressed. Currently, Health Canada is
working towards lowering the salt intake among Canadians from arageesf 3400 mg/day

of sodium to 2300 mg/day by 2016 by raising awareness, supporting research related to
sodium reduction, and promoting lower sodium in processed fof#ls83]. With the
exception of sodium, none of the other women in our subsample were at risk of excess
consumption for any other micronutrient studied from their diet. Similarly, Shakual.
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[199] found that Canadians above 14 years of age were not at risk of exceeding the UL from
diet alone for vitamin A, vitamin C, vitamin D, niacin, folic acid, iron, zinc, and magmnesi

Overall, with the exception of sodium, excessive intake of micronutrients is not a
reason for concern from food sources. However, inadequate intake of several micronutrients
is still prevalent and may require supplementation to support a healthy @egy and
proper fetal development.

2.4.3 Prenatal Supplementation

In line with other Canadian studies that suggest more than 80% of pregnant
Canadians consume a prenatal supplement, where the majority are of higher socioeconomic
status[102, 108] we found that 83% of women in our cohort took nutritial supplements
in their second trimester. Like the women in the Alberta Pregnancy Outcomes and Nutrition
(APrON) cohort, our results demonstrate that women were more likely to take supplements
towards the beginning of their pregnancy, when risk of NT@uaence is highest, and have
decreased supplement consumption in second and third trimegt8]. In a recent study,
dataonov®NJ c>Xnnn 62YSYy $K2 LI NIAOALI GSR Ay GKS
Maternity Experiences Survey was used to determine the relationship betwe&reness
of benefits of pertonceptional folic acid intake and the extent to which this awareness
translatedinto supplement usg¢226]. Nelsoret al. [226] found that 776% of the women
who were surveyed were aave that taking folic acid pexonceptionally may protect against
NTDs, but only 68.8% of these women took faliid containing supplements.Thus,
supplement usage in our study was above national average, uighikely attributable to
the demographic characteristics and high socioeconomic status of our study participants.

Using data collected by the National Birth Defects Prevent (NBDP) Study in the United
States, it was found thaducation, employmentincome, ethnicity, and maternal ageere
among the factors associated with preconceptional folic ®cidtaining supplement use
[106]. High socioeconomic statusnslated to decreased risk of neural tube defects (NTDs)
[227], suggesting a relationship between affluence and access to a healthig¢f8&t228]
Indeed, the majority of women in @wstudy were of higher socioeconomic status based on
their education level, employment status, and annual income. With the majority being in
theirmido n Q&> (GKS 62YSy A yidegtileNhsavbitdzReportddBplavimedlh f & 3
pregnancy and commmtent to supplement usage. Studies have shown that Caucasian
women and norHispanic white adults are more likely to take folic acid supplements before
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pregnancy than other ethnic group229, 230] Furthermore, supplement usage increases
among women who plan their pregnancy and have a higher level of nutritional knowledge
[231, 232] while first time and younger mothers are often lelisely to consume a
supplement[226, 229] Interestingly, though over 40% of the women in our study were
pregnant for the first time, more than 90% consumed a supplementNeAsonet al. [226]
suggests, high incidence of supplement useour studyis possibly due to a higher average
age of 33.8 years, high socioeconomic status, and higher education level and cannot be
generalized to othegroups of women. Extra care and resources should stilkrbeged to
educate first time and younger mothers, as well as women of lower socioeconomic status to
ensure nutritional adequacy.

Interestingly,only 1%of our samplehad current pregnancies affected by congenital
heart defects, despitaeporting prenatal supplement consumption Though folic acid
fortification has been shown to dramatically reduce the prevalence of NTDs and reduce the
risk of congenital heart defecf28, 233] Bedarcdet al. [234]found that folic acid fortification
did not help prevent congenital heart defects in Alberta, Canada. This suggests that other
risk factors such as genetic predisposition and lifestyle facpbay a role in the presentation
of congenital anomaliesnd thatfolic acid supplementation alone does not eliminate the risk
of NTD433, 235] Thus, in addition to promoting adequate folic acid intake, increased effort
is needed to raise awareness on the risk factors for congenital anomalies and develop
preventive strategies to further preclude these defeds.a resultprior to indiscriminately
subjecting women to increased folic acid supplementation, careful consideration of the risk
benefit of increased folic acid intake is needed.

Projected Micronutrient Intakeafter Prenatal Supplementation

At the time of our stug, only data regarding whether or not the women were
consuming a supplement was available. On the market, there are severgiraseription
prenatal supplements that contain between 0.4 mgl mg folic acid. Since Nestlé®
Materna™ is the most common pmatal supplement that contains 13 essential vitamins and
10 essential minerald 02, 185] projected total micronutrient consumption was evaluated
assuming supplement users consuniddterna™. UsingMaterna™, which contains 1 mg
of folic acid, all supplement users are at risk of adverse effects associated with exceeding the
UL fa folic acid. Other North American research groups have also found that women of
child-bearing age are at risk of higher circulating and intake and levels of folic acid after diet
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and supplementationf101, 112, 236] suggesting the need to evaluate the positive and
negative effects of high folic acid intake. Instead of Nesé®rna™, using an alternative

brand of prenatal supplements containing 0.4 mg of folic acid, as recomrdeloyglélealth
Canada, may be a viable option to keep intakes below the UL. Interestingly, Hursétouse

al. [237] found that women given a 0.14 or 0.4 mg/day folic acid supplement for more than
40 weeks did not have a difference in RBC folate levels between the two treatjraups

and there was no difference in the odds of having low RBC folate levels (< 906 nmol/L)
associated with increased risk of NTDs. This suggests that perhaps current recommendations
of folic acid supplementation can be lowered to still achieve the ddsaffect of NTD
reduction.

Nearly 20% of our subgroup may be at risk of excess consumption of iron after
Materna™ supplementation. Though iron is necessary to prevent anemia during the
increased demands of pregnancy, there is suggestion that eleviabedlevels may be
teratogenic during the period of embryonic developm§gh20]. Excessive iron consumption
has also been linked to increased risk for SGA bbig, decreased zinc absorpti¢h22],
oxidative stres$123, 124] and gastrointestinal symptonj$25]. Thus, caution is warranted
when taking supplements during this critical time period.

Only1%of womenin the studymay be at risk of exceedingghJL for either calcium,
manganese, or vitamin A after supplementation. Foods that contributed to higher than usual
intake levels included extra servings of dairy products in the case of calcium, regular
consumption of bran breakfast cereal in the casanainganese, and consumption of beef
liver contributed significantly to boost vitamin A intake. Without ldagn measurements,
it is difficult to determine whether increased intake is due to unique wibénson dayto-
day variation in diet, increased aptite during pregnancy, or whether it is a concern over
the longterm for these women. Thus, individual diet should be considered prior to
multivitamin consumption.

The synthetic form of niacin is deemed potentially harmful. Exceeding the UL for
niacinputs the individual at risk for skin rashes and flusHiti]. At extreme intake levels,
there is potential for nausea, liver damage, increased blood glucose and peptic[alZers
Though our results show that median intakes of niacin exceeded the established UL, ESHA
Food Process®Y is currently unable to discriminate between the naturasdigcurring and
synthetic niacin.Thus, it was not possible to determine the risk of excess intake. Legiou
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al. [100] also found that the average niacin intake from diet and supplements among a group
of pregnant women ats surpassed the UL, though they did not specify the source of niacin.
In contrast, other studies have found that most women of chigring age in Canada and
the United States are within the recommended range and meeting the EAR for [1ié8in
238]. Oveall, it seems that adequateiacin intake is achieved through dietary sources and
niacinsupplementaéion may not be as necessary.

2 KAt S RS@PSt2LIAY3 /Iyl RIQa C22R DdzZARSZ | S|
prevalence of inadequate intakes to daere 10% of the population hawetakes below the
EAR239, 240] Using this threshold, a low prevalence of inadequate intake is expected for
vitamin A, thiamine, vitamin 3 vitamin B», vitamin C, calcium, and zinc. The risk for
inadequate intakg11-16%)for vitamin D, vitamin E, folate, iron, and magnesitemained
near the low prevalencethreshold It is expected that those who remained at risk of
inadequacy were among thHe7r% of wonen who reported no supplement intake. In another
Canadian study, Rogt al. [102] found that around 20% of women, with a high
socioeonomic status overall, were not taking prenatal supplements and a large portion had
intakes below the RDA for iron, zinc, and folate levels. Thus, there is still room for nutritional
improvement and more effort should be put into educating women of ehédring age
about the benefits of adequate micronutrient intake through diet and supplementation.

In general, it is evident that after supplementation with Nestki@terna™, all
supplement users may be at increased risk of excessive folic acid,imtbke 1 in 5 women
may be at risk of excessive iron intake. Using an alternative brand of prenatal supplements
containing lower doses of folic acid or individually targeting women at risk of inadequacy
may help keep intakes below the UL. Since a groupon-supplement users remain,
educational programs are still recommended to help promote adequate micronutrient intake
during pregnancy through diet and/or supplementation.
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2.5 Limitations

2.5.1 Sources of Error in Nutritional Assessment Method

Assessments afiet within a given population allows for-olepth investigation into
nutrient intake patterns across a population, identification of patient populations naturally
at risk of nutrient deficiency or excess, as well as patient populations that may become at
risk following a particular intervention and/or environmental change. Of the various
methods used to analyse dietary intake in a populatitve 3-day food record method was
selected to assess nutrient intake within a large cohort of pregnant wonidre3-day food
record is a prospective method that has been shown to be more reliable for habitual
assessment of individuals than its retrospective counterparts: thdi@# dietary recall
method and food frequency questionnairgz41]. It allows thefreedom to include more
detailsand due to its prospective nature, diminishes much of the memory bias that occurs in
retrospective methods As suggested by Thompsenhal. [242], by including two weekdays
and one weekend day, variations in the diet during the weekaam@mmodated. Though
three days has been found to lead to optimum response rate and dealepadicipant
burden[241], some micronutrients, such as vitamin A, have highertdajay variation and
require at least 2829 days for better representation of intak815, 216] Due to limited
resources, high participant burden, and the potential for decreased response rate, such a
long period of time is impractical.

Other limitations of this approach include decreased response rate, possible
RSONBIF&aSR Y20AQFGA2y G2 O02YLX SGS | yR NI dzN
estimating accurate portion sizes, reporting bias, and the possibility for alteration otilahbit
eating patterns due to selhonitoring[174]. Furthermore, this approactequires trained
personnel and intensive data entry, leagimoom for errors in transcriptionAs a result,
interpretation of data must be conducted in light thiesepotential limitations.

2.5.2 Sources of Error in Food Composition Values

Despite having an updated food composition database and computer software, ESHA
Food ProcessdV, there are still possible sources of error in assessing nutrient intake.
Though relevant to the Canadian diet using the Canadian Nutrient File (CNF) database, a
portion of the ESHA Food Proces$belies on information from the USDA fd@omposition
database. For nutrients such as folate, both countries differ in their fortification policies and
would affect calculated intakes. To minimize inaccuracies, only seven food items were
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selected from the USDA database. Another limitatiors wee assumption that the nutrient
content of specific foods remain constant. For example foarotene content of a carrot
may vary based on the size, growth, harvesting, processing, cooking, and storing conditions.

Though the CNF database containedcronutrient content information for the
majority of food items, micronutrient inadequacy was overestimated for some
micronutrients such as vitamin E since only 67.16%heffoods inthe current Canadian
Nutrient File databaskas been measured for thaartocopherol conten{212]. Additionally,
for nutrients such as biotin, chloride, choline, chromium, fluoride, iodine, molybdenum, and
vitamin K, we were unable to analyse nutrient irgakdue to insufficient information in the
CNF database.

2.5.3 Sources of Measurement Erram Dietary Assessment

Random and systematic measurement errors may occur while measuring food and
nutrient intakes. These measurement errors include nonresponse keasplig bias,
respondent biases, incorrect estimation of portion size, coding errors, and missing
supplement usage information.

Among the pregnant women who were recruited fahe IRNPQEGtudy, the
response ratavas65.6%. This is close to the responate achieved by another large cohort
study using &lay food record$243]. Nonetheless, &argeportion of the women chose not
to complete and return the food records, and may have resulted in a nonresponse bias. As
a result, instead of having a rdom sampling of Québec women, the subjects who
participated in urban centres may not be representative of pregnant Canadidpsaéhbec.

Qur resultscontain mostly the affluent, educated, white pregnant population in Québec,
Canada. However, it is recoged that culture, ethnicity, and environment play a role in
nutrition and food choices in a group of peod44]. Based on the demographic and
socbeconomic characteristics tife womenin our study these results are not generalizable

to more ethnically diverse, socioeconomically poor, or Aboriginal groups of women in
Canada. Other ethnic groups with varied diets and women with lower socioeconomi
statuses and education levels may hakered diferent nutritional status and frequency of
supplement use. Nonetheless, the pregnant population is a group that is often excluded
from studies, so this study has the benefit of revealing current digtdakes in a necessary
subset of Canadians.
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Furthermore, respondent bias, such as underreporting of food intake by
approximately 20% in both men and womgR45, 246] is often an issue in dietary
assessment methods. Underreportingay occur due to errors in estimating portion sizes or
in an effort to maintain socially desirable diets that includes fewer unhealthy food choices.
Due to the lack of motivation or the inconvenience of having to record each item, individuals
may also mdify their food choices to healthier or simpler food for ease of recording and/or
in apprehension of evaluation. Providing the participants with training on how to properly
fill out the food records with an appropriate amount of detail and explainiregdilgnificance
of the results and how their contribution plays a role in the study may help prevent reporting
errors. Having a debriefing session by a nutritionist or study personnel has been shown to
help prevent measurement error from food recorf#17], but due to limited resources, this
was notpossible. Instead, in order to improve accuracy and reliability, a brief training and
an example of a completed food record was provided by study personnel prior to completion.
Still, there were cases where participants were not detailed in their posines and did not
include recipes for some homemade food items. Though standard portion sizes and recipes
were used instead, variations in micronutrient intake may have occurred.

Due to the volume of food records that needed to be analyzed to meesample
size requirements, four people (myself and three others) initially participated in food record
data entry. Coding errors may have occurred when converting household measures into
grams or selecting the most accurate food item ESHA Food ProBés3ar prevent intra
individual variability in data entry (ex. brand choices, food proportions, etc.) and ensure
consistent decisiormaking on common foods, entered food records were systematically
double-checked by two trained registered dietitians and exire values were systemically
double-checked for implausible entries. In the future, intedividual variability can be
prevented by limiting the number of people participating in data entry.

At the time of this study, only information regarding whether not study
participants used a nutritional supplement was available. Thus, only estimated intakes after
supplementation could be determined. Based on the brand and composition of the
supplement, micronutrient intake may vary between individuals. hia future, once the
brand and composition of the supplements are released for study, a more accurate picture
of micronutrient intake from dietary and supplementary sources can be determined.
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In summary, the limitations in the assessment method, food caositjpm data, and
measurement errors must be considered when drawing conclusions from this study.

2.6 Future Directions

Dietary assessment methods allow researchers to determine a general
representation of dietary inadequacies. Analysis of all completethy3food records
(N=1612) collected by the 3D Study is almost finished. Once mptldication logs
specifying brand and dosage of prenatal supplements is made available, dietary intakes of
micronutrients can be better defined. As part of the 3D studyPIREO staff have collected
follow-up growth and development indices for up to two years after birth. Thus, future
studies may include investigating the relationship between the offspring of mothers, with
adequate/inadequate diet in the presence/absencepoénatal supplementation, and their
consequences on future health outcomes. For example, a nesteecoas®| study can be
done comparing the effects of high folic acid intake afsepplementation (cases) with
recommended intakes (controls) observed amgamothers and their offspring. However,
though this study was able to analyse the dietary intake of pregnant women who are mostly
of higher socioeconomic status and living in an urban setting, further studies are required of
pregnant women of lower so@économic status, diverse ethnic background, and/or in more
rural areas in order to get a better idea of micronutrient adequacy in the Canadian pregnant
population.

Due to aforementioned limitations of dietary assessment methods in accurately
measuring mncronutrient intake, laboratory methods could be used to supplement our
findings and provide a more precise representation of bioavailable micronutrieins.
addition to the 3day food records of pregnant women, the IRNPQEO staff have also collected
biological samples (ex. maternal and cord blood, placenta samples) of the resulting offspring
as part of the 3D Study. In the future, laboratory methods that include biochemical tests (ex.
using blood samples or measuring urinary excretion rate) may be alusefuo determine
metabolized levels of micronutrients and the level of micronutrients in reserve tissue and
body fluids. This information can be used to compare to intake levels and to better assess
dietary needs among the given population.

