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Vitamin D is a hormone rather than a vitamin, that is essential for overall health and wellbeing,
including but not limited to the reproductive system. Although vitamin D is available through
several sources, such as natural ultraviolet sunlight, food, and supplements, low circulating 25-
hydroxyvitamin D (25(OH)D) levels of <30 ng/mL are common among pregnant women, with up
to 69% of the US population suffering from the condition. Epidemiologic studies have suggested
that low maternal serum 25(OH)D levels may be associated with adverse pregnancy outcomes,
such as early pregnancy loss and preeclampsia, which may be initiated early in the pregnancy
process during implantation and placentation.

From a life course perspective, the periconception and early pregnancy period marks a
critical time for establishing a healthy pregnancy. Implantation and placentation occur early in
pregnancy and involve a complex process that relies on optimal endometrial receptivity and a host
of hormonal and immunologic signaling events. Disruptions to this process may be indicated by
early clinical markers of pregnancy complications (e.g., vaginal bleeding or subchorionic

hemorrhage) and associated with later adverse outcomes (e.g., preeclampsia). In contrast, higher



Human Chorionic Gonadotropin (hCG) levels, which have been linked to nausea and vomiting,
may be markers of robust implantation and placentation. Therefore, I sought to investigate the
preconception and early gestation maternal serum 25(OH)D levels on: (i) vaginal bleeding and
subchorionic hemorrhage; (i1) nausea and vomiting; (iii) preeclampsia.

In Aim 1, an analysis of medical record documentation of vaginal bleeding and
subchorionic hemorrhage found that women who were persistently deficient/insufficient in
maternal serum 25(OH)D at both preconception and 8-week gestation had 2.18 times higher (95%
CI: 1.13, 4.20) odds of having subchorionic hemorrhage compared to women who remained
sufficient across both time periods, even after adjustment for potential confounders. Additionally,
an analysis of daily diaries showed women with deficient 25(OH)D levels had a higher odds (OR:
3.02, 95% CI: 1.13, 8.13) of moderate/heavy bleeding versus none compared to women with
sufficient 25(OH)D levels based on self-reported daily diaries on vaginal bleeding at the start of
pregnancy. In Aim 2, women with persistently deficient 25(OH)D levels at both preconception
and early gestation had lower odds (OR: 0.34, 95% CI: 0.20, 0.60) of experiencing nausea and
vomiting based on medical records. In comparison, women who increased their 25(OH)D levels
early in pregnancy (i.e., were deficient/insufficient at preconception then became sufficient at 8-
week gestation) had 1.71 (95% CI: 1.12, 2.61) times higher odds of nausea and vomiting compared
to those who were persistently sufficient across both time periods. Based on self-reported nausea
and vomiting symptoms from daily diaries, deficient 25(O)D was associated with lower odds (OR
0.65; 95% CI 0.40, 1.06) of both nausea and vomiting when comparing to sufficient 25(OH)D
levels. In Aim 3, women who had deficient 25(OH)D at preconception had an increased risk (RR:
1.45, 95% CI: 0.64, 3.29) of preeclampsia (as identified from medical records), although results

were insignificant. Linear spline models demonstrated that the risk of preeclampsia declined with



each 1 ng/mL increase of 25(OH)D levels up to 40-45 ng/mL (RR: 0.97, 95% CI: (0.93, 1.00), but
that levels beyond this threshold show an increase in the risk of preeclampsia for each 1 ng/mL
increase in 25(OH)D (RR: 1.03; 95% CI: 1.00, 1.06).

This research highlights the importance of exploring the maternal serum levels of 25(OH)D
at both preconception and early gestation and how it may affect adverse pregnancy outcomes, such
as vaginal bleeding, subchorionic hemorrhage, preeclampsia, and pregnancy outcomes that signify
a robust implantation response, such as nausea and or vomiting. It further underscores the
importance of assessing maternal serum 25(OH)D levels prior to critical time of implantation and
placentation and potential biologic mechanisms that may lead to adverse pregnancy outcomes.
Supporting healthy implantation and placentation is of utmost importance as this may guide the
remainder of the health of the pregnancy, and any disruption to this process may increase the
mother and infant’s risk of maternal morbidity and mortality (e.g., preeclampsia, vaginal bleeding,
subchorionic hemorrhage). Future studies are needed with more diverse, larger sample sizes, and
both paternal and maternal nutrition to further assess preconception nutritional risk factors on
adverse and robust pregnancy outcomes. Accordingly, this research is vital as it may aid in

identifying early factors that may reduce adverse maternal and infant health outcomes.
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Chapter 1: INTRODUCTION

1.1. Background and Significance

Vitamin D, a hormone rather than a vitamin, is essential for overall health and wellbeing, including
but not limited to the reproductive system.'™ Vitamin D influences an array of health systems
including those affecting the bone, respiratory, reproductive, and chronic disease outcomes.®®
While vitamin D is generally available through several sources such as natural ultraviolet sunlight,
food, and supplements, a large proportion of the global population is still at risk of vitamin D
deficiency.®®° Consequently, it is important to assess the prevalence and risk factors of vitamin D
deficiency and insufficiency, alternatively called hypovitaminosis D, and consequent health
outcomes for subgroups of health vulnerable populations, such as pregnant women.%**!°
Epidemiologic studies have suggested that hypovitaminosis D may be associated with adverse
pregnancy outcomes such as early pregnancy loss and preeclampsia.' =4 Therefore, assessment of
hypovitaminosis D during the preconception and early pregnancy period is an important public
health concern that must be addressed.

Low circulating 25-hydroxyvitamin D (25(OH)D) levels of <30 ng/mL are common among
pregnant women, with up to 69% of the US population suffering from the condition.>!* The
Endocrine Society has recommended that a minimum level of 30ng/mL of circulating vitamin D
is critical to support reproductive health.! The American College of Obstetricians and
Gynecologists recommends women who are considering becoming pregnant to take prenatal
supplementation to ensure sufficient vitamin D intake before and during pregnancy.!> These
recommendations are suggested to increase circulating levels of vitamin D. Currently, the levels
of vitamin D recommended in prenatal vitamins provided by the Dietary Reference Intakes (DRIs)
are 600IU/day.'® However, since the majority of the US population have hypovitaminosis D, newer
data suggests that these intakes are too low to increase circulating vitamin D levels to support a

1



healthy pregnancy.!” A randomized control trial of vitamin D supplementation during pregnancy
found that a safe threshold is between 2000-4000IU/day, with 4,000IU/day being the most
effective in maintaining sufficient vitamin D levels.!”

The periconception and early pregnancy period marks a critical time for establishing a
healthy pregnancy.'® Successful implantation and placentation involve a complex process that
relies on optimal endometrial receptivity and a host of hormonal and immunologic signaling
events.'® Disruptions to this process may be indicated by early clinical markers of pregnancy
complications (e.g. subchorionic hemorrhage) and associated with later adverse outcomes (e.g.
preeclampsia).!®2! It is postulated that maternal nutrient stores may play a critical role in this
process.'® A growing body of evidence suggests that circulating vitamin D is associated with
several important reproductive health processes that impact both preconception and pregnancy
outcomes.? These processes include modulation of inflammation for key reproductive organs such
as the ovaries, uterus, and placenta (or cells that give rise to the placenta during development).’

Several in vitro studies using mouse and human cells have examined the role of vitamin D
in implantation and placentation.?>>* It is suggested that vitamin D may influence endometrial
receptivity through the expression of homeobox gene HOXA10 in endometrial stroma cells, which
are essential for endometrial development and uterine receptivity for implantation.?> Additionally,
vitamin D has been shown to exert immunosuppressive components in the early stages of
pregnancy and suppress cytokines, which may lower inflammation and further support successful
implantation.?®?” Trophoblasts are cells that form the outer layer of a blastocyst, giving rise to a
large portion of the placenta.?® Placental trophoblasts support the production of growth factors and
hormone secretion, cellular proliferation and modulation of maternal immune responses and

vascularization of the placenta during pregnancy.?® Studies using both mouse and human cells



have found high levels of vitamin D receptors in trophoblastic cells in the placenta that are

hypothesized to provide anti-inflammatory effects that can support a successful pregnancy.

29,30

This suggests that vitamin D may modulate inflammatory processes through vitamin D receptors

Inner cell mass
(embryoblast)

Trophoblast
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Uterine epithelium

Uterine cavity
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Figure 1.1. The early stages of the implantation period.
This diagram expresses the process of the embryo
implanting in the uterine wall. Adapted from: Themes,
U. F. 0. (2016, June 16).

that are located in key reproductive organs.?%3°

Accordingly, hypovitaminosis D may increase the
maternal risk of inflammatory pregnancy
disorders, such as preeclampsia, which poses an
increased health risk for both the mother and
baby.12:21,31-33

These clinical outcomes are consistent
with several epidemiologic studies that show
associations between insufficient prenatal vitamin
D status and adverse perinatal outcomes,
including pregnancy loss, preterm birth, fetal
growth restriction, and preeclampsia, which are
outcomes that have also been linked to disruptions

11,12,32,34-37

in implantation and placentation.

However, many of these earlier observational studies were limited to cross-sectional measurement

of vitamin D late in pregnancy rather than during the critical periconception window;

12,32,34-37 and

only one found associations between low preconception vitamin D and pregnancy loss.!! More

recently, an IVF study found sufficient preconception vitamin D increased the success of

implantation and placentation, therefore leading to a successful pregnancy.

3% However,

randomized controlled trials that have examined vitamin D supplementation express mixed results



with some studies showing an association between timing of vitamin D supplementation, such as
earlier in pregnancy, and dose, such as higher dosage, and reduced risk of preeclampsia.!'7-3%#
Other RCTs found no association between vitamin D supplementation and reduced risk of adverse
pregnancy outcomes such as preeclampsia.’*** The inconsistent findings may be attributed to
supplementation initiated later in pregnancy, rather than before pregnancy and/or in the early stage
around the time of implantation. Accordingly, further research is needed to examine the critical
preconception and early pregnancy period in which serum 25(OH)D levels may impact both early
and later pregnancy complications. Identifying these critical exposure periods for vitamin D have
significant public health implications given that up to 69% of pregnant women in the United States
have vitamin D insufficiency and deficiency (defined as serum concentrations of 25(OH)D less
than <30 ng/mL).>!°

1.2 Specific Aims & Hypotheses

Given the limitations of prior studies, this research uses data from the Effects of Aspirin in
Gestation and Reproduction Trial (EAGeR) to examine the effects of maternal serum vitamin D
during preconception versus 8-week gestation on perinatal outcomes (i.e. vaginal
bleeding/subchorionic hemorrhage, nausea/vomiting, and preeclampsia). EAGeR is a prospective
preconception longitudinal study that followed women with a history of pregnancy loss while
attempting and during pregnancy, if they conceived.*®*° A data use agreement has been approved
by the Eunice Kennedy Shriver National Institute of Child Health and Human Development
(NICHD), and this research will build on prior studies using this unique data source.>'=3 As such,
I will be able to address knowledge gaps on maternal serum vitamin D exposure windows and
associations with early clinical indicators of disrupted or robust implantation (vaginal bleeding,

subchorionic hemorrhage and nausea, respectively) and preeclampsia. I hypothesize that



insufficient maternal serum vitamin D levels during these critical time windows, specifically prior
to conception, may impact successful implantation and placentation, as well as both short- and
long-term health outcomes of pregnancy. Specifically, I aim to:

Aim 1) Examine the association between pre-pregnancy and 8-week gestation serum 25(OH)D
levels on risk of vaginal bleeding/subchorionic hemorrhage. Hypothesis: Insufficient pre-
pregnancy and early pregnancy serum 25(OH)D will increase the odds of vaginal
bleeding/subchorionic hemorrhage compared to sufficient levels.

Aim 2) Examine the association between pre-pregnancy and 8-week gestation serum 25(OH)D
levels on the likelihood of nausea/vomiting. Hypothesis: Insufficient pre-pregnancy and early
pregnancy serum 25(OH)D will be inversely associated with nausea/vomiting compared to
sufficient levels.

Aim 3) Examine the association between pre-pregnancy and 8-week gestation serum 25(OH)D
levels on risk of preeclampsia. Hypothesis: Insufficient pre-pregnancy and early pregnancy serum

25(OH)D will increase the risk of preeclampsia compared to sufficient levels.



Chapter 2: LITERATURE REVIEW

2.1. Sources and forms of Vitamin D

Vitamin D is supplied through sun exposure, diet, and supplementation.>* Exposure to sunlight is
the most common and readily available form of vitamin D.® Vitamin D precursor (7-
dehydrocholesterol) is produced through exposure to UV rays and synthesized through the skin to
Previtamin D3 and then converted to cholecalciferol (vitamin D3).> Sun exposure for
approximately 15 minutes over the entire body would produce the equivalence of 10,000 IU of
cholecalciferol.” However, the American Academy of Dermatology has recommended against sun
exposure as a source of vitamin D due to its possible risk factors for becoming a skin
carcinogen.’>® Therefore, recommendations have been to increase consumption through foods
that are naturally rich in vitamin D, or fortified foods and beverages.’® Consumption of plant and
animal food sources such as fish, eggs and provide additional sources of both vitamin D2 and D3.”
Vitamins D2 and D3 are synthesized through the liver, then form into 25(OH)D (calcidiol), which
is measured through serum vitamin D due to its stability.’” Afterwards, 25(OH)D is then
synthesized in the kidneys, which then binds to vitamin D receptors in reproductive organs such
as the ovaries, uterus, and placenta.’

Serum levels of 25-hydroxyvitamin D (25(OH)D) measures individual vitamin D levels,
which includes both vitamin D, and Ds.* The most active form of vitamin D is 1,25(OH).D,
converted from 25(OH)D, which is then expressed in target tissues to create a biological immune
response.* Dietary guidelines for vitamin D consumption are between 400-800 international units
(IU), but daily are not usually met by the general population.’® Furthermore, the levels of vitamin
D in prenatal vitamins recommended by the Dietary Reference Intakes (DRIs) are 600 IU/day.'®
In addition to supplementation, fortified milk and dairy have been used as an approach to improve

vitamin D status in the general population within the United States, Canada, Finland, and India in



the past 10 years.>-

Vitamin D Metabolism Flowchart
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Figure 2.1. Flowchart expressing the process of vitamin D metabolism through the conversion of vitamin
D2 and D3. The liver is vital for the conversion of vitamin D to 25(OH)D, which is then further metabolized
by the kidney to 1,25(0H)2D. !

2.1.1. Factors that affect absorption and metabolism of Vitamin D

It is important to note that there are varying factors that impact vitamin D exposure and
metabolism, including genetic, environmental, and lifestyle factors.®"-%2 Environmental factors
such access to sunlight exposure during specific seasons, often referred to as seasonality, may
affect an individual’s vitamin D status.5:%3-6% Studies conducted on women in Europe found that
25(OH)D measurements varied seasonally and that the spring and summer months provided up to
80% of the total vitamin D intake for the women.®! Previous twin studies have shown that serum

25(OH)D is genetically driven and may further explain differences in 25(OH)D concentrations



within certain populations.®®6” Melanin, which is a pigmentation of the skin, absorbs ultraviolet
radiation (UVR) and reduces the absorption of vitamin D, thus reducing vitamin D synthesis in the
skin.%® In addition, certain lifestyle factors such as increased time spent indoors rather than
outdoors, may also affect an individual’s serum 25(OH)D levels, such as decreased physical
activity, indoor jobs, higher education, decreased sun exposure (e.g., head and body covering of
skin).®-7 Some of the lifestyle factors may be modifiable by increasing time spent outdoors, eating
foods with naturally occurring or fortified vitamin D, and using supplements to increase individual
serum vitamin D levels.®
2.2. Measurement of Serum Vitamin D

Serum 25(OH)D measurement is the gold standard for vitamin D measurement.”’” Two
main sources of serum vitamin D measurement are 25-hydroxyvitamin D (25(OH)D), which
measures an individual’s vitamin D levels, while 1,25-dihydroxyvitamin D (1,25(0OH).D) is the
most active form of vitamin D.* 25(OH)D is the main vitamin D metabolite to determine individual
vitamin D levels because it is the major circulating form of vitamin D.* The half-life of 25(OH)D
is approximately 2-3 weeks, while the circulating half-life of 1,25(OH)D is 4-6 hours.>’
Additionally, 25(OH)D measures both vitamin D intake through sources such as diet and
supplementation (25(OH)D>), as well as sun exposure (25(OH)D3).%” There are several ways to
measure 25(OH)D to determine an individual’s vitamin D levels. 25(OH)D can be measured
through liquid chromatography-tandem mass spectrometry (LC-MS) and immunoassays
(including radioimmunoassays).’’” The different measurements of 25(OH)D may yield different
results, however, both measurements have been established as adequate in measuring 25(OH)D
levels.>” Therefore, serum measurement of 25(OH)D is the preferred measure for evaluating

individual vitamin D levels.>’



Clinical evaluation of vitamin D is based on recommendations established by the
Endocrine Society. The Endocrine Society put together a task force to provide guidelines to
clinicians to support the evaluation, treatment, and prevention of vitamin D deficiency in
individuals who may be at risk of hypovitaminosis D.>’! The task force made final
recommendations based on systematic reviews of evidence and discussions with six experts and a
methodologist.’ These conclusions were recommended based on supplementation guidelines and
tolerable upper limit levels, which vary based on clinical circumstances or ages presented.’ In
addition, recommendations for vitamin D serum level testing were suggested to be 25(OH)D due
to reliability in diagnoses of hypovitaminosis D.’

Based on 25(OH)D levels, the Endocrine Society’s Clinical Guidelines for vitamin D
cutoffs are as follows, sufficiency is defined as levels >30 ng/mL (75 nmol/L), insufficiency is
defined as 21-29 ng/mL (52-<72 nmol/L), and deficiency is defined as <20ng/mL (<50 nmol/L).’
These recommendations were based on supporting bone and fall prevention, and currently, there
are no clinical recommendations for reproductive health. Further research on vitamin D levels

and/or supplementation to optimize reproductive health are needed.’

Table 2.1. Summarizes The Endocrine Society’s Clinical Guidelines regarding vitamin D cutoffs.’

The Endocrine Society’s Clinical Guidelines Subcommittee

25(OH)D Levels Levels ng/mL (nmol/L)
Sufficiency > 30 ng/mL (=75 nmol/L)
Insufficiency 21-29 ng/mL (52-<72 nmol/L)
Deficiency < 20ng/mL (<50 nmol/L)




2.3. Prevalence and Risk Factors for Hypovitaminosis D
Hypovitaminosis D (vitamin D insufficiency and deficiency) has been recognized as a global
epidemic for over a decade.® Over a billion people worldwide are either vitamin D insufficient or
deficient.® Vitamin D synthesis through sun exposure is one of the major sources of vitamin D for
humans.® While the majority of vitamin D is synthesized through the skin as cholecalciferol, there
are several risk factors that influence hypovitaminosis D.”> Some of these risk factors include
limited skin exposure to UVB rays, nutritional deficiency, and insufficient metabolism of vitamin
D (Table 2.2).7

Countries that have an abundance of sunshine throughout the year have been suggested to
have higher vitamin D synthesis, but recent research has found that countries abundant in sunshine
such as the Middle East have the highest rates of hypovitaminosis D worldwide.”*”> This may be
due to increased head and body covering due to customary cultural practices, as well as spending
more time indoors due to a very hot climate year round.”*®-7> A recent systematic review found
the prevalence in the Middle East for vitamin D deficiency to be between 30-90%.7¢ Several studies
conducted in Saudi Arabia also found a prevalence of low vitamin D in over 90% of the
population.””’® In addition, countries less abundant in sunshine such as Europe, have higher levels
of vitamin D.53-:64(#25.65.79-82 R oughly, <20% of the population in Northern Europe have vitamin D
deficiency.’>838¢ Additionally, 30-60% of Western, Southern, and Eastern Europe suffer from

vitamin D deficiency.%3-:64(p25).65,79-82

Table 2.2. Summarizes risk factors which influence environmental and dietary effects of vitamin D.”?

Risk Factors for Low 25(OH)D Concentrations

Risk Factors that limit skin exposure to UVB rays

Latitudes above 40° north
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Winter season

Exposure in early morning and evening (before 10 AM, after 4 PM)
Cloud cover and atmospheric pollution

Limited time spent outdoors

Customary dress that conceals large portions of the body

Sunscreen use

Dark skin pigmentation

Older age

Risk Factors that limit dietary exposure to vitamin D

Low dietary intake of oily fish and egg yolks
Vegetarian diets

Low/no dietary intake of vitamin D fortified foods
Exclusive breastfeeding in infants

No intake of vitamin D supplements

Other risk factors that alter vitamin D supply or metabolism

Vitamin D status of infant depends on vitamin D status of mother during pregnancy
Low dietary calcium intake

Obesity

Genetic factors that affect vitamin D physiology and requirements

Poor renal function

Liver disease and cholestasis

Chronic disease

Malabsorption (coeliac, inflammatory bowel disease, cystic fibrosis, etc.)

In addition to demographic variation in the prevalence of hypovitaminosis D, there are

several socioeconomic and biological factors that may increase that risk for the general population.
Low socioeconomic status is a risk factor for hypovitaminosis D and may suggest a disproportion
in nutrition through limited consumption of vitamin D rich foods such as fresh fruits, vegetables,

fish, poultry, meat, and dairy.}” Low socioeconomic status is associated with low diet quality due
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to societal inequalities, such as food deserts, which are neighborhoods with limited access to
nutritional foods, and food swamps, which are neighborhoods with an abundance of unhealthy
food.?® In the United States, previous studies have found that Non-Hispanic Black populations
have higher prevalence of vitamin D deficiency than Non-Hispanic White populations.®°! This
may be due to biologic and sociologic factors. First, a higher proportion of non-Hispanic Black
individuals in the U.S. live in areas that are considered food deserts.”?>*® Additionally, genetic
factors may affect the absorption and metabolism of vitamin D in the body.** Vitamin D synthesis
requires vitamin D binding protein polymorphic alleles which are 1F, 1S, and 2.°* Polymorphic
refers to multiple variant forms of a DNA sequence which may occur in different individuals
within a population, where an allele is defined as one of the genetic variant forms.”> Non-Hispanic
Black have primarily the 1F allele, where Non-Hispanic White populations have the 1S and 2.7
These genetic differentiations between vitamin D binding proteins greatly lower the amount of
vitamin D metabolism as seen in 25(OH)D measurement, although it is still not fully understood
how these differences in metabolism may occur.** Additionally, Non-Hispanic Black populations
have increased melanin, which inhibitors vitamin D synthesis, and increases the risk of
hypovitaminosis D.”® Therefore, Non-Hispanic Black populations are more likely to have
hypovitaminosis D and may require increased sources of vitamin D to allow for the recommended
levels for maintaining reproductive health.%®

In addition, pregnant women are a unique sub-group of individuals who are at a higher risk
of being vitamin D deficient or insufficient than the general population.””?° Levels of vitamin D
increase during pregnancy, specifically through higher demand for calcium to support fetal skeletal
growth.!9%101 While hypovitaminosis has been associated with rickets due to poor bone

development during pregnancy and in infancy, additional consequences are recently being
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recognized.!?%!1%! Furthermore, vitamin D status at preconception and during pregnancy has been
recently associated with both reproductive and pregnancy disorders that may impact both inception
of pregnancy as well as pregnancy outcomes.>!!-12:1497.102 Therefore, vitamin D status is critical to
be further studied and assessed in this unique vulnerable population.