Finally, trough the preventive effects of folic acid supplementation on adverse
maternal and fetal outcomes have been researc[i#tB], adverse outcome due to excessive
levels have not been as thoroughly studied. The fetal programming hypothggiesta that
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eventsin uterocan have longerm effects on the health of the offsprin@49]. Functional
biochemical tests (ex. changes in enzyme activity) may help elucidate the effects of increased
or decreased levels of micronutrients on health and disease. Furthermore, given that the
placenta is fetal tissug50] and the gateway for nutrient transfer between the mother and
fetus [251], studying the effects of different concentrations of micronutrients on placental
tissue can also help reveal potential etfeon the offspring.

2.7 Conclusion

In summary, using second trimesterday food records, dietary sources appear to
provide the majority of women with adequate micronutrients for all micronutrients studied,
except for folate, iron, vitamin D, and vitamih In contrast, the majority of the pregnant
women in our study samplavas found to be at risk of excessive sodium intake.
Supplementation may besquired formicronutrients found to be at risk of inadequacy for
most preghant women since food sources aalo not seem to provide the recommended
amount for a healthy pregnancy. Though vitamin D can be synthesized through sun exposure,
supplementation may also be required due to seasonal differences and varying sun exposure
times. Furthermore,supplementatiomn of other micronutrients may also be necessary for
other subgroups of pregnant women in the Canadian population.

Adhering to national recommendations to take a prenatal supplement, 83% of
women reported taking a nutritional supplement during their sed¢dmmester of pregnancy.
Following supplementation, the majority of women may be at risk of excessive folic acid
consumption, while nearly 20% of women may also be at risk of excessive iron consumption.
At a time when fortification of food with foliccéd is prevalent and recommendations for
further prenatal folic acid supplementation is paramount, the benefits and adverse effects
of excessive folic acid intake needs to be further investigated.
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Chapter 3
Effects of Excessive Folic Acid Blacenta Health &
Function

3.1 Introduction

The detrimental effects of various maternal nutrient deficiencies on fetal
development have led to the development and recommended use of multivitamin
supplements to promote a healthy pregnandl3]. Women are recommended by Health
Canada to take multivitamin supplemergsntaining 0.4 mg of folic acptior to conception
andduring pregnancyregardless of their nutritional status, emsureadequate vitamin and
mineral levels throulgout gestation[29]. However, the available literatuj@00, 112, 199]
and our findings in Chapter 2 suggest that a diet consisting of fortified foods and
supplementation may redtin excessive folic acid intake among women of childbearing age
and pregnant women in Canada. Importantly, very little work has been done to determine
whether exposure to these high levels of folic acid are in fact safe for the developing placenta
and feus.

The placenta is the vital organ of pregnancy, responsible for gas and nutrient
exchange as well as hormone synthesis. Despite our recognition of the critical importance of
this organ for a successful pregnancy, the effects of various environmermtairga(i.e.
nutrient supplements such as folic acid) on the health and functioning of the placenta are
often overlooked. In light of the fetal programming hypothesis which suggests that awents
utero, such as compromised placental headthd/or function,may have longerm health
effects on the offspring49], the effect of feteplacental exposure to excessive folic aad
utero requires significant attention. The importance of studies aimed atrdateng safe
therapeutic ranges of folic acid is particularly relevant in light of ongoing, -Ecgke
randomized controlled trials determining the efficacy of high dose folic acid supplementation
(4 mg/day) for the prevention of preeclampsia and conggnnalformations[115, 171]
Currently, these trials arengoing in the absence of any strong data indicating that this dose
of folic acid is in fact safe for the fefwacental unit.

If these excessivievels offolic acid adverselgffect placental health and functiont
is possible that fetal growthdevelopment and healthmay be compromisé Evidence that
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high folic acid intake levels can trigger adverse effects in both animal and human models
have been observel40¢142, 144, 238]and may have a severe impact onalgtealth and
development. However, little work has been done to directly study the effects of high folic
acid exposure on the placenta. Thus, the aim of the current study was to determine whether
high doses of folic acid would negatively impact primadicators of placental health and
function, including trophoblast proliferation, viability, apoptosis, invasion, and/érCG
expression in am vitro cell culture model anéx vivoplacental explant culture model.

3.2 Materials and Methods
3.2.1 Placental Tropoblast Model Systems

Choosing the ideah vitromodel is critical for proper experimental research design.
The most common methods includesing immortalized human trophoblast cell lines,
isolating primary cultures of human trophoblast cedisd using ex vivohuman placental
explants frorfirst trimester orterm placentg252, 253] Animal models using rodents such
as rats and mice are also common, but the main limitation in this approach lies in the
difference in the process of placentation between hurmmaand other organismf253].
Though isolation and culture of primary cells allow for the study oftnansformed human
placenta cells, the main limitations to this procedure are the altered cell physiology resulting
from the extensive processing required in the cell isolation and purification protocol, the
inability to maintain these cells in culture for maiean a couple days and the intpatient
variability observed in each placent@gb4]. Thus, immortalized human trophoblast cell lines
(HTR8-SVneo and BeWo) andx vivo human placental explants were selected as
representative models for this project.

Immortalized humanrophoblastic cell lines have been developed todst both the
extravillous and villous trophoblast cell lineages. Two trophoblast cell lines employed in the
current research project are the widely used FBIBVneo extravillous trophoblast cell line
and the BeWo villous cyitrophoblastcell line The HTR/SVneo cell line was established
from first trimesterextravillous trophoblast transfected with the SV40 virus, and is often
used to study the invasive properties of extravillous trophobld2&3]. In contrast, the
BeWo cell line was established from a malignant villous cytotrophoblast (choriocarcinoma)
and is often used to study processes involvediiitous cytotrophoblast proliferation and
terminal differentiation into the multinucleated syncgtrophoblast. The villous trophoblast
cells, including the BeWo cell line, are responsible for hormone pramyadhcludinghuman
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chorionic gonadotropinl(-hCG) hormone productiof253], which is often used as a marke
of villous trophoblast cell health and functiofexperimental designs using cell lines allow for
tight regulation of experimental conditions and enable reproducibility.

Ex vivohuman placenta villous explants are collected from fresh placeredaker
from elective terminations irthe first trimester or at the time of deliveryin the third
trimester. Thisex vivotissue model has the important advantage wiaintaining the
structural integrity of the tissugallowing foithe persistence ofellcell irteractions. Further,
these tissues can be collected either from uncomplicated pregnancies or pregnancies
associated with a clinical pathology, allowing for in vitro examination of physiological
differences in placental function in these pathologies. dalpy, the placental villous explant
model is used to study the effects of external factorstigsue survival, functionality, and
adaptation to exogenous exposures, by observing cellular processes such as proliferation,
apoptosis, hormone production, anoll syncytial fusion.

A. In vitro Trophoblast Cell Culture Model

3.2.2 Cell Culture and Growth Conditions

The HTRB/SVneo extravillous trophoblast cell line was generously provided by Dr.

/] KNI $4 DN} KFY 6vdz$SyQa ! yA@SNA hoblastcelllitey I Rl 0

was obtained from the American Type Culture Collection (ATC@edmarce centre
(Virginia, USA). The HBF5Vneo cell culture model was selected for study, as this model is
representative of the invasive first trimester extravillousghoblast cells of the placenta,
which are involved in the invasion of the uterine wall and remodelling of the uterine
vasculature [255]. The BeWo cell model was selected for study, as this model is
representative of the villous trophoblast cells that are resgibie for maternafetal
exchange and the endocrine function of the placej2a3, 255, 256]

Both cell lines were cryopreserved and stored3PC. When thawed, both cell lines
were maintained as monolayers in CORNING® 7%Ceth Culture @nted Flasks (Corning®;
NY, USA) in a humidified incubator with 21% %36 C@at 37”C. HTR/SVneo cells were
grown in FAdepleted Gibco®1X RPM#1640 (Life Technologi®$ NY, USA) supplemented
with 20 ng/mL folic acid (FA) (Sigialdrich; MO, USA), 58étal bovine serum (FBS), and 1%
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100X Penicill#streptomycin (P/S) Solution (Mediatech, Inc.; VA, USA). The concentration of
folic acid used for supplementation of the standard culture media (20 ng/mL) was selected
to mimic concentrations of serum folatevels measured in pregnant wom¢h01, 168]
(Appendix D).BeWo cells were also grown in-Bépleted 1X RPMI1640 supplemented with

20 ng/mL FA10% FBSnd 1% 100X P/S.

For maintenance of the celines, cells were passaged evern 2lays (when they
reached 7880% confluence) and culture medium was changed every 2 days. The procedure
F2NJ LI aalk3ayad GKS OStfa AyOfdzRSR gl aKAy3a (K
Saline (PBS; Corning® @el®; VA, USA) and removal of cells by an enzymatic treatment
using 1X Trypsin EDTA (Mediatech, Inc.; VA, USA) for 5 minutes. Cells were harvested, and
subcultured in fresh flasks. To maintain consistency, experiments using/BVReo and
BeWo cells wereestricted to passages below 30.

3.2.3 Folic Acid Treatment

Prior to any experimental protocol, HBRSVneo and BeWo cells were sergtarved
overnight in serurrfree media (0% FBS). All dassponse experimental protocols,
described below, involved the usefofe folic acid experimental treatmen(g, 20, 200, 2000,
4000 ng/mL)in which folic acid was dissolved into the FBBplemented cell culture media.
These concentrations were selected to represent maternal folic acid deficiency (2 ng/mL),
normal matenal physiological concentration (20 ng/mL), supraphysiological concentration
(200 ng/mL) and toxicological concentrations (>2000 ng/mlnless otherwise specified,
cells were exposed to the folic acid experimental treatments for 48 hours, at which point
cells were harvested for analysis.

3.2.4 Microbiological Assay for Intracellular Folates

Trophoblast cells possess several folate transporters, responsible for shuttling folate
both into and out of the cell164]. In order to determine the degree of exogenous folic acid
uptake into the HTB/SVneo and BeWo cell lines following folic acid treatments (Section
3.2.3), a microbiological assay was employed using glyceroprotected Lactobacillus
rhamnosug257¢259], formerly known as a subspecieslaictobacillus cas¢260].

HTR8/SVneo (N=3) and B¢ cells (N=3) were initially seeded inten@ll plates, at
a density of 1.2 X®@ells/well. Both cell lines were serum starved overnight and treated as
outlined in Section 3.2.3After 48 hours of treatment, cells were harvesteat inalysis of

66



intracellular folic acid content. The harvested cell pellet was suspended im260protein
extraction buffer (2% w/v sodium ascorbate, 0.2bMnercaptoethanol, 0.05 M HEPES, 0.05

M CHES, dd®), and protein concentration was quantifiedeach sample (281) using Bie

Rad Protein Assay Reagent (Biad Laboratories; CA, USA). The remaining sampler(}75
was boiled for 10 minutes at 100, cooled on ice for 10 minutes, centrifuged at 18,000 x g
for 10 minutes at 4C. Rat Conjugase Seru1:4 dilution with supernatant) (R&lreez
Biologicals, USA) was added to the supernatant and incubated°@tf8v 3 hours. The rat
serum conjugase removes the polyglutamate residues from the folic acid found in tissue
extracts and makes mon@and diglutamyl folate available to analyse tissue folate content
using the microbiological assg®61]. Samples were then boiled at 1@ chilled on ice for

5 minutes, centrifuged at 18,000 x g for 5 minutes, and the final supernatant was collected
and stored at80°Cpending analysis.

The treated HTR/SWheo and BeWo cell lysate samples were transported on dry ice
to the Nutrition Research Division at the Sir Frederick G. BaR@sgarchCentre (Health
Canada, Ottawa, ON) for final determination of intracellular folate levels usingLthe
rhamnosusmicrohiological assay. Stock glycecoyoprotectedL. rhamnosugATCC 7469)
was prepared as described by Horf2s7] and stored in 2 mL aliquots a80°C. Fo each
experiment, thel.. rhamnosusoculum was prepared by diluting stockrhamnosug§1:100)
in sterile saline. As suggested by Hd2&7], this dilition is experimentally selected for each
stock after preparing a series of standard curves using a range of dilutions of the
cryoprotected L. rhamnosusand determining which dilution results in the highest
absorbance for all points on the standard curve.

Each HTR/SVneo and BeWo sample (i) was incubated with 261 dilutedL.
rhamnosus 1 ni folate extraction buffer [2% w/v sodium ascorbate, 0.2 b
mercaptoethanol, 0.05 M HEPES (pH 7.85), 0.05 M CHES (pH 7.85), sterile filtered water
(ddHO)], 8 L working buffer [1 M potassium phosphate (pH 6.1), 16% w/v sodium
ascorbate, ddeD], 150k BD Difco Folic Acid Casei Medium (prepared according to
YI ydzF I OG0 dzZNBE N & Any ddfiOliied ieplichtgsinadeel ficeotiter plate.

To maintain casistent airto-plastic surface area in all we[57], the outer wells (Row A
and H, and columns 1 and 12) in the\®@éll microtiter plate were not useuh the assay and
instead, were filled with ddi® blanks. The assay was calibrated using a folic a&d {i@ol)
standard curve, in triplicate. The plates were incubated for 16 hourkumedified chamber
at 37C.
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Since the growth ok. rhamnosuss relative to the amount of total folate present in
the medium, the total intracellular folate level can be assessed by measuring the turbidity of
the inoculated medium at an absorbance5$5 nm using a spectrophotometer (Multiskan
Spectrum v1.2, Thermodker Scientific, USA). To minimize pipettngrs, the lowest and
highest absorbance values were discarded in order to leave 3 out of 5 replicates for analysis.
From the resulting data and the standard curve, the normalized average folate concentration
for each sample (fmoifg) was calculated.

3.2.5 Assessment of Trophoblast Health: Cellular Proliferation

An indicator of cell health is the ability of cells to proliferate into healthy daughter
cells. 5bromo-H -@eoxyuridine (BrdU) is a synthetic thymineatogue which becomes
incorporated inde novoDNA in proliferating cells during thepBase of the cell cyclR62,

263]. Thus, immunoreactivity to BrdU was used to identify the effect of exogenous folic acid
on the proliferative capacity of HF&SVneo and BeWo cells.

HTR8/SVneo (N8) and BeWo cells (N=3) were seeded at 2.5%cals/well in 12
well plates and serum starved overnight. They were then treated with different experimental
doses of folic acid (2, 20, 200, 2000, 4000 ng/mL folic acid) as outlined in Section 3.2.3. Afte
24 hours of treatment, cells were transferred to Millicell EZ chamber slides (EMD Millipore,
USA) at a density of 1.5 x*dklIs/well and incubated at 3T for an additional8 hours in
their respective experimental folic acid treatmentsThereafter, 10 M 5-BromaoH -Q
deoxyuridine (BrdU) was made up in the corresponding folic acid experimental treatments
and was added to each well of the chamber skuafel incubated for an additional 6 hours
(total experimental treatment exposure of 48 hours)

At the time of fixation, without removing the culture media, cells were incubated in
150 m cooled acid ethanol fixative (90% ethanol, 5% acetic acid, 5% water) at room
temperature for 5 minutes. The culture media and initial acid ethanol fixativeagpisated
from the wells and 2061 of acid ethanol was added for 30 minutes &€4 Antigen retrieval
was performed using 2M hydrochloric acid (HCI) for 20 minutes at room temperature,
followed by neutralization with 2061 of 0.1M NaBOy for 10 minutes. Cells wergashed 3
times in 1X PBS and then blocked with 1% Bovine Serum Albumin (BSA; Fisher Scientific, USA)
in 1X PBS at room temperature for Bnutes.
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The primary monoclonal auseanti-BrdUantibody(1:500 dilution in 1% BS8igma
Aldrich USAwas added @ cells and incubated overnight at@. After a second wash with
1X PBS, cells were incubatedred fluorescemabelled rabbitanti-mouse IgG secondary
antibody (1:500 dilution in 1% BSAlpxa Fluor® 594.ife Technologies, USA) for 1 hour at
room temperature. After a third wash with 1X PBS, the cells were counterstained with blue
fluorescentlabelled Hoechk stain (1:4000, diluted in PBS; DAPI, Life Technologies, USA) for
15 minutes at room temperature. After a final wash in 1X PBS, the slides wvelresd and
mounted using PermaFIluBf Mountant (Thermo Scientific, USA). For each experiment,
negative controls were run in parallel with omission of the primary antibody.