2.4. Vitamin D’s Role in Implantation and Placentation

Women of reproductive-age and pregnant women, specifically, face unique risk factors that may
place them at greater risk for hypovitaminosis D, and in turn, have implications on reproductive
health and pregnancy outcomes.>!%193 A growing body of literature suggests vitamin D may play
a role in implantation and placentation, leading to improved pregnancy and birth outcomes.”~
411.18,29,104 Vitamin D receptors are a class of proteins within cells that regulate the expression of
certain genes that reduce inflammation and support homeostasis.'® Vitamin D receptors are found
in the immune and reproductive system, including the ovary, uterus, and placenta (specifically,

trophoblasts that form the placenta).!%

Periconception Pregnancy

Ovary (decidualized ) Endometrium Placenta
Reproductive tissue (: > Immune system
Vitamin D
Immune balance Immuno-suppressant functions,  Fetal-maternal immune tolerance;
Immune tolerance and balance Pregnancy-maintenance

for implantation; Placentation

Figure 2.2. Vitamin D’s immunomodulatory effects on reproductive systems from periconception to pregnancy
i0d 3
period.
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The maternal immune system is vital for the regulation of inflammation and inflammatory
stimuli within a pregnancy.'% It also plays a critical role in establishing, maintaining, and
supporting a healthy pregnancy to term, including supporting healthy implantation and
placentation.'% Several mediating pathways support the maternal immune system and regulation
of inflammation to support a pregnancy to term.'?” Vitamin D receptors (VDRs) have been shown
to impact the immune system, which helps regulate inflammation when there are acute or chronic
inflammatory responses during pregnancy.'?” Vitamin D receptors are found in pregnancy organs
such as the uterus and placenta, which impact hormone secretion, pregnancy implantation, and
placental immune modulations for a healthy pregnancy.!?® Additionally, during pregnancy VDRs
influence immune regulation and insulin secretion.?® Therefore, VDR expression may significantly
impact implantation and placenta alteration that is often associated with pregnancy disorders, such
as preeclampsia.'?®!1%% While the biological mechanisms of maternal vitamin D levels on these
pregnancy disorders have not been completely understood, there are pathways through VDRs
located in reproductive organs that have been shown to reduce inflammation or regulate endocrine
functions and may help better explain the association between low maternal vitamin D status and
risk of adverse pregnancy outcomes.>*!10-111

Inflammation involves inflammatory cytokines which are released during various
inflammatory diseases. 2!2%107.110 Increasing secretions of cytokines are essential in immune cell
modulation, which helps in tissue and cell repair during times of inflammation ?!-2%107.110.111
Cytokines during pregnancy have been shown to be decreased by maternal vitamin D levels, which
helps support immunomodulation and exert immunosuppressive components in the early stages of
pregnancy to support successful implantation.?®?” The reduction of cytokine production through

1,25(OH).D binding to vitamin D receptors located in the female reproductive organs lower
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maternal inflammatory pathways to support implantation and a healthy pregnancy.’> Under the
appropriate environment, through the reduction of cytokine production and lower maternal
inflammatory pathways, the embryo will implant into the endometrium and start secreting human
chorionic gonadotropin (hCG).!!?

During the periconception period, vitamin D plays a vital role in providing immune balance
and endocrine regulation to support healthy endometrial activity.® Vitamin D then provides
immune-suppressant functions and balance for successful implantation and furthermore healthy
placentation.> During the placentation process, vitamin D provides fetal-maternal immune
tolerance to maintain the pregnancy, specifically through VDRs located on the trophoblasts that
form the placenta.'® In addition to influencing endocrine systems and local anti-inflammatory
responses, vitamin D may also play a role in reducing systemic inflammatory responses.''® Mice
studies have found high levels of vitamin D receptors in trophoblastic cells in the placenta that are
hypothesized to provide anti-inflammatory effects in the organ for a successful pregnancy.?’ This
is due to 1,25(OH).D binding to the VDRs within various tissues and cells found in the ovaries,
endometrium, and placenta which support immune function and reduction of inflammation.’

Trophoblasts are tissues that regulate the endocrine system and support appropriate
hormone secretion, cellular proliferation, and maintains modulation of maternal immune responses
during pregnancy.'® Additionally, trophoblasts are located the outer thin layer of cells to help an
embryo implant to the uterus successfully, which then helps form the placenta.'* Binding of the
vitamin D to VDRs on the trophoblasts allows for normal production of estrogen and progesterone
to maintain the pregnancy until the placenta is formed.''> Additionally, the lining of the human
endometrium contain VDRs, which may also facilitate implantation by regulating the immune

system as seen previously in IVF trials.!'* Furthermore, placentas of preeclamptic women with
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isolated trophoblasts have one-tenth of CYP28B1, which is an enzyme activity of trophoblasts,
compared with levels found in uncomplicated pregnancies.!'* Although it is suggested that vitamin
D lowers the risk of preeclampsia, it is still unclear of the direct pathway.>!>2! One hypothesis is
that low vitamin D may impair cytokine balance, thus causing abnormal implantation and
placentation.? Thus, the immune system, particularly inflammation through cytokine expression,
play a key role in the prenatal and pregnancy period.?

Several pregnancy hormones are thought to regulate immune function and sustain
pregnancies and may be modulated by VDRs located on reproductive organs.'!>!13.115.116
Progesterone is a vital steroid pregnancy hormone that is produced in the ovaries, placenta, and
adrenal glands.''>!!6 Progesterone is thought to improve embryo implantation and reduce the risk
of both miscarriage and premature labor due to its anti-inflammatory cytokine production.!!>116
During early pregnancy, the corpus luteum increases progesterone production in pregnant women
until the placenta is formed, and typically gradually rises to 175-811 nmol/L in the third trimester
in comparison to 35-50 nmol/L in non-pregnant women within the follicular and mid-luteal phases
of their menstrual cycle.!'>!1® Estradiol is another important steroid pregnancy hormone, produced
by the ovaries, that is thought to induce anti-inflammatory cytokines that reduce the risk of
miscarriage and help maintain a pregnancy.!'7-!" It is thought that estradiol levels in early
pregnancy are reflective of the quality of the dominant follicle as well as supports the function of
corpus luteum post-ovulation.!'® HCG is the first hormonal secretion by an embryo, and thus an
early pregnancy marker.!'> HCG has been suggested as a clinical marker of implantation, although,
differentiating levels of hCG are clinically used to determine a normal versus abnormal

pregnancy.'?’ It is determined that low levels or slow-rising levels of hCG are suggestive of an
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potential miscarriage.!'>!'® While it is suggestive that hCG supports maternal immune response to
embryo implantation and placentation, the biological mechanisms are still not fully understood.''?

Recent research suggests that vitamin D is a regulator of genetic and epigenetic factors and
may significantly impact placental development.'?! DNA methylation is critical in ensuring
placental development through regulation of trophoblast invasion during the placentation
process.'?? Placental dysfunction is a critical marker for preeclampsia, and DNA methylation
through epigenetic changes may lead to the dysfunction of implantation and placentation.'??
Studies measuring the effects of vitamin D supplementation and cord blood DNA methylation
have found differences in DNA methylation in mothers who supplemented with low (600IU)
versus high (3,8001U) vitamin D, which suggests potential genetic and epigenetic changes during
pregnancy.*® This is critical for our understanding of how epigenetic changes through insufficient
maternal vitamin D may impact DNA methylation, and impact the implantation and placentation
process which may lead to the development of preeclampsia.*®!'?? Furthermore, previous studies
have referenced the potential of gene expression pathways that involve the dysregulation of
immune response due to early pregnancy vitamin D insufficiency and leading to potential adverse
pregnancy outcomes, 314109123

The implantation and placentation consist of stages that occur through particular biological
mechanisms that may aid in the clinical guidance on best timing to measure successful
implantation and placentation assessment. The implantation period consists of three stages in
which 1) contact is made between the blastocyst and implantation site within the endometrium, 2)
the trophoblast cells connect to the endometrial wall from the blastocyst, 3) trophoblast cells

124

invade the endometrial stroma.'=* This process occurs during the timing of what is known as

“window of implantation” which occurs between week 3-4 of gestation.'>*"12¢ The placentation
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period occurs around week 8 of gestation and is vital in providing the source of oxygen and
nutrients, known as oxygenation, to the fetus.!**126 Around week 8 of gestation, membranes of
the chorion begin to form, which is then mediated by extravillous trophoblastic cells (EVT) into
the placenta formation, which is also modulated by levels of oxidative stress in the villi, or also
known as fibrous stroma.'?”-1?8 The placenta is then fully formed by 20 weeks of gestation.!?* Any
disruptions at this stage in implantation and placentation may cause abnormal processes that
impact future development of the pregnancy and lead to adverse pregnancy outcomes.'?’:128

2.5. Hypothesized Mechanisms Between Maternal Vitamin D and Clinical Markers of
Implantation/Placentation and Preeclampsia

2.5.1. Vaginal Bleeding/Subchorionic Hemorrhage

Vaginal bleeding during the first trimester is one of the most common pregnancy complications
and is experienced by 15-25% of women.'*? Subchorionic hemorrhage occurs when the chorion
membranes that are connected to the uterus partially detach and cause abnormal bleeding during
pregnancy.'® Roughly 11% of women experience subchorionic hemorrhage during pregnancy.'®
First trimester vaginal bleeding and subchorionic hemorrhages are biologically connected to
several factors that may prevent proper implantation early in pregnancy and, accordingly, are
considered potential clinical markers of disruption to implantation, placentation, or pregnancy
loss.'3® These implantation disruptions include human tissue that are expressed in trophoblasts,
which are located in the outer thin layer of cells to help an embryo implant to the uterus
successfully.?® These cells then help form the placenta.?® Since high levels of vitamin D receptors
are found in trophoblastic cells within the placenta, vitamin D is hypothesized to provide anti-
inflammatory effects in the uterus and placenta that may mitigate some of this disruption.?’

Furthermore, vaginal bleeding and subchorionic hemorrhage are clinically significant due to their
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common occurrence. Bleeding during pregnancy may be a clinical presentation of disrupted
implantation and/or pregnancy loss, cause considerable stress and anxiety for both women and
clinicians alike, and therefore may prompt additional testing and monitoring.!3%!3!

2.5.2. Nausea

Nausea is a very common pregnancy symptom, which affects between 50-70% of pregnant
women.'3? It has been previously established that nausea during early pregnancy is a clinical
marker for successful implantation and placental function, as it may be indicative of higher hCG
and other hormones that maintain pregnancy.'3* Previous studies have acknowledged that nausea
during early pregnancy was associated with a lower risk of miscarriage, preterm birth, low birth
weight (LBW), and perinatal death.'3* It has been suggested that early placental growth stimulates
secretion of hCG and thyroxine, which may manifest clinically as a more heightened nausea
response.'3? As such, successful implantation and healthy placental function result in higher hCG
being secreted, which leads to greater nausea symptoms.'3? Therefore, nausea is a commonly
reported symptom during pregnancy and may be indicative of a more robust implantation
response.'3? This provides an important clinical outcome in which to examine my hypothesis in
the absence of other biomarkers related to the complex process of implantation.

2.5.3. Preeclampsia

Preeclampsia is a leading cause of maternal morbidity, mortality, and preterm birth.33!3>
Preeclampsia is a maternal hypertensive disorder and previous studies have shown significantly
lower vitamin D levels in women who are diagnosed.'>!331:3413¢ Early onset and severe
preeclampsia have been shown to be associated with placental insufficiency.?® Placental
insufficiency is characterized by impaired placentation and decreased trophoblast invasion, which

facilitates oxygenation of the placenta.?’
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Preeclampsia has been associated with increased inflammatory cytokines, which further
promotes an inflammatory state.?! These particular inflammatory cytokines are seen in women
with preeclampsia and are associated with placental ischemia, which is a vascular disorder that
results in poor placental circulation.?! The imbalance of pro-inflammatory cytokine excretion
further lead to placental inflammation and increase the maternal risk of pregnancy complications.?!
Additionally, women who develop preeclampsia have impaired interactions between trophoblasts
within the cells that become the placenta and endometrial lining which contributes to abnormal
placentation.’ This inflammatory pathway through vitamin D receptors and trophoblast and
endometrial cells have been seen in previous studies that have shown a 5-fold increased risk of
preeclampsia in women who had vitamin D levels <15ng/mL.*? Previous studies have seen similar
associations of low maternal vitamin D and increased risk of preeclampsia.”!432137 Studies have
largely examined vitamin D in pregnancy, rather than prior to pregnancy, which may influence
vitamin D measurement due to biologic changes during pregnancy. '314.10%123
2.5.4. Gaps in Prior Research
There is limited research on the relationship between vitamin D and pregnancy outcomes,
particularly related to implantation. Although several studies have assessed the association
between maternal (during pregnancy) vitamin D and risk of preeclampsia, there are few studies
that examine outcomes in the early pregnancy period, which may set the stage for the development
of preeclampsia later in pregnancy.'>!3-34136 Epidemiologic studies have shown maternal serum
vitamin D levels <15ng/mL had a 5-fold increased risk of preeclampsia.'? Inflammation has also
been shown to increase risk of preeclampsia and studies have linked CRP, a biomarker of

inflammation, to the prediction of preeclampsia.!*® Given vitamin D’s immunomodulatory effects,
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it has been hypothesized that sufficient vitamin D may reduce inflammation and, consequently,
risk for preeclampsia, but few studies have examined this pathway.!3%140

Another gap in prior research is the assessment of vitamin D exposure or supplementation
prior to pregnancy. Previous studies examining the association between vitamin D and adverse
outcomes have been mixed, which may be attributed to when vitamin D was assessed or
administered during pregnancy (that is, before or after implantation).!?3!:3234123.136 This may
distort potential causal relationships, because serum 25(OH)D has been shown to increase in
pregnancy due to physiologic changes and, thus, assessment during pregnancy may not represent
the critical exposure window for optimizing pregnancy outcomes. A previous study using the
EAGeR data by Mumford et al. found an increased risk of pregnancy loss with lower preconception
vitamin D versus at 8-week gestation, highlighting the importance of assessing the critical period
prior to implantation and the role of vitamin D in supporting this process.!!
2.6. Conceptual Framework: The Life Course Perspective
The pregnancy period and early life are critical windows that predict one’s future of health and
disease.?® The life course framework is postulated to operate under three mechanisms: sensitive
and critical periods of development, cumulative risk model, and the pathways model.'4* The first
two models (sensitive/critical periods and cumulative risk) can help us to understand the
relationship between vitamin D and early pregnancy outcomes and pre-eclampsia to be examined
in this dissertation.

The sensitive and critical windows model posits that exposures during these critical
windows may alter or change the development of the fetus and affect their short and long term

143

health, potentially leading to adverse pregnancy outcomes.'®” The Barker Hypothesis is an

example of the sensitive and critical time periods in which exposures, such as nutrients, during
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early life may have lasting effects on later life health.'** The Barker Hypothesis theorized that
adverse nutrition prenatally and in early pregnancy may increase the risk of adverse health
outcomes later in life, which include obesity, diabetes, insulin sensitivity, hypertension,
hyperlipidemia, coronary heart disease, and stroke.'#! The most documented example of the
connection between maternal nutrient deficiency and fetal development is the connection between
folate deficiency and neural tube defects.'® The development of the fetal neural tube occurs at
approximately 3 weeks of pregnancy, in which at 28 days post conception, the neural tube is
closed.'* Most women during this time are often unaware of their pregnancies, and therefore a
folate deficiency may be present due to multiple factors such as not taking a prenatal
supplement.'* If maternal nutrition, such as folate, in the early critical periods of development
may alter the health trajectory of the infant and increase their risk of spina bifida,'* then vitamin
D, which is a source of anti-inflammatory support for the placenta and uterus lining may also have
an impact in the early critical periods of implantation and the health trajectory of the
pregnancy.?:107:110.146.147 Gjyen the formation of the neural tube occurs early in pregnancy, the
critical exposure window for folic acid is prior to pregnancy (preconception).'*3 Similarly,
preconception and early pregnancy vitamin D may have an important role in early development
during the period of implantation and placental formation through the mechanisms described in
Section 2.4 and 2.5 and outlined in Figure 1 (see Appendix I). Specifically, vitamin D deficiency
disrupts functioning of reproductive organs that leads to adverse pregnancy outcomes.’”:!12.116.118
This results through the disruption of hormones (estrogen and progesterone), which help to
maintain a pregnancy, and local and systemic immune functioning, which facilitate endometrial
receptivity and implantation.3”-'12116.118 Clinical markers of disrupted implantation include vaginal

bleeding and subchorionic hemorrhage.!®130:13L148.149 f implantation is successful, it results in
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production of hCG, which has been linked to a greater nausea response, and facilitates further
development of the placenta and maintenance of the pregnancy.!3213415° Vitamin D receptors on
trophoblasts that form the placenta can also facilitate this development given sufficient vitamin D
levels.'®22112 In the absence of a robust implantation/placentation, women may be more
susceptible to the development of pre-eclampsia and other adverse pregnancy outcomes, such as
intrauterine growth restriction.!'318:20.22

Another life course framework, the cumulative risk model, may also explain the
development of vitamin D insufficiency prior to pregnancy.'4>!>! This model posits that over time
reproductive health declines due to exposures that increase the body’s allostatic load.!>? The best
example of this life course pathway is known as the “Weathering Hypothesis,” which was
proposed by Arlene Geronimus to explain the disparities in race and gender, particularly in African
American women, who biologically start to age at a faster rate than white women due to increased
allostatic load from socioeconomic disadvantages early on in life.'>3 Similarly, the accumulation
of insufficient maternal vitamin D, while not directly being evaluated in my study, can develop
through a lack of exposure to sources of vitamin D over time (e.g., sunlight or food). Additionally,
the cumulative risk framework assesses the risk of accumulation of a certain exposure, or lack
thereof, such as vitamin D.'#2!15! In addition, nutritional deficiencies, lack of supplement use, or
cultural practices, such as covering up for Muslim and religious individuals, may increase vitamin
D deficiency or insufficiency risk.’#9%-134-156 Accordingly, this lack of vitamin D exposure may
accumulate over time, resulting in insufficient vitamin D stores prior to and during pregnancy.

In sum, the life course perspective is important in examining preconception and prenatal
maternal serum vitamin D on pregnancy outcomes proposed in this dissertation. These pathways

are critical to understanding how the biological mechanisms of vitamin D may affect pregnancy
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outcomes, such as nausea, vaginal bleeding/subchorionic hemorrhage and preeclampsia.”> Any
adverse exposure occurring during the critical period of early fetal development or that may
accumulate over time will result in a chain of events that may increase risk of adverse pregnancy
outcomes.'’! Specifically, previous studies assessing maternal serum vitamin D and adverse
pregnancy outcomes have not been able to fully differentiate these critical windows and distinguish
ideal timing for optimizing vitamin D stores to improve pregnancy outcomes.!>!3-3142.157 Findings
from this dissertation can be used to inform the need for access to early and simple interventions,
such as vitamin D supplementation, to promote maternal and pregnancy health outcomes.

2.6.1. Directed Acyclic Graphs (DAGs) for Aims 1, 2, and 3

Vitamin D levels can be influenced by both dietary sources and sun exposure and absorption
(Chapter 2). The DAGs represent the different covariates considered and their distinct pathways
related to both the exposure and outcomes under study in each aim (Chapters 4, 5, and 6). Each of
the paths represents associations between covariates and the exposure (vitamin D) and outcomes
(vaginal bleeding/subchorionic hemorrhage, nausea, and preeclampsia). White circles represent
covariates adjusted for in the analysis. Green empty circles represent unobserved variables. Green
circles with a triangle inside represent the exposure of interest. Blue empty circles represent
ancestors of outcomes. Finally, blue circles with a line inside represent the outcomes of interest.
For each aim, all covariates inform adjustment to minimize confounding bias when analyzing the
association between the exposure (vitamin D) and each of our outcomes (vaginal
bleeding/subchorionic hemorrhage, nausea, and preeclampsia). After adjustment, no biasing

pathways remain. These DAG adjustments were determined using the DAGitty website.1%®
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2.6.2. Covariate relationships with vitamin D and outcomes under study

I was interested in several potential confounding factors including age, BMI, smoking, physical
activity, vitamin use, diet/nutrition, SES status, parity, season of blood draw, sun exposure, and
stress. It has been determined that there are complex relationships between these confounders and
the exposures and outcomes of interest. Previous research has shown racial and ethnic differences
in vitamin D levels within individuals in the United States, in particular affecting those who are

African American.’® These differences may be due to differences in factors that affect sun

exposure, but may also be due to biologic factors that influence vitamin D absorption.?>®

Specifically, darker skin contains more melanin which inhibits the absorption of vitamin D through
the skin, which is the most bioavailable form of vitamin D.°! In addition, race and ethnicity has
been shown to be associated with stress either related to socioeconomic factors or racism, which
has been shown to be associated with numerous perinatal outcomes, including pregnancy loss and
hypertensive disorders during pregnancy.'>°-1%4 Parity has also been seen as a predictor of vitamin
D deficiency and insufficiency, in particular among pregnant women. %> Parity may increase stress
(i.e., socioeconomic factors), which may also affect the implantation process of pregnancy and
inflammation.'%%!%® Dietary factors and vitamin consumption, which are additional sources of
nutrients that would affect vitamin D levels, may also be affected by parity,.7/28/23 12:51:00 PM
A nutrient deficient diet has also been linked to adverse perinatal outcomes (e.g., folic acid
deficiency), particularly early in gestation.'*>!71-173 In addition, parity may affect physical activity,
as having more children is associated with less time for physical activity, which in turn may
increase risk for higher BMI.Y74 BMI has been previously sited as a predictor of vitamin D
deficiency and insufficiency, and nutrition, diet, and vitamins may be associated with lower levels

vitamin D.>%17> [n addition, while we do not have specific nutrition and diet information, vitamins
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are used as a proxy for a source of exposure for vitamin D. Similar to parity, socioeconomic status
(SES) has been associated with stress, nutrition, diet and vitamin consumption, and physical
activity, since SES is highly correlated with resources that enable individuals to exercise, consume

adequate nutrition, and minimize stress.1’®

Physical activity, nutrition and BMI have relationships with vitamin D and the outcome.!”’~
179 Physical activity is associated with a higher likelihood of being outdoors and, thus, an increase
in sun exposure, which affects vitamin D.'® Physical activity has a direct link with diet and
nutrition behaviors, which both affect BMI.!7~'7° Lifestyle factors like physical activity tend to
decline as we age, which increases the risk of higher BMI and overall fertility health, such as those
of embryo quality, which leads to disrupted implantation, and or implantation failure.!8!~183 BMI
has been previously sited as a predictor of vitamin D deficiency and insufficiency, and nutrition,
diet, and vitamins may be associated with lower levels vitamin D.>%7> Diet is also a distinct source
of vitamin D separate from BMI and physical activity. In this analysis, vitamins were used as a
proxy for a dietary source of exposure for vitamin D.

Due to aspirin’s blood thinning effects, women who use aspirin during pregnancy may be
at a higher risk of vaginal bleeding.’® However, previous studies have shown that aspirin has been
associated with a decreased risk of pregnancy loss and disrupted implantation.'®18¢ Treatment
status is not a confounder in these analyses, but is an antecedent of the outcome. Adjustment for
antecedents of the outcome can, in some cases, increase precision of covariate estimates.*®’ Finally,
aspirin has been shown to increase the incidence of robust implantation and therefore decrease the
risk of pregnancy loss.'®18 Finally, previous studies have shown that aspirin has been associated

with a decreased risk of inflammation and preeclampsia,'34-186188.189
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Description of mechanism between vitamin D and outcomes

For Aim 1, assessing the relationship between vitamin D and vaginal
bleeding/subchorionic hemorrhage, I hypothesize that this effect is due to low levels of vitamin D
being associated with pregnancy loss (Chapter 4).!1:1%12.13L150.190.191 Thig DAG describes the
mechanism and potential confounding factors considered in my analysis for Aim 1 (Figure 2.3).

For Aim 2, assessing the relationship between vitamin D and nausea, I hypothesize that
this effect is due to robust implantation (Chapter 5). Higher levels of vitamin D have been
associated with robust implantation, which then may lead to a higher hCG response, increasing a
woman’s risk of nausea and decreasing the risk of pregnancy loss (Figure 2.4).11,112,150,169,190

For Aim 3, assessing the relationship between vitamin D and preeclampsia, I predict that
low levels of vitamin D may increase the risk of preeclampsia (Chapter 6). In addition, vitamin D
has been associated with lower levels of inflammation, which may be measured through c-reactive
protein (CRP).1°%193 Low levels of vitamin D have been associated with disrupted implantation,
which then may lead to placental insufficiency and an increased risk of preeclampsia (Figure
2.5).14,22,104,109,127,190,194

*Note: Although the results for Aim 3 were suggestive, the relationship between
preconception vitamin D and preeclampsia was insignificant. Therefore, we did not do the
mediation analysis. The preeclampsia DAG has been updated to express the mediating pathways,

but the mediator outcome and mediator exposure confounders have been removed for simplicity.
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Chapter 3: METHODS

3.1. Data Sources and Population

This research used data from the Effects of Aspirin in Gestation and Reproduction (EAGeR) trial
(2007-2011), which is a multisite, prospective, double-blind, block-randomized, placebo-
controlled clinical trial designed to evaluate the effect of low-dose aspirin (LDA) on live-birth in
healthy women with regular menstrual cycles and 1-2 prior pregnancy losses.*® The EAGeR trial
enrolled 1,228 women between 18 and 40 years of age who were attempting pregnancy after 1-2
prior pregnancy losses, of which 597 had a live birth. Women enrolled in the trial could not have
received fertility treatments prior or during their enrollment in the EAGeR trial or have a prior
diagnosis of infertility. The institutional review boards at each study site and the data coordinating
center approved the protocol for the trial. All participants provided their written consent prior to
enrolling in the study. The trial was registered with ClinicalTrials.gov (#NCT00467363).
Secondary analysis of the EAGeR trial were used to assess the proposed research aims.

3.2. Analytic Sample

The analytic sample was restricted to women in the EAGeR trial for whom there is measured serum
25(OH)D levels at preconception or 8-weeks’ gestation, had a live birth, and were not missing data
on the outcomes of interest for each Aim. Restriction to a live birth was used to examine the effect
of vitamin D on clinical outcomes independent of those factors that may lead to a pregnancy loss.
This restriction is especially important because preeclampsia is a condition that develops later in
pregnancy, after the period many pregnancy losses may have already occurred. I accounted for
this potential selection effect in the analyses and examined this restriction further in sensitivity
analyses described below. Pregnancy status was determined via positive urine hCG pregnancy
tests (Quidel Quickvue, Quidel Corporation), conducted at home or in the clinic at the time of

expected menses. The institutional review boards at each study site (Salt Lake City, Utah; Denver,
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Colorado; Buffalo, New York; Scranton, Pennsylvania) and the data coordinating center approved
the protocol for the trial. Access to this data source requires approval from Eunice Kennedy Shriver
National Institute of Child Health and Human Development (NICHD), which I have acquired
through a data user agreement (DUA).

3.3. Measurement and Operationalization of Variables

3.3.1. Exposure Measurement: Vitamin D

3.3.1.1. Laboratory Assessment

Serum 25(OH)D samples were collected at baseline prior to randomization to LDA and at 8-week
gestation post conception. The serum vitamin D samples were stored at —80°C until used for
analysis.*® Combined concentrations of 25-hydroxyvitamins D2 and D3 (25(OH)D) were
measured using the 25(OH)D ELISA solid phase sandwich enzyme immunoassay (BioVendor
R&D, Ashville, NC, USA). The ELISA solid phase sandwich enzyme immunoassay has been
validated.'” Although it is suggested that liquid chromatography-tandem mass spectrometry is the
gold standard for vitamin D measurement, previous studies conducted have found vitamin D
measurement results to be similar in immunoassays through the Vitamin D External Quality
Assessment Scheme (DEQAS).!”"1%7 Therefore, the ELISA solid phase sandwich enzyme
immunoassay is a precise and valid measurement for vitamin D concentrations.

3.3.2. Outcome Measurement: — Clinical markers of implantation and preeclampsia

3.3.2.1. Self-reported data from daily dairies

Vaginal Bleeding and Nausea. Vaginal bleeding or nausea/vomiting symptoms were recorded by

participants using the preconception daily diaries, which were provided for their first 2 menstrual
cycles. If conception occurred, the participants recorded the conception in their pregnancy daily

diaries, which began once they received a positive pregnancy test (PPT). On average, 72% of
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participants completed their daily diaries for everyday in a week, 83% completed 5 out of 7 days
in a week, and 91.2% completed 3 out of 7 days in a week. Previous studies have validated the
outcomes of vaginal bleeding and nausea self-report and have found reasonable accuracy between
the self-reported data and clinical presentations.'®!% Daily bleeding was recorded in the daily
diaries based on standardized pictographs as either none, spotting and/or very light, light,
moderate, heavy, or very heavy (see Appendix II). Daily nausea was recorded as none, nausea,
vomiting once per day, or vomiting more than once per day (see Appendix II). The first day of the
last mensural period (LMP) was used to assess symptom timing. Ascertainment of symptoms was
assessed between 3-8 weeks post LMP, which would be the clinical approximation between date
of ovulation to potential pregnancy.'>°

3.3.2.2. Questionnaire data or medical record

Subchorionic Hemorrhage. Diagnoses of subchorionic hemorrhage in pregnancy were obtained
prospectively by maternal report on questionnaires and/or abstracted from participant delivery
records by trained research staff.>

Vaginal Bleeding. Diagnoses of vaginal bleeding in pregnancy were obtained prospectively by

maternal report on questionnaires and/or abstracted from participant delivery records by trained
research staff.>°

Preeclampsia. Diagnoses of preeclampsia in pregnancy were obtained prospectively by maternal
report on questionnaires and/or abstracted from participant delivery records by trained research
staff after 12 weeks of gestation.>

3.3.3. Operationalization of Measures for Analysis

The research aims examined serum 25(OH)D levels (exposure) on markers of implantation

(vaginal bleeding or subchorionic hemorrhage, nausea) and adverse pregnancy outcomes
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(preeclampsia) among women who achieved pregnancy. Specifically, I aimed to examine: 1) the
association between pre-pregnancy and 8-week gestation serum 25(OH)D levels on risk of vaginal
bleeding/subchorionic hemorrhage; 2) the association between pre-pregnancy and 8-week
gestation serum 25(OH)D levels on the likelihood of nausea/vomiting, 3) the association between
pre-pregnancy and 8-week gestation serum 25(OH)D levels on risk of preeclampsia.

3.3.3.1. Exposure

The vitamin D cutoffs that were used in these analyses are based on levels designated by the
Endocrine Society (<30 ng/mL equivalent to 75 nmol/L).” Women were classified as vitamin D
25(OH)D deficient (<20 ng/mL), insufficient (21-29 ng/mL), or sufficient (=30 ng/mL) at
preconception and 8-week gestation.’ Initially, I looked at vitamin D as a categorical variable to
aid in clinical interpretation and comparison with other studies conducted, based on the Endocrine
Society’s vitamin D cut off recommendations. The Endocrine Society’s cut offs were developed
originally for bone health and not based on reproductive health.® As such, I examined continuous
models for vitamin D. To inform additional cut offs for vitamin D, including continuous models,
I ran exploratory analyses of lowess regression models of continuous vitamin D on the binary
indicators of the outcome measures to determine any threshold effects. If threshold effects were
found, I modeled the continuous vitamin D measure using linear splines or categories defined at
these cut-points.

3.3.3.2. Outcome measures

Subchorionic Hemorrhage. Categorized as (yes/no) and obtained from medical records.

Vaginal Bleeding. Categorized as (yes/no) and obtained from medical records.

Preeclampsia. Clinical diagnosis as (yes/no) at any point after 12 weeks of gestation from

medical records.
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Vaginal bleeding and Nausea/Vomiting (Daily Diaries)

Daily diaries data will be summarized biweekly from 3 weeks and 0 days to 4 weeks and 6 days,
5 weeks and 0 days to 6 weeks and 6 days, and 7 weeks and 0 days to 8 weeks and 0 days. Any
vaginal bleeding or nausea/vomiting reported within a 2-week period will be defined as vaginal
bleeding or nausea/vomiting within that period. For both vaginal bleeding and nausea/vomiting,
these categories were defined at biweekly intervals between 3-4, 5-6, and 7-8 weeks of gestation.
Subchorionic hemorrhage and vaginal bleeding (medical records). Vaginal bleeding was
categorized in three ways: 1) women who had any vaginal bleeding versus none 2) women who
had light bleeding versus none or 3) women who had any moderate to heavy bleeding versus none.
Similarly, nausea and vomiting were categorized in three ways: 1) women having reported any
nausea/vomiting versus none or 2) women having reported nausea only versus none or 3) women
having reported vomiting once per day or more than once per day versus none.

3.3.3.3. Confounders

Sociodemographic and other health characteristics were available on all the women within the
EAGeR dataset, including age, race/ethnicity, education, employment, income, BMI, parity,
season, physical activity, alcohol intensity, and multivitamin use. Models were informed by
Directed Cyclical Graph (DAG) developed for the relationship between the covariates (see Chapter
2). Variables were selected based on their relationship to exposure to different sources of vitamin
D, including sun exposure and diet or nutrition, and the outcome or preceding factors that might
affect the outcome. Season was defined as the season of baseline during which blood was drawn
for the sample of serum 25(OH)D measured. Physical activity was assessed using the International
Physical Activity Questionnaire and defined as low, moderate, or high.??° Alcohol intensity was

defined as the amount of alcohol consumed in the past year and was measured as never, sometimes,
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and often. Multivitamin use was measured as the type of vitamins that were consumed by the
women prior to the study and were defined as not taking any vitamins or folic acid, taking vitamins
with no folic acid, and taking vitamins with folic acid.

Due to aspirin’s blood thinning effects, women who use aspirin during pregnancy may be
at a higher risk of vaginal bleeding.’® However, previous studies have shown that aspirin has been
associated with a decreased risk of pregnancy loss and disrupted implantation.'®18¢ Treatment
status is not a confounder in these analyses, but is an antecedent of the outcome. Adjustment for
antecedents of the outcome can, in some cases, increase precision of covariate estimates.*®’ Finally,
aspirin has been shown to increase the incidence of robust implantation and therefore decrease the
risk of pregnancy loss.'®18 Finally, previous studies have shown that aspirin has been associated
with a decreased risk of inflammation and preeclampsia,'34-186188.189
3.4. Analytic Plan
3.4.1. Descriptive Analyses
Relationships between baseline characteristics and vitamin D levels by deficient versus insufficient
versus sufficient levels (preconception, 8-week gestation) and pregnancy outcomes (vaginal
bleeding/subchorionic hemorrhage and nausea/vomiting at bi-weekly intervals and preeclampsia
after 12 week gestation) were examined using chi-square tests or ANOVA for comparing
categorical or continuous variables, respectively.

3.4.2. Aims 1 & 2

The odds ratio between preconception serum 25(OH)D levels on vaginal bleeding/subchorionic
hemorrhage and nausea/vomiting at biweekly intervals in the first 8 weeks of pregnancy (3 time
points) were examined using generalized estimating equations (link: log, family: binomial) and an

unstructured correlation matrix. Odds ratios evaluating associations between serum 25(OH)D at
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8-week gestation and vaginal bleeding/subchorionic hemorrhage and nausea/vomiting (6-8 weeks’
gestation) were estimated using multinomial logistic regression models with robust standard
errors. Models were adjusted for relevant confounders as determined by DAGs (see Chapter 2).
For Aims 1 and 2, my outcomes are conditional on becoming pregnant, therefore I included
inverse probability weights to control for potential selection bias introduction by restricting to
women who became pregnant. Inverse probability weights were determined from models that
include covariates associated with the probability of pregnancy, such as age, BMI, race, number
of prior losses, physical activity, parity, treatment assignment, and preconception 25(OH)D
concentrations.
3.4.3. Aim 3
Risk ratios evaluating associations between preconception and 8-weeks’ gestation serum 25(OH)D
levels and preeclampsia were estimated using log binomial regression models with robust standard
errors. Models were adjusted for relevant confounders as determined by DAGs (see Chapter 2). |
ran separate models for preconception vitamin D and 8-weeks’ gestation vitamin D levels. For
Aim 3, my outcome is conditional on becoming pregnant and continuing to a live birth, I also
included inverse probability weights to control for potential selection bias introduced by restricting
to women with a live birth given that vitamin D may also influence the probability of achieving
and maintaining a pregnancy. This approach is often applied in perinatal epidemiology to account
for the conditional nature of human reproduction (i.e. becoming pregnant and remaining pregnant).
Because several processes must occur for successful reproduction, a portion of those trying to
conceive will achieve pregnancy, and a lower percentage of those will successfully have a live
birth.2%! Bias occurs when preconception exposure could affect the chance of pregnancy, or the

survival of the pregnancy, and the analysis is restricted to those with a pregnancy or a live birth.2°!
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Weights were determined from models that include covariates associated with the probability of
pregnancy, such as age, BMI, race, number of prior losses, physical activity, parity, treatment
assignment, and preconception 25(OH)D concentrations.

3.4.4. Sensitivity Analyses

In addition to restriction to live births in Aims 1 and 2, I examined associations of vitamin D on
each of the outcomes stratified by treatment assignment (placebo vs. low dose aspirin) for all
analyses. Assessment of vitamin D in all three aims was stratified by treatment assignment of
aspirin/placebo, as previously assessed in a study of vitamin D and pregnancy loss using this data.!!
Previous evidence has shown that an increased risk of vaginal bleeding has been seen with low-
dose aspirin (LDA) due to its ability to thin the blood to reduce or prevent blood clots from
forming.!3%188 In addition to thinning the blood, aspirin has been shown to reduce inflammation
by blocking the production of prostaglandins, which help regulate pain and inflammation within

the body. 88202
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Chapter 4: Aim 1- The Association between Preconception and 8-week Gestation Serum

25(OH)D Levels on the Risk of Vaginal Bleeding and Subchorionic Hemorrhage

4.1. Introduction
The periconception and early pregnancy period marks a critical time for establishing a healthy
pregnancy.'® Successful implantation and placentation involve complex processes that rely on
optimal endometrial receptivity and a host of hormonal and immunologic signaling events.'®
Disruptions to this process may be indicated by early clinical markers, such as early vaginal
bleeding and subchorionic hemorrhage.!%13%:131.150 However, It has been postulated that maternal
nutrient stores may play a critical role in this process.'® Vaginal bleeding during the first trimester
is one of the most common pregnancy complications and is experienced by 16-25% of women.'3°
One cause of vaginal bleeding during pregnancy is subchorionic hemorrhage, which occurs when
the chorion membranes connected to the uterus partially detach and cause abnormal bleeding
during pregnancy.'” Roughly 11% of women experience subchorionic hemorrhage during
pregnancy and it is considered to be the most frequent cause of vaginal bleeding between 10-20
weeks’ gestation.!® First trimester vaginal bleeding and subchorionic hemorrhage are considered
potential clinical markers of disruption to implantation, placentation, or pregnancy loss;'*°
although, little is known about risk factors that may contribute to experiences of vaginal bleeding
early in pregnancy.

One potential nutrient that has been linked to other adverse pregnancy outcomes is maternal
25-hydroxyvitamin D (25(OH)D), with up to 69% of the US pregnant population having 25(OH)D
levels of <30 ng/mL.%!® Although no clinical cut off for reproductive and perinatal health outcomes

has been established, the Endocrine Society has recommended that a minimum level of 30ng/mL

of circulating vitamin D is critical to support bone health.! Vitamin D may have an impact in the
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early critical periods of implantation and the health trajectory of the pregnancy.?®:107:110.146,147
Specifically, vitamin D deficiency may disrupt functioning of reproductive organs, leading to
adverse pregnancy outcomes.’”!12116.118 T particular, low vitamin D may result in the disruption
of hormones that help to maintain the pregnancy (e.g., estrogen and progesterone) and may result
in local and systemic immune functioning, which facilitate endometrial receptivity and
implantation.3”-!12116.118 With successful implantation, human chorionic gonadotropin (hCG) is
produced, which facilitates further development of the placenta and maintenance of the
pregnancy.'327 134150 Vitamin D receptors on trophoblasts, which are located on the outer layer of
ablastocyst and form the placenta, can also facilitate the maintenance of pregnancy in the presence
of sufficient vitamin D levels.'®?%!12 Additionally, sufficient vitamin D may provide anti-
inflammatory effects in the uterus and placenta, which could mitigate disruptions during
implantation.?” Vitamin D may operate more systemically to modulate maternal immune tolerance,
which may also influence endometrial receptivity and implantation,'3%-203-207

Prior epidemiologic studies have linked lower vitamin D to adverse reproductive outcomes,
including pregnancy loss and preeclampsia, both of which may be associated with disrupted
implantation and placentation.!#130:131,150.207.208 However, few studies have examined other clinical
markers of disrupted implantation, such as vaginal bleeding, which may occur with or without a
pregnancy loss, and can be a source of considerable stress and anxiety for both women and
obstetric care providers. 9130131148149 prigr studies have linked vaginal bleeding, particularly later
in pregnancy, to placental dysfunction, such as placenta previa, placental abruption, or
infection.?0%202!1 One previous study suggested that vaginal bleeding, particularly light bleeding,
between 5-8 weeks of gestation could be due to a luteal-placenta shift occurring, which is a normal

process that results in a drop in progesterone as the placenta takes over hormone production from
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the corpus luteum.?!> However, in the instance of placental insufficiency, this may result in more
sustained drop in progesterone which may result in more frequent or severe vaginal bleeding.?'?

I aim to assess the relationship between preconception and early pregnancy circulating
maternal serum vitamin D levels and vaginal bleeding and subchorionic hemorrhage via both daily
diaries and medical reports, respectively, among a cohort of healthy women with a history of 1-2
prior pregnancy losses.

4.2. Methods

4.2.1. Data Source

The Effects of Aspirin in Gestation and Reproduction (EAGeR) trial was used to conduct this
analysis. The EAGeR trial enrolled 1,228 healthy women and was a multisite, prospective, double-
blind, block-randomized, placebo-controlled clinical trial designed to evaluate the effect of low-
dose aspirin (LDA) on live-birth in healthy women between the ages of 18 and 40, with regular
menstrual cycles and 1-2 prior pregnancy losses.*® Women enrolled in the trial could not have a
prior diagnosis of infertility or used any fertility treatment. The institutional review boards at each
study site (Salt Lake City, Utah; Denver, Colorado; Buffalo, New York; Scranton, Pennsylvania)
and the data coordinating center approved the protocol for the trial. All participants provided their
written consent prior to enrolling in the study. The trial was registered with ClinicalTrials.gov
(#NCT00467363).

4.2.2. Analytic Sample

The analytic sample consisted of women in the EAGeR trial who became pregnant and for whom
there is measured serum 25(OH)D levels at preconception or 8-weeks’ gestation, and available
data on the outcomes of interest, vaginal bleeding or subchorionic hemorrhage. Measurements of

vitamin D were taken at baseline which could be from 1-6 months during the enrollment period.
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Women were then followed for 1-6 months and on average around 3 months to conceive.
Restriction to pregnancy status allows the capture of women who became pregnant and therefore
could have subchorionic hemorrhage or vaginal bleeding occur during their pregnancy. Sensitivity
analyses were conducted to restrict the analysis to live birth to allow the assessment of
subchorionic hemorrhage and vaginal bleeding independent of any factors that may lead to a
pregnancy loss for a sensitivity analysis. Restriction to a live birth could result in a potential
selection bias given that 25(OH)D has been associated with a lower risk of pregnancy loss.
Therefore, analytic inverse probability weights were used to account for any selection biases that
could result from this restriction has been used using methods described previously.??!?!13
Pregnancy status was determined via positive urine hCG pregnancy tests (Quidel Quickvue, Quidel
Corporation), conducted at home or in the clinic at the time of expected menses. Access to this

data source requires approval from NICHD, which I acquired through a data use agreement (DUA).
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EAGeR Consort Flow Diagram

Participants assessed for eligibility
(n=5485)
T

Excluded (n=4257)
| -Not eligible (n=4088)

| -Discontinued after baseline

v (n=60)
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(n=109)

J A4
615 assigned to Low Dose Aspirin 613 assigned to Placebo plus

and Folic Acid Folic Acid
|
Lost to follow- Lost to follow-up
wp(n=75) |« | Followwp | 7 )
Never pregnant Never pregnant
(n=128) (n=166)
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covariates covariates
(n=9) (n=14)
Y ‘V
Final analytic sample: Final analytic sample:
Pregnant (n=403) and not Pregnant (n=371) and not
missing vitamin D, vaginal missing vitamin D, vaginal
bleeding/subchorionic bleeding/subchorionic
hemorrhage and any hemorrhage and any
covariates covariates

Figure 4.1. EAGeR Trial Consolidated Standards of Reporting Trials (CONSORT) Flow Diagram for final
analytic sample used (n=797) (Adapted from Mumford et al.).2"’

4.2.3. Measures

4.2.3.1. Exposure Measure

The exposure variable in this analysis was maternal serum vitamin D levels.” Serum samples were
collected at baseline prior to randomization to LDA and at 8-week gestation if they conceived. The
serum samples were stored at —80°C until used for analysis.*® Combined concentrations of 25-
hydroxyvitamins D2 and D3 (25(OH)D) were measured in stored serum samples at baseline and
8-week gestation using the 25(OH)D ELISA solid phase sandwich enzyme immunoassay
(BioVendor R&D, Ashville, NC, USA), which has been validated previously.!

The vitamin D cutoffs that are used in this analysis are based on levels designated by the
Endocrine Society, which help to inform clinical interpretation and comparison with other studies

using these recommended designations.” Women were classified as vitamin D 25(OH)D deficient
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(=20 ng/mL), insufficient (21-29 ng/mL), or sufficient (=30 ng/mL) at preconception and 8-week
gestation.’ Change in vitamin D status between preconception and 8-week gestation was assessed
by combining deficient and insufficient vitamin D together and categorizing change as:
deficient/insufficient to sufficient, sufficient to deficient/insufficient, no change:
deficient/insufficient, and no change: sufficient. A continuous measure of vitamin D (ng/mL) was
also examined in supplemental analyses. In addition, lowess models were used to inform the
relationship for continuous vitamin D and vaginal bleeding in supplementary analyses
(Supplemental Figures 1, 2 and 3).

4.2.3.2. Outcome Measures

4.2.3.2.1. Vaginal Bleeding/ Subchorionic Hemorrhage Chart Abstractions

Vaginal bleeding and subchorionic hemorrhage was assessed using medical chart abstractions,
which were check-box questions on the medical chart abstraction (yes/no).'®* Medical chart
abstractions were recorded during ultrasounds, pregnancy loss visits, hospitalization visits,
emergency care visits, and delivery visits.!®* Following study completion, case report forms and
open-ended questions completed through questionnaires and medical records were independently
reviewed by two board-certified reproductive endocrinologists as well as a perinatal
epidemiologist.'®* For analysis, this information was categorized as vaginal bleeding only,
subchorionic hemorrhage (with or without vaginal bleeding), or no documented vaginal bleeding
or subchorionic hemorrhage.