Two randomly selected fields of view were imaged for each experimental treatmen
per experiment, using Zeiss Axioskop 2 MRiEMicroscope (Carl Zeiss Microscopy, USA) at
10X magnification. Mean proliferating cell counts (red immunofluorescence) and total cell
counts (blue immunofluorescence) were performed using automated Imagjiwia®e v1.47
(National Institutes of Health, USA). Results were calculated as the number of proliferating
cells divided by the total number of cells, expressed as a percentage, for each experimental
treatment group.

3.2.6 Assessment of Trophoblast Health: Gé#r Viability

Cellular viability is a measure of the number of living cells in a sample. The trypan
blue exclusion assay is a common method used to determine cellular vigdtidy Viable
cells, characterised by an intact cell memigaare impenetrable by the trgm blue dye;
whereas dead cells have a compromised cell membrantadl@vs trypan blue uptak64].

HTR8/SVneo cells (N=3) and Bewo cells (N=3eveeeded at a density of 5 x40
cells/well into 12well plates. After serumstarvation overnight, both cell lines were treated
with experimental folic acid treatments 42000 ng/mL) for 48 hours (Section 3.2.3). A
positive control stress treatment of ©M staurosporine (SigmAldrich, USAyas included
for each experiment.Staurosporine is protein kinase inhibitor antgs known to activate
cellular stressesponse andapoptosis pathways [265, 266] Following experimental
treatment incubation, the cells were harvested along with their ovagyiulture media, and
analyzed using the automatedrCELL Cell Viability Analyzer (Beckman Coulter, Canada)
Cellular viability was calculated as the number of viable cells (trypan blue negative) divided
by the total number of cells (both viable and raiable) expressed as a percentage.
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3.2.7 Assessment of Trophoblast Health: Apoptosis Assay

Activated caspas8 immunadetection, a reliable method to observe apoptosis
(programmed cell death)267], was used to further test the effects of increasing
concentratiors of exogenous folic acid on trophoblast health.

HTR8/SVneo (N=3) and BeWo cells (N=3) were seeded at a density of 2%5 x 10
cells/well in 12well plates and serum starved overnight. The following day they were treated
with different doses of folic ad (2 ¢ 4000 ng/mL folic acid) for 24 hrs. Subsequently, the
cells were washed in 1X PBS, trypsinized, arsuspended in their respective folic acid
treatments and transferred to Millicell EZ chamber slides at a density of 1.5cell§well
for an adlitional 24 hours at 3°C (total experimental treatment exposure of 48 hours). The
cells were then washed with 1X PBS and fixed using 10% formalin. Antigen retrieval was
performed using 100% cooled methanol for 20 minutes %&,4vashed with 1X PBS, and
blocked with 1% BSA (in 1X PBS) for 30 minutes.

Immunocytochemical detection of activaterhspase3, as a marker of programmed
cell death (apoptosis) was then performed on the cells. Briefly, cells were incubated with a
polyclonal rabbit anthuman actiated caspase primary antibody (1:100 dilution in 1% BSA;
Abcam, USA) overnight at@. Cells were washed with 1X PBS and subsequently incubated
with green fluorescentabeled goatanti-rabbit IgG secondary antibody (1:500 dilution in 1%
BSA; Alexa Flu@r488, Life Technologies, USA) for 1 hour at room temperature. Cells were
again washed with 1X PBS and counterstained with blue fluoretalealled Hoeck stain
(1:4000 dilution in 1X PBS) for 15 minutes at room temperature. After a final wash ils1X PB
the slides were aidried and mounted using PermaFIli¥iMountant. For each experiment,
a positive controktress treatment oflL M staurosporinewas includedNegative controls
were run in parallel for each experiment with the omission of the prinzanybody.

Two randomly selected fields of view were imaged for each experimental treatment
per experiment, using Zeiss Axioskop 2 M®JE Microscope at 10X magnification. Mean
apoptotic cell counts green immunofluorescence) and total cell counts (blaegreen
immunofluorescence) were performed using automated Image J Software v1.47. Results
were calculated as the number of apoptotic cells divided by the total number of cells,
expressed as a percentage, for each experimental treatment group.
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3.2.8 Assessmenbf Trophoblast Function: Invasion Assay

A vital function of the extravillous trophoblast cell is the ability to actively invade the
uterine wall and remodel the uterine vasculatu60]. As such, the effects of increasing
concentrations of exogenous folic acid on this important function of the-88Rneo
extravillous trophoblast cell line was examined using a Boyden chamber invasion assay (N=4).

HTR8/SVneo cellsvere seeded at a density of 5.0 x*tells/well into a 12vell plate
and treated in duplicate with 2, 20, 200, or 2000 ng/mL FA for 24 hours. Afterwards, the cells
were serumstarved for 6 hours in their respective treatmentsZ@00 ng/mL FA in FA
depleted 1X RPM1640 media, 1% 100X P/S). Then, cells were washed in 1X PBS, trypsinized,
re-suspended into their respective treatments, and seeded into the top of a matrigel coated
transwell insert (6.4 mm diameter, 8.0 micron pore; BD Biosciences, Canaddgasity of
2.5 x 10 cells/insert. In the bottom chamber of the invasion assay well, the respective
treatment media (22000 ng/mL FA, 1X RRWB40, 1% 100X P/S) was added and
supplemented with 5% FBS in order to act as a chattractant to promote HTR/SVneo
invasion through the matrigedoated transwell insert. Cells were left to invade for 48 hours.

After the invasion period, the transwell membranes were fixed using 10% formalin
for 2 minutes and permeabilized using 100% cold methanol for 20 nmeniteninvaded cells
were removed from the upper chamber of the transwell insert using a cotton swab and
discarded. Successfully invaded cells that adhered to the bottom of the transwell insert were
stained with mercunfree Harris Modified Hematoxylin thi acetic acid (Fisher Scientific; NJ,
USA) for 10 minutes, and quickly rinsed with tap water. The porous membranes of the insert
were excised out and mounted onto slides using Shandon h¥iownt (Thermo Scientific,
USA). For each well, four randomlyeséd fields of view were taken using EVOS cell imaging
system at 40X magnification. Invaded cdlla€ stain) were counted using Image J Software
v1.47.

3.2.9 Assessment of Trophoblast Functiop:hCG ELISA Assay

A vital function of the villous trophoblaselt, represented by the BeWo cell model,
is the ability toproduce and secrete hormones into the maternal circulation which promote
appropriate maternal adaptation to pregnan¢¥60, 253] One such hormone is human
chorionic gonadotropink-hCG), which plays an important role in uterine decidualizatiah an
maternal immune tolerance to the developing fet{#68, 269] As such, the effects of
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increasing concentrations of exogenous folic acidhéhCG hormone secretion by the BeWo
villous trophoblast cell linevere examinedN=3).

Briefly, BeWo cellavere plated at a density of 5 x 46ells/well and serum starved
overnight in culture media supplemented with 20 ng/mL folic acid. The BeWo cells were
then treated for 48 hours with different folic acid experimental treatmentl(®0 ng/mL).

At the end & the treatment period, the media was collected, clarified by gpeed
centrifugation at 1200 RCF (x g) for 5 minutes using HefddiabofugéM 400 (Thermo

Fisher Scientific, USA), and stored-&@°C untilb-hCG quantification. Concentrations of
secretal b-hCG hormonevithin the overlying culture media was analyzed usiisgled phase

enzymef AY1{ SR AYYdzy2a2NbSyid Faaleée 69fis{(Bw>= I &
International, Germanyand read at450 nm using Theno Labsystems Multiskan Ascent
spectophotometer and analyzed usingscent Software v.2.6Each sample was run in
duplicate. Using the included standard curve, the concentratiorbdfCG (mIU/mL) was
calculated. Data is expressed as relabeCG hormone secretion in comparison to the

hCG hormone released at the 20 ng/mL folic acid treatment.

3.2.10 Statistical Analyses

All results are presented as mean + SD from at least three independent experiments.
All experimental FA dosesponse data was analyzed by onevay analysis of variance
(ANOVAF 2f ft 26 SR o0& ¢dzl SeQa YdzZ GALX S O2YLI NA&az2y
version 3.03 (GraphPad, San Diego). The dfference between experimental treatments
were considered statistically significanpi& 0.05.

B. In vitro Human Placental Explariodel

3.2.11 Placental Explant Collectioand Preparation

Human placenta (N=6) were collected following elective Caesarean section from
healthy term pregnancies at the Ottawa General Hospital \&jprovd from the Ottawa
Health Science NetwolResearch Ethiddoard(Protocol# 201121701H and the University
of Ottawa Health Sciences and Science Research Ethics Board: (H04L3-12; Appendix
B. All patients recuited were at term (39 ¢ 40" week® gestation) and had a BMI between
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18 ¢ 25 kgm?. Elective Gections were the result of fetal breech presentation or repeat C
sections.

Placenta& were collected within 30 minutes of delivery. Initially, fivénth? pieces of
tissue were dissected from the placenta, ensuring sampling from across the entire organ. The
chorionic plate and basal plate were removed and the tissue samples were placed in 1X PBS
and transported to the laboratory on ice. Within the laboratottye placental samples were
rinsed several times in 1X PBS to remove residual blood and small tissue expfmg (2
each) of terminal chorionic villi were dissected. The dissected explants were rinsed twice in
1X PBS and once in DMEM culture media. Fearch placenta ~7300 explants were
dissected. Explants were cultured on 15mm Costar® Néthelerts (Corning®, MA, USA)
at the gadiquid interface and sustained under normoxic culture conditions of 8% O
(physiological oxygen concentratif2i70]), 5% Cg balance Nat 37°C.

3.2.12 Folic Acid Treatments

Placental explants were cultured FAdepleted 1X DMEMulture media (diluted
D242410X DMEM media with added 3.7 g/L NaR@b84 g/L iglutamine, 3500 mg/L at
pH 7.0; Sigm&ldrich; USA) supplemented with 5% FBS, H#d100X P/SA series of folic
acid experimental treatments were generated ngpithis culture media (2, 20, 200, 2000,
4000 ng/mL folic acid). For each experiment (N=6; 1 experiment per placenta),
approximately 79 individual explants per treatment group were placed on a netwell support
and incubated in the corresponding experimahEA treatment for 48 hrs.

Afterwards, all explants from each treatment group were collected, weighed and
processed for immmunohistochemisti@éctions 3.2.3and 32.15). The treatment media was
also collected immediately and assessed for lactate dedgehase (Section 3.2.14), as a
measure of placental viability, and stored &0 C for future analysis df-hCG (Section
3.2.16), as a measure of placental endocrine function.

3.2.13 Assessment of Placental Healt@ellular Proliferation

The syncytiotrophobldsellular layer of the villous exchange region of the placenta
is replenished throughout pregnancy through the proliferation and terminal differentiation
of the underlying cytotrophoblast celld60]. The effects of increasing concentrations of
exogenous folic acid on cytotrophoblast cell proliferation were examined through
immunohistochemical analysis of Ki67, a nuclear marker of cellular proliferf@fdn 272]
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Following the 4&our experimatal FA treatment exposure (Section 3.2.12), explants were
fixed, embedded in paraffin blocks and processed for immunohistochemistry according to
standardized protocols.

SampleProcessing

Briefly, explants were fixed in 10% buffered formalin phosphash@FiScientific; ON,
Canada) for 24 hours at room temperature and subsequently transferred into 70% ethanol
for storage. Prior to processing, explants were embedded into 2% w/v Agar (BioShop®; ON,
Canada), made up in 1X PBS. Asgabedded explants wereesially dehydrated using the
Fully Enclosed Tissue Processor Leica ASP300 S (Leica Biosystems, USA), and paraffin
embedded (TissuePrep® Fisher Scientific; NJ, USA) using the Leica EG 1160 Embedding
Center, Dispenser + Hot Plate (Leica Biosystems, USA9adkhosample, BM sections were
cutand mounted on slides (Superfrost®/Plus, Fisher Scientific, USA).

A slide from each FA treatment, for each experiment (N=6), was deparaffinised in
histological grade xylenes and endogenous peroxidase activity walgee using 3% 40,
(diluted in methanol) for 10 minutes at room temperature. Following standardized
rehydration protocols (5 minutes in 95%, 80, 70%, 50% ethanol and H2O respectively),
antigen retrieval was performed using 0.01 M sodium citrate buffériM sodium citrate,
0.05% Tween 20, ddB; pH 6.0) in a Decloaking Chambe(Biocare Medical; CA, USA)
pressure cooker for 35 minutes, followed by a rinse in running hot tap water and 1X PBS.
Nonspecific staining was blocked using Dako LSAB Protein 8dtition (Dako, USA) and
incubated for 30 minutes in humidity chamber at room temperature.

Immunohistochemistry

Immunoreactivity to Ki67, a marker of cellular proliferation, was determined
following incubation of each slide with a monoclonal mouse -Aothan Ki67 antibody
(2:100 dilution in 1% BSA; Dako, USA) overnighiGirta humidity chamber. After washing
slides in 1X PBS (thrice, 5 minutes each), slides were incubated with a biotinylatethtjoat
mouse IgG secondary antibody for 1 hour at rotmmperature followed by an incubation
with peroxidaseconjugated streptavidin(DAKO LSAB2 SysteiRP (Dako; CA, USA).
Following a wash in 1X PBS (10 minutes), staining was developed with a 30 second exposure
G 2 -Pianontbenzidine (DAB) tetrahydrochlie (SigmaAldrich, MO, USA). Slides were
rinsed in 1X PBS (thrice, 5 minutes each), and transferred teQldiSubsequently, slides
were counterstained with hematoxylin for 60 seconds, rinsed in tap water, rapidly dipped in
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acid alcohol (0.5% HCI in 7@J6ohol) to promote color differentiation, and then rapidly
dipped in 0.2% ammonium hydroxide @dHQO) as a bluing agent. After a final rinse in tap
water, sections were mounted using Shandon Imktount™. For each experimenta
negative control wasun in parallel with the omission of the primary antibody.

Analysis

The Leica Aperio ScanScope® slide scanner and the ScanScope Console v102.0.0.33
Controller V.102.0.0272 was used to take high quality images of each slide at 20x
magnification. For compar-assisted image analysis, four random areas were analyzed from
each image using Aperio ImageScope v11.2.0.780. Immunoreactivity to Ki67 was identified
through DAB positive staining (réufown) and counted manually using the Cell Counter
Plugin in Imag@ Software v1.47. Data was expressed as the mean number of proliferating
cells (Ki67 positive) per mean area of placental tissue imaged.

3.2.14 Assessment of Placental Health: LDH Cytotoxicity Assay

Lactate dehydrogenase (LDH) measurement in cell cultureianisda widely used
marker of cellular viability264]. LDH is a cytoplasmic prateof high abundance, which is
released when the integrity of a cell membrane becomes compromised through the process
of necrosisq unregulated cell death273]. Placental cell necrosis, following exposure to
increasng concentrations of folic acid, was assessed through measurement of released LDH
in the culture media following the 4Bour treatment (Section 3.2.12).

Overlying culture media from each of the experimental FA treatment groups was
collected from each expanent (N=6), and LDH concentration was measured using the LDH
/] @8G202EAOAGe 1 aale YAG LL o6FoOFYTT 'YO FOO2N
of this assay is an enzymatic coupling reaction. LDH released from damaged cells oxidizes
lactateto produce NADH, which then reduces a water soluble tetrazolium salt-QV&T
produce formazan, resulting in a yellow co[@i74, 275] Thus, the intensity of the color
correlates with the nmber of lysed cells. Colorimetric detection of LDH activity was
measured at an absorbance of 450 nm using Thermo Labsystems Multiskan Ascent and
Ascent Software v.2.6.

For each placenta, an extra set of97individual control explants were collected
immediately following delivery, weighed, and flash frozen in liquid nitrogen and stored in
80°C. At the time of the LDH Cytotoxicity Assay, these control explants were thawed on ice
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and homogenized in 1 mL 1X DMEM to release all cytoplasmic LDH. Celivdslrasnoved

from the tissue homogenate using the Beckman Coliftéticrofuge® 22R centrifuge for 2
minutes at 6,000 RPM and supernatant was collected. As this supernatant contained all of
the LDH present in the equivalent number of explants placed in egorimental treatment

well, this sample was deemed a 100% LDH control. LDH measurement results obtained from
each experimental sample was normalized to the weight of corresponding tissue and
expressed as a percentage of the 100% LDH cont#dditionaly, explants teated with
staurosporine (IrM) were included as a positive control for cellular stress.

3.2.15 Assessment of Placental HealtApoptosis

Cytokeratin 18 (CK18), an abundant protein in placental trophoblast cells, is cleaved
by activated caspasesudng the apoptotic cascade revealing an epitope recognized by
monoclonal antibody M3(R276]. To measure apoptosis in human placentae, the monoclonal
antibody M30 has been established as an effective antibody to recognizepittipe277].

Thus, in addition to necrosis, the effect of increasing concentrations of folic acid on placental
programmed cell death (apoptosis) was determined through M30 immunoreactivity.

Sample Processing and Immunohistochemistry

Immunohistochemicgbrocessing of slides (@m) generated from each experimental
FA treatment (N=6 experiments) was conducted as outlined above (Section 3.2.13). In this
instance, however, slides were incubated with the monoclonal mousehamiian M30
antibody (1:100 dilutn in 1% BSA; CytoDEATH, Roche Diagnostics, USA) overrighinat 4
a humidity chamber and staining was developed with a 70 second exposure to DAB.

Analysis

The Leica Aperio ScanScope® slide scanner and the ScanScope Console v102.0.0.33
Controller V.102.0272 was used to take high quality images of the slides at 20x
magnification. For computeassisted image analysis, four random areas were analyzed from
each image using Aperio ImageScope v11.2.0.780. Immunoreactivity to M30 was identified
through DABositive staining (redbrown) and quantified using Image J Software v1.47. The
segmentation process resulted in generation of binary images from which the percentage
area of positive cells compared to total area could be determinedr each experimerd
negative control was run in parallel with the omission of the primary antibody. Additionally,
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explants teated with staurosporine (&M) were included as a positive control for cellular
stress.

3.2.16 Assessment of Placent&unction:b-hCG ELISA Assay

As detailed above (Section 3.2.8}hCG hormone production and secretion is a vital
function of the placenta during pregnan¢¥60, 278] As such, the effects of increasing
concentrations of exogenous folic acid bihCG hormone secretion by placental explants
were examined

For each experiment (N=6), the media overlying the placemalants was collected
following the48-hourexperimental FAreatmentexposurgSection 3.2.2) and kept at80°C
until b-hCG quantificationAs described in the cell culture experiments above (Section 3.2.9),
b-hCG hormone secretion into the overlyioglture media was analyzed using a solid phase
enzymef AY1{ SR AYYdzy2a2NbSyid laale o9[L{!'0 YAlZ
Each sample was run in duplicatgsing the included standard curve, the concentration of
b-hGG was calculatednormalzed to the mass of each sample of placental explasts,
expressed asnlUmL*mg. Data is expressed as relatilehCG hormone secretion in
comparison to théo-hCG hormone released at the 20 ng/mL folic acid treatment.

3.2.17 Statistical Data Analysis

All resuls are presented as mean + SD from six independent experiments (one
placenta per experimentAll experimental FA dosesponse datavasanalyzed by onsvay
Fylrfteara 2F GFNRAFIYOS 6!bhx! 0 F2{ft26SR 0& ¢o
using Prism cftware, version 3.03 (GraphPad, San Diego). @Afference between
experimental treatments were considered statistically significapt<.05.

3.3 Results

A. In vitro Trophoblast Cell Culture Model

3.3.1 Intracellular Folate in Trophoblast Cells Followinguitro Exposure to FA

Intracellular folate was measured in the H8SVneo and BeWo trophoblast cell
lines followingin vitro exposure to increasing concentrations of folic acid (FA) over 48 hours
(Figure6). Inboth trophoblastcelllines, intracellular folate increased with higghdoses of
exogenous FAndicatingan increase in FA uptales more exogenous F&comes available
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Intracellular folate levels were significantly higher following treatment with 4000 ng/mL FA
treatment whencompared to treatments of 2, 20, and 200 ng/mL of FA for both-HTR
8/SVneo (<0.0001) and BeWop€0.01) cell lines. However, there was no significant
difference observed between the 2000 ng/mL and 4000 ng/mL FA treatments. Interestingly,
the BeWo cell lia demonstrated a more pronounced increase in intracellular folate
concentrations, compared to the HIRSVneo cell line, at the same FA experimental
treatment concentrations.

3.3.2 Trophoblast health: Effect oih vitro Exposure to FA on Cellular Proliferation

Cellular proliferation was measured in the HBFESVneo and BeWo trophoblast cell
lines followingin vitro exposure to increasing concentrations of folic acid over 48 hours
(Figure7). Under basal conditions, BeWo trophoblast geltdiferated approximately twice
as much as HF&SVneo cells. Nevertheless, there was no significant change in the number
of proliferative cells following exposure to increasing folic acid treatsdot either HTR
8/S\heo or BeWo trophoblast cell ks.

3.3.3 Trophoblast health: Effect o vitro Exposure to FAon Cellular Viability

The trypan blue exclusion test was used to assekslarviabilityin the HTR8/SVneo
and BeWarophoblast cell lines following vitro exposure to increasing concentratie of
folic acid (FA) over 48 hafFigure8). Compared to the baseline FA treatment of 20 ng/mL
FA for the HTR/SVnedrophoblast cell line, elevated concentrations of FA (200, 2000, 4000
ng/mL) had no significant feict on cell viability, though low concentrations of FA (2 ng/mL)
resulted in a signiant reduction in viabilityg<0.01) In contrast, elevated concentrations
of FA (200 and 2000 ng/mL) resulted in a significant effect on BeWo cell viability when
compared to basiéne FA treatment of 20 ng/mL FA<0.09, though 2 ng/mL FA and 4000
ng/mL FA had no significant effect The positive control stress treatment of riv
staurosporine also caused a significant decread¢TiR8/SVneo and BeWo trophoblast cell
viability when compared to the 20 ng/mL FA treatment in both cell lingg)(001)

3.3.4 Trophoblast health: Effect aoih vitro Exposure to FAon Apoptosis

The trypan blue exclusion assay (Section 3.3.3) identifies dead cells, however it is not
capable of identifying cellfat are in the process of undergoing apoptosis (i.e. programmed
cell death). As such, initiation of apoptosis was also investigatéiae HTR8/SVneo and
BeWotrophoblast cell lines following vitro exposure to increasing concentrations of folic
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acid over 48 tours (Figure9). In both cell lines, for all experimental treatments tested, the
presence of apoptotic cells (immunoreactivity to activated casiiseere sparse (1.3%
7.0%). Increasing concentrations of folic acidd hao significant effect on initiation of
apoptosis in either the HF&SVneo or BeWo trophoblast cell linésgure9, GD). However,
the positive control stress treatment ofrM staurosporine, resulted in a significant increase
in the number of apoptotic cells in both cell lings(.001).

3.3.5 Trophoblast function: Effect oin vitro Exposure to FAn Cellular Invasion

The effects of increasing concentrations of folic acid were examined om thi¢ro
invasive function of HFB/S\heo trophoblast cells. Optimal trophoblast invasion was
observed following treatment with 20 ng/mL FA. While there appeared to be a trend of
decreasing trophoblast invasion at higher concentrations of FA (200, 2000 and 4000 ng/mL)
this finding was not sigficant. However, treatment with low concentrations of FA (2 ng/mL),
equivalent to FA deficiency, resulted in a significant decrease ir8FE\Rieo invasion
(p<0.01) compared to the physiological 20 ng/mL FA treatn(€igiurel0, A-C).

3.3.6 Trophoblast function: Effect oin vitro Exposure to FAn b-hCG Production

The effects of increasing concentrations of folic acid were examined om thigro
endocrine function of BeWo trophoblast cells, through measuremen-bCG hormone
secetion into the culture media. There was no differencebinCG secretion across all
experimental FA treatments {2000 ng/mL) following a 4Bour incubation Figure11l).
Overall, approximately 857 mlU/mL lofhCG hormone was relead into the media when 5
x 1 cells/well were initially seeded.

B. In VitroHuman Placental Explant Model

3.3.7 Placental health: Effect oh vitro Exposure to FAon CytotrophoblastProliferation

The effects of increasing concentrations of folic acid treattmen cytotrophoblast
cell proliferation was additionally examined using the human placental explant culture
model. Cellular proliferation remained unchanged across all folic acid treatmedAG0(®
ng/mL) tested Figurel?). Forall expermental treatments, an average &8 cytotrophoblast
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cells were undergoing proliferatioftotal average cell count of 46 cytotrophoblast celks
indicated by Ki67 immunoreactivity, across two random fields of view (20X magnification).

3.3.8 Placentd health: Effect ofin vitro Exposure to FAn LDH Release

LDH release into the culture media was measured as an assessment of tissue viability,
as necrotic cells demonstrate loss of membrane integrity and subsequent release of
cytoplasmic proteins. Thereras no change in LDH release by placenta explants across all
experimental FA treatments testedFifure 13). For all experimental treatments,
approximately 45.5% of the intracellular LDH was released into the culture mediagmer gr
of placental explants. Furthermore, following ald®&ur incubation with the positive stress
control (2mM staurosporine), there was no effect on placental cell viability, as measured by
LDH release.

3.3.9 Placental health: Effect oh vitro Exposure to FAon Trophoblast Apoptosis

Initiation of apoptosis in placental explants was also examined following treatments
with increasing concentrations of FA4R00 ng/mL). In all samples, apoptosis was restricted
primarily tothe syncytiotrophoblast layeF{gure %, AB). Due to the multinucleated nature
of the syncytial layer, the area of M30 immunoreactivity, reflected as a percentage of total
tissue areas, was calculated from 2 random fields of view (20X magnification) for each
experimental FA treatment. Thesgas no significant difference in apoptotic area across all
experimental FA treatments. For all experimental treatments, approximately 1% of total
area was identified as apoptotic area using M30 immunoreactivity. However;hu8
incubation with 2nmM staurosporine resulted in an increase in M30 immunoreactivity to
approximately 3.7% of total area, indicative of increased apoptosis.

3.3.10 Placental function: Effect oih vitro Exposure to FAn b-hCG Hormone Production

The effects of increasing concentratiasfSolic acid were examined on the vitroendocrine
function of human placental explantghrough measurement db-hCG secretion into the
culture media.The concentration db-hCG released by the explants was similar between all
experimental FA experiméal treatments Figurel5). The mean concentration df-hCG,
normalized to placenta explant weight, was 3.1 mlU/mL*mg across all experimental
treatments.
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Figure 6. Intracellular folae in trophoblast cell lines following exogenous folic acid
treatment. Quantity of intracellular folate i(A) HTR8/SVneo and(B) BeWo placental
trophoblast cell lines following a 4&ur treatment with increasing concentrations of fol
acid (24000 ng/mL). Intrackllar folate levels were measured using thectobacillus
rhamnosus microbiologicalhssay. Data is presented as meaeant SEMN=3). Statistical
significance was assessed usingone @ ! bh+! GgAGK ¢dz] S&Qa
analysis [<0.05) ad is marked with an asterisk (*). Data columns labelled with differ
letters (a, b) are significantly diffemt from each other<0.05).
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Figure7. Effect of exogenous folic acid treatment on cellular proliferation in trophoblast
cell lines. (A-B) Representative images demonstrating immunoreactivity to BrdU (r
identifying a praferating cell, in HT®/SVneo (A) and BeWo (B) cell lines after end@r
treatment with 20 ng/mL folic acid. Yellow arrows highlight proliferating cells in red
cellular nuclei were counted using a DAPI (blue) countersté@D) Quantification & the
percentage of proliferating (C) HBRSVneo and (D) BeWo trophoblast cells following -
hour exogenous folic acid treatments4P00 ng/mL).Results were calculated as the numb
of proliferating cells expressed as a percentage of total cBliidais presented as mean %
SEM(N=3). Statistical significance was assessed usingdn@& ! bh+! gA (K
comparison post hoc analysig&0.05).
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Figure8. Effect of exogenous folic acid treatment on cellular viatyilin trophoblast cel
lines. Percentage of liveA) HTR8/SVneo andB)BeWo trophoblast cells per total cell coul
following a 48hour treatment with increasing folic acid-@00 ng/mL). As a positive stre:
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+ SEM(N=3). Statistical significance was assessed usinggdn& ! b h ! g .
multiple comparison post hoc analysisp€0.05). Data columns that are significan
different from the 20ng/mL FA treatment are marked with an asterisk (*).
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Figure9. Effect of exogenous folic acid treatments on initiation of apoptosis in trophoblast
cell lines. (A-B) Representative images demonstrating apoptotic cells (red) in (A) |
8/SVneo and (B) BeWo cell lines afterhir treatment with 20 ng/mL folic acid usin
immunoreactivityto activated caspas8. Yellow arrows highlight apoptotic cells in red.
cellular nuclei were counted using a DAPI (blue) counterstéD) Quantification of the
percentage of apoptotic (C) HBRSVneo and (D) BeWo cells followingh&ir exogenous
folic acid treatments (2000 ng/mL). As a positive stress control (black bar), cells \
treated with 1 nM staurosporine. The mean number of apoptotic cells calculatec
percentage of a total cell count is presentasl mean % SEMN=3).Statisticalsignificance
was assessed usingogel @ ! bh+! GgAOK ¢dzl S&Qa Ydz .
(*p<0.05). Data columns labelled with different letters (a, b) are significantly different -
each other §p<0.05).
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FigurelO. Effect of exogenous folic acid on HBRSVneo cell invasion.

(A-B) Representative images highliying invaded HTR/SVneo cells (blue), indicated by re
arrows, after 72hour treatment with (A) 2 ng/mL and (B) 20 ng/mL folic acid treatm@i.
Quantification of HRB/SVneo cell invasion through a matrigel coated boyden chan
following treatment wih increasing concentrations of folic acidZ@00 ng/mL). The meau
number of invaded cells calculated as percentage of the total number of invaded cells ir
individual experiment is presentadean %a& SEMN=3). Statistical significance was assess
usingoneg @ ! bh+! gAGK ¢dzl SeQa YdzZ (*Hp<aDsy Data
columns labelled with different letters (a, b, c) are significantly different from each o
(p<0.05).
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Figure 12. Effect of exogenous folic acid on cytotrophoblast proliferation irurhan
placental explants (A) Representative image demonstrating cytotrophoblast proliferati
after exposure to 20 ng/mL of lio acid, as indicated by Ki67 immunoreactivity ¢(edwn
nuclei highlighted with a red arrowB) Quantification of data calculated as mean number
proliferating cytotrophoblast cells @&7 positive) per total area of tissue in 2 random fiel
of view (20X magnification) per experimental FA treatrheriData is presented as mean
SEM(N=6) Statistical significance was assessed usinggohee ! bh+! gA (K
comparison post hoc analysigp&0.05).
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Figurel3. Effect of exogenous folic acid on lactate dehydrogenase (LDH) release by human
placental explants. No efect on LDH release by placental explants followinghd@r
treatments with increasing concentrations of FA@00 ng/mL) indicates no change in tiss
viability following increasing FA exposukéeasured LDH release for each treatment sam
was normalied to the mass of the corresponding placental explants and expressed
percentage of a 100% LDH positive control. The 100% LDH control represents the am
total cytoplasmic LDH present in an equivalent mass of placental explants. As a p
control (black bar), cells were treated withrd staurosporine. Data jgresented as mear

+ SEM(N=6). Statistical significance was assessed usinggdn€ ! b h ! g
multiple comparison post hoc analyst9£€0.05).
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Figure 14. Effect of exogaous folic acid on induction of apoptosis in human placental
explants. (A-B) Repreentative images demonstrating apoptotic cells (eawn staining,

highlighted by green arrow) after 48ur exposure to (A) 20 ng/mL folic acid and (BM2
staurosporine (stsp){(C)Quantification of apoptotic area, calculated as mean total are¢
M30immunoreactivity (redbrown) relative to mean total tissue area (expressed as a %)
random fields of view at 20X magnification. As a positive stress treatment control (N=1)
were treated with 2rM staurosporire (black) for 48 hours. Datafsesented as mean + SEN
(N=6). Statistical significance was assessed usinggdn€& ! b h ! gA0K
compari®n post hoc analysis [(<0.05).
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Figurelb. Effect of exogenous folic acid dhCG hormone secretion by human placental
explants. The concentration ob-hCG released following 4&ur exposure to increasin
concentratons of folic acid (2000 ng/mL) was determined using an enzyim&ed
immunosorbent assay (ELISA), and was normalized to the mass of each sample of p!
explants. Data is presented #s meanrelative concentration (mlU/mL*mg) di-hCG
hormone secetion + SEM(N=6)in comparison to 20 ng/mL FA treatmentStatistical
significance was assessed usinggne @ ! bh+! gAGK ¢dzl SeQa
analysis{p<0.05).
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3.4 Discussion

Folate, the generic term fahe B-vitamin, is globally acknowledged to play a critical
role during pregnancy and fetal development. Natural forms of folate found in foods is not
harmful to the body; however, folic acid, the synthetic form of folate, has been found to lead
to advese effects at high intake levels and has led to the establishment of the UL of 1 mg by
the Institute of Medicing[3, 5, 38] Recently, several studies have raised concerns that
pregnant North American women are consuming excessive folic acid [@00ls101, 112]

This is mainly due to current recommendations to take a folic-ecidaining supplement
(which may contain 0.45 mg of FA) prior to and during pregnancy, in #ddito a diet
containing folic acidortified foods [27, 29] Vital to a healthy pregnancy, the placenta is
responsible for mediating the transfer of nutrients and waste between the mother aad th
fetus. Placental damage and dysfunction ageagnized to be the cause of several adverse
pregnancy outcomes, including pterm birth, fetal growth restriction and preeclampsia.
When safety determinations are made for any form of maternal exposures during pregnancy,
including dietary supplementatiotit,is imperative that the effects of these exposures on this
critical organ of pregnancy are considered. Nonetheless, limited studies have explored the
effects of excessive folic acid on placental health and function. Thus, the effect of excessive
exogenous folic acid on placental health and function was investigated usingtwettrocell
culture andex vivoexplant models.