4.2.3.2.2. Vaginal Bleeding Daily Diaries

Information was collected daily on vaginal bleeding using daily diaries. Daily bleeding in the daily
diaries was recorded based on standardized pictographs as either none, spotting and/or very light,

light, moderate, heavy, or very heavy (see Appendix II) and based on self-report. Daily diary
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questions assessing vaginal bleeding were: “Please tell us if you had any bleeding or spotting.
Refer to the ‘Bleeding and spotting chart’ to help you assess the degree of bleeding. If none, please

299

enter ‘0.”” Response options included: O=none, 1=spotting and/or very light, 2=light, 3=moderate,
4=heavy, 5=very heavy. Previous studies have validated the outcomes of self-reported vaginal
bleeding and have found reasonable accuracy between the self-reported data and clinical
presentations.'*® Additionally, information was collected on the date of the beginning of each week
of the daily diary entry, which was used in combination with the first day of the last menstrual
period (LMP) to assess timing of vaginal bleeding relative to weeks of gestation. This was further
grouped into 2-week windows: 3-4 weeks, 5-6 weeks, and 7-8 weeks from LMP date.'>°

Vaginal bleeding categories were defined at biweekly intervals of 3-4, 5-6, and 7-8 weeks
of gestation and coded based on the highest level of bleeding during that interval. These groups
were further categorized for analysis in three ways: 1) women who had any vaginal bleeding versus
none or 2) women who had light vaginal bleeding versus none or 3) women who had any moderate

to heavy bleeding versus none.

4.2.3.3. Confounders

Demographic information was captured in questionnaires at the first study visit.'®* A baseline
questionnaire was used to assess pregnancy history information.'3* Baseline health characteristics
such as body mass index (BMI) were calculated using height and weight measurements completed
by trained study staff.!®* The covariates considered included sociodemographic characteristics,
including age, exercise, income, race, education, parity, employment, and season, and lifestyle
characteristics, including physical activity, smoking, alcohol intensity, multivitamin use, aspirin,
and BMI (kg/m?). Season was defined as the season during which the baseline sample of blood

was drawn for serum 25(OH)D assessment. Physical activity was assessed using the International
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Physical Activity Questionnaire and defined as low, moderate, or high.??° Alcohol intensity was
defined as the amount of alcohol consumed in the past year and was categorized as never,
sometimes, and often. Multivitamin use was measured as the type of vitamins that were consumed
by the women prior to the study and were defined as not taking any vitamins or folic acid, taking
vitamins with no folic acid, not taking any multivitamins but taking folic acid, and taking vitamins
with folic acid. Additionally, aspirin/placebo, the assigned treatment in this trial, will be considered
as a confounder in this analysis, as previously applied in a study of vitamin D and pregnancy loss
using this data.!! Evidence has shown an increased risk of vaginal bleeding with LDA. 30202

4.3. Analysis

4.3.1. Descriptive Analyses

Differences in the prevalence of vaginal bleeding and subchorionic hemorrhage across different
baseline characteristics and bivariate associations of covariates with vitamin D levels
(preconception and 8-week gestation) were examined using chi-square tests or F-statistics for
comparing categorical or continuous variables, respectively.

4.3.2. Multinomial Logistic Regression Models

Odds ratios between the change in preconception and 8-week gestation serum 25(OH)D levels and
vaginal bleeding and subchorionic hemorrhage were estimated using multinomial logistic
regression models with robust standard errors with inverse probability weights to account for
selection bias that may occur by only including women who have had a pregnancy (i.e., excludes
women who did not become pregnant during the study period, which may also be related to the
exposure under study). Vitamin D was assessed at preconception and 8 week gestation (if a loss
did not occur prior to that point). The inverse probability weights used to account for selection

biases that could result from this restriction use methods described previously and include
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covariates associated with the probability of being pregnant such as age, smoking, season, exercise,
income, race, education, alcohol, parity, aspirin, employment, vitamin D, vitamins, and BMI.201213
Unadjusted and adjusted multinomial logistic regression models examined associations with
vaginal bleeding only (no subchorionic hemorrhage) or subchorionic hemorrhage (with or without
vaginal bleeding) versus no bleeding or subchorionic hemorrhage. Models were adjusted for
relevant confounders as determined by DAGs (see Chapter 1), which included: a model adjusted
for all sociodemographic covariates which includes age, exercise, income, race, education, parity,
employment, and season (Model 1), a model adjusted for all sociodemographic and lifestyle
covariates including physical activity, smoking, alcohol intensity, multivitamin use, aspirin
(excluding BMI) (Model 2), and a model adjusted for all sociodemographic and lifestyle
covariates, including BMI (Model 3).

4.3.3. Generalized Estimating Equations (GEE) Regression Models

The odds ratio between preconception serum 25(OH)D levels on any vaginal bleeding at biweekly
intervals in the first 8 weeks of pregnancy (3 time points) were examined using generalized
estimating equations (link: logit, family: binomial) with an unstructured correlation matrix.
Vitamin D levels at preconception applied to the first interval (3-4 weeks) and vitamin D levels
measured at 8§ weeks were applied to the last time interval (7-8 weeks gestation). For weeks 5-6,
an average of the preconception and 8-week vitamin D level was imputed. Models were adjusted
for the same set of baseline covariates applied above. Additionally, separate regression models
were used to examine vaginal bleeding classified as moderate to heavy bleeding compared to none
and light bleeding compared to none. Inverse probability weights were used to account for
potential selection bias that may result from restricting to women who became pregnant as

described above.
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4.3.4. Sensitivity Analyses

For both multinomial logistic regression and GEE regression models, I examined models restricted
to only pregnancies resulting in live birth. Restriction to a live birth was used to examine the effects
of vitamin D on vaginal bleeding and subchorionic hemorrhage independent of a pregnancy loss.
Restriction to a live birth could result in a potential selection bias given that deficient 25(OH)D
has been associated with a higher risk of pregnancy loss.!' Therefore, analytic inverse probability
weights were used to account for any selection biases that could result from this restriction using
methods described previously.?’!213Additional inverse probability weights were estimated to
account for selection of pregnancy and live birth using age, smoking, season, exercise, income,
race, education, alcohol, parity, aspirin, employment, vitamin D, vitamins, and BMI.2!213
Additionally, I replaced categorical vitamin D with the continuous vitamin D (per 1 ng/mL) in
GEE models. Potential interactions between vitamin D groups and low-dose aspirin treatment
assignment were examined. Stratification by low dose aspirin or placebo was conducted since
aspirin has been associated with vaginal bleeding.?’?> Analyses were performed using STATA
version 17.0.

4.4. Results

4.4.1. Descriptive Analyses

747 participants were pregnant and had a measured preconception 25(OH)D serum level, with
50% sufficient, 37% insufficient, and 13% deficient (Table 1). Those in the deficient 25(OH)D
category had a mean BMI of 30.5 compared with 26.9 among insufficient and 24.5 among
sufficient (p-value <0.0001). Those in the deficient 25(OH)D group were also more likely to be
white (83.7%), have >high school education (80.4%), have a fall season of blood draw (36.9%),

have moderate exercise level (41.3%), have never consumed alcohol in the past year (73.9%), and
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have a low CRP at baseline (35.2%) compared with women in the insufficient or sufficient vitamin
D groups. Age, employment, vitamin use, smoking, number of previous pregnancy losses, and
treatment assignment were not associated with preconception 25(OH)D.

605 participants were pregnant and had a measured 8-week 25(OH)D serum level with
56% sufficient, 38% insufficient, and 5% deficient. Those in the deficient 25(OH)D category had
a mean BMI of 30.5 compared with 26.3 among insufficient and 24.2 among sufficient (p-value
<0.001). Women in the deficient 25(OH)D group were also more likely to be white (81.3%), have
>high school education (81.3%), take folic acid and vitamins (90.6%), have a fall season of blood
draw (46.9%), have low exercise level (56.3%), have never consumed alcohol in the past year
(73.9%), and have a moderately high CRP level at baseline (40.3%) compared with women in the
insufficient and sufficient 25(OH)D groups. Age, smoking, number of previous pregnancy losses,
alcohol consumption, and treatment assignment were not associated with 8-week 25(OH)D.

Bivariate associations between the prevalence of vaginal bleeding and subchorionic
hemorrhage and preconception and 8-week 25(OH)D serum levels and sociodemographic and
lifestyle characteristics are presented in Table 3. Although not associated in bivariate analyses, the
prevalence of vaginal bleeding was comparable among women with insufficient (35.9% for
preconception; 40.9% 8 week gestation) and deficient (35.9% for preconception; 40.6% for 8 week
gestation) 25(OH)D levels compared to sufficient vitamin D levels (34.5% for preconception;
38.5% for 8 week gestation). Additionally, the prevalence of vaginal bleeding/subchorionic
hemorrhage was higher for younger age (39.5%), those who are obese (37.9%), non-white
(36.0%), educated < high school (41.6%), having an annual household income of < $19,999
(41.2%), not employed (37.3%), not taking folic acid or vitamins (49.6%), smoking daily in the

past year (37.9%), have a fall season of blood draw (42.0%), low or high exercise (35.4%), often

49



consumed alcohol in the past year (36.8%), and taking low dose aspirin (37.3%) compared to other
categories within each respective variable.
4.4.2. Multinomial Logistic Regression Results
In the multinomial logistic regression models assessing vaginal bleeding and subchorionic
hemorrhage documented in medical records (Table 4), women who were deficient/insufficient at
preconception and remained deficient/insufficient at 8-week gestation had 1.91 (95% CI: 1.06,
3.44) times higher odds of having a subchorionic hemorrhage in the unadjusted model and 2.18
times higher (95% CI: 1.13, 4.20) after adjustment compared to those who were persistently
sufficient across both time periods. Although precision was limited, odds ratios for vaginal
bleeding (OR: 1.59, 95% CI: 0.86, 2.92) and subchorionic hemorrhage (OR: 1.48, 95% CI: 0.61,
3.62) were higher if a woman changed from sufficient to insufficient/deficient compared to
persistently sufficient 25(OH)D group after adjustment. Odds ratios for other groups were
attenuated and closer to the null. When restricting to live births in sensitivity analyses, associations
were further attenuated; however, the magnitude of association for women who persisted with
deficient/insufficient 25(OH)D at preconception and 8-week gestation were higher in magnitude,
but the estimates were imprecise (OR: 1.75 95% CI: 0.86, 3.55) (Supplemental Table S4.1).
4.4.3. Generalized Estimating Equations (GEE) Results

In longitudinal analyses of daily diary data using GEE (Table 5), deficient 25(OH)D status
slightly increased the odds of any bleeding during pregnancy in fully adjusted models (OR: 1.27,
95% CI: 0.74, 2.20) compared to women with sufficient 25(OH)D, but the estimates were
imprecise. Partitioning this into moderate/heavy or light bleeding versus none showed an elevated
odds of moderate to heavy bleeding (OR: 3.02, 95% CI: 1.13, 8.13) and close to a null association

for light vaginal bleeding (OR: 1.07, 95% CI: 0.58, 2.00) for women with deficient 25(OH)D
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compared to sufficient 25(OH)D levels. Patterns were consistent when restricted to live births in
supplemental analyses, although less precise (Supplemental Table S4.2).

Among those with a pregnancy loss and vaginal bleeding, missing information on
25(OH)D increased over time with 0.71% in weeks 3-4 and 52.9% in weeks 7-8. Among those
without a loss, missing information on vaginal bleeding was less with 0.19% at 3-4 weeks and
18.6% in weeks 7-8 (Supplemental Table S4.3).

4.4.4. Sensitivity Analyses

Consistent with categorical classifications of 25(OH)D, GEE regression models based on
continuous 25(OH)D levels showed that the risk of vaginal bleeding, particularly moderate/heavy,
was reduced with increasing levels of 25(OH)D when restricted to pregnancy (OR: 0.98, 95% CI:
0.94, 1.02), though not precise (Supplemental Table S4.4). This reduction in the odds of
moderate/heavy vaginal bleeding was even further reduced after restriction to live births (OR:
0.93, 95% CI: 0.88, 0.99) (Supplemental Table S4.5).

Furthermore, I examined associations of 25(OH)D on vaginal bleeding and subchorionic
hemorrhage stratified by treatment assignment (placebo vs. low dose aspirin) and found no
association. Furthermore, all interaction coefficients between deficient 25(OH)D change groups
and aspirin were not significant for either vaginal bleeding (p-value= 0.51) nor subchorionic
hemorrhage (p-value 0.96). In the GEE analyses, of the association between 25(OH)D and vaginal
bleeding stratified by treatment assignment (placebo vs. low dose aspirin) showed the association
between deficient 25(OH)D and moderate/heavy vaginal bleeding was attenuated in the aspirin
group, but still indicative of higher odds compared with sufficient 25(OH)D levels (OR: 3.12; 95%

CI: 0.59, 16.5). In the placebo group, the magnitude was larger (OR: 7.63; 95% CI: 1.75, 33.31).

51



However, the interaction between deficient 25(OH)D (p-value=0.78) and aspirin and insufficient
25(OH)D (p-value=0.19) that corresponds to that and aspirin was imprecise.

4.5. Discussion

Among a cohort of healthy women with a history of 1-2 prior pregnancy losses and no known
diagnosis of infertility, those with persistently low vitamin D (deficient/insufficient) between
preconception and 8-week were more likely to have subchorionic hemorrhage. Given that
subchorionic hemorrhage is often associated with more extensive vaginal bleeding?!>, these results
were consistent with the GEE analysis using the daily diary data of vaginal bleeding in early
pregnancy, which showed deficient levels of 25(OH)D were strongly associated with moderate to
heavy bleeding, but not light bleeding, relative to sufficient vitamin D levels. Although the
estimates were less precise, the associations were consistent when restricted to only live births,
suggesting that this relationship may hold even when vaginal bleeding may occur independent of
pregnancy loss. Taken together, these findings may indicate a potential pathway between deficient
vitamin D levels and early implantation/placentation processes as indicated by vaginal bleeding or
subchorionic hemorrhage.

There is limited evidence on the relationship between preconception and early gestation
maternal 25(OH)D levels and vaginal bleeding and subchorionic hemorrhage among a cohort of
healthy women. Our study is consistent with previous studies that have noted deficient vitamin D
levels increase the risk of adverse pregnancy outcomes.!!»143142.208 I particular, one study by
Mumford et. al found an association between preconception deficient (<20 ng/mL) maternal
serum vitamin D levels and risk of pregnancy loss among a cohort of healthy women with 1-2
prior pregnancy losses.!! In addition, a more recent study assessing the preconception maternal

serum 25(OH)D levels on successful implantation and pregnancy found that deficient (<20 ng/mL)
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maternal serum levels of 25(OH)D prior to conception lowered the rate of a successful
pregnancy.*® Therefore, the preconception period could be an important period for reducing risk
of placental insufficiency or dysfunction that may lead to vaginal bleeding; however, few studies
have examined risk factors in this critical window.

Pregnancy loss during the study may be one reason for findings associated with more
moderate/heavy bleeding. However, when analyses were restricted to those with a live birth, the
magnitude of this association remained, but was less precise given the smaller sample size.
Compared to those with persistently sufficient vitamin D, we found that persistently deficient
vitamin D was associated with subchorionic hemorrhage, which is indicative of disruptions in
placentation. Further studies with larger samples are needed to examine the mechanisms for this
association and to distinguish bleeding due to pregnancy loss from those related to disruptions in
placentation, such as subchorionic hemorrhage. While these relationships held for pregnancies that
survived to a live birth, findings were less precise.

Previous studies have assessed vaginal bleeding episodes during the early pregnancy and
gestation period and have found that spotting/light bleeding tend to have different characteristics
than heavy bleeding episodes.?!? This is most likely to arise from different biological mechanisms,
such as subchorionic hemorrhage, placenta previa, abruption, or infection, in comparison to
spotting/light bleeding episodes that may be connected to implantation bleeding, which is thought
to occur as part of a normal process of implantation.'4%-209210212216 Tn particular, spotting/light
bleeding may occur during the early pregnancy period when there is a shift in the production of
progesterone to maintain the pregnancy from the corpus luteum to the fully functioning

placenta.??!16!118 Clinical distinctions in the type of bleeding and development of subchorionic
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hemorrhage may illuminate differences in biological mechanisms that could explain our findings
and the role of early windows of exposure (preconception through early pregnancy).!48:212.217.218
Although estimates were imprecise, our findings also suggested potential attenuation of
these effects in the presence of low dose aspirin. Previous evidence has shown that an increased
risk of vaginal bleeding has been seen with LDA due to blood thinning that occurs systemically.
Leading to a reduction or prevention of blood clot formation.'3%!3® In addition to thinning the
blood, aspirin has been shown to reduce inflammation by blocking the production of
prostaglandins, which help regulate pain and inflammation within the body.'#%2°2 T was unable to
explore this relationship further due to smaller sample size, but the attenuation of findings may be
explained by either: 1) experiences of more vaginal bleeding in the aspirin group overall,
regardless of vitamin D status, or 2) potential for reduced inflammation that may afford some level
of protection against moderate/heavy bleeding or subchorionic hemorrhage even in the presence
of deficient vitamin D status. Future studies are needed to assess the association between vitamin
D and vaginal bleeding and subchorionic hemorrhage and the potential role of aspirin in mitigating
some of these adverse associations in combination with early vitamin D supplementation.
4.5.1. Strengths and Limitations
This study has several limitations worth noting. One limitation of this data is its limited diversity
of the cohort. However, I examined bleeding behaviors using both medical records in cross-
sectional analyses and daily diary data in longitudinal analyses to discern effects and findings were
consistent. Another limitation in the longitudinal analysis was having to infer vitamin D levels for
the 5-6 week gestation period as the average between preconception and 8-week gestational ages,
rather than a direct measure and variation in time from measurement of preconception vitamin D

to the first 3-4 weeks of pregnancy. Medical records often capture later pregnancy-related events;

54



however, daily dairy data allowed me to capture information early in pregnancy from those with
and without a pregnancy loss. Although I did not have large samples to fully differentiate the
effects of bleeding due to loss from vaginal bleeding for other reasons, restricting to live births
showed the magnitude of associations were similarly large, although less precise, suggesting these
relationships hold independent of pregnancy loss. Unmeasured confounding may still be a
contributor in the analysis.?!*?2° To address this, I calculated e-values to assess the extent to which
unmeasured confounding may explain the associations found (Supplemental Tables S4.6 and
S4.7).219-220 Calculated e-values for deficient or persistently deficient vitamin D for subchorionic
hemorrhage and moderate to heavy bleeding ranged between 2.87-2.90. While other potential
unmeasured confounders may be associated with the outcomes and exposures assessed in this
analysis, the associations of the unmeasured confounders would need to be fairly strong to fully
explain the associations found in this analysis. Unmeasured factors that could contribute to
increased risk of vaginal bleeding or subchorionic hemorrhage include both maternal and paternal
exposure to toxic chemicals, and environmental influences such as pollution. Measured exposures
and paternal nutrition would also be important to assess, as preconception paternal health, in
particularly through epigenetics and sperm, plays a key role in placentation and pregnancy
outcomes.??!~226 Finally, the study did not use gold-standard liquid chromatography-tandem mass
spectrometry for vitamin D measurement; however, previous studies conducted have found
vitamin D measurement results to be similar in immunoassays through the Vitamin D External
Quality Assessment Scheme (DEQAS).'?>1°7 Therefore, the ELISA solid phase sandwich enzyme
immunoassay is a precise and valid measurement for vitamin D concentrations.'> Finally,
missingness of measurement of serum 25(OH)D over time is due to the design of the trial (due to

potential pregnancy loss), rather than missing from respondent not filling out the questionnaire.
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There are many strengths of the data to highlight. For one, preconception and early
gestation are critical time points in which an intervention may be most likely to have an effect and
few studies have data to evaluate these measures prior to and early in pregnancy. Furthermore, the
longitudinal assessment is another strength to highlight as the women used daily diaries to record
their symptoms prospectively and allowed differentiation of light vs. more moderate or heavy
bleeding, which may be clinically different and indicate different biologic mechanisms. I was also
able to compare these findings with medical record information on subchorionic hemorrhage,
which is one of the leading causes of vaginal bleeding in the first half of pregnancy.'® As such, I
was able to isolate a clinical condition (that may lead to vaginal bleeding) and which has been
shown to be indicative of disruptions to placentation?!3; thus, allowing for more information on
potential processes by which vitamin D may affect early pregnancy complications. Finally, the use
of daily diaries has been shown to provide more thorough assessment of indicators that may change
frequently with time.!>°
4.5.2. Conclusion
While the biologic pathways regarding the effects of preconception and early gestation maternal
serum vitamin D on adverse pregnancy outcomes, such as vaginal bleeding and subchorionic
hemorrhage, are multifactorial, this study is suggestive of the importance of sufficient maternal
vitamin D nutrient stores prior to conception and within the early pregnancy period may improve
the outcomes of pregnancy. In particular, the early programming model posits that exposures,
including nutrition, during sensitive and critical periods of fetal development may alter or change
the development of the fetus and affect their short and long term health, potentially leading to
adverse pregnancy outcomes, such as preeclampsia.'®* Further research is needed to understand

mechanisms by which preconception and early pregnancy vitamin D may enhance implantation
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and placentation, leading to healthier pregnancies.
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Tables

Table 4.1. Descriptive characteristics of women in the EAGeR Trial who became pregnant by preconception maternal serum vitamin D status (n=747).