3.4.1 Intracellular Folate Assay

The human placenta, and the corresponding human placenta cell lines, demonstrate
a series of folateransporters on their cell membrar{@64, 279)] These transporters allow
for the transport of folic acid into the cell, but additionally are capable of shuttling folic acid
back out of the cell[164, 279] In one study, Tam et al. [280] determined that
supplementation with 1.1 mg or 5 mg of folic acid did not significantly alter sexasrha
levels of unmetabolized folic acid, suggesting that the human body is capable of adapting to
high levels of folic acidThis function has been postulated to minimize toxicity; however this
has not been previously tested in the placenta. In ordestétermine if exogenous exposure
to increasing folic acid concentrations was paralleled by a corresponding increase in
intracellular folate concentration in trophoblast cell lines, therhammosus microbiological
assay was employed. Using this assayas verified that not only does exogenous folic acid
enter both HTRB/SVneo and BeWo cells, but at high doses of exogenous folic acid treatment
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(2,0004,000 ng/ml), significantly more folic acid enters the cells. These results indicate that
the intracelluar milieu of a trophoblast cell is strongly influenced by exogenous folic acid
exposure, and that increased folic acid ingestion by the mother may certainly result in
increased intracellular trophoblast folate concentrations.

Though higher concentrationd exogenous folic acid led to increased intracellular
folate, a dosedependent increase was not observed in either cell line, between treatments
with low (0-200 ng/mL) or high (2000 ng/mL or 4000 ng/mL) concentrations of folic acid. This
is possibly duea a lack of sensitivity of the assay to detect changes in the lower range of
folic acid treatment. The lack of significant difference may also be due to the presence of
transporters working to shuttle folic acid back into maternal circulafitéd, 281, 282]to
maintain a relatively constant level of intracellular folates when the range fluctuates within
physiologically relevant concentrations. At higher concentrations of folic acid treatments
the lack of difference is possibly due to saturation of these folate transporters, suctaas FR
PCFT, and RFC, which are believed to support the movement of folates across the
microvillous membrane of syncytiotrophoblag®83]. Nevertheless, it is important to note
that though significant increases were observed at the higher concentrations (2000 ng/mL
and 4000 ng/mL) of folic acid, both of thesmncentrations immensely exceed what is likely
to be found in humans and were used to establish a range for risk of adverse effects to
placental cells.

Intriguingly, BeWo cells were observed to have a higher rate of folic acid uptake than
HTR8/SVneo cells This difference is likely due to the presence of transporters in the BeWo
cell membrand284, 285] as well a the cell type and function of BeWo cells. The BeWo cell
line is a model of cytotrophoblasells that can differentiate into syncytiotrophoblast cells,
the trophoblast cell lineage that is in direct contact with maternal blood and responsible for
maternal-fetal nutrient exchang¢253]. Interestingly, the intervillous space in the placenta
has been shown taoncentrate folic acid[41, 286] resulting in a 2 fold increase in folic
acid in the fetal circulation in comparison to the maternal circulafidt]. This indicates a
preferential fetal gradient of folic acid across the placenta. ni@ With this observation, in
the current study, BeWo cells were observed to have increased folate uptake approximately
2-4 times higher than HF&SVneo cells, which do not play a role in trgutagcental nutrient
transfer. Thus, it is understandable thBeWo cells as the gate keepers of nutrient
exchange, would be capable of optimal folic acid transfer.
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Overall, these experiments demonstrated increased folic acid uptake with increased
exogenous folic acid exposure in both the HBI®/neo and BeWo catulture models.
Accordingly, these immortalized cell lines were accepted to be suitable fon Wigo study
of the effects of excessive folic acid exposure on trophoblast health and function.

3.4.2 Assessment of Trophoblast Health

Folate derivatives playnaimportant role in onecarbon metabolism to support both
DNA and RNA synthesis, as well as DNA methyldin These processes are necessary for
rapidly-dividing cells such as those of the placenta and the developing offspring. With the
availability of excess folic acid feeding into the @aebon metabolism pathway, it was
hypothesized that the increased alability of folate metabolites would translate into
increased DNA and RNA synthesis, as measured by an increase in placental cellular
proliferation.

Surprisingly, in both trophoblast cell lines (H3/BVneo and BeWo), and in tlex
vivo term placental eplant culture model, we saw no significant increase in cellular
proliferation with increasing folic acid concentrations. These findings are in line with a study
by Klingleret al.[287], in which supplementation with-Bhethyltetrahydrofolate (SMTHF),
the metabolically active form of folate normally found in circulation, had no effect on human
placental cell prolifeation or apoptosis if taken after the #Qveek of gestation. The lack of
an observed increase in trophoblast proliferation is possibly due to the unchanged levels of
important cofactors, such as vitaming Bvhich is required by the enzyme serine
hydroxymethyltransferase to promote DNA synthesis. Furthermore, standard cell culture
media normally used to maintain and suablture the immortalized cell lines contains
exorbitant concentrations of folic acid (1Qimes more than physiologically relevant
concerirations). In the current experimental design, both cell lines were@utured in a
specially formulated, Ffeduced cell culture media for two weeks prior to any
experimentation. This media contained physiologically relevant concentrations of falic aci
(20 ng/mL). This was done in an attempt to minimize the potential lingering effects of the
high doses of folic acid these cells would have been exposed to in their earlier passages.
However, it is possible that two weeks of stldturing in this FAeduceed media was
insufficient to alter the previously established cell biology/physiology (i.e. DNA replication
machinery), and therefore no effect was observed. Similarly, it is possible that experimental
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concentrations had no effect on placental explantscsi all term placentae that were
collected for analysis were exposed to folic acid supplementatiariera

In contrast, studies using first trimester placentae demonstrated increased sensitivity
to folate concentrations. In aim vivohuman study, mdtotrexate, a folic acid analog often
used as an abortifacient, was shown to significantly decrease trophoblast prolifef288
emphasizing the need for folate during cellular proliferation. However, a study by Williams
et al. [L67] demonstrated that exogenous folic acid, at folic acid concentrations 100X higher
than physiological levels observed in circuat{10° M) [289], decreased proliferation in first
trimester placental explants. Taken together, there is likely a temporal influence of folic acid
on placental proliferation, possibly with significant influence of folic acid on trophoblast
proliferation early in gstation and less of an effect in later pregnancy. Further investigation
of this temporal relationship is certainly warranted, in order to best understand when
pregnant women require folic acid supplementation and to establish a safe therapeutic
window.

In addition to cellular proliferation, an assessment of cell death is also required in the
determination of cellular health following excessive folic acid exposure. In a study by
Williamset al.[167], a significant increase in apoptosis was observed following treatment of
first trimester human placental explants with folic acid at®1@ (100X the concemations
found in human circulation). We therefore hypothesized that exogenous exposure to high
concentrations of folic acid would result in decreased trophoblast viability, via increased
activation of apoptotic cascades, in trophoblast cell lines ananiex vivothird trimester
placenta explant model. However, our results demonstrate that there was no significant
difference in apoptosis following increasing folic acid exposure in either cell lines or term
placental explants. This discrepancy may beatted to the culture media used by Williams
et al. [167], which was not originally folic acikepleted media and was unaccounted for in
their findings. Furthermore, the differences in the treatment period (48 hours in the current
study vs. 6 days in the Williams study) may have impacted the results. In an animal study by
Marsillach et al.[290], it was found that excessive folic acid intake over several weeks was
required to alter the expression of genes involved in apoptosis. And finally, like the
observations discussed related to cellular proliferation, it is pdssiat there is a temporal
relationship in which the early (first trimester) developing placenta is more vulnerable to
excessive folic acid exposure than the fully developed term placenta. Further investigation
specifically addressing this hypothesis armanted.
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Nonetheless, our findings suggest approximately 1% of trophoblast tissue in term
human placenta explants were undergoing apoptosis under basal conditions. This is higher
than other studies, using healthy term placentae, that found the rate ofpapsis to be less
than 1%[277, 291, 292] It is importam to note that in their studies, apoptotic nuclei were
calculated as a proportion of all trophoblast nuclei; whereas in our study, we measured
apoptosis as a percentage of apoptotic surface area which could certainly explain the
difference. In our studys observed by Austgulehal.[277]in placental explants, apoptosis
was localized to the syncytiotrophoblasts which are in direct contact with the folic acid
treated culture media. Accordingly, BeWo cells, representing the syncytiotrophoblasts, were
found to have decreased viability at higher concentrations than the control, suggesting
increased cell death, likely through necrotic cell death pathways. This suggests that excessive
folic acid may negatively impact trophoblast health, though it remaimdear. In the case
of HTR8/SVneo cells, though excessive folic acid did not significantly affect cellular viability,
treatment with 2 ng/mL of folic acid significantly decreased cellular viability. In circulation,
this concentration is associated withlate deficiency, and emphasizes the need for folate to
support trophoblast health.

3.4.3 Assessment of Trophoblast Function

A fully functioning placenta is vital to the progression of a healthy pregnancy and
delivery of a healthy child. As such, not onty tdophoblast cells need to be viable and
proliferating appropriately, but they must also be able to perform necessary functions
throughout gestation. Two important functions performed by the placenta include: 1)
invasion of theuterine walland establisiment of the uteraeplacental circulation, optimizing
blood flow to the developing fetugl60], and 2) hormone production, including the
production of human chorionic geadotropin p-hCG) which promats placental
angiogenesis and vasculogenef93], trophoblast differentiation[294, 295] placental
growth[296, 297]and suppressin of thematernal immune respons98¢300].

Trophoblastinvasion

The extravillous trophoblast cell plays an important role in the anchoring of the
embryo to the endometrium and subsequent invasion into the uterine W&0D]. It was
hypothesized in the current project that exposure to excessive concentrations of folic acid
would increase trophoblast invasion using the in vitro HI®/neo cell culturanodel.
However, no change in trophoblast invasion was observed between physiologically relevant

95



concentrations of folic acid (20 ng/mL) and high concentrations of folic acid2Q200
ng/mL). These findings are in contrastfiodings by Petersemt al. [301], who observed
increased invasion at elevated physiological levels of folic acid iricaelt lines. Similarly,
Williamset al.[167], demonstrated a 30% increase in trophoblast ingador every 10&old
increase in exogenous folic acid 2@ 10° M), using placental explants from first trimester
placentae. However, it is important toterate thatin their study, standard tissue culture
media was used and the excessive folidaoiposuredue to inherent levels in the media
itself was umccounted for. Further, the model employed in the Williams study was a first
trimester explant sprouting assay, and not the Boyden chamber invasion assay using the
immortalized HTE/SVneo EVT ddine employed in the current studyFuture experiments
using isolated primary cell cultures from first trimester placentae or usingvoanimal
models may help further clarify the effect ofcreasingdoses of folic acid on trophoblast
invasion.

Interestingly, while we did not find evidence of compromised trophoblast invasion
with excessive folic acid exposure, we did observe the inhibition of trophoblast invasion
following treatment with very lowconcentrations of folic acid (2 ng/mL), which minfigiéc
acid deficiency in a human populati¢®02]. In support of this finding, Floridaet al.[303]
observeddiminished invasion in ectopic pregr@aes when folic acid was in short supply due
to exposure to methotrexate. It is possible that the reduced invasioservedat low folic
acid levels is due to reduced cell numizer a result ofncreased cell death. Additionally,
poor dietary and low cindating folate concentrations has been associated with increased
pregnancy complications such as spontaneous abof8é®4], preterm delivery{305, 306]
decreased birth weight[307, 308] and preeclampa [309, 310] These findings have
important health implications, indicating that FA deficiency not only puts the devejopin
fetus at risk of NTD, but may also explain the increased risk of placesdéated disorders
of pregnancy.

b-hCG Hormone Production

As previously mentionedh)-hCG is required to maintain a successful pregnancy.
Expressed by syncytiotrophoblast cellsrlgan pregnancy and onwards, the effect of
exposure to varying concentrations of folic acid was assessed in both the BeWo cell line and
human placental explants. However, in both models no significant effects of exogenous folic
acid treatment orb-hCG homone production and secretion were observed. After pregnant
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women were treated with methotrexate, a folic acid analog, no effecb@1CG release was
also observed288]. Taken together, this suggests that folic acid, either at very low or very
high concentrationsjoes not independently interrupt the endocrine function of trophoblast
cells. Interestinglypb-hCG secretion is decreased when the placenta is exposed to high
concentrations oformic acid as observed in alcohabusing mother$311], but this effect

is mitigated when the placenta is simultaneously exposed to high concentrations of folic acid
(10°% M) and suggess that interactions with other compounds vivomay be involved in
enabling folic acid to have an effect.

3.5 Limitations

There were several strengths of the presented experimental design. At the forefront,
the use of bothin vitro cell culture malels (HTR/SVneo and BeWo cell lines), as well as an
ex vivoterm human placentaexplant model allowed us to examine a variety of placental
health and function parameters. Further, the analysis of range of exogenous folic acid
treatments, spanning concerdtions that would be equivalent to maternal folic acid
deficiency (2 ng/mL), normal maternal physiological concentration (20 ng/mL),
supraphysiological concentration (200 ng/mL) and toxicological concentrations (>2000
ng/mL). Our experimental design alsmk into account and corrected for the very high
concentrations of folic acid found in standard tissue culture media, a step that has been
overlooked in most publications on this topic to date. However, there remains some
limitations to this study thattsould be addressed in future research projects.

First, it is important to note that models are imperfect by nature, and are used to
approximate the events that occur viva For example, when conducting experiments using
term human placental explantst is impossible to control for environmental stressors
throughout the pregnancy that may have affected the placenta. Important to the current
project, this would include maternal folic acid intake and/or supplementation at different
points across the géation. Furthermore, once the placenta has been extracted following
delivery and is exposed to atmospheric oxygen levels, considered hyperoxic for placenta
tissue[312], placental health and function can be compromised. To minimize adverse effects,
explants were collected as efficiently as possible and placednwéhioxygen regulated
incubator at 8% oxygen (physiologically relevi@aii3]) within one hour of delivery. Further,
all results were normalized through the use of an untreated control collected from the same
placenta and processed in the same fashion. With regardsdro experiments using cell

97



lines, resultscannot be directly extrapolated due to the mutant condition inherent to any
cell line. Nonetheless, it is a method that allows researchers to control for external variables
that may otherwise affect results. Therefore, though imperfect, both models begrused

to complement each other, bdtirther studies using alternative modglsx. Isolated primary
cultures)can be used to confirm results.

Second, though folic aciiee cell culture was used in all experiments, it is unknown
to what extent folatesvere present in the FBS used to supplement the media. In an attempt
to address this limitation, we did conduct a series of additional experiments, in which
intracellular folic acid was compared in cells supplemented with normal FBS vs. cells
supplemented wth charcoal treated FBS, a treatment which removes endogenous folates
from the FBS. We observed no difference in intracellular folic acid between these two
treatments (Appendix D), and as such felt confident that the concentration of folates/folic
acid that may be present withithe FBS was negligible within the context of our study design.
In addition, it is possible that the cell lines used were accustomed to high experimental folic
acid concentrations due to exorbitant amount of folic acid in standattoulture media, in
which they would have been originally isolated, transformed andautured prior to these
experiments. We attempted to address this concern by-suituring all cells in Fdepleted
culture media for two weeks prior to experimentah, however this may not have been a
long enough time to allow for significant changes in cellular phenotype. Also, our
experimental protocol involved a 48ur experimental treatment incubation.In vivq
however, supplements containing folic acid aresomed over a much longer period of time,
and as such, it is possible that a longer experimental incubation time would be required to
see any significant effects on placenta cell health and/or function.

Finally, the lack of foliacid mediated differencem cell health and function may
possibly be due to unchanged concentrations of available cofactors in the culture system,
such as vitamin 8and vitamin By, both required for folieacid dependant onearbon
metabolism. Without paralleled increased in fsand othercofactors, excess folate may
not be fully metabolized and made available for increased production of purines and
pyrimidines in DNA and RNA synthesis or function as a methyl donor. Culture media is
formulated to contain many micronutrients dnamino acids, including cofactors acting as
methyl donors in one carbon metabolism. Though folic -frédd media was purchased to
control for the effects of folic acid, controlling for the effects of other metabolites may also
be required. As is the caf vivg a combination of onearbon metabolism cofactors may
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need to be studied and adequately controlled in order to observe the true effects excessive
folic acid intake may have on placental cells.

3.6 Future Directions

Further experiments are necemy to confirm our results and address some of the
limitations in this study. The risk of neural tube defects occurs within the first trimester of
pregnancy and the risk of excessive folic acid intake runs high during this time period due to
recommendatims for widespread maternal supplement usage. One avenue to study the
effects of high concentrations of folic acid during the first trimester would be to use elective
early-termination placentae from otherwise healthy pregnancies. In this way, the efbécts
excessive folic acid concentrations can be observed on human placental tissue during this
sensitive time period and there will be decreased exposure to environmental stressors that
may confound or create variability in results. Furthermore, the expenial folic acid
incubation period could be increased to better characterize adverse effects that occur due
to chronic exposure to excessive folic acid concentrations, as in the case of many pregnant
women.

Moreover, fetal programming and the environmeim utero is gaining more
significance as the spotlight shifts from developmental and other steon effects, to
possible epigenetic changes and the ldagn effect based on maternal diet. As a result,
though findings in this study did not point to asignificant alterations in placental health
and function as a result of exposu@increased levels of exogenous folic acid, it is possible
OKFG F2ftFLG6SQa NS |a | YSiKet R2y2NJ YI @&
offspring. By modifyinPNA and protein methylation patterns, altered gene expression may
ensue and cause adverse health effects in the shammt longterm and/or result in adult
onset diseases in the offsprif$30, 133;135]. Maternal folic acid intake during pregnancy
has already been associated with epigenetic changes on several fetal [gile816].
However further studies are required to gather a comprehensive understanding of the
epigenetic effects and its implications on fetal health and future development. As the
placenta is fetal tissuefuture experiments studying any epigenetic alterations in gene
expression in the placenta may help elucidate potential effects on fetal development and the
offspring.

Finally, diet and nutrition does not depend solely on the variability of one nutrient,
but on the combination of nutrientutrient interactions and compensatory changes from
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other nutrients as wel[317]. As previously mentioned, several cofactors are required to
support onecarbon metabolism. Prenatal supplements, suchVigterna™, take this into
consideration and include these cofactors (ex. Vitamia dhd vitamin B, zing in its
formulation [185]. To better represent potential effects that may occur as a result of
excessive folic acid intake during pregnancy, the combined effect of increased metabolites
involved in onecarbon metabolism should also be considered in future experiments

3.7 Conclusion

Through this study, using both vitrocell lines anax vivchuman placental explants,
we have been able to demonstrate that exposure to excessive concentrations of folic acid
(2004000 ng/mL) does not significantly affect primaryigadors of placental health and
function as measured through cellular proliferation, apoptosis, invasionban@dG hormone
production. Cellular viabilityt increased concentrations of folic acid (22000 ng/mL)was
decreased in the BeWo cell line,olgh HTFB/SVneo and placental explants remained
unaffected. At low concentrations of folic acid (2 ng/mL), concentrations similar to a woman
with folic acid deficiency, cellular viability and capacity for invasion seemed to be significantly
compromised irthe HTRB/SVneo cell line. The results from this study can be used to assist
the re-evaluation & current nutritional standards with regards to pregnancy amelp
determine an ideal therapeutic window of folic acid intake among pregnant women and
women d child-bearing age. Despite known benefits in preventing NTDs, further studies
are recommended to determine potential adverse effects of excessive folic acid intake on
the pregnant population, the placenta, and the offspring.
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Chapter 4
Conclusion

Udng a representative sample ofday food records collected by the IRNPQEO, this
study allowed detailed examination of the micronutrient intake among pregnant women in
Canada. Moreover, at a time when folic acwhtaining supplementation is recommended
to all women who are planning or are currently pregnant, this study helped elucidate the
effects of excessive folic acid on placental health and function by measuring the effects on
trophoblast cell viability, proliferation, apoptosis, invasion, and hormproguction. In this
chapter, study findings are summarised and future directions are presented.

4.1 Summary of Findings

Overall, thenitial hypothesis was refutedood sources alone do not seem to provide
adequate micronutrients recommended for a g pregnancy for women iQuébeg
Canada. The majority of study participants (>50%) were consuming adequate levels of
vitamin A, thiamine, riboflavin, niacin, vitamin, Biitamin B, vitamin C, calcium, copper,
magnesium, phosphorus, selenium, and zirmm their diet. However, the majority of
women (>50%) may be at risk of inadequacy for vitamin D, vitamin E, folate, and iron from
diet alone, supporting the need for supplementation of specific micronutrients during
pregnhancy. With the exception of diom, excessive intake of micronutrients above the
established tolerable upper intake level (UL) is not a reason for concern from food sources.

Consistent with the second hypothesis, the majority (83%) of participants reported
consumption of daily nutribnal supplements during the secotidmester of their
pregnancy. Thus, the risk of exceeding the established UL for folic acid may be high for
pregnant women of high socioeconomic status frQuébe¢ Canada.

Finally, with respect to the third hypothesiso significant differences in the effect of
excessive exogenous folic acid exposure {2000 ng/mL)on trophoblast cellular
proliferation, apoptosis, invasion, atdhCG hormone productiowere observedn vitro,in
either HTRB/SVneo or BeWo trophoblagell lines, or in human placental explants as
measured in this studyHowever, decreased cellular viability was observed in the BeWo cell
line at increased concentrations of folic acid (ZIW0 ng/mL), though HF®SVneo and
placental explants remaineahaffected. Furthermore, at low concentrations of folic acid (2
ng/mL) congruous with folate deficiency, cellular viabilitg dhe invasiorcapacity of HTR
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/ISVneo cells were significantly compromised.

Overall, strengths of this study include dietary assessment using a sample size
randomly selected from a largeohort of pregnant women assessig dietary intakes in a
pregnant Canadiapopulation, expected response rates fodady food records, and a robust
experimental design using botin vitro cell culture and human placental explants.
Limitations include the lack of a nationally representagpregnant population for the-8ay
food records, unavailability of accurate intakes from supplements, short treatment period
for in vitro experiments, and the use of term placentae. Nonetheless, our findings are
relevant inthe wake of increaseéblic-aad containing supplement recommeations and
can be considered when establishipglicies and endorsements in Canada.

4.2 Significance

Maternal nutrition is a modifiable public health risk factor that can be improved to
positively impact future generatia188]. For this reason, it is imperative that pregnant
women are recommetied to consume an appropriate diet consisting of all necessary
nutrients for the success of their pregnancy and future health of their offspring. Through the
use of 3day food records from pregnant women in Québec, Canada, this study has generated
a better understanding of the micronutrient intake among a population of pregnant women
where the majority is notethnic, educated, and affluent.

Since the majority of women in this group are taking a folic -aoittaining
supplement as recommended by Healtman@da and SOGf29, 30] this study draws
attention to the potential for exceeding the currently established tolerable upper intake level
(UL) for folic acid intake (1 mg/day) and examines poteatiakrse effects of excessive folic
acid intake on placental health and function. Though further studies are required to
characterize the potential for adverse effects due to excessive folic acid intake, results from
this study suggest no significant effen placental health and function. Additionally, clinical
trials are ongoing to assess the potential benefits of up to 4 mg of folic acid on placenta
mediated pregnancy outcomes and to prevent NTOS, 171] It is important to notethat
currently, the established value of 1 mg/day is the same for adult men, women, and pregnant
women. It was also established prior to mandatory flour fortification policies in Canada and
the United States based on dated studies concerned with thetyabiliexcessive folic acid
intake to mask vitaminBdeficiency. Thus combination with future researchhe resuls
from this study can be used twelprevise the ULdr folic acid in th@regnant population
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AppendixA: Sample Food Record

Attached, below,is a sample othe instructions ([gl04-110), blank template for Day 1 out of 3 {1.1-114), and additional
details cdlected in the food record (p.11521) as part of the 3D Study by the IRNPQEO.

) .
@ 95«{4' IRNPQEO-3D Study
S o = QUESTIONNAIRE 2C - Mother's Food Diary (between 20-24 6/7 weeks)
Day Month Year Centre ID Monogram
LI I I T 11 LI I T I T
Food Diary
Second trimester of pregnancy
IRNPQEO -3D Study 1126
Questionnaire 2C, Version 3, June 14th 2011
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e .. IRNPQEO-3D Study
~ P QUESTIONNAIRE 2C - Mother's Food Diary (between 20-24 6/7 weeks)
~ ~ P, Centre D Monogram
W Lar f/ i

L e

Thank you for your continuing participation in this study!

We are interested in reviewing your diet during the second trimester of your pregnancy. This food diary will allow you to record all the foods and beverages you will
consume during three days (two weekdays, one weekend day, each day corresponding to a 24 hour period), over the course of the next week. Please
record in this diary all foods and drinks consumed (including water and alcoholic beverages), both day and night. To avoid any missing information, we ask you to
note everything about your meals and snacks as you go through the day instead of waiting for a specific time.

During these three days, it is very important that you don't change your current eating habits just because you are keeping this food record. Continue your diet as
usual while simply taking note of what you eat and drink at different times of the day.

Al the end of these three days of diary, you will find additional questions about your diet that we would like you to answer. Once completed, please return this food
diary booklet to the research nurse in the provided pre-stamped and pre-addressed envelope.

IRNPQEQ -3D Study 2/26
Questionnaire 2C, Version 3, June 14th 2011
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” q\ o IRNPQEO-3D Study
2 5" QUESTIONNAIRE 2C - Mother’s Food Diary (between 20-24 6/7 weeks)
Centre ID Monogram

L) B CIICT T ICL 1]

Instructions for completing this Food Diary

» Each day, starting from and ending at midnight, is divided into 7 sections.
* In the corresponding section, in the column Time, indicate the precise time at which you ate or drank.
= |n the column Meal or Snack, indicate if this was a meal or a snack.
* In the column Place, record the place where you ate your meal or snack, according to the following options:
o H: Home;
o R:Restaurant
o C: Cafeteria
o O: Other (Specify)
= In the column Description of food and drinks, record all food and beverages (including water) you consumed at this time. Take care to specify
important details such as:
o the name of the food or drink;
o the type (e.g., minestrone soup, vegetarian pizza) and the brand of the product, if it is known;
o the cooking method, if applicable (e.g., fried, broiled, oven-baked, steamed);
o any extra (e.g., fats or oils, sugar/substitute, gravy, salt, pepper, ketchup and other condiments).
= In the column Amount Consumed, record the quantities you consumed, using common household measures [e.g., tablespocn (Tbsp), teaspoon (tsp),
cup (c)], the weight or volume indicated on the food package (e.g., a 200 ml juice box, one quarter of a quiche of 550g), number of units (e.g., 1 average
size apple, 1 chicken leg, 2 slices of bread) and/or the dimension of the food (e.g., a piece of banana, 10 cm long; 1 mini carrot). N.B. Take care to
subtract any quantity served that was not consumed.
= |fthe food consumed is a Recipe, write down in the space provided, the ingredients, the quantities and the cooking method. If the food was prepared by
someone else (e.g., a friend, at a restaurant), and you don't know the recipe, describe the dish as best as you can (e.g., a tomato sauce with mushrooms,
spinach and celery).
Once these three days of diary are completed, do not forget to answer the additional questions about your diet, which you will find following the section for the 3rd
day of the diary.

Resources
e On the following pages, you will find an example of how we would like you to record information in the food diary.
e Atthe end of the food diary, a MEMORY AID provides the relevant information for recording the various types of food you might consume.
« Ifyou have any questions about how to fill in the food diary, please contact your site’s research nurse.

IRNPQEO -3D Study 3/26
Questionnaire 2C, Version 3, June 14th 2011
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IRNPQEO-3D Study

- 4 ,;L QUESTIONNAIRE 2C - Mother’s Food Diary (between 20-24 6/7 weeks)
el ) ~ 3 Centre D Monogram
- NN
DAY 1 Date: _24" September, 2008 (Wednesda EXAMPLE
Time 'gi:lcir Place Description of food and drinks Amount consumed
Between midnight and 6:00
04h00 | Snack Home | Tap water Ya cup
(H)
Between 6:00 and 9:00
08h15 | Meal H 7 grain bread, Country Harvest, toasted (45 g / slice) 1 slice
With margarine, Becel with olive oil, 1 tsp.
hazelnut spread, Nutella 1 Thsp
and raw banana (average) Y
Cereals, Mini Wheat (original) Y5 cup
With 2% M.F. milk, Natrel, with omega 3 Y5 cup
and dried cranberries 1 Tbsp
Orange juice, Minute Maid, frozen concentrate, diluted with water (3.5 cans) 200 ml
Between 9:00 and 12:00 (noon)
10h00 | Snack R Muffin, dates and nuts, Tim Horton Y, muffin
Decaffeinated coffee 1 medium size
With cream 2 creamers of 15 ml each
And sugar 1 sachet

IRNPQEOQ -3D Study

Questionnaire 2C, Version 3, June 14th 2011
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. f"‘\ D IRNPQEO-3D Study
Sl ::" - QUESTIONNAIRE 2C - Mother’s Food Diary (between 20-24 6/7 weeks)
— _)J o Centre ID Monogram
g
Time '\:;Icir Place! Description of food and drinks Amount consumed
Between 12:00 and 14:00
12h15 | Meal H Chicken leg, oven-baked, with bone and skin, carrots and onions Meat + skin : 1 piece
(3.5in.X2in. X 1in.)
Served with St-Hubert BBQ sauce, made from dry mix (prepared according to directions) 2 Tbsp
White rice, long grain, converted, Uncle’s Ben (original), cooked according to directions with Y4 cup
half water, half chicken stock and semi-salted butter
Vegetable juice, V8 1 can (156 ml)
Between 14:00 and 17:00
15h20 Snack 6] Yoghurt, Activia, strawberry and kiwi 1009
(friend)
16h30 Snack H Crackers, Breton, 50% less salt 3 crackers
Cheddar cheese, light, P'tit Québec (22% M.F.) 1 piece: 1in. X3in. X 2in.
Bottled water, Naya % of a 500 ml bottle
IRNPQEO -3D Study 5/26
Questionnaire 2C, Version 3, June 14th 2011
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IRNPQEO-3D Study
QUESTIONNAIRE 2C - Mother’s Food Diary (between 20-24 6/7 weeks)
D

2 slices of bread (same as breakfast)

1 hard boiled egg

1 Tbsp of salad dressing Miracle Whip, light
1 romaine lettuce leaf

White cake, Duncan Hines
(commercial mix prepared according to directions: added 1 egg and 2% milk)
With a thin layer of ready-made chocolate frosting, Betty Crocker

1 piece =6cm X4 cm
X35cm

s Centre Monogram
8 Duscorn
=~ N
Time I\g:aalc?(r Place’ Description of food and drinks Amount consumed
Between 17:00 and 20:00
18h30 Meal H Macaroni and Cheese (see recipe) 1% cup
English cucumber, with peel, raw, salt and pepper 3 slices, 1 cm thick
Mini carrots, raw 5
With dip, Philadelphia, Vegetable Ranch, Kraft 1 Thsp
Skim milk, Québon 200 ml
Applesauce, unsweetened, homemade > cup
Between 20:00 and 23:59
20h30 Snack H Egg sandwich — for 1 sandwich: Y of the sandwich

IRNPQEO -3D Study
Questionnaire 2C, Version 3, June 14th 2011

'Place of Meal/Snack: H= Home; R = Restaurant; C= Cafeteria; O= Other (Specify)

6/26
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Centre

(: r} e QUESTIONNAIRE 2C - Mother's Food Diary

IRNPQEO-3D Study

(between 20-24 6/7 weeks)
D

Monogram

| |

|

| L[ 1 |

RECIPE - PLEASE write down recipes or ingredients of combination dishes, if not already described.