EAGeR- Preconception Vitamin D Descriptive Analyses

Vitamin D Sufficient Vitamin D Insufficient Vitamin D Deficient

(=30 ng/mL) (>20 ng/mL & <30 ng/mL) (<20 ng/mL) P-value
N 377 278 97
Age, years
Mean + SD 28.7+4.4 28.7+4.6 28.5+53 0.37
18-24.9 91 (24.1) 59 (21.2) 22 (23.9) 0.55
25-29.9 144 (38.2) 121 (43.5) 40 (44.5)
30-34.9 94 (24.9) 74 (26.6) 21 (22.8)
35-40.9 48 (12.7) 24 (8.6) 9(9.8)
*BMI, kg/m*
Mean + SD 245+5.1 26.9+6.3 30.5+8.6 <0.0001
Underweight <18.5 15(3.9) 12 (4.3) 3(33.3) <0.0001
Normal >18.5 & <25 242 (64.2) 129 (46.4) 28 (30.4)
Overweight >25 & <30 76 (20.2) 85 (30.6) 17 (18.5)
Obese >30 44 (11.7) 52 (18.7) 44 (47.8)
*Race
White 373 (98.9) 271 (97.8) 77 (83.7) <0.0001
Non-White 4(1.1) 6(2.2) 15 (16.3)
Education
< High School 37 (9.8) 22 (7.9) 18 (19.6) 0.01
> High School 340 (90.2) 256 (92.1) 74 (80.4)
Annual Household Income
> $100,000 143 (37.9) 127 (45.7) 33 (35.9) 0.03
$75,000-$99,999 63 (16.7) 39 (14.0) 6 (6.5)
$40,000-$74,999 62 (16.5) 33 (11.9) 13 (14.1)
$20,000-$39,999 83 (22.0) 64 (23.0) 30 (32.6)
<$19,999 26 (6.9) 15(5.4) 10 (10.9)
Employed
Yes 289 (76.7) 200 (71.9) 65 (70.7) 0.30
No 88 (23.3) 78 (28.1) 27 (29.4)

Vitamin Use
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No Folic Acid-No Vitamins 29 (7.7) 12 (4.3) 7(7.6) 0.19

No Folic Acid- Yes Vitamins 61 (16.2) 41 (14.8) 7(7.6)

Yes Folic Acid- Yes Vitamins 287 (76.1) 225 (80.9) 78 (85)

Smoking in the past year

Never 334 (88.6) 253 (91.0) 77 (83.7) 0.10
<6 times/ week 31(8.2) 14 (5.0) 9(9.8)

Daily 12 (3.2) 11 (3.9) 6 (6.5)

Season of blood draw

Fall (Sep-Nov) 103 (27.3) 70 (25.2) 34 (36.9) 0.02
Winter (Dec-Feb) 76 (20.2) 64 (23.0) 25(27.2)

Spring (Mar-May) 198 (25.9) 83 (29.9) 24 (26.1)

Summer (Jun-Aug) 100 (26.5) 61 (21.9) 9(9.8)

*Exercise

Low 87 (23.1) 73 (26.3) 35 (38.0) 0.02
Moderate 164 (43.5) 107 (38.5) 38 (41.3)

High 126 (33.4) 98 (35.3) 19 (20.7)

Number of previous pregnancy

losses

1 220 (58.4) 172 (61.9) 60 (65.2) 0.41
2 157 (41.6) 106 (38.1) 32 (34.8)

Alcohol consumption in the past

year

Never 231 (61.3) 207 (74.5) 68 (73.9) 0.001
Sometimes 137 (36.3) 61 (21.9) 24 (26.1)

Often 924 10 (3.6) 0(0)

*Baseline CRP pg/mL

Mean + SD 23+£5.1 2.8+£3.7 48=+79 0.007
Low <1 198 (52.5) 134 (48.2) 32 (35.2) 0.001
Borderline >1 & <3 116 (30.8) 73 (26.3) 24 (26.4)

Moderately High >3 & <10 54 (14.3) 56 (20.1) 28 (30.8)

High Concentrations >10 924 15(5.4) 7(7.7)

Treatment assignment

Placebo 173 (45.9) 140 (50.4) 45 (48.9) 0.52
Low Dose Aspirin 204 (54.1) 138 (49.6) 47 (51.1)

*Non-white participants include American Indian/Alaska Native, Asian, Native Hawaiian or Other Pacific Islander, Black or African American, more than one
Race, Unknown or Not Reported *BMI- Body Mass Index, CRP- C-Reactive Protein
*Exercise level was measured through the International Physical Activity Questionnaire and assessed the level of physical activity as low, moderate, and high
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Table 4.2. Descriptive characteristics of pregnant women in the EAGeR Trial by 8-week maternal serum vitamin D status (n= 605)

EAGeR- 8-week Vitamin D Descriptive Analyses

Vitamin D Sufficient Vitamin D Insufficient Vitamin D Deficient P-value
(=30 ng/mL) (<30 ng/mL & >20 ng/mL) (<20 ng/mL)
N 341 232 32
Age, years
Mean £ SD 28.7+4.6 28.4+44 28.7+5.0 0.33
18-24.9 79 (23.2) 55 (23.7) 6 (18.8) 0.27
25-29.9 131 (38.4) 110 (47.4) 16 (50.0)
30-34.9 91 (6.7) 45 (19.4) 6 (18.8)
35-40.9 40 (11.7) 22 (9.5) 4(12.5)
*BMI, kg/m*
Mean £ SD 242 +4.7 26.3+6.2 30.5+8.9 <0.001
Underweight <18.5 11 (3.2) 7 (3.0) 0(0.0) <0.001
Normal >18.5 & <25 211 (61.9) 110 (47.4) 10 (31.3)
Overweight >25 & <30 80 (23.5) 60 (25.9) 9 (28.1)
Obese >30 39(11.4) 55 (23.7) 13 (40.6)
*Race
White 336 (98.5) 225 (96.9) 26 (81.3) <0.001
Non-White 5(1.5) 7 (3.0) 6 (18.8)
Education
< High School 35(10.3) 15 (6.5) 9 (28.1) <0.001
> High School 306 (89.7) 217 (93.5) 23 (71.9)
Annual Household Income
> $100,000 144 (42.2) 97 (41.8) 10 (31.3) 0.003
$75,000-$99,999 59 (17.3) 26 (11.2) 13.1)
$40,000-$74,999 47 (13.8) 38 (16.4) 3(9.4)
$20,000-$39,999 70 (20.5) 61 (26.3) 12 (37.5)
<$19,999 21 (6.2) 10 (4.3) 6 (18.8)
Employed
Yes 255 (74.8) 173 (74.6) 17 (53.1) 0.03
No 86 (25.2) 59 (25.4) 15 (46.9)
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Vitamin Use

No Folic Acid-No Vitamins 17 (4.9) 17 (7.3) 13.1) 0.04
No Folic Acid- Yes Vitamins 57 (16.7) 21 (9.1) 2(6.3)

Yes Folic Acid- Yes Vitamins 267 (78.3) 194 (83.6) 29 (90.6)

Smoking in the past year

Never 307 (90.0) 212 (91.4) 27 (84.4) 0.62
<6 times/ week 22 (6.5) 10 (4.3) 3(9.4)

Daily 12 (3.5) 10 (4.3) 2 (6.3)

Season

Fall (Sep-Nov) 81 (23.8) 71 (30.6) 15 (46.9) 0.01
Winter (Dec-Feb) 65 (19.1) 59 (25.4) 5(15.6)

Spring (Mar-May) 105 (30.8) 58 (25.0) 6 (18.8)

Summer (Jun-Aug) 90 (26.4) 44 (18.9) 6 (18.8)

*Exercise

Low 79 (23.2) 68 (29.3) 18 (56.3) 0.002
Moderate 147 (43.1) 96 (41.4) 7 (21.9)

High 115 (33.7) 68 (29.3) 7 (21.9)

Number of previous pregnancy losses

1 210 (61.6) 146 (62.9) 18 (56.3) 0.76
2 131 (38.4) 86 (37.1) 14 (43.8)

Alcohol consumption in the past year

Never 223 (65.4) 166 (71.6) 22 (68.8) 0.48
Sometimes 107 (31.4) 61(26.3) 10 (31.3)

Often 11 (3.2) 52.2) 0 (0.0)

*Baseline CRP pg/mL

Mean + SD 2.2+4.69 24+£295 3.9+4.46 0.09
Low <1 185 (54.3) 102 (44.2) 11 (34.4) 0.002
Borderline >1 & <3 92 (26.9) 76 (32.9) 5(15.6)

Moderately High >3 & <10 53 (15.5) 42 (18.2) 13 (40.6)

High Concentrations >10 11 (3.2) 11 (4.8) 3(9.4)

Treatment assignment

Placebo 147 (43.1) 123 (53.0) 16 (50.0) 0.06
Low Dose Aspirin 194 (56.9) 109 (46.9) 16 (50.0)

*Non-white participants include American Indian/Alaska Native, Asian, Native Hawaiian or Other Pacific Islander, Black or African American, more than one
Race, Unknown or Not Reported *BMI- Body Mass Index, CRP- C-Reactive Protein
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*Exercise level was measured through the International Physical Activity Questionnaire and assessed the level of physical activity as low, moderate, and high.
Table 4.3. EAGeR Covariates and Prevalence of Vaginal Bleeding/Subchorionic Hemorrhage: EAGeR Trial n=747

EAGeR Covariates and Prevalence of Vaginal Bleeding/Subchorionic Hemorrhage

Covariates N Prevalence of Vaginal Bleeding/Subchorionic Hemorrhage P-value
N (%)

Preconception Vitamin D 0.92

Sufficient >30 ng/mL 377 130 (34.5)

Insufficient >20 & <30 ng/mL 278 100 (35.9)

Deficient <20 ng/mL 92 33 (35.9)

8-week Vitamin D 0.82

Sufficient >30 ng/mL 341 131 (38.5)

Insufficient >20 & <30 ng/mL 232 95 (40.9)

Deficient <20 ng/mL 32 13 (40.6)

Demographics

Age, years 0.26

18-24.9 172 68 (39.5)

25-29.9 305 106 (34.7)

30-34.9 189 61(32.3)

35-40.9 81 28 (34.6)

*BMI, kg/m* 0.75

Underweight <18.5 30 10 (33.3)

Normal >18.5 & <25 399 134 (33.6)

Overweight >25 & <30 178 66 (37.1)

Obese >30 140 53 (37.9)

*Race 0.93

White 722 254 (35.2)

Non-White 25 9 (36.0)

Education 0.22

< High School 77 32 (41.6)

> High School 670 231 (34.5)

Annual Household Income 0.73
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> $100,000
$75,000-$99,999
$40,000-$74,999
$20,000-$39,999

<$19,999

Employed

Yes

No

Vitamin Use

No Folic Acid-No Vitamins
No Folic Acid- Yes Vitamins
Yes Folic Acid- Yes Vitamins
Smoking in the past year
Never

<6 times/ week

Daily

Season of blood draw

Fall (Sep-Nov)

Winter (Dec-Feb)

Spring (Mar-May)

Summer (Jun-Aug)
*Exercise

Low

Moderate

High

Alcohol consumption in the past year
Never

Sometimes

Often

Treatment Assignment
Placebo

Low Dose Aspirin

303
108
108
177
51

554
193

48
109
590

664
54
29

207
165
205
170

195
309
243

506
222
19

358
389

110 (36.3)
37 (34.3)
33 (30.6)
62 (35.0)
21 (41.2)

191 (34.5)
72 (37.3)

19 (49.6)
34 (31.2)
210 (35.6)

234 (35.2)
18 (33.3)
11 (37.9)

87 (42.0)
56 (33.9)
66 (32.2)
54 (31.7)

69 (35.4)
108 (34.9)
86 (35.4)

177 (34.9)
79 (35.6)
7 (36.8)

118 (32.9)
145 (37.3)

0.48

0.55

0.75

0.29

0.99

0.98

0.22
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*8 week vitamin D missing 142 women *P-values based on Fisher’s Exact Test *BMI- Body Mass Index

*Non-white participants include American Indian/Alaska Native, Asian, Native Hawaiian or Other Pacific Islander, Black or African American, more than one
Race, Unknown or Not Reported

*Exercise level was measured through the International Physical Activity Questionnaire and assessed the level of physical activity as low, moderate, and high.
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Table 4.4. Association between the change in preconception and 8-week categorical 25(OH)D and Vaginal Bleeding and Subchorionic Hemorrhage among
women who became pregnant in the EAGeR Trial (n=747)

EAGeR Multinomial Logit Regression Models from Preconception to 8 Weeks 25(OH)D and Subchorionic Hemorrhage and

Vaginal Bleeding
Vaginal Bleeding only Subchorionic Hemorrhage
(with or without bleeding)
Unadjusted’ Adjusted’ Unadjusted’ Adjusted’
N=181 OR (95% CI) OR (95% CI) N=82 OR (95% CI) OR (95% CI)

Change in 25(OH)D from
Preconception to 8-Week Gestation
Deficient/Insufficient to Sufficient 41 (22.7) 0.91 (0.58, 1.44) 0.89 (0.55, 1.45) 17 (20.7) 0.90 (0.47, 1.75) 0.91 (0.44, 1.89)
Sufficient to Deficient/Insufficient 24 (13.3) 1.57 (0.88, 2.82) 1.59 (0.86, 2.92) 9 (10.9) 1.53 (0.66, 3.54) 1.48 (0.61, 3.62)
No Change: Deficient/Insufficient 45 (24.9) 1.26 (0.79, 2.00) 1.17 (0.73, 1.88) 30 (36.6) 1.91 (1.06, 3.44) 2.18 (1.13, 4.20)
No Change: Sufficient 71 (39.2) ref ref 26 (31.7) ref ref

*OR-0dds Ratio

"Unadjusted for covariates and weighted to control for potential selection bias introduced by restricting to a sample of pregnancy.
3Adjusted for all sociodemographic and lifestyle covariates which included age, smoking, season, exercise, income, race, education, alcohol, parity, aspirin,
employment, vitamins, and BMI and weighted to control for potential selection bias introduced by restricting to a sample of pregnancy.
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Table 4.5. Maternal Serum 25(OH)D Levels and Vaginal Bleeding Episodes from 3-8 weeks gestation, Odds Ratio and 95% Confidence Intervals: EAGeR Trial

EAGeR Generalized Estimating Equations Regression Models for 25(OH)D and Vaginal Bleeding Episodes

Unadjusted- M1’

OR (95% CI)

Adjusted- M2?
OR (95% CI)

Adjusted- M3?
OR (95% CT)

Any Bleeding (vs. None)

Deficient

Insufficient

Sufficient

Light Bleeding (vs. None)

Deficient

Insufficient

Sufficient

Moderate/Heavy Bleeding (vs. None)

Deficient

Insufficient

Sufficient

N=1,742

N=1,701

N=1,496

1.14 (0.70, 1.84)
1.10 (0.81, 1.47)

ref

0.94 (0.54, 1.64)
1.16 (0.84, 1.59)

ref

2.41 (1.06, 5.44)
0.77 (0.37, 1.60)

ref

1.31(0.78, 2.22)
1.15 (0.85, 1.60)

ref

1.10 (0.60, 2.00)
1.23 (0.89, 1.70)

ref

3.00 (1.12, 7.58)
0.80 (0.39, 7.58)

ref

1.27 (0.74, 2.20)
1.11 (0.81, 1.51)

ref

1.07 (0.58, 2.00)
1.17 (0.84, 1.63)

ref

3.02 (1.13, 8.13)
0.83 (0.39, 1.80)

ref

*OR-0dds Ratio, N corresponds to longitudinal observations (not women)

*Time Varying Vitamin D- 3-4 weeks accounts for preconception vitamin D, 5-6 weeks accounts for average between preconception and 8 week vitamin D, 7-8

weeks accounts for 8-week vitamin D.

"Unadjusted model and weighted to control for potential selection bias introduced by restricting to a sample of Pregnancy.
2Adjusted for all sociodemographic covariates which include age, exercise, income, race, education, parity, employment, and season and weighted to control for

potential selection bias introduced by restricting to a sample of Pregnancy.

3Adjusted for all sociodemographic and lifestyle covariates which included age, exercise, income, race, education, parity, employment, season, smoking, alcohol,
vitamins, aspirin, and BMI and weighted to control for potential selection bias introduced by restricting to a sample of Pregnancy.



Supplemental Tables

Supplemental Table S4.1. Association between the change in preconception and 8-week categorical 25(OH)D and Vaginal Bleeding and Subchorionic
Hemorrhage among women who had a live birth in the EAGeR Trial (n=557)

EAGeR Multinomial Logit Regression Models from Preconception to 8 Weeks 25(OH)D and Subchorionic Hemorrhage and

Vaginal Bleeding
Vaginal Bleeding only Subchorionic Hemorrhage
(with or without bleeding)
Unadjusted’ Adjusted’ Unadjusted’ Adjusted’
N=140 OR (95% CI) OR (95% CI) N=72 OR (95% CI) OR (95% CI)

Change in 25(OH)D from
Preconception to 8-Week Gestation
Deficient/Insufficient to Sufficient 25 (23.6) 0.86 (0.49, 1.51) 0.97 (0.52, 1.80) 14 (13.2) 1.08 (0.52, 2.27) 1.00 (0.44, 2.27)
Sufficient to Deficient/Insufficient 19 (13.2) 1.17 (0.61, 2.25) 1.20 (0.61, 2.39) 8(11.9) 1.17 (0.48, 2.86) 1.05 (0.40, 2.71)
No Change: Deficient/Insufficient 38 (23.0) 1.01 (0.61, 1.70) 0.96 (0.57,1.62) | 28(17.0) 1.63 (0.87, 3.05) 1.75 (0.86, 3.55)
No Change: Sufficient 58 (26.5) ref ref 22 (10.1) ref ref

*OR-0dds Ratio

"Unadjusted for covariates and weighted to control for potential selection bias introduced by restricting to a sample of pregnancy.
3Adjusted for all sociodemographic and lifestyle covariates which included age, smoking, season, exercise, income, race, education, alcohol, parity, aspirin,
employment, vitamins, and BMI and weighted to control for potential selection bias introduced by restricting to a sample of pregnancy.
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Supplemental Table S4.2. Odds Ratio and 95% CI for maternal serum 25(OH)D level and vaginal bleeding episodes from 3-8 weeks gestation restricted to live
birth: EAGeR Data (Time Varying Vitamin D)

EAGeR Generalized Estimating Equations Regression Models for 25(OH)D and Vaginal Bleeding

Unadjusted- Model 1' Adjusted- Model 2> Adjusted- Model 3° OR

OR (95% CI) OR (95% CI) (95% CI)
Any Bleeding (vs. None) N=1,486
Deficient 0.84 (0.45, 1.55) 0.98 (0.51, 1.89) 1.10 (0.57, 2.15)
Insufficient 1.00 (0.71, 1.40) 1.04 (0.73, 1.49) 1.04 (0.72, 1.49)
Sufficient ref ref ref
Light Bleeding (vs. None) N=1,467
Deficient 0.70 (0.35, 1.40) 0.80 (0.38, 1.67) 0.92 (0.43, 1.94)
Insufficient 1.07 (0.75, 1.53) 1.14 (0.79, 1.64) 1.13 (0.78, 1.64)
Sufficient ref ref ref
Moderate/Heavy Bleeding (vs. None) N=1,285
Deficient 1.91 (0.60, 6.07) 2.97(0.91, 9.70) 2.85(0.81, 10.01)
Insufficient 0.46 (0.15, 1.41) 0.64 (0.26, 1.60) 0.76 (0.35, 1.62)
Sufficient ref ref ref

*OR-Odds Ratio, N corresponds to longitudinal observations (not women)

*Time Varying Vitamin D- 3-4 weeks accounts for preconception vitamin D, 5-6 weeks accounts for average between preconception and 8 week vitamin D, 7-8
weeks accounts for 8-week vitamin D.

"Unadjusted model and weighted to control for potential selection bias introduced by restricting to a sample of Live Birth.

2Adjusted for all sociodemographic covariates which include age, exercise, income, race, education, parity, employment, and season and weighted to control for
potential selection bias introduced by restricting to a sample of Live Birth.

3Adjusted for all sociodemographic and lifestyle covariates which included age, exercise, income, race, education, parity, employment, alcohol, vitamins, aspirin,
and BMI and weighted to control for potential selection bias introduced by restricting to a sample of Live Birth.
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Supplemental Table S4.3. Distribution of vitamin D and vaginal bleeding via daily diaries for women who had a pregnancy loss versus did not have a pregnancy
loss over gestational weeks 3-4, 5-6, 7-8 weeks gestation: EAGeR Data

Had a pregnancy loss Did not have a pregnancy loss
3-4 Weeks 5-6 Weeks 7-8 Weeks 3-4 Weeks 5-6 Weeks 7-8 Weeks

N=140 N=140 N=140 N=581 N=581 N=581

n (%) n (%) n (%) n (%) n (%) n (%)
Vaginal bleeding
None 95 (67.9) 70 (50.0) 56 (40.0) 490 (84.3) 459 (79.0) 430 (74.0)
Light 23 (16.4) 31(22.1) 10 (7.1) 83 (14.3) 99 (17.0) 40 (6.9)
Moderate/ 21 (15.0) 15 (10.7) -- 7(1.2) 11 (1.9) 3(0.5)
Heavy
Missing 1(0.71) 24 (17.1) 71 (52.9) 1(0.19) 12 (2.07) 108 (18.6)
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Supplemental Table S4.4. Odds Ratio and 95% CI between continuous maternal serum 25(OH)D level and vaginal bleeding episodes from 3-8 weeks gestation
restricted to women who became pregnant: EAGeR Trial

EAGeR Generalized Estimating Equations Regression Models for 25(OH)D and Vaginal Bleeding Episodes Between 3-8 Weeks Gestation

Unadjusted- M1' Adjusted- M2* Adjusted- M3*
OR (95% CI) OR (95% CI) OR (95% CI)

Any Bleeding (vs. None) N=1,742
Continuous 25 (OH)D 0.99 (0.98, 1.01) 0.99 (0.98, 1.01) 1.00 (0.98, 1.01)
(per 1 ng/mL)
Light Bleeding (vs. None) N=1,701
Continuous 25 (OH)D 1.01 (0.99, 1.02) 1.00 (0.98, 1.01) 1.00 (0.98, 1.01)
(per 1 ng/mL)
Moderate/Heavy Bleeding (vs. None) N=1,496
Continuous 25 (OH)D 0.99 (0.95, 1.02) 0.98 (0.95, 1.02) 0.98 (0.94, 1.02)

(per 1 ng/mL)

*OR-Odds Ratio, N corresponds to longitudinal observations (not women)

"Unadjusted model and weighted to control for potential selection bias introduced by restricting to a sample of Pregnancy.

2Adjusted for all sociodemographic covariates which include age, exercise, income, race, education, parity, employment, and season and weighted to control for
potential selection bias introduced by restricting to a sample of Pregnancy.

3Adjusted for all sociodemographic and lifestyle covariates which included age, exercise, income, race, education, parity, employment, alcohol, vitamins, aspirin,
and BMI and weighted to control for potential selection bias introduced by restricting to a sample of Pregnancy.
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Supplemental Table S4.5. Odds Ratio and 95% CI between continuous maternal serum 25(OH)D level and vaginal bleeding episodes from 3-8 weeks gestation

restricted to women who had a live birth: EAGeR Trial

EAGeR Generalized Estimating Equations Regression Models for 25(OH)D and Vaginal Bleeding Episodes Between 3-8 Weeks Gestation

Unadjusted- M1’ Adjusted- M2? Adjusted- M3*
OR (95% CI) OR (95% CI) OR (95% CI)

Any Bleeding (vs. None) N= 1,486
Continuous 25 (OH)D 1.01 (0.96, 1.02) 0.99 (0.98, 1.01) 0.99 (0.98, 1.01)
(per unit ng/mL)
Light Bleeding (vs. None) N= 1,467
Continuous 25 (OH)D 1.03 (0.99, 1.02) 0.99 (0.98, 1.02) 0.99 (0.98, 1.02)
(per unit ng/mL)
Moderate/Heavy Bleeding (vs. None) N=1,286
Continuous 25 (OH)D 0.99 (0.94, 1.03) 0.97 (0.92, 1.02) 0.93 (0.88, 0.99)
(per unit ng/mL)

*OR-Odds Ratio, N corresponds to longitudinal observations (not women)
"Unadjusted model and weighted to control for potential selection bias introduced by restricting to a sample of Live Birth.

2Adjusted for all sociodemographic covariates which include age, exercise, income, race, education, parity, employment, and season and weighted to control for

potential selection bias introduced by restricting to a sample of Live Birth.

3Adjusted for all sociodemographic and lifestyle covariates which included age, exercise, income, race, education, parity, employment, alcohol, vitamins, aspirin,

and BMI and weighted to control for potential selection bias introduced by restricting to a sample of Live Birth.
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Supplemental Table S4.6. Assessment of unmeasured confounding in the associations between preconception and 8 week 25(OH)D and risk of Vaginal Bleeding
and Subchorionic Hemorrhage

Categorical 25(OH)D on risk of Vaginal Bleeding/Subchorionic Hemorrhage

VB Adjusted- M3? E-Value SH Adjusted- M3? E-Value
RR (95% CI) Risk Ratio RR (95% CI) Risk Ratio
Deficient/Insufficient to Sufficient 0.97 (0.52, 1.80) 1.21 1.00 (0.44, 2.27) 1.00
Sufficient to Deficient/Insufficient 1.20 (0.61, 2.39) 1.69 1.05 (0.40, 2.71) 1.28
No Change: Deficient/Insufficient 0.96 (0.57, 1.62) 1.25 1.75 (0.86, 3.55) 2.90
No Change: Sufficient ref ref ref ref

3Adjusted for all sociodemographic and lifestyle covariates which included age, smoking, season, exercise, income, race, education, alcohol, parity, aspirin,
employment, vitamins, and BMI and weighted to control for potential selection bias introduced by restricting to a sample of live births.
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Supplemental Table S4.7. Assessment of unmeasured confounding in the associations between 25(OH)D and episodes of vaginal bleeding: Longitudinal analysis.

Categorical 25(OH)D on risk of Vaginal Bleeding Episodes 3-8 Weeks

Adjusted- M3* E-Value
OR (95% CI) Observed Odds Ratio
Any Bleeding (vs. None)
Deficient 1.27 (0.74, 2.20) 1.51
Insufficient 1.11 (0.81, 1.51) 1.29
Sufficient ref ref
Light Bleeding (vs. None)
Deficient 1.07 (0.58, 2.00) 1.22
Insufficient 1.17 (0.84, 1.63) 1.38
Sufficient ref ref
Moderate/Heavy Bleeding (vs. None)
Deficient 3.02 (1.13, 8.13) 2.87
Insufficient 0.83(0.39, 1.80) 1.43
Sufficient ref ref

Continuous 25(OH)D on risk of Vaginal Bleeding Episodes 3-8 Weeks

Any Bleeding (vs. None)
Continuous 25 (OH)D (per 10 ng/mL) 1.00 (0.98, 1.01) 1.00

Light Bleeding (vs. None)
Continuous 25 (OH)D (per 10 ng/mL) 1.00 (0.98, 1.01) 1.00

Moderate/Heavy Bleeding (vs. None)
Continuous 25 (OH)D (per 10 ng/mL) 0.98 (0.94, 1.02) 1.11

3Adjusted for all sociodemographic and lifestyle covariates which included age, smoking, season, exercise, income, race, education, alcohol, parity, aspirin,
employment, vitamins, and BMI and weighted to control for potential selection bias introduced by restricting to a sample of live births.
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Figures
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Figure 4.2. Non-parametric Lowess Curve for continuous 25(OH)D and any bleeding to express the best fitting for a smooth curve in connection to the data

points presented between >12 ng/mL and < 55 ng/mL to remove outliers, EAGeR Data (Total Sample N=1,743) *N= corresponds to longitudinal observations
(not women)
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Figure 4.3. Non-parametric Lowess Curve for continuous 25(OH)D and light bleeding to express the best fitting for a smooth curve in connection to the data
points presented between >12 ng/mL and < 55 ng/mL to remove outliers, EAGeR Data (Total Sample N=1,702) *N= corresponds to longitudinal observations

(not women)
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Figure 4.4. Non-parametric Lowess Curve for continuous 25(OH)D and heavy/moderate bleeding to express the best fitting for a smooth curve in connection to
the data points presented between >12 ng/mL and < 55 ng/mL to remove outliers, EAGeR Data (Total Sample N=1,495)

*N= corresponds to longitudinal observations (not women)
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Chapter 5: Aim 2- The Association between Preconception and 8-week Gestation Serum

25(OH)D Levels and Nausea or Vomiting

5.1. Introduction

Nausea is a very common pregnancy symptom which affects between 50-70% of pregnant
women.'3? Nausea is commonly reported in early pregnancy with the onset of symptoms occurring
between 2-4 weeks of gestation.!'?? It has been suggested that successful implantation and healthy
placental function result in higher secretion of Human Chorionic Gonadotropin (hCG), which may
manifest clinically as a more heightened nausea response.'? It has been previously established that
nausea during early pregnancy is a clinical marker for successful implantation and placental
function.!?® Previous studies have acknowledged that nausea during early pregnancy was
associated with a lower risk of miscarriage, preterm birth, low birth weight (LBW), and perinatal
death.'3*?27 However, the severity of symptoms for nausea and or vomiting may be different across
pregnant women and across multiple pregnancies.

Although nausea is thought to be indicative of a more robust implantation response,
mechanisms for why nausea and emesis (i.e., vomiting) may vary across pregnancies remains
unclear. In some cases, extreme nausea or vomiting may be associated with nutrient depletion;
however, this is difficult to discern as nutrient depletion may be caused by emesis or inability to
take in nutrients from food sources due to extreme nausea.??®??° Extreme nausea and vomiting in
pregnancy may lead to a diagnosis of hyperemesis gravidarum (HG), which affects roughly 0.3-
3% of pregnant women.?**?! HG may be detrimental to the health and well-being of both the
mother and baby and is the leading cause of hospitalization during pregnancy in the first
trimester.?*>233 HG has been associated with maternal complications, such as severe dehydration,
malnutrition, death, permanent disability (due to encephalopathy, caused by Bl vitamin

deficiency), hemorrhage (due to vitamin K deficiency), and higher rates of depression and anxiety
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during pregnancy.?3*232-238 HG has also been associated with higher fetal complications such as
low birthweight and preterm birth, although the literature has been inconsistent.?**?' HG may
also create an onset of electrolyte abnormalities, also known as hypokalemia, that can lead to
perinatal morbidity and mortality.>*>>** While the biological mechanisms leading to HG are still
unclear, several hormonal factors have been identified in women with incidence of HG.?*® One
hormonal pathway includes the Growth/Differentiation Factor 15 (GDF15), which is a hormone
that is produced by the placenta through trophoblasts and is expressed early on during
pregnancy.>**?* One factor leading to an increase of GDF15 expression is nutrient depletion,
specifically in a low-fat diet, which points to a potential nutritional pathway that may lead to more
extreme cases of nausea/vomiting.?**?4 In addition, studies have shown depletion of vitamins K
and B1 have been associated with increased incidence of HG.?* However, the data are inconsistent
and previous research has pointed to potentially higher levels of hCG in pregnancies that are
affected by HG.?31247:248 Ag such, there may be differing mechanisms for the role of nutrition on
clinical experiences of nausea and emesis based on severity in early pregnancy.

In particular, vitamin D has been postulated to have an impact in the early critical periods
of implantation, and may lead to adverse pregnancy outcomes if not above recommended
sufficiency levels (>30ng/mL) by the Endocrine Society.!-2%107.110.146.147 Tf gufficient levels of
vitamin D are present in trophoblast cells and help form the placenta successfully, this may lead
to a robust implantation process, increasing levels of hCG, which is associated with a higher
likelihood of nausea in pregnancy.'3>?#? In contrast, vitamin D deficiency may lead to placental
dysfunction due to the disruption of hormones that help maintain a pregnancy and support
endometrial receptivity and implantation of the uterus, such as that of estrogen and

progesterone.’”-!12116.118 Specifically, trophoblasts are located in the outer layers of endometrial
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cells and help the embryo implant successfully and then form the placenta.?® These trophoblasts
then support endometrial receptivity via vitamin D receptors in the uterus by providing an anti-
inflammatory environment for successful implantation and placentation. 37-!!12116118 If any
disruptions occur during this time, placental dysfunction may occur, which could lead to adverse
pregnancy outcomes such as HG.240:243,245,247-249

The objective of this study was to evaluate whether preconception and/or 8 weeks gestation
of maternal serum 25-hydroxyvitamin D (25(OH)D) concentrations may increase the risk of
nausea or vomiting in women with proven fecundity.
5.2. Methods
5.2.1. Data Source
The proposed research uses data from the Effects of Aspirin in Gestation and Reproduction
(EAGeR) trial. The EAGeR trial was a multisite, prospective, double-blind, block-randomized,
placebo-controlled clinical trial designed to evaluate the effect of low-dose aspirin (LDA) on live-
birth in healthy women with regular menstrual cycles and 1-2 prior pregnancy losses.*® 1,228
healthy women between 18 and 40 years of age who were attempting pregnancy after 1-2 prior
pregnancy losses were enrolled. They could not have received fertility treatments prior to or during
their enrollment or have a prior diagnosis of infertility. The institutional review boards at each
study site (Salt Lake City, Utah; Denver, Colorado; Buffalo, New York; Scranton, Pennsylvania)
and the data coordinating center approved the protocol for the trial. All participants provided their
written consent prior to enrolling in the study. The trial was registered with ClinicalTrials.gov

(#NCT00467363).
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5.2.2. Analytic Sample

The analytic sample will be restricted to pregnant women in the EAGeR trial for whom there is
measured serum 25(OH)D levels at preconception or 8-weeks’ gestation, and no missing data on
nausea or vomiting. Measurements of vitamin D were taken at baseline which could be from 1-6
months during the enrollment period. Women were then followed for 1-6 months and on average
around 3 months to conceive. The analytic sample was restricted to women who became pregnant.
In sensitivity analyses, further analyses were restricted to live birth to assess whether associations
remained independent of survival of the pregnancy, since nausea may be absent due to a pregnancy
loss.'33228 Inverse probability weights were applied to account for any selection biases resulting in
restriction to only those who became pregnant or who had a live birth.2°!213 Inverse probability
weights were used and included covariates associated with the probability of becoming pregnant
and having a live birth such as age, smoking, season, exercise, income, race, education, alcohol,
parity, aspirin, employment, vitamin D, vitamins and BMI. Pregnancy status was determined via
positive urine hCG pregnancy tests (Quidel Quickvue, Quidel Corporation), conducted at home or
in the clinic at the time of expected menses. Access to this data source required approval from
NICHD, which I have acquired through a data use agreement (DUA).

5.2.3. Measures

5.2.3.1 Exposure Measure

The exposure variable in this analysis was maternal serum vitamin D levels.® Serum samples were
collected at baseline prior to randomization to low-dose aspirin (LDA) or placebo and at 8 weeks’
gestation if they conceived. The serum samples were stored at —80°C until used for measurement

of 25(OH)D.*® Combined concentrations of 25-hydroxyvitamins D2 and D3 (25(OH)D) were
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measured using the 25(OH)D ELISA solid phase sandwich enzyme immunoassay (BioVendor
R&D, Ashville, NC, USA), which has been validated previously.!

The Endocrine Society has established vitamin D cutoffs that have been used in this
analysis to inform clinical interpretation.” Vitamin D categories were classified as 25(OH)D
deficient (<20 ng/mL), insufficient (21-29 ng/mL), or sufficient (=30 ng/mL) at preconception and
8 weeks’ gestation.” Continuous vitamin D (ng/mL) was examined in supplemental analyses. In
addition, change in vitamin D status between preconception and 8 weeks gestation was assessed
by combining deficient and insufficient vitamin D together and categorizing change as:
deficient/insufficient to sufficient, sufficient to deficient/insufficient, no change:
deficient/insufficient, and no change: sufficient.

5.2.3.2. Outcome Measures

5.2.3.2.1 Nausea/Emesis Chart Abstractions

Nausea/Emesis was assessed using check-box questions via medical chart abstractions.
Nausea/Emesis was a check-box question (yes/no) using the medical chart abstraction. Medical
chart abstractions were used to capture adverse events using case/incident report forms which were
filled out by study staff. In addition,, systematic safety interviews were conducted by study staff,
and, during pregnancy, other questionnaires were completed by study participants. ' Medical
chart abstractions were recorded during ultrasounds, pregnancy loss visits, hospitalization visits,
emergency care visits, and delivery visits. % Medical chart abstractions were completed using
checkboxes or open-ended questions. ¥ Following study completion, case report forms and open-
ended questions completed through questionnaires and medical records were independently
reviewed by two board-certified reproductive endocrinologists as well as a perinatal

epidemiologist.'34
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5.2.3.2.2. Nausea/Vomiting Daily Diaries

Time-varying outcomes of nausea and vomiting information were available through daily diaries.
Nausea and vomiting information were collected daily and completed by women in the trial. Daily
diary questions assessing nausea and vomiting were: ‘“Please report any nausea or vomiting that
you have experienced today. Record these symptoms regardless of the reason. If none, please enter
0.” Responses were categorized as follows: 0=none, 1=nausea, 2=vomiting once per day/vomiting
more than once per day.” Daily nausea and vomiting categories were recorded based on
questionnaires (see Appendix II). Previous studies have validated the outcomes of nausea self-
report and have found reasonable accuracy between the self-reported data and clinical
presentations.'?’

Additionally, information was collected on the date of the beginning of each week of the
daily diary entry, which was used in combination with the first day of the last menstrual period
(LMP) to assess timing of nausea and vomiting relative to weeks of gestation. Nausea and vomiting
categories were then defined at biweekly intervals between 3-4 weeks, 5-6 weeks, and 7-8 weeks
of gestation. These groups were further categorized for analysis in three ways: 1) women having
reported any nausea/vomiting versus none or 2) women having reported nausea only versus none
or 3) women having reported vomiting once per day or more than once per day versus none.
5.2.3.3. Confounders
Demographic information for baseline characteristics were captured in questionnaires at the first
study visit.'® A reproduction baseline questionnaire was used to assess pregnancy history
information. '3 During the study, medical record abstractions were used for women who became
pregnant. Baseline health characteristics such as height and weight were measured by trained study

staff and used to calculate body mass index (BMI).'®* The covariates considered in the models
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were sociodemographic and other health characteristics which include age, race/ethnicity,
education, employment, income, BMI kg/m?, parity, season, physical activity, alcohol intensity,
and multivitamin use. Season was defined as the season of baseline during which blood was drawn
for the sample of preconception serum 25(OH)D. Physical activity was assessed using the
International Physical Activity Questionnaire and defined as low, moderate, or high.??® Alcohol
intensity was defined as the amount of alcohol consumed in the past year and was measured as
never, sometimes, and often. Multivitamin use was measured as the type of vitamins that were
consumed by the women prior to the study and were defined as not taking any vitamins or folic
acid, taking vitamins with no folic acid, and taking vitamins with folic acid. Additionally,
aspirin/placebo, the assigned treatment in this trial, will be considered as a confounder in this
analysis, as previously applied in a study of vitamin D and pregnancy loss using this data.'!

5.3 Analysis

5.3.1. Descriptive Analyses

Differences in the prevalence of nausea/vomiting across different baseline characteristics and
bivariate associations of covariates with vitamin D levels (preconception and 8 weeks gestation)
are examined using chi-square tests or F-statistics for comparing categorical or continuous
variables, respectively.

5.3.2. Multinomial Logistic Regression Models

Odds ratios between change in preconception and 8-weeks’ gestation serum 25(OH)D levels and
nausea/vomiting were estimated using multinomial logistic regression models with robust standard
errors and inverse probability weights to account for selection that may occur by only including
women who have had a pregnancy (i.e., excludes women who did not become pregnant during the

study period, which may also be related to the exposure under study). Due to nausea/vomiting
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being a common outcome during pregnancy, odds ratios are poor approximations for the relative
risk of nausea/vomiting. The inverse probability weights used to account for selection bias that
could result from restriction to pregnancy were derived from models that included covariates
associated with the probability of being pregnant such as age, smoking, season, exercise, income,
race, education, alcohol, parity, aspirin, employment, vitamin D, vitamins, and BMI.201:213

An unadjusted log binomial regression model was used to examine associations with
nausea/vomiting. Models were then adjusted for relevant confounders, as determined by DAGs
(see Chapter 1), which included all sociodemographic: age, season, income, race, education, parity,
employment; and lifestyle: smoking, exercise, alcohol, aspirin, vitamin D, vitamins covariates,
including BMI.
5.3.3. Generalized Estimating Equations (GEE) Regression Models
In longitudinal analyses, the odds ratio between serum 25(OH)D levels on any nausea or vomiting
at biweekly intervals in the first 8 weeks of pregnancy (3 time points) were examined using
generalized estimating equations (link: log, family: binomial). Vitamin D levels at preconception
applied to the first interval (3-4 weeks) and vitamin D levels measured at 8 weeks were applied to
the last time interval (7-8 weeks gestation). For weeks 5-6, an average of the preconception and 8
week vitamin D level was imputed. Models were adjusted for the same set of covariates applied
above. Additionally, separate regression models were used to examine vomiting classified as once
per day or more than once per day (vs. none), nausea only (vs. none) and any nausea/vomiting (vs.
none). Similarly, inverse probability weights to account for potential selection bias of becoming
pregnant were included as described above.

5.3.4. Sensitivity Analyses
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To account for nausea/vomiting tending to be associated with a reduced risk of pregnancy loss, I
also compared results to models restricted to women who achieved a live birth (Supplemental
Table S5.1). Given selection bias may result from restricting to pregnancy that survive to a live
birth, inverse probability weights were applied to account for any potential selection biases.??!?13
Furthermore, models to derive the inverse probability weights accounted for age, smoking, season,
exercise, income, race, education, alcohol, parity, aspirin, employment, vitamin D, vitamin use
and BMI.20!:213 Restriction to a live birth allows the assessment of the robustness of my findings.!!
In addition, interactions between low-dose aspirin treatment and placebo was examined. All
analyses were performed using STATA version 17.0.
5.4. Results
5.4.1. Descriptive Analyses
At baseline, 747 participants were pregnant and had a measured preconception 25(OH)D serum
level with 50% sufficient, 37% insufficient, and 13% deficient (Table 1). Those in the deficient
25(OH)D category had a mean BMI of 30.5 compared with 26.9 among insufficient and 24.5
among sufficient (p-value <0.0001). Women in the deficient 25(OH)D group were also more likely
to be white (83.7%), have >high school education (80.4%), have a fall season of blood draw
(36.9%), have moderate exercise level (41.3%), have never consumed alcohol in the past year
(73.9%), and have a low CRP baseline (35.2%), compared with women in the insufficient or
sufficient 25(OH)D groups. Age, employment, vitamin use, smoking, number of previous
pregnancy losses, and treatment assignment were not associated with preconception 25(OH)D.
605 participants were pregnant and had a measured 8 week 25(OH)D serum level with 56%
sufficient, 38% insufficient, and 5% deficient. Those in the deficient 25(OH)D category had a

mean BMI of 30.5 compared with 26.3 among insufficient and 24.2 among sufficient (p-value
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<0.001). Women in the deficient 25(OH)D group were also more likely to be white (81.3%), have
>high school education (81.3%), take folic acid and vitamins (90.6%), have a fall season of blood
draw (46.9%), have low exercise level (56.3%), have never consumed alcohol in the past year
(73.9%), and have a moderately high CRP baseline (40.3%) compared with those in the insufficient
and sufficient 25(OH)D groups. Age, smoking, number of previous pregnancy losses, alcohol
consumption, and treatment assignment were not associated with 8 week 25(OH)D.

Bivariate associations between the prevalence of nausea (emesis) and preconception and
8-week 25(0OH)D serum levels and sociodemographic and lifestyle characteristics were not
statistically significant, with the exception of age, which showed a decrease in nausea (emesis)
with increasing age (p=0.01). Although not significant, the prevalence of nausea (emesis) was
highest among women with insufficient (72.3% for preconception; 86.6% 8 weeks gestation) and
deficient (69.6% for preconception; 75.0% for 8 week gestation) 25(OH)D levels, those who were
overweight (74.2%), white (72.0%), educated < High School (72.7%), had an annual household
income of < $19,999 (74.5%), not employed (76.7%), took folic acid and vitamins (72.0%), never
smoked in the past year (73.4%), had a summer season of blood draw (74.1%), reported low
exercise (73.9%), often consumed alcohol in the past year (78.9%), and were in the low dose
aspirin treatment assignment group (71.9%).

5.4.2. Multinomial Logistic Regression Results

In Table 4 assessing nausea (emesis) documented in medical records, women who were
deficient/insufficient at preconception and then became sufficient at 8 weeks gestation had 1.69
(95% CI: 1.14, 2.50) times higher odds of having nausea (emesis) in the unadjusted model and
1.71 times higher odds (95% CI: 1.12, 2.61) after adjustment compared to those who were

persistently sufficient across both time periods. Additionally, the odds of nausea/emesis were
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lower for women who changed from sufficient to deficient/insufficient (OR: 0.44, 95% CI; 0.22,
0.87) or who remained persistently deficient/insufficient (OR: 0.34, 95% CI: 0.20, 0.60). When
restricting to live births, these associations were no longer significant and, in some cases, the
magnitude of association differed between live births and all pregnancies (Table 4). However,
those who were persistently deficient/insufficient consistently had lower odds of nausea/emesis
(OR: 0.64, 95% CI: 0.25, 1.63) (Table 4).
5.4.3. Generalized Estimating Equations (GEE) Results

In the longitudinal analyses of daily diary data (Table 5), deficient vitamin D status was
associated with lower odds of any nausea or vomiting during pregnancy in the fully adjusted
models (OR 0.65; 95% CI 0.40, 1.06) compared to women with sufficient vitamin D, but this was
imprecise. Partitioning this further into nausea only or vomiting once per day or more than once
per day vs. none, showed decreased odds of vomiting once per day or more than once per day (OR
0.54; 95% CI: 0.28, 1.04) vs. none with deficient vitamin D status, and this association was
similarly seen for nausea only (OR 0.84 95% CI: 0.63, 1.12) vs. none. The odds of experiencing
any nausea (OR 0.86; 95% CI: (0.65, 1.15), vs none, nausea only (OR 0.84; 95% CI: (0.63, 1.12)
vs. none, or vomiting once per day or more than once per day (OR 1.12; 95% CI: 0.80, 1.56) vs.
none, were increased among women with insufficient vitamin D levels compared to sufficient
levels of 25(OH)D. These patterns were consistent when restricted to live births in supplemental
analyses (Supplemental Table S5.1).
5.4.4. Longitudinal Patterns of Missingness
Among those with a pregnancy loss, missing information on nausea/vomiting increased over time

with 1.4% in weeks 3-4 and 50.7% in weeks 7-8. Among those without a pregnancy loss, missing
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information on nausea/vomiting was less with 1.7% at 3-4 weeks and 19.6% in weeks 7-8
(Supplemental Table S5.2).
5.5. Discussion
In Table 4, multinomial logistic regression models examining medical records, those with
persistently deficient/insufficient 25 (OH)D at preconception and 8 weeks gestation were less
likely to have nausea/emesis among a cohort of healthy women with a history of 1-2 prior
pregnancy losses and no known history of infertility. In our GEE findings, daily diary data of
nausea and vomiting intensity showed 25(OH)D deficiency was also associated with lower odds
of both nausea and vomiting compared to sufficient 25(OH)D levels. In addition, when restricting
to live births, these associations were no longer significant and, in some cases, the magnitude of
association differed between live births and all pregnancies (Supplemental Table S5.1). These
findings may present a potential pathway between 25(OH)D levels and early
implantation/placentation processes as indicated by nausea and/or vomiting. As such, these
findings suggest that higher levels of 25(OH)D are biologically consistent with increased
robustness of implantation and placentation, which would increase the incidence of nausea and
vomiting in pregnancy.'3>!33

There is limited information on the relationship between preconception and early gestation
maternal vitamin D and clinical experiences of nausea and vomiting in early pregnancy. Our study,
however, is consistent with a previous study which measured preconception vitamin D status and
found sufficient preconception vitamin D may increase live birth, which may correlate with robust
implantation.!' In addition, a previous IVF study measured preconception vitamin D status and
found sufficient preconception vitamin D increased the incidence of pregnancy, also suggesting a

robustness in implantation and placentation.®
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The biological pathways for the role of preconception and early pregnancy period and the
role of vitamin D in increasing the risk of nausea and vomiting are likely multifactorial. This study
is suggestive of the importance of sufficient maternal vitamin D stores prior to conception to
improve robust implantation which may increases the production of hCG, which aids in
maintaining the pregnancy and has been associated with increased incidence of nausea and
vomiting. 33139228 Fyture studies with larger sample sizes are needed to assess the association
between preconception vitamin D on severe nausea and vomiting (HG) during pregnancy.