Macaroni and cheese
2 cups - elbow macaroni, dry, Catelli (boiled in water with salt and oil)
Cheese sauce:

2 Y2 cups — skim milk

3 Thsp — all- purpose flour

3 Tbsp — semi-salted butter

% tsp — prepared yellow mustard

¥4 tsp — Worcestershire sauce

2 ml - pepper

2 cups — Mozzarella cheese, partly skimmed (16 % M.F.), grated
Garnish:

1 cup - breadcrumbs

Y cup — Parmesan cheeseg, grated

IRNPQEO -3D Study
Questionnaire 2C, Version 3, June 14th 2011

7126
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o (‘\ D IRNPQEO-3D Study
& ;" o QUESTIONNAIRE 2C - Mother’s Food Diary (between 20-24 6/7 weeks)
i _)J . Centre ID Monogram
NN
DAY 1 Date:
Time 'VSI::IcT(r Place’ Description of food and drinks Amount consumed
Between midnight and 6:00
Between 6:00 and 9:00
Between 9:00 and 12:00 (noon)
IRNPQEO -3D Study 826
Questionnaire 2C, Version 3, June 14th 2011

Appendix A: Sample Food Record

110



IRNPQEO-3D Study

Questionnaire 2C, Version 3, June 14th 2011

2 Do QUESTIONNAIRE 2C - Mother’s Food Diary (between 20-24 6/7 weeks)
P ) 9:.« Centre D Monogram
- Lt Pl T
Time Nslf::cir Place! Description of food and drinks Amount consumed
Between 12:00 and 14:00
Between 14:00 and 17:00
IRNPQEO -3D Study 926
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_ f“\ o IRNPQEO-3D Study
Desige

C - 4 : . QUESTIONNAIRE 2C - Mother’s Food Diary (between 20-24 6/7 weeks)

P > . Centre ID Monogram

Sl NN

Time “g?alc‘;(r Place! Description of food and drinks Amount consumed
Between 17:00 and 20:00

Between 20:00 and 23:59

Place of Meal/Snack: H= Home; R = Restaurant; C= Cafeteria; O= Other (specify)

IRNPQEO -3D Study 10/26
Questionnaire 2C, Version 3, June 14th 2011
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Questionnaire 2C, Version 3, June 14th 2011

. f‘\\ = IRNPQEO-3D Study
(/ 2 " QUESTIONNAIRE 2C - Mother’s Food Diary (between 20-24 6/7 weeks)
~ y :\:‘“ Centre D Monogram
ot IR .
Day 1
RECIPE - PLEASE write down recipes or ingredients of combination dishes, if not already described.
IRNPQEO -3D Study 11126
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IRNPQEO-3D Study

= ) D. z
C - 4 /::«. QUESTIONNAIRE 2C - Mother's Food Diary (between 20-24 6/7 weeks)
b . "D v Centre D Monogram
i )/ D iseover
ot el
Please answer the following questions which will allow specifying important details about your diet over the course of the last week.
1. Over the course of the |ast week, what type of milk did you consume most often?
[0 Whole milk (3.25% M.F.) [ skimmed milk
O 2%MF. mik I soy beverage
O 1% MF. mik LI other(s), specify :
2. Over the course of the last week, did you add sugar and milk or cream (or a substitute) in your coffee/ tea?
Coffee :  (check all that apply)
[] 1did not have any coffee over the course of the last week
[0 Mik [] Cream [0 sugar [] Atificial creamer [ Adificial sweetener ] None
If yes, how much?
Tea: (check all that apply)
[ 1did not have any tea over the course of the last week
[ Mik [l Cream ] Sugar [] Attificial creamer ]  Adificial sweetener [ None

If yes, how much?

3. Over the course of the last week, what type of water did you drink most often?

[0 Tap water [ Bottled water
[ Filtered water [0 well water
4. Over the course of the last week, what type(s) of bread did you eat?
[0 white [0 Whole wheat [0 Other(s), specify :
[ High fibre white [0 Multigrain

Specify the complete name of the product(s), the brand and, ideally, the weight per slice (available at the top of the Nutrition Facts table on the food label):

IRNPQEQ -3D Study 20/26
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IRNPQEO-3D Study

3 g QUESTIONNAIRE 2C - Mother’s Food Diary (between 20-24 6/7 weeks)
Centre D Monogram

LI T ]

5. If you ate meat over the course of the last week, did you eat the visible fat?
[0 Yes 0 No 0 Alitle
8. If you ate poultry over the course of the last week, did you eat the skin?

O Yes O No O Alitle O

[ 1did not eat any meat over the course of the last week

| did not eat any poultry over the course of the last week

7. Over the course of the |ast week, what type(s) of fat did you use for cooking?
Specify the complete name of the product(s), the brand and other relevant details (see Memory Aid for Fats and Oils):

8. Over the course of the last week, what type(s) of fat did you use for spreading (e.g., on bread, toast, crackers)?
Specify the complete name of the product(s), the brand and other relevant details (see Memory Aid for Fats and Oils):

9. Over the course of the last week, what type(s) of vinaigrettes, mayonnaise and salad dressings did you use?
Specify the complete name of the product(s), the brand and other relevant details (see Memory Aid for Fats and Oils):

10. Over the course of the last week, did you add salt to your food at the table?

[0 Rarely [J Occasionally [] Veryoften [C] Never > Go to question 12

21126

IRNPQEO -3D Study
Questionnaire 2C, Version 3, June 14th 2011
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- f“‘\ - IRNPQEO-3D Study
C "o QUESTIONNAIRE 2C - Mother’s Food Diary (between 20-24
ID

ety R
= NN

11. If you added salt at the table, what type of salt did you use?
[ Ordinary salt [0 salt substitute [1 Other(s), specify :

12. Over the course of the last week, did you add ordinary salt to your food during cooking?
O Rarely [J Occasionaly [] Veryoften [ Never

13. Over the course of the last week, did you eat the skin on fruit and vegetables (including potatoes)?

List the fruits and vegetables you ate with the skin:

List the fruits and vegetables you ate without the skin:

14. Over the course of the last week, did you follow a special diet (e.g., vegetarian, low- cholesterol, weight reducing, etc.)?

O No [ Yes, specify:

PLEASE add any other information that you feel is important about your diet over the last week.

Thank you for your cooperation!

IRNPQEO -3D Study
Questionnaire 2C, Version 3, June 14th 2011
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. f“\ 7 IRNPQEO-3D Study

C — 4 “//5" - QUESTIONNAIRE 2C - Mother’s Food Diary (between 20-24 6/7 weeks)

N " Centre D Monogram

‘s N
Memory Aid

o Bread : Type of flour (e.g., whole wheat, white, rye), type of bread (e.g., sliced, Kaiser, hamburger bun, hot-dog bun), brand and other
BREAD, relevant information on the label (e.g., weight per slice)

CEREALS, » Cereals: Type (complete name on the food package), brand, with or without milk

PASTA AND e Pasta: Type (e.g., spaghetti, macaroni), variety (e.g., spinach pasta, high protein, whole wheat, egg pasta, vegetable pasta), brand,
RICE preparation and cooking method (e.g., salt and oil added in boiling water)

« Rice: Type (e.g., white, brown, basmati, instant), brand, preparation and cocking method (e.g., according to directions or not, prepared with
water, chicken or vegetable stock, added fat, added vegetables)

OTHER BAKED | » Complete name (e.g., chocolate chip cookies, angel food cake, carrot muffin, cinnamon bun), brand, form (e.g., frozen product, refrigerated
GOODS dough, commercial mix, homemade recipe) and other characteristics (e.g., type of gamishes or frosting, nuts, dried fruits)

o |f homemade recipe or prepared using a commercial mix, list the ingredients that were used for preparation

Type (e.g., green grapes, apple, orange, spaghelti squash, red or green cabbage, green or yellow beans)
e Form (e.g., fresh, dried, canned, frozen)

FRUITS AND e Preparation (e.g., sliced, diced, mashed, grated)

VEGTABLES o Eaten raw or cooked, with or without peel

Cooking method (e.g., reheated only, boiled, steamed, microwaved, oven-baked, fried), ingredients added while cooking (e.g., sugar, flour,
cream, type of milk, butter, type of sauce)

» Garnishes (e.g., type of sauce, cream, ice cream, sour cream, butter, etc.)

MILK AND * Type (e.g., milk, cheese, cream, evaporated milk, sweetened condensed milk, ice cream, ice milk, yoghurt), brand, % milk fat (%M.F.)

lgIII?L(;(DUCTS » Variely (e.g.,, Cheddar cheese, Gouda, Cottage; chocolate milk, vanilla ice cream, strawberry stirred yoghurt) and special characteristics
(e.g., with omega-3, with added fibre, with added calcium)

IRNPQEO -3D Study 23126
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IRNPQEO-3D Study
QUESTIONNAIRE 2C - Mother's Food Diary (between 20-24 6/7 weeks)
D

Centre Monogram

B N N A O B

MEAT AND
POULTRY

Type (e.g., beef, pork, lamb, chicken, turkey, duck)
Meat and poultry cuts (e.g., eye of round steak, sirloin tip steak, cross rib roast, chicken breast, wings , leg or thigh)

Cooking method (e.g., braised, grilled, roasted, sauté, boiled, stewed, fried), with bone or boneless, with or without skin for poultry, added

ingredients (e.g., gravy, marinades), type of fat used, if any (if the fat is consumed, specify the quantity)
Visible fat on meat, eaten or not; skin on poultry, eaten or not

If a weight is recorded, specify if this refers to weight before or after cooking

PROCESSED
MEAT

Type of meat (e.g., turkey Bologna, pork and beef mortadella, all beef hot dog)
Form (e.g., sliced , flaked) and other characteristics (e.g., regular, light, lean or low fat)

Cocking method, if applicable

FISH

Fish species and form (e.g., fresh, canned, frozen, dried, salted or smoked)
Description (e.g., filet, slice, fish stick), breaded or battered
Cooking method (e.g., grilled, oven-baked, poached), type of fat used, if any (if the fat is consumed, specify the quantity)

If a weight is recorded, specify if this refers to weight before or after cooking

EGGS,
LEGUMES,
NUTS AND
SEEDS

Eggs: special characteristics (e.g., with omega-3), cooking method (e.g., scrambled, fried, soft-boiled, hard-boiled, omelette), type of fat
used and additional ingredients, if any (e.g., milk, vegetables, salt and pepper)

Legumes: type (e.g., kidney beans, lentils, chick peas), form (e.g., dried, canned)

Nuts and seeds: type (e.g., walnuts, pumpkin seeds, almonds), form (e.g., whole, chopped), processing (e.g., reasted, dried, salted)

IRNPQEO -3D Study
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IRNPQEO-3D Study
QUESTIONNAIRE 2C - Mother’s Food Diary (between 20-24 6/7 weeks)
Centre ID Monogram

SOUPS AND
BEVERAGES

Carbonated beverages: brand, serving size, type (e.g., regular or diet, with or without caffeine), with or without ice (with ice, estimate the
proportion of ice in the recorded quantity of beverage consumed)

Pure fruit juices and fruit flavoured drinks: type (e.g., apple juice, nectar, fruit punch, etc.), form (fresh, refrigerated, frozen concentrate,
canned or bottled), brand, 100% pure juice or not, sweetened or unsweetened, with or without added vitamin C (see information on the
label), recipe for dilution if the product is a frozen concentrate (e.g., 1 can of juice for 3 cans of water) and the type of water used (tap water,
well water, filtered water, bottled water)

Chocolate flavored beverages: form (e.g., chocolate powder, cocoa, chocolate syrup), liquid used for preparation (water, milk and %
M.F.), other added ingredients (e.g., sugar or substitute, marshmallows)

Soy or rice beverages: product name, brand, flavour, enriched or not with vitamins and minerals, (see information on the label)

Soup : type (e.g., homemade, canned ready-to-serve, condensed, dehydrated), variety (e.g., chicken noodle, cream of vegetable), brand,
special characteristics (e.g., low sodium, low fat), liquid used for preparation, if any (e.g., water, milk or cream and % M.F.) as well as the
recipe for dilution if it differs from directions

Water : type (e.g., tap water, well water, filtered water, bottled water, mineral water), brand

SNACK FOOD

» Type (e.g., potato chips, nachos, popcorn, chocolate bar, granola bar, crackers), brand, flavour (e.g., BBQ, salt and vinegar, cheese

flavoured, caramel) and other characteristics (e.g., regular, light, low fat or low sodium)

Extras (e.g., seasonings, butter)

FATS AND
OILS

Type (e.g., margarine, butter, oil, salad dressing, shortening, |ard), brand, characteristics (e.g., regular, light, low calorie, unsalted, semi-
salted)

Relevant details for margarines: type of oil used in the product (e.g., soy, sunflower, colza, corn, mixed), hard or soft margarine

Relevant details for mayonnaises, salad dressings and vinaigrettes: variety (e.g., Ranch, Caesar, Italian, real mayonnaise, mayonnaise type
dressing)

IRNPQEOQ -3D Study
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> QUESTIONNAIRE 2C - Mother’s Food Diary (between 20-24 6/7 weeks)
<o) “f"”;‘m Centre D Monogram

NN

C (Y Do IRNPQEO-3D Study
¥

» Commercial preducts (e.g., frozen or refrigerated meals, canned pasta, quiche, pizza) : type, product name, weight on the food package
and brand

PREPARED » Homemade meals: ingredients in recipe
MEALS » Restaurant meals: name of restaurant, meal description, water, bread, condiments and extras

N.B. For pizza, specify: where it comes from (e.g., frozen product, restaurant); the type of crust (e.g., thin or thick; regular, whole wheat or
stuffed); the type of topping (tomato sauce, type of meat, cheese, types of vegetables, extras); the size (small, medium, large, exira-large, or
the diameter in inches) for pizza from restaurant; the weight on the food package for frozen preducts.

IRNPQEOQ -3D Study 26/26
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AppendixB: Supplement Intake Survey Question

Women who took part in the 3D Study filled out a questionnaire during ganbster
of their pregnancy. Since most questioimea were conducted in French, the original French
guestion and the English translation are providedrablel2, below. The answers (yes or
no) to these questions were analyzed to determine proportion of women taking supplements
during pregnancyTable9).

Tablel2. Survey Questions Answered by Study Participants

Trimester Original Question English Translation Answer

Avezvous déja consommé de Have the expectant mothers

vitamines, minéraux ou previously consumed
supplénents diététiques vitamins, minerals, or
1 _ o o _ _ YesorNo

dansles 3 mois précédant ou dietetic supplements in the :
depuis le début de votre months preceding or before
grossesse? the start of their pregnancy?
Avezvous conemmédes Have the expectant mothers
médicamentou suppléments consumed or are currently
nutritionnels depuis votre consuming any form of

2 and3 . o o - Yes or No
derniere visite ou en medication or nutritional
consommez/ous supplements since theiast
actuellement? visit?
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AppendixC: Sample Size Calculation

Sample size calculation was based on the expected proportion of women taking
supplements among the study participants. Based on Canadian studies, the expected
proportion (p) was estimated toebbetween 80%102] and 979%4108].