5.5.1. Strengths and Limitations

This study has several limitations. The sample size was limited for examining more detailed
groupings or interactions. However, I was able to examine nausea and vomiting through as
reported by medical records and self-reported daily diaries, the latter of which enabled time-
varying longitudinal analyses. The consistency of findings across different types of data collection
strategies, each with different potential biases, provides further support for these relationships.
The lack of diversity within the cohort may limit generalizability of the results to the general
population, which is important given the high incidence of deficient and insufficient vitamin D
levels in the pregnant population. Another limitation in the longitudinal analysis was having to
infer vitamin D levels for the 5-6 week gestation period as the average between preconception and
8 weeks gestational ages, rather than a direct measure and variation in time from measurement of
preconception vitamin D to the first 3-4 weeks of pregnancy. Additionally, pregnancy loss among
study participants could have resulted in missing data, which may be associated with outcomes
under study. However, results were consistent (i.e., similar magnitude of association) after
restricting to live births for the persistently deficient/sufficient 25(OH)D group in multinomial

logistic regression analyses and the deficient group in GEE analyses levels, suggesting these
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relationships likely hold independent of pregnancy loss. Unmeasured confounding may still be a
concern, resulting in biased estimates.?'*??° To address this, I calculated e-values to assess the
extent to which unmeasured confounding may explain the associations found (Supplemental
Tables S5.3 and S5.4), which varied based on the magnitude of the association.?!*??° Unmeasured
confounders that may have been important to adjust for are both maternal and paternal exposures
to environmental exposures, such as exposure to toxic chemicals or air pollutants, which have been
associated with fertility and adverse pregnancy outcomes.??!222:224-226 [n addition, paternal
nutrition and health factors are important to assess due to epigenetics and sperm playing a key role
in both placentation and pregnancy health.??1-226 Calculated e-values for deficient or persistently
deficient vitamin D ranged between 2.06-5.33. While other potential unmeasured confounders may
be associated with the outcomes and exposures assessed in this analysis, the associations of the
unmeasured confounders would need to be fairly strong to fully explain the associations found in
this analysis. Finally, although the gold standard for serum vitamin D measurement is the liquid
chromatography-tandem mass spectrometry, previous studies have found immunoassays through
the Vitamin D External Quality Assessment Scheme (DEQAS) to be similar.'*>"°7 Therefore, it is
still a valid measurement for vitamin D concentrations through the use of the ELISA solid phase
sandwich enzyme immunoassay.'®’ Finally, missingness of measurement of serum 25(OH)D over
time is due to the design of the trial (due to potential pregnancy loss), rather than missing from
respondent not filling out the questionnaire.

Having preconception and early gestation serum 25(OH)D measurements is a strength of
the study, because this may be a critical time period that influences implantation and placentation
processes and, potentially, later pregnancy outcomes.!!3® In addition, the daily diary data allowed

assessment of nausea and vomiting as early as 3-4 weeks into pregnancy, which captures a time
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point prior to many women finding out they are pregnant. Furthermore, the detailed diary data
allowed the assessment of nausea and vomiting to be recorded prospectively through longitudinal
assessment. Thus, to assess indicators that may change with time, the use of daily diaries provides
a more precise assessment of the onset of symptoms in pregnant women.'>°

5.5.2. Conclusion

The biologic pathways regarding the effects of preconception and early gestation maternal serum
25(OH)D on nausea and vomiting are most likely multifactorial, and this study is suggestive of
deficient maternal 25(OH)D nutrient stores prior to conception being associated with reduced odds
of experiencing nausea or vomiting. Sufficient 25(OH)D nutrient stores during the preconception
and early gestation period are important and may be an indicator of a more robust
implantation/placentation and therefore a healthy pregnancy. Future studies are needed with larger

sample sizes to assess the association between 25(OH)D and extreme nausea and vomiting (HG)

in the preconception and early gestation period in more diverse populations.
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Tables

Table 5.1. Descriptive Analyses of preconception maternal serum levels of vitamin D in the EAGeR Trial among women with a Pregnancy (n=774).

EAGeR- Preconception Vitamin D Descriptive Analyses

Vitamin D Sufficient

Vitamin D Insufficient

Vitamin D Deficient

(=30 ng/mL) (<30 ng/mL & >20 ng/mL) (<20 ng/mL) P-value
N 392 285 97
Age, years 0.37
Mean = SD 28.7+4.4 28.7+£4.6 285+53 0.83
18-24.9 95 (24) 59 (21) 22 (23)
25-29.9 148 (38) 126 (44) 41 (42)
30-34.9 97 (25) 76 (27) 23 (24)
35-40.9 52 (13) 24 (8) 11 (11)
*BMI, kg/m* <0.0001
Mean = SD 245+5.1 26.9+£6.3 30.5+8.6 <0.0001
Underweight <18.5 154) 12 (4) 33
Normal >18.5 & <25 247 (64) 132 (46) 30 (31)
Overweight >25 & <30 81 (21) 88 (31) 17 (18)
Obese >30 45 (12) 52 (18) 46 (48)
*Race <0.0001
White 387 (99) 278 (98) 81 (84)
Non-White 5(1) 7(2) 16 (16)
Education 0.01
< High School 40 (11) 23 (8) 18 (19)
> High School 352 (90) 262 (92) 79 (81)
Income, n 0.03
> $100,000 151 (39) 130 (46) 33 (34)
$75,000-$99,999 64 (16) 40 (14) 8 (8)
$40,000-$74,999 65 (17) 34 (12) 13 (13)
$20,000-$39,999 86 (22) 64 (22) 32 (33)
<$19,999 26 (7) 17 (6) 11 (11)
Employment 0.30
Yes 92 (24) 79 (28) 28 (30)
No 295 (76) 203 (72) 65 (70)
Vitamin Use 0.19
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No Folic Acid-No Vitamins 29 (7) 12 (4) 7(7)

No Folic Acid- Yes Vitamins 66 (17) 41 (14) 10 (10)

Yes Folic Acid- Yes Vitamins 297 (76) 232 (81) 80 (82)

Smoking 0.29
Never 345 (89) 190 (90.5) 60 (88.2)

<6 times/week 32 (8) 12 (5.7) 6 (8.8)

Daily 12 (3) 8 (3.8) 2(2.9)

Season 0.005
Fall (Sep-Nov) 108 (28) 71 (25) 37 (38)

Winter (Dec-Feb) 76 (19) 65 (23) 27 (28)

Spring (Mar-May) 105 (28) 86 (30) 24 (25)

Summer (Jun-Aug) 103 (26) 63 (22) 99

*Exercise 0.003
Low 89 (23) 74 (26) 39 (40)

Moderate 173 (44) 110 (39) 39 (40)

High 130 (33) 101 (35) 19 (20)

Number of previous pregnancy losses 0.27
0

1 229 (59) 176 (62) 65 (67)

2 163 (42) 109 (38) 32 (33)

Alcohol Intensity 0.001
Never 238 (61) 210 (75) 69 (71)

Sometimes 141 (36) 61 (22) 28 (29)

Often 9(2) 10 (4) 0(0)

*Baseline CRP 0.001
Mean = SD 23+£5.1 2.8+£3.7 48+79 0.007
Low <1 203 (52) 136 (48) 34 (35)

Borderline >1 & <3 123 (31) 75 (26) 25 (26)

Moderately High =23 & <10 54 (14) 59 (21) 29 (30)

High Concentrations 210 12 (3) 15 (5) 8(8)

Treatment assignment 0.43
Placebo 179 (46) 144 (51) 48 (49)

Low Dose Aspirin 213 (54) 141 (49) 49 (51)

*Non-white participants include American Indian/Alaska Native, Asian, Native Hawaiian or Other Pacific Islander, Black or African American, more than one
Race, Unknown or Not Reported ¥*BMI- Body Mass Index, CRP- C-Reactive Protein
*Exercise level was measured through the International Physical Activity Questionnaire and assessed the level of physical activity as low, moderate, and high
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Table 5.2. Descriptive Analyses of 8-week maternal serum levels of vitamin D in the EAGeR Trial among women with a Pregnancy (n= 641)

EAGeR- 8-week Vitamin D Descriptive Analyses

Vitamin D Sufficient Vitamin D Insufficient Vitamin D Deficient P-value
(=30 ng/mL) (<30 ng/mL & >20 ng/mL) (<20 ng/mL)
N 361 246 34
Age, years 0.32
Mean = SD 28.7+4.6 28.4+4.4 28.7£5.0 0.33
18-24.9 81 (22) 57 (23) 6 (18)
25-29.9 142 (39) 117 (48) 17 (50)
30-34.9 96 (27) 47 (20) 7(21)
35-40.9 42 (12) 25 (10) 4(12)
*BMI, kg/m* <0.001
Mean = SD 242 +£4.7 26.3+£6.2 30.5+89 <0.001
Underweight <18.5 11 (3) 703) 0(0.0)
Normal >18.5 & <25 223 (62) 115 (47) 10 (29)
Overweight >25 & <30 85 (24) 62 (26) 9 (26)
Obese >30 39 (11) 59 (24) 15 (44)
*Race <0.001
White 355 (98) 239 (97) 28 (82)
Non-White 6(2) 73) 6 (18)
Education <0.001
<= High School 40 (11) 19 (8) 11 (32)
> High School 321 (89) 227 (92) 23 (68)
Income, n 0.002
> $100,000 156 (43) 102 (41) 11 (32)
$75,000-$99,999 61 (17) 28 (11) 1(3)
$40,000-$74,999 52 (14) 40 (16) 3(9)
$20,000-$39,999 70 (19) 66 (27) 13 (38)
<$19,999 22 (6) 10 (4) 6 (18)
Employed 0.08
Yes 265 (74) 177 (73) 19 (56)
No 93 (26) 66 (27) 15 (44)
Vitamin Use 0.05
No Folic Acid-No Vitamins 20 (6) 18 (7) 1(3)
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No Folic Acid- Yes Vitamins 61 (17) 24 (10) 2 (6)

Yes Folic Acid- Yes Vitamins 280 (78) 204 (83) 31 (91)

Smoking 0.69
Never 324 (90) 225 (91) 29 (85)

<6 times/week 23 (6) 11(5) 309

Daily 12 (3) 10 (4) 2 (6)

Season 0.009
Fall (Sep-Nov) 86 (24) 74 (30) 16 (47)

Winter (Dec-Feb) 67 (19) 62 (25) 6 (18)

Spring (Mar-May) 115 (32) 61 (25) 6 (18)

Summer (Jun-Aug) 93 (26) 49 (20) 46(18)

Exercise 0.001
Low 81 (22) 71 (29) 19 (56)

Moderate 156 (43) 100 (41) 7(21)

High 124 (34) 75 (30) 8(24)

Number of previous pregnancy losses 0.69
0

1 223 (62) 156 (63) 19 (56)

2 138 (38) 90 (37) 15 (44)

Alcohol Intensity 0.51
Never 234 (66) 173 (71) 24 (71)

Sometimes 112 (31) 65 (27) 10 (29)

Often 11(3) 5() 0 (0.0)

*Baseline CRP 0.002
Mean = SD 2.2+4.69 24+£295 3.9+4.46 0.09
Low <1 190 (53) 106 (44) 11 (34)

Borderline >1 & <3 101 (28) 80 (33) 5(16)

Moderately High >3 & <10 54 (15) 46 (19) 13 (41)

High Concentrations >10 14 (4) 11(5) 39

Treatment assignment 0.17
Placebo 160 (44) 127 (52) 18 (53)

Low Dose Aspirin 201 (56) 119 (48) 16 (47)

*Non-white participants include American Indian/Alaska Native, Asian, Native Hawaiian or Other Pacific Islander, Black or African American, more than one
Race, Unknown or Not Reported *BMI- Body Mass Index, CRP- C-Reactive Protein
*Exercise level was measured through the International Physical Activity Questionnaire and assessed the level of physical activity as low, moderate, and high.
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Table 5.3. Prevalence of Nausea/Vomiting among women in the EAGER Trial by Vitamin D Status and Other Covariates (N=774)

EAGeR Covariates and Prevalence of Nausea/Vomiting

Covariates N Prevalence of Nausea/Vomiting (%) P-value
Preconception Vitamin D

Sufficient >30 ng/mL 377 272 (72.2) 0.86
Insufficient >20 & <30 ng/mL 278 201 (72.3)

Deficient <20 ng/mL 92 64 (69.6)

8-week Vitamin D

Sufficient >30 ng/mL 341 292 (85.6) 0.21
Insufficient >20 & <30 ng/mL 232 201 (86.6)

Deficient <20 ng/mL 32 24 (75.0)

Demographics

Age, years

18-24.9 172 132 (76.7) 0.01
25-29.9 305 228 (74.8)

30-34.9 189 129 (68.3)

35-40.9 81 48 (59.3)

*BMI, kg/m*

Underweight <18.5 30 17 (56.7) 0.11
Normal >18.5 & <25 399 294 (73.7)

Overweight >25 & <30 178 132 (74.2)

Obese >30 140 94 (67.1)

*Race

White 722 520 (72.0) 0.65
Non-White 25 17 (68.0)

Education

< High School 77 50 (64.9) 0.18
> High School 670 487 (72.7)

Income

>$100,000 303 223 (73.6) 0.79
$75,000-$99,999 108 73 (67.6)
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$40,000-$74,999 108 76 (70.4)

$20,000-$39,999 177 127 (71.8)

<$19,999 51 38 (74.5)

Employed

Yes 554 389 (70.2) 0.09
No 193 148 (76.7)

Vitamin Use

No Folic Acid-No Vitamins 48 34 (70.8) 0.96
No Folic Acid- Yes Vitamins 109 78 (71.6)

Yes Folic Acid- Yes Vitamins 590 425 (72.0)

Smoking in the past year

Never 664 485 (73.4) 0.12
Fewer 54 33 (61.1)

Daily 29 19 (65.5)

Season of blood draw

Fall (Sep-Nov) 207 150 (72.5) 0.70
Winter (Dec-Feb) 165 113 (68.5)

Spring (Mar-May) 205 148 (72.2)

Summer (Jun-Aug) 170 126 (74.1)

*Exercise

Low 195 144 (73.9) 0.77
Moderate 309 219 (70.9)

High 243 174 (72.6)

Alcohol consumption in the past

year

Never 506 371 (73.3) 0.28
Sometimes 222 151 (68.0)

Often 19 15 (78.9)

Treatment assignment

Placebo 358 257 (71.8) 1.00
Low Dose Aspirin 389 280 (71.9)

*P-values based on Fisher’s Exact Test
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*Non-white participants include American Indian/Alaska Native, Asian, Native Hawaiian or Other Pacific Islander, Black or African American, more than one
Race, Unknown or Not Reported
*Exercise level was measured through the International Physical Activity Questionnaire and assessed the level of physical activity as low, moderate, and high.
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Table 5.4. Association between the change in preconception and 8-week 25(OH)D status and nausea/emesis restricted to pregnancy and live birth: EAGeR Trial

EAGeR Multinomial Logit Regression Models for Preconception Change to 8 Weeks 25(OH)D and Nausea/Emesis

Restricted to Pregnancy Restricted to Live Birth
Unadjusted’ Adjusted’ Unadjusted’ Adjusted’
N= 747 OR (95% CI) OR (95% CI) N= 557 OR (95% CI) OR (95% CI)
Change in 25(OH)D from Preconception to 8 Weeks Gestation
Deficient/Insufficient to Sufficient 105 (19.6)  1.69 (1.14, 2.50) 1.71 (1.12,2.61) | 99 (19.1)  0.88(0.34,2.24) 0.82(0.32, 2.07)
Sufficient to Deficient/Insufficient 65 (12.1) 0.44 (0.23, 0.84) 0.44 (0.22,0.87) | 61(11.8) 1.15 (0.43, 3.06) 1.01 (0.33, 3.08)
No Change: Deficient/Insufficient 160 (29.8)  0.40 (0.24, 0.66) 0.34 (0.20, 0.60) | 156 (30.1) 0.77 (0.32, 1.82) 0.64 (0.25, 1.63)
No Change: Sufficient 207 (38.6) ref ref 202 (39.0) ref ref

*OR-0dds Ratio

"Unadjusted for covariates and weighted to control for potential selection bias introduced by restricting to a sample of pregnancy.
3Adjusted for all sociodemographic and lifestyle covariates which included age, smoking, season, exercise, income, race, education, alcohol, parity, aspirin,
employment, vitamins, and BMI and weighted to control for potential selection bias introduced by restricting to a sample of pregnancy
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Table 5.5. Odds Ratio and 95% CI between time-varying maternal serum 25(OH)D level and Nausea/Vomiting episodes from 3-8 weeks gestation Restricted to

Pregnancy: EAGeR Trial

EAGeR Generalized Estimating Equations Regression Models for Preconception and 8-Week Gestation 25(OH)D and Nausea/Vomiting

Unadjusted- Model 1' OR

(95% CI)

Adjusted- Model 2*

OR (95% CI)

Adjusted- Model 3° OR

(95% CI)

Any Nausea (vs. None) N=1,723
Deficient

Insufficient

Sufficient

Nausea Only (vs. None) N=1,562

Deficient
Insufficient
Sufficient

Vomiting once per day or more than N=498
once per day (vs. None)
Deficient

Insufficient

Sufficient

0.70 (0.46, 1.07)
0.92 (0.70, 1.20)

ref

0.67 (0.43, 1.03)
0.88 (0.67, 1.16)

ref

0.87 (0.48, 1.60)
1.29 (0.92, 1.82)

ref

0.77 (0.49, 1.23)
0.91 (0.69, 1.20)

ref

0.76 (0.47, 1.21)
0.88 (0.66, 1.17)

ref

0.69 (0.35, 1.35)
1.19 (0.84, 1.69)

ref

0.65 (0.40, 1.06)
0.86 (0.65, 1.15)

ref

0.65 (0.40, 1.07)
0.84 (0.63, 1.12)

ref

0.54 (0.28, 1.04)
1.12 (0.80, 1.56)

ref

*OR-0dds Ratio

"Unadjusted model and weighted to control for potential selection bias introduced by restricting to a sample of Pregnancy.
2Adjusted for all sociodemographic covariates which include age, exercise, income, race, education, parity, employment, and season and weighted to control for

potential selection bias introduced by restricting to a sample of Pregnancy.

3Adjusted for all sociodemographic and lifestyle covariates which included age, exercise, income, race, education, parity, employment, alcohol, vitamins, aspirin,

and BMI and weighted to control for potential selection bias introduced by restricting to a sample of Pregnancy.
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Supplemental Tables

Supplemental Table S5.1. Odds Ratio and 95% CI between Time-Varying Maternal Serum 25(OH)D level and Nausea/Vomiting Episodes from 3-8 weeks
Gestation Restricted to Live Birth: EAGeR Trial

EAGeR Generalized Estimating Equations Regression Models for 25(OH)D and Nausea/Vomiting

Unadjusted- Model 1' OR  Adjusted- Model 22 OR  Adjusted- Model 3° OR

(95% CI) (95% CI) (95% CI)
Any Nausea (vs. None) N=1,468
Deficient 0.68 (0.42, 1.10) 0.73 (0.43, 1.24) 0.60 (0.35, 1.05)
Insufficient 0.94 (0.69, 1.27) 0.93 (0.68, 1.27) 0.89 (0.65, 1.23)
Sufficient ref ref ref
Nausea Only (vs. None) N=1,323
Deficient 0.62 (0.38, 1.01) 0.69 (0.40, 1.18) 0.58 (0.33, 1.02)
Insufficient 0.89 (0.65, 1.21) 0.89 (0.65, 1.22) 0.86 (0.62, 1.19)
Sufficient ref ref ref
Vomiting once per day or more than N=402
once per day (vs. None)
Deficient 1.08 (0.57, 2.06) 0.88 (0.44, 1.78) 0.64 (0.33, 1.26)
Insufficient 1.35(0.95, 1.94) 1.21 (0.85, 1.71) 1.12 (0.80, 1.57)
Sufficient ref ref ref

*OR-0Odds Ratio

*Time Varying Vitamin D- 3-4 weeks accounts for preconception vitamin D, 5-6 weeks accounts for average between preconception and 8 week vitamin D, 7-8
weeks accounts for 8 weeks vitamin D.

"Unadjusted model and weighted to control for potential selection bias introduced by restricting to a sample of Live Birth.

2Adjusted for all sociodemographic covariates which include age, exercise, income, race, education, parity, employment, and season and weighted to control for
potential selection bias introduced by restricting to a sample of Live Birth.

3Adjusted for all sociodemographic and lifestyle covariates which included age, smoking, season, exercise, income, race, education, alcohol, parity, aspirin,
employment, vitamins, and BMI and weighted to control for potential selection bias introduced by restricting to a sample of Live Birth.
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Supplemental Table S5.2. Distribution of vitamin D and Nausea/Vomiting via daily diaries for women who had a pregnancy loss versus did not have a pregnancy
loss over gestational weeks 3-4, 5-6, 7-8 weeks gestation: EAGeR Trial

Had a pregnancy loss Did not have a pregnancy loss
3-4 Weeks 5-6 Weeks 7-8 Weeks 3-4 Weeks 5-6 Weeks 7-8 Weeks

N=140 N=140 N=140 N=581 N=581 N=581

n (%) n (%) n (%) n (%) n (%) n (%)
Nausea and Vomiting
None 52 (37.1) 33(23.6) 27(19.3) 168 (29.0) 46 (7.9) 70 (12.0)
Nausea Only 81(57.9) 74 (53.0) 39.5(27.9) 375 (64.5) 428 (73.7) 346 (59.6)
Vomiting once per day or 5(3.6) 9(6.4) 3(2.1) 28 (4.8) 86 (14.8) 51 (8.8)
more than once per day
Missing 2(1.4) 24 (17.1) 71 (50.7) 10 (1.7) 21 (3.6) 114 (19.6)
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Supplemental Table S5.3. Assessment of unmeasured confounding in the associations between 25(OH)D and episodes of Nausea/Vomiting Restricted to
Pregnancy: Longitudinal analysis

Categorical 25(OH)D on risk of Nausea/Vomiting Episodes 3-8 Weeks

Adjusted- M3* E-Value
OR (95% CI) Observed Odds Ratio
Any Nausea (vs. None)
Deficient 0.65 (0.40, 1.06) 1.79
Insufficient 0.86 (0.65, 1.15) 1.37
Sufficient ref ref
Nausea Only (vs. None)
Deficient 0.65 (0.40, 1.07) 1.79
Insufficient 0.84 (0.63, 1.12) 1.41
Sufficient ref ref
Vomiting once per day or more than once
per day (vs. None)
Deficient 0.54 (0.28, 1.04) 2.06
Insufficient 1.12 (0.80, 1.56) 1.31
Sufficient ref ref

3Adjusted for all sociodemographic and lifestyle covariates which included age, smoking, season, exercise, income, race, education, alcohol, parity, aspirin,
employment, vitamins, and BMI and weighted to control for potential selection bias introduced by restricting to a sample of pregnancy.
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Supplemental Table S5.4. Assessment of unmeasured confounding in the associations between preconception and 8 week 25(OH)D and risk of Nausea/Vomiting
Restricted to Pregnancy: EAGeR Trial

Categorical 25(OH)D on risk of Nausea/Vomiting

Adjusted- M3® E-Value

RR (95% CI) Risk Ratio
Deficient/Insufficient to Sufficient 1.71 (1.12, 2.61) 2.81
Sufficient to Deficient/Insufficient 0.44 (0.22, 0.87) 3.97
No Change: Deficient/Insufficient 0.34 (0.20, 0.60) 5.33
No Change: Sufficient ref ref

3Adjusted for all sociodemographic and lifestyle covariates which included age, smoking, season, exercise, income, race, education, alcohol, parity, aspirin,
employment, vitamins, and BMI and weighted to control for potential selection bias introduced by restricting to a sample of pregnancy.
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Chapter 6: Aim 3- The Association Between Preconception and 8-week Gestation Maternal

Serum 25(OH)D Levels and Risk of Preeclampsia

6.1. Introduction
The periconception and early pregnancy period marks a critical time for establishing a healthy
pregnancy.'® Successful implantation and placentation involve a complex process that relies on
optimal endometrial receptivity and a host of hormonal and immunologic signaling events.'®
Disruptions to this process may be indicated by later adverse outcomes such as preeclampsia,
which has been linked to disruptions in early placentation.??! It is postulated that maternal nutrient
stores, such as that of vitamin D, may play a critical role in this process.'® Several in vitro studies
using mouse and human cells have examined the role of vitamin D in implantation and
placentation.?>2* It is suggested that vitamin D may influence endometrial receptivity through the
expression of homeobox gene HOXA10 in endometrial stroma cells, which are essential for
endometrial development and uterine receptivity for implantation.?> Additionally, vitamin D has
been shown to exert immunosuppressive components in the early stages of pregnancy and suppress
cytokines, which may lower inflammation and further support successful implantation.?6-?7

The complex processes of successful implantation and placentation include trophoblasts,
which are cells that form the outer layer of a blastocyst, giving rise to a large portion of the
placenta.?® Placental trophoblasts support the production of growth factors and hormone secretion,
cellular proliferation and modulation of maternal immune responses and vascularization of the
placenta during pregnancy.?® Studies using both mouse and human cells have found high levels of
vitamin D receptors in trophoblastic cells in the placenta that are hypothesized to provide anti-
inflammatory effects that can support a successful pregnancy.?-° This suggests that vitamin D
may modulate inflammatory processes through vitamin D receptors that are located in key

reproductive organs.?’*° Accordingly, vitamin D hypovitaminosis may increase the maternal risk

105



of inflammatory pregnancy disorders, such as preeclampsia, which poses an increased health risk
for both the mother and baby.!>2!*1-33 Binding of vitamin D to these receptors are hypothesized to
modulate inflammatory processes and support a successful pregnancy.?*-° However, a previous
study has found that women with higher BMI have higher levels of inflammation which decrease
the success of implantation and live birth rates in women undergoing in vitro fertilization.?>° This
further postulates that higher inflammation in the months or weeks preceding conception or in
early pregnancy around the time of implantation may influence the success of healthy implantation
and placentation.?*°

Preeclampsia is a leading cause of maternal morbidity, mortality, and preterm birth.33!3
Preeclampsia is a maternal hypertensive disorder and previous studies have shown significantly
lower 25(OH)D levels in women who are diagnosed.'>!33134136 Early onset and severe
preeclampsia have been shown to be associated with placental insufficiency, which is
characterized by impaired placentation and decreased trophoblast invasion, which facilitates
oxygenation of the placenta.?®?® These implantation disruptions include human tissue that are
expressed in trophoblasts, which are located in the outer thin layer of cells to help an embryo
implant to the uterus successfully.?® These cells then help form the placenta.?® Since high levels of
vitamin D receptors are found in trophoblastic cells within the placenta, vitamin D is hypothesized
to provide anti-inflammatory effects in the uterus and placenta that may mitigate some of this
disruption.?’

Preeclampsia has been associated with increased inflammatory cytokines, which further
promotes an inflammatory state.?! These particular inflammatory cytokines, called CD4+ T cells,
are seen in women with preeclampsia and are associated with placental ischemia, which is a

vascular disorder that results in poor placental circulation.?! The imbalance of pro-inflammatory
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cytokine excretion further leads to placental inflammation and increases in the maternal risk of
pregnancy complications.?! Additionally, women who develop preeclampsia have impaired
interactions between trophoblasts within the cells that become the placenta and endometrial lining
which contributes to abnormal placentation.> Hypothesized mechanisms through inflammatory
pathway via vitamin D receptors and trophoblast and endometrial cells have been acknowledged
in previous studies that have shown a 5-fold increased risk of preeclampsia in women who had
vitamin D levels <15ng/mL.*? Previous studies have seen similar associations of low maternal
vitamin D, defined as <20 ng/mL (<50 nmol/liter), and increased risk of preeclampsia.®!#32137
Studies have largely examined vitamin D in pregnancy, rather than prior to pregnancy, which may
influence vitamin D measurement due to biologic changes during pregnancy.'314.109.123

Therefore, the objective of this study was to evaluate the associations between maternal
preconception and 8-week gestation levels of serum 25(OH)D concentrations and risk of
preeclampsia in healthy women with 1-2 prior pregnancy losses.
6.2. Methods
6.2.1. Data Source
The Effects of Aspirin in Gestation and Reproduction (EAGeR) trial is a multisite, prospective,
double-blind, block-randomized, placebo-controlled clinical trial designed to evaluate the effect
of low-dose aspirin (LDA) on live births in 1,228 healthy women with regular menstrual cycles
and 1-2 prior pregnancy losses.*®* Women between 18 and 40 years of age were enrolled in the
trial, of which 597 had a live birth. Women enrolled in the trial could not have received fertility
treatments prior or during their enrollment in the EAGeR trial or have a prior diagnosis of

infertility. The institutional review boards at each study site (Salt Lake City, Utah; Denver,

Colorado; Buffalo, New York; Scranton, Pennsylvania) and the data coordinating center approved
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the protocol for the trial. All participants provided their written consent prior to enrolling in the
study. The trial was registered with ClinicalTrials.gov (#NCT00467363).

6.2.2. Analytic Sample

The analytic sample included women in the EAGeR trial for whom there is measured serum
25(0OH)D levels at preconception or 8-week gestation, had a live birth, and were not missing data
on the outcome, preeclampsia, or covariates assessed (n=552). Measurements of vitamin D were
taken at baseline which could be from 1-6 months during the enrollment period. Women were then
followed for 1-6 months and on average around 3 months to conceive. Restriction to a live birth
allows parceling the effect of 25(OH)D on clinical outcomes independent of factors that may lead
to a pregnancy loss, especially because preeclampsia is a condition that develops later in pregnancy
(after 20 week of gestation). However, this restriction could result in a potential selection bias
given that deficient (<20 ng/mL) vitamin D has been associated with pregnancy loss.!! Therefore,
I employ analytic weights to account for selection biases that could result from this restriction
using methods described previously.?°!?13 Pregnancy status was determined via positive urine
Human Chorionic Gonadotropin (hCG) pregnancy tests (Quidel Quickvue, Quidel Corporation),
conducted at home or in the clinic at the time of expected menses. The final analytic sample
included women in the EAGeR trial for whom there were measured serum 25(OH)D levels at
preconception (n=552) or 8-week gestation (n=530), had a live birth, and were not missing data
on preeclampsia or covariates assessed (Figure 1). Restriction to a live birth will be used to
examine the effect of 25(OH)D on clinical outcomes independent of those factors that may lead to
a pregnancy loss, especially because preeclampsia is a condition that develops later in pregnancy
(after 20 week of gestation). However, this restriction could result in a potential selection bias

given that vitamin D has been associated with pregnancy loss.!" Therefore, inverse probability
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weights were used to account for selection biases that could result from this restriction using
methods described below.?’!2!3 Pregnancy status was determined via positive urine hCG
pregnancy tests (Quidel Quickvue, Quidel Corporation), conducted at home or in the clinic at the
time of expected menses. Pregnancy status was determined via positive urine hCG pregnancy tests
(Quidel Quickvue, Quidel Corporation), conducted at home or in the clinic at the time of expected

menses.*?

EAGeR Consort Flow Diagram

Participants assessed for eligibility

(n=5485)
‘ Excluded (n=4257)
m { , | ~Not eligible (n=4088)
-Discontinued after baseline
¢ (n=60)
Randomized (n=1228) -Tested positive for pregnancy
prior of randomization visit

(n=109)
v
v A4
615 assigned to Low Dose Aspirin Allocation 613 assigned to Placebo plus
and Folic Acid Folic Acid
Lost to follow- Lost to follow-up
up (n=75) (n=62)
Never pregnant Never pregnant
(n=128) (n=166)
‘ Follow-up ‘
v v
Pregnant (n=412) ‘ ‘ Pregnant (n=385) ‘
Pregnancy
Pregnancy losses
losses e »  (n=97)
(n=103)
‘ 309 live births ‘ ‘ 288 live births ‘
Missing
Missing Vitamin D/
Vitamin D/ < »| Preeclampsia
Preeclampsia/ v v /Covariates
::o_v;zn)ates 287 in final analytic sample 265 in final analytic sample (n=23)
n= (not missing any covariates) (not missing any covariates)

Figure 6.1. EAGeR trial Consolidated Standards of Reporting Trials (CONSORT) Flow Diagram for final analytic

sample used for this paper. (n=552) (Adapted from Mumford et al.

207
).

109




6.2.3. Measures

6.2.3.1. Exposure Measure

Serum 25(OH)D samples were collected at baseline prior to randomization to LDA and at 8-week
gestation post conception. The serum vitamin D samples were stored at —80°C until used for
analysis.*® Combined concentrations of 25-hydroxyvitamins D2 and D3 (25(OH)D) were
measured using the 25(OH)D ELISA solid phase sandwich enzyme immunoassay (BioVendor
R&D, Ashville, NC, USA). The ELISA solid phase sandwich enzyme immunoassay and has been
validated.'” Although it is suggested that liquid chromatography-tandem mass spectrometry to be
the gold standard for vitamin D measurement, previous studies conducted have found vitamin D
measurement results to be similar in immunoassays through the Vitamin D External Quality
Assessment Scheme (DEQAS).!”"1%7 Therefore, the ELISA solid phase sandwich enzyme
immunoassay is a precise and valid measurement for vitamin D concentrations.

The 25-hydroxyvitamin D (25(OH)D) cutoffs that are used in this analysis are based on
levels designated by the Endocrine Society (<30 ng/mL equivalent to 75 nmol/L).”®* Women are
classified as 25(OH)D deficient (<20 ng/mL), insufficient (21-29 ng/mL), or sufficient (=30
ng/mL) at preconception and 8-week gestation.”” Initially, vitamin D was assessed using these
Endocrine Society categories to aid in clinical interpretation and comparison with other studies
conducted. However, because the Endocrine Society’s cut offs were developed originally for bone
health, and not based on reproductive health, continuous models for 25(OH)D were examined
using linear spline terms to evaluate other cut points.”’

To inform additional cut offs for 25(OH)D, exploratory analyses of lowess-smoothed
regression models were used to examine the relationship between continuous 25(OH)D levels and

preeclampsia. Models were restricted to 25(OH)D levels between 12 ng/mL (n=9 for
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preconception and n=3 for 8-week gestation) and 55 ng/mL (n=25 for preconception and n=11 for
8-week gestation) to remove the effects of outliers on the smoothing function. Based on lowess
curves (Figures 2 and 3), a knot between the 40 and 45 ng/mL was selected as the cutoff point. To
determine which knot in that interval best fit the data, I fit a series of models with knots at 40 to
45 were run separately and estimated for each model using Akaike Information Criterion (AIC)
and Bayes Information Criterion (BIC) statistics to determine which knot provided the best fit for
the model (i.e., the model with the lowest AIC and BIC). This was determined to be 43 and a linear
spline model with a knot at 43 was fit for both preconception and 8-week 25(OH)D levels.

6.2.3.2. Outcome Measure

Preeclampsia is categorized as a clinical diagnosis (yes/no) at any point after 12 weeks of gestation.
This information was extracted from medical records filled out by medical providers during the
EAGeR trial.

6.2.3.2.1. Laboratory Assessment

Blood samples to measure C-Reactive Protein (CRP) were obtained at the baseline preconception
study visit and at 4, 8, 12, and 20, 36 weeks of gestation. Preconception samples were collected
on day 2-3 of the menstrual cycle and prior to initiation of low dose aspirin or placebo. A validated
measure was used for an immunoturbidimetric assay using a Roche COBAS 6000 autoanalyzer
(Roche Diagnostics, Indianapolis, IN) to measure CRP.2> CRP was categorized according to
clinical recommendations that included low <1mg/L, borderline 1-3mg/L, moderately-high 3.01-
10mg/L, and markedly high >10mg/L concentrations.?3!:>32

6.2.3.3. Confounders

Sociodemographic and other health characteristics are available on all the women within the

EAGeR dataset, including age, race/ethnicity, education, employment, income, BMI, parity,
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season, physical activity, alcohol intensity, and multivitamin use. Season was defined as the season
of baseline during which blood was drawn for the sample of serum 25(OH)D measured. Physical
activity was assessed using the International Physical Activity Questionnaire and defined as low,
moderate, or high.?%* Alcohol intensity was defined as the amount of alcohol consumed in the past
year and was measured as never, sometimes, and often. Multivitamin use was measured as the type
of vitamins that were consumed by the women prior to the study and were defined as not taking
any vitamins or folic acid, taking vitamins with no folic acid, and taking vitamins with folic acid.

Additionally, aspirin/placebo, the assigned treatment in this trial, was considered as a
confounder in this analysis, as previously applied in a study of 25(OH)D and pregnancy loss using
this data as previous evidence has shown an increased risk of reducing inflammation.!'?? In
addition, inflammation has also been shown to increase risk of preeclampsia and studies have
linked CRP, a biomarker of inflammation, to the prediction of preeclampsia.'3® Given vitamin D’s
immunomodulatory effects, it has been hypothesized that sufficient vitamin D may reduce
inflammation and, consequently, risk for preeclampsia, but few studies have examined this
pathway.!3%14% Therefore, we wanted to assess inflammation as measured by CRP in our models.

Sociodemographic and other health characteristics are available on all the women within
the EAGeR dataset. I included age, race/ethnicity, education, employment, income, BMI, parity,
season, physical activity, alcohol intensity, and multivitamin use in the models. Models were
informed by Directed Cyclical Graph (DAG) developed for the relationship between the covariates
(see chapter 1). Variables were selected based on their relationship to exposure to different sources
of vitamin D, including sun exposure and diet or nutrition, and the outcome or preceding factors
that might affect the outcome. Season was defined as the season of which blood was drawn for the

sample of serum 25(OH)D measured. Physical activity was defined as the level of exercise daily
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and was recorded as low, moderate, or high intensity based on the International Physical Activity
Questionnaire.?”’ Alcohol consumed in the past year and was categorized as never drinking alcohol
in the past year, sometimes drinking alcohol in the past year, and often drinking alcohol in the past
year. Multivitamin use was measured as the type of vitamins that were consumed prior to the study
and were defined as not taking any vitamins, taking vitamins without folic acid, taking vitamins
with folic acid. Additionally, aspirin/placebo, the assigned treatment in this trial, was considered
as a confounder in this analysis, as previously applied in a study of 25(OH)D and pregnancy loss
using this data as previous evidence has shown an increased risk of reducing inflammation.'!-202
6.3. Analysis

6.3.1. Descriptive Analyses

The prevalence of preeclampsia across different baseline characteristics and vitamin D levels
defined as deficient, insufficient, and sufficient vitamin D levels (preconception, 8-week gestation)
is examined using chi-square tests or ANOVA for comparing categorical or continuous variables,
respectively (Tables 1 and 2).

6.3.2. Log Binomial Regression Models

Risk ratios between preconception and 8-week gestation serum 25(OH)D levels and preeclampsia
were estimated using log binomial regression models with robust standard errors with inverse
probability weights to account for selection bias. In particular, [ used log-binomial models because
they provide risk ratios as opposed to logistic regressions which provide odds ratios.?'* The inverse
probability weights used to account for selection biases that could result from this restriction using
methods described previously include covariates associated with the probability of being pregnant
such as age, smoking, season, exercise, income, race, education, alcohol, parity, aspirin,

employment, vitamin D, vitamins, and BMI. 201213
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Models evaluated preconception and 8-week 25(OH)D status (sufficient vs. insufficient vs.
deficient) to support clinical interpretations of the results. 25(OH)D was further assessed through
continuous models with additional cut points, including splines. Models were adjusted for relevant
confounders as determined by DAGs (see Appendix I). Log binomial regression models for
preconception and 8-week gestation 25(OH)D and preeclampsia were analyzed using four models
to assess associations between preconception 25(OH)D and preeclampsia weighted to account for
selection on live births. Our four models included: an unadjusted model (Model 1), a model
adjusted for all sociodemographic covariates (Model 2: age, exercise, income, race, education,
parity, employment, season), a model adjusted for all sociodemographic and lifestyle covariates
except for BMI (Model 3: Model 2 + smoking, exercise, alcohol, treatment assignment, vitamin
use), and a model adjusted for all sociodemographic and lifestyle covariates, including BMI
(Model 4: Model 3 + BMI). BMI was shown to be a strong confounder in the association of
25(OH)D and preeclampsia, and therefore we examined this separately. Separate models were run
Sociodemographic covariates included age, exercise, income, race, education, parity, employment,
and season. Model 2 adjusted included sociodemographic plus lifestyle factors which included
smoking, season, alcohol, aspirin, and vitamins. Adjusted model 3 included all previous covariates
plus BMI. I ran separate models for preconception 25(OH)D and 8-week gestation 25(OH)D
levels. Inverse probability weights were included to control for potential selection bias introduced
by restricting to women who had a live birth. Weights were determined from models that include
covariates associated with the probability of pregnancy, which included age, smoking,
employment, vitamins, BMI, race, physical activity, parity, treatment assignment, and

preconception 25(OH)D concentrations.
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Potential interactions between vitamin D and treatment assignment (aspirin vs. placebo)
were considered and no significant interactions were observed. Analyses were performed using
STATA version 17.0.

6.4. Results

6.4.1. Descriptive Analyses

Descriptive analyses were assessed for the EAGeR analytic study sample comparing both the
preconception and 8-week gestation maternal serum vitamin D with covariates within our analytic
sample of livebirths. The median age women were 28 years old, with the highest BMI in the
vitamin D deficient group (30.50 + 8.63). Most women were of white race 280 (99%) and were
vitamin D sufficient or insufficient (228 vs. 205). Over 90% of women who were vitamin D
sufficient or insufficient were educated beyond high school, and around 80% of women who were
vitamin D deficient were educated beyond high school. Over 30% of women in the vitamin D
sufficient and insufficient categories had income equal or over $100,000 per year. Around 70% of
women in all three vitamin D categories were employed. Over 75% of women in all three
categories used vitamins that include folic acid in them. Over 60% of women in all three vitamin
D categories never smoked. An increase in vitamin D deficiency was seen in the fall season 25
(38%). Between 59-71% of women had 1 prior pregnancy loss before they were enrolled in the
EAGeR Trial. Between 63-75% of women never consume alcohol. The baseline CRP of women
is seen in dose relationship as vitamin D decreases (vitamin D sufficient 2.26 £ 5.14 vs. vitamin D
insufficient 2.75 £3.72 vs. vitamin D deficient 4.77 £ 7.90). About half (50%) of participants were
in either the placebo or aspirin group and there were no significant differences between either

group or vitamin D levels measured.
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For the preconception maternal serum vitamin D group, BMI was highly associated with
preconception maternal serum vitamin D (p-value <0.0001), as was race (p-value <0.0001), and
income, (p-value 0.02), exercise (p-value 0.003), alcohol intensity (p-value 0.005), and baseline
CRP (p-value 0.002).

Descriptive analyses were assessed for the EAGeR analytic study sample using the 8-week
maternal serum vitamin D on covariates. The median age women were 28 years old, with the
highest BMI in the vitamin D deficient group (30.50 + 8.63). Most women were of white race 296
(98%) and were vitamin D sufficient or insufficient (301 vs. 207). Over 90% of women who were
vitamin D sufficient or insufficient were educated beyond high school, and around 70% of women
who were vitamin D deficient were educated beyond high school. Over 30% of women in the
vitamin D sufficient and insufficient categories had income equal or over $100,000 per year, while
27% vitamin D deficient category had income equal or over $100,000 per year. Around 70% of
women in the sufficient and insufficient vitamin D categories were employed, and 45% of women
in the deficient vitamin D category were employed.

Over 75% of women in all three categories used vitamins that include folic acid in them.
Over 80% of women in all three vitamin D categories never smoked. An increase in vitamin D
deficiency was seen in the fall season (59%). Around 60% of women had 1 prior pregnancy loss
before they were enrolled in the EAGeR Trial. Over 60% of women in all vitamin D categories
had never consumed alcohol. The baseline CRP of women is seen in dose relationship as vitamin
D decreases (vitamin D sufficient 2.26 &+ 5.14 vs. vitamin D insufficient 2.75 4 3.72 vs. vitamin D
deficient 4.77 £ 7.90). For the 8-week gestation maternal serum vitamin D group, BMI was highly

associated with maternal serum 8-week vitamin D (p-value <0.001), race (p-value <0.001),
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education (p-value 0.009), income (p-value 0.002), employment (p-value 0.01), season (0.001),
baseline CRP (p-value 0.02).

While there were no significant associations seen between preconception 25(OH)D and 8-
week 25(OH)D serum levels and the prevalence of preeclampsia, the trends were striking and
majority of women who had prevalence of preeclampsia were in the vitamin D deficiency category.
Overall, within the prevalence of preeclampsia in preconception 25(OH)D maternal serum levels,
majority of women had vitamin D deficiency <20 ng/mL (16.92%), followed by vitamin D
sufficiency (9.96%), and vitamin D insufficiency (8.29%). For 8-week gestation 25(OH)D
maternal serum levels, and prevalence of preeclampsia, majority of women were vitamin D
deficient (13.64%), then insufficient (12.08%), and sufficient (8.97%). There was an increased
risk of preeclampsia with increasing BMI: underweight 5.6%, normal weight 4.9%, overweight
12.9%, and obese 22.5%. Women who engaged in moderate exercise had an increased prevalence
of preeclampsia 12.4% vs. low exercise 4.1%. There was a dose-relationship seen between CRP
and preeclampsia in both the baseline CRP and 8-week CRP groups. At baseline 4.7% of women
with preeclampsia had low levels vs. 14.1% borderline vs. 15.2% moderately high vs. 23.8% high
concentrations. At 8-week CRP concentrations were 3.8% of women had low levels vs. 8.6%
borderline vs. 11.8% moderately high vs. 22.2% high.

6.4.2. Log-Binomial Regression Results

Using log-binomial regression models, I examined the association of preconception and 8-week
gestation maternal serum levels of 25(OH)D on risk of preeclampsia (Table 2). In particular, I used
log-binomial models because they provide risk ratios as opposed to logistic regressions which
provide odds ratios. After adjustment for both sociodemographic and lifestyle (excluding BMI)

for Model 3, the precision of the estimate was reduced, Deficient (RR: 2.32, 95% CI: 1.09, 4.95).
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However, after inclusion of BMI (Model 4), the risk ratios for insufficient preconception maternal
serum 25(OH)D levels on risk of preeclampsia (RR: 0.80, 95% CI: 0.44, 1.47) and for deficient
(RR: 1.45, 95% CI: 0.64, 3.29) found similar patterns but were attenuated and no longer
significant.

For 8-week gestation, there is a suggestion of similar increased risk to preconception
models, however, the confidence intervals were too wide and there is a large attenuation of effect
when adjusting for BMI. After adjustment for both sociodemographic and lifestyle (excluding
BMI) for Model 3, insufficient 25(OH