I NBLINBaSyidalFrdiA@dS alyYLiES aial S 2F g2YSy o
formula for dichotomous variables (above the UL or nd?¥9]. An example is provided for
an expected supplement intake of 80%:

no= [(t)>* (p)(@)] / (dY
= [ (1.967* (0.80)(0.20] / (0.05}
= 26

GKSNBE aié¢ Aa GKS Gl tdzS F2N GKS aSt SOGSR |
GLE A& (KS SELSOGISR:E LINRULIRNEGRE yAa alj€S A%a GmY | (
GRE Aa GKS | OOSLIiI diirs NMihalEmple sigefcalchlatibi® a\al@eT 1 &
of 0.80 represents the proportion of women (p = 0.80 = 80¥9) may be at risk of being
above the UL for folic acid due to supplement intake; and 0.20 represents the proportion of
pregnant women (g =¢p = X0.80 = 0.20 = 20%) consuming levels of folic acid below the
UL. Since the expected sample size of 246 feodrds is greater than 5% of the population
aATS 0APSP ym F22R NBO2NRE& FT2N) br'mcmMHOI [ 2¢
determine the minimum sample size requirfR18]:

ni=n/ (1 + nn/ Population)
= 246 | (1+ 246/1,612)
=213

Therefore, with a dietary food records database from 1,612 women and an expected
proportion of supplement intake at 80%, the minimum sample size would be satisfied if food
records were analyzed from 213 women. To eessufficient data, a total of 216 food
records were randomly selected.
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Table 13, below, demonstrates the scenarios for representative sample size
calculation based on the percentage of women taking supplements among thy st
participants.

Table13. Scenarios for Representative Sample Size Calculation

Variables Option1l Option2 Option3 Option4 Option5  Option 6

t 1.96 1.96 1.96 1.96 1.96 1.96
p 0.70 0.80 0.83 0.85 0.90 0.97
q 0.30 0.20 0.17 0.15 0.10 0.03
d 0.05 0.05 0.05 0.05 0.05 0.05
No 323 246 217 196 138 45*
N 1612 1612 1612 1612 1612 1612
N1 269 213 191 175 127 --

*There is no correction applicable for Option 6 singe4b is less than 5% of the population size
(i.e. 81food recordswhere N=1612).
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Appendix D: Folic Acid Content of Culture Media

D.1 Folic Acid Levels in NeRregnant and Pregnant Women

Serum (or plasma) folate levels and red blood cell (RBC) folate levels are two
measures used to assess folate in the blood. Sdalate is sensitive to dietary fluctuations
and reflects the shorterm status of folate. RBC folate is a measurement of-teng folate
stores or prolonged deficiency. As established by the World Health Organization in 2005,
based on data from the Natnal Health and Nutrition Examination Survey (NHANES Il1), low
serum folate is defined as less than 4 ng/mL, while low RBC folate is defined as less than 151
ng/mL[319].

During pregnancy, there is increased demand for folate due to rapid fetal
development. As such, the reference range for pregnant women is accepted to be higher
during pregnancy. For adult ngaregnant and pregnant womenhe reference ranges for
serum and RBC folate are definedlablel4.

Table14. Normal Reference Ranges féolatein Adult Womerf

Nonpregnant Women Pregnant Women

Serum Folate

5.4¢18.0 0.8-24.0
(ng/mL)
RBC Folate
150¢ 450 109828
(ng/mL)

*AbbassiGhanavatet al.[168]

To reflect these concentrations in the experimental design, the appropriate cell
culture media was determined as outlined in Section D.2 and D.3.

D.2 Standard Cell Culture Media

Standard media used in cell culture contains exorbitant amounts of folic acid, 10
times mae than physiologically relevant concentrations. Following a comparison between
standard RPM1640 (#R8758; Sigmfddrich, USA) and standard DMEM (#IiB-CV;
Corning Cellgro), folic acfciee RPMI1640 (#R1145; Sigrddrich, USA) and folic aeicke
DMBEM (#D249; Sigmaldrich, USA) cell culture media was purchased and independently
supplemented with experimental folic acid concentrations in the laboratdaplel5).
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Tablel5b. Cell Culture Media: Nutriets Involved in OneCarbon Metabolism

Standard Utilised for Experiments
Nutrients RPMI R8758 DMEM 16013-CV| RPMtR1145 DMEM D249
[1X] g/L [1X] g/L [10X] g/L [10X] g/L
Riboflavin (B 0.0002 0.0004 0.002 0.004
Vitamin B 0.001 0.004 0.01 0.04
Folic Aid 0.001 0.004 -- --
Vitamin B> 0.000005 -- 0.00005 --

aRPM#1640 media used fdn vitro cell culture experiments using HBRSVneo and BeWo cell lines.
®PDMEM media used fagx vivohuman placental explant experiments

D.4 Culture Media

Due to the exessive level of folic acid present in standard cell culture media, for the
experiments described in this thesis, folic afriee media was purchased and prepared in
the laboratory to contain 20 ng/mL folic acid (baseline level representing physiologically
relevant concentration). Subsequently, folic acid treatments were added accordingly to
obtain a final concentration required for the experiment. Experimental culture media
contained 2, 20, 200, 2000, 4000 ng/mL FA as outlined in Section 3.2.3.

Furthernore, each aliquot of fetal bovine serum (FBS) contains varying amounts of
nutrients depending on the calf it was obtained from. To determine whether any folate that
is present in regular FBS may affect intracellular folate concentrations i¥8f$MReo ad/or
BeWo cells, a series of experiments were conducted to test differences in intracellular folate
using untreated vs. charcotrteated FBS (provided by Dr. Amanda MacFarlane, Health
Canada). An FBS supplement is normally used in cell culture mogebtsitbe an array of
necessary growth factors which stimulate proliferation and normal cell function. By charcoal
treating the FBS, any folates present in the serum would be removed prior to
experimentation. To determine the potential effect of folate raboblites present in standard
FBS, intracellular folate was measured in both the -B/B¥neo and BeWo cell lines using
the L rhamnosusmicrobiological assay as outlined in Section 3.2.4 for both standard FBS
supplemented experimental media and charctalated FBSupplemented experimental
media Figurel6). Statisticalsignificance was assessed usimg-g | € ! b h £ ! g AlUK
multiple comparisn post hoc analysi®<0.05)
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Figurel6. Relative Intracellular Folate.Relative intraceillar folate found in(A) HTR

8/SVneo andB) BeWo cells, as measureing theL. rhamnosusnicrobiologicalassay,
following exposure to increasing concentrations of exogenous folic acid. Experir
conducted using exogenoWsA concentrations 0f2-4000 ng/mLin either standard FBS
supplemented media (black) or charcaeated FBS supplemented media (graipata is
presented as mean + SEM. Statistical significaraassessed using ca@ay ANOVA with
¢ dzl Se Q& Y dzf ain posthds andlgsigp<b.06R A
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The results of these validatieexperiments demonstrated no significant differences
in intracellular folate metabolites with standard or charctrglated FBS supplementation,
indicating no significant contribution of FHeiSrived folate metabolites in our experimental
protocol. Thus, thestandard FBS supplementation was used for all further experiments
presented within the current project.
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Appendix E: Research Ethics Board (REB) Approvals
& Permissions

For this study,he following Research Ethics Board (REB) Apprakalsttached:

1. Research Ethics Board at CHU-3trstine
(Protocol # 3679)

Note: This approval was given to Dr. William Fraser, the Principal Investigator for the
3D Study, undertaken by the Integrated Research Network of Perinatoldgyédfec
& Eastern Ontario (IRNFEO).

2. The Ottawa Hospital Research Ethics Board
(Protocol#201121701H

Note: The approval for the Ethics Renewal was given to the Late Dr. Andrée Gruslin as
the Principal Investigator. Dr. Shannon Bainbridge, my supervisor, wasagStgator
listed on this study, under which the placeetaere collected.

3. The University of Ottawa Health Sciences and Science Research Ethics Board
(File #: HO4L3-12)

4. Permission from Health Canada

DAGSY G2 NBLINERdAzOS | ReRtionghifSof DRKVAIueS th AsdazNB Sy (i A
Ydzi NASyid Ayl RSIljdz O ihtiithesid 31 2F | ROSNES K&
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https://mytoh.ottawahospital.on.ca/irisapp/ProjectSummary.asp?PID=2011217-01H

REMARQUES DU COMI TE DOETHI C

REUNION DU 11 AVRIL 2013

TITRE DUPROJET: L'effet de la prise de suppléments de multivitamine prénatale sur la
réponse placentaire du stress

RESPONSABLES DU PROJEARASER WILLIAM, M.D., chercheur responsable. Chercheuses
principales : Bénédicte Fontaine -Bisson et Shannon Bainbridge, Univesité d'Ottawa.
Collaboratrice: Lise Dubois

NO DE PROTOCOLE (notre référence): # 3679
LE PROJET EST ACCEPTE.

Comité administratif

Le projet a été évalué par le comité administratif et les commentaires ont été envoyés au
chercheur.

Comité scientifique

Le projet est accepté.

Protocole
Le protocole est accepté.
Formul aire doéinformation et de consentement

Le consentement donné par les participantes pour la Banque de données et de
pr®l vements de | 0£tude 3D permet | a éu@eut il

sat |

Formul aire de consentement de | 0®t ude 3D (proj et

2013. SVP, veuillez renouveler ce projet.

Afin de faciliter la vérification des changements demandés par le CER  , nous vous
demandons de bien vouloir répondre point par point aux remarques du Comité

en indiquant le numéro de la remarque.

De plus, concernant les changements devant étre apportés au(x) formulaire(s) de
consentement (si applicable), s'il vous plait nous fournir une copie ou sont surlignés vos
changements ainsi qu'une copie originale pour I'estampillage
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Ottawa Hospital Research Ethics Boards / Conseils d'éthique en recherches

725 Parkdale Avenue, Box 411, Ottawe, Ontario K1Y 4E9 61 )-790-5555 ex1. 14902 Fax: 613.761-4311
hitp-livaww. ohi.calohrob

Wednesday, February 06, 2013

Dr. Andree Gruslin

Ottawa Hospital - General Campus

Department of Obstetrics/Gynecology/Newborn Care
501 Smyth Road

Ottawa, ON K1H 8L6

Dear Dr. Gruslin:

RE: Protocol# - 2011217-01H Improving Placental Health Through Education and Better Prevention
Renewal Expiry Date - Wednesday, February 05, 2014

I'am pleased to inform you that your Annual Renewal Request (listed above) was reviewed by the Ottawa
Hospital Research Ethics Board (OHREB) and is approved. No changes, amendments or addenda may be
made in the protocol or the consent form without the OHRER's review and approval.

The Protocol Amendment Report dated February 1, 2013 extending the sludy end date to March 2014 is
approved.

Dr. Felipe Moretti and Dr. Griffith Jones have been removed as co-investigators.

Renewal is valid for a period of one year. The validation date should be indicated on the bottom of all consent
forms and information sheets (see attached copy). Approximately one month prior to that time, a single renewal
form should be sent to the OHRER office.

impinge on the ethics of continuing the study. The OHREB will review the new information to determine if the
protocol should be modified, discontinued. or should continue as originally approved,

Yours sincerely,
Raphael &jinur

Rapnaet Saginur, M.D.
Chairman
Ottawa Hospital Research Ethics Board

kd
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Universite d’Ottawa  University of Ottawa

Basrenu 'thique & ' imidgres de b rechenche O¥ffice of Research Edvaes and Integrity

Ethics Approval Notice
Health Sciences and Science REB

Principal Investigator / Supervisor / Co-imvestigator(s) / Student(s)

First Name Last Name Affilistion Eole
Skannom Bainbridge Hualth Sciences | Others Supenisor
Banadicts Fromtaing-Fiwwon Hualth Sciences | Others Co-Bmpervinor
Tasfia Ahpead Hualth Sciences / Others Sradezt Researcher
File Number: Hi4-13-12
Type of Project: Massr’s Thads
Tifle: Effect of prezatal zmltvitamin sepplementation on placestal simmss responss:
Approval Date (mm/dd vy Expiry Diate (mm/'dd v¥yy) Approval Tvpe
06/1072013 06002014 Iz

(Ia: Approval, Th: Approval for mitial sesge enky)

Special Conditions / Comments:
HA
!
550, nee Cumberlind, pidce 154 540 Cumberland Strest, poom 154
Crmawn [Oviterso} K 1N 6H3 Cansds O, Ontsrio I 1M BM5 Canada

P613) 362-3587 + Télde [P (613 ) 3635358
Inimp e st nomyen caéethcadindes homl
By e reciest he. uomswn cadenntodogisindss biml
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File Mumbsr: H4-153-11 . Ty i ¢ o'y vy e (12001
S€ e
i
Universite d'Ottawa  University of Ottawa
Basresu o'$thigue et ' imégne de b rechenche (rifics of Research Edhacs and Integriny

This iz to confirm that the University of Ortawa Fesearch Erhics Board sdentified abose, which operates in
accardance with the To-Comcl Policy Statement and other applicabls laws and regolatons io Cofano, has
examined and approved the application for ethical approval for the above named ressarch project as of the
Ethics Approval Daes indicated for the pertod above and subject to the conditions Listed the section above
enfitled “Special Condiftons / Copments™.

DCarring the course of the stody the protoce] may not be modifisd without prior writen approval Som the BEB
grcept when necessany to remove subjects fom immediate endangerment or when the medification(s) pertain
to only adminiztrative or logstical components of the stody (2.g change of telephone mmmber). Imvestzators
st alse promapily alert the FEB of any chanzes which increase the sk #o participani(s), any changes which
considamably affact the condoct of the projedt. all unanticipatsd and harrfial events that aoour, and new
information that may negatvely affect the conduct of the project and safety of the participantis). Modifications
to the project, mformation/consent documentation, and'or recniimment documentation, should be submited fo
this office for approval using the “Modification to ressarch project” form available at:

hitp-www research uotiawa.ca'sthics Tormos fmml

Please submit an armual stams report to the Protocel Officer four weeks before the above-referenced expiny
date to either close the file or request 3 repewal of etiics approval. This document can be foumd at:

hatp-wrarw research uotawa,caethics formes tml

If vou have any questions, please do pot hesitate to contact the Ethics Office af extension 5387 or by e-mail at:
ethics@mCitawa o,

Sigmature;
Riana Marcotte

Piana Mamcotte
Protocal Officer for Eiics in Beseanch
For Danie] Lagarec, Chair of the Soences and Health Scences REB

330, e Curndesrlond, podes 134 2350 Cnmberland Stnast, rooss 134
e (miesa K IH GHS Cansds Chrrsree, Ovitganias K 1N 6M2 Cansda
(613) 362-3387 « Télde Fax (13 ) 3525338
B i e ressich nomren catethi cadindes ol
g wrew rechesths. uomswn. o denncdogisindss. honl
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August 13, 2014
Ref: HC20140435

Bénédicte FontainBisson, DtP/RD, PhD
Assistant Professor

Honours Bachelor of Nutrition Sciences
University of Ottawa

25 University

Ottawa,ON K1N 6N1

Using the Dietary Reference Intakes (DRIS)

Dear Dr. FontaindgBisson,

On behalf of Health Canada, | am pleased to grant tonineersity of Ottawa/Bénédicte

Fontaine-Bisson, SHUPLVVLRQ UHSURGXFH DQG XVH Retdidnéhtf K &DQDG
of DRI values to risk of nutrient inadequacy and risk of adverse healtleffects from Health
&DQDGDTV ZHE F RUBikgkhe DievaryReiatensednithiées (DRISpr both its

educational and necommercial purposes.

This permission is neexclusive and noitransferable and is valid foihe uses described herein
only. If subsequent reproductions, translations, adaptations, editions, revisions, and/or reprints
are required in the future, a new application for copyright clearance on Govewofmamtada

works must be submitted at that time.

<RX PXVW DFNQRZOHGJH WKH &URZQTV ZRUN DV IROORZV

Source: © All rights reserved. Using the Dietary Reference Intakddealth Canada, 2010.
Reproduced with permission from the Minister of HeaR014.

Health Canada does not assume any responsibility for any errors or omissions which may result
from modifications, revisions, adaptations and/or translation.

Should you have any questions, or if | can be of further assistance, please do nettbesitat
contact me.

Yours sincerely,

Louise Sicard

Licensing & Copyright Officer
Corporate Communications
Marketing, Partnerships & Creative Services

cc: John Holt, Corporate Communications,CPAD
Food and Nutrition, HPFB

A.L.1914B - Edifice Jeanne Mance Buildingdttawa K1A 0K9
(613) 8166053 FAX (613) 9520197
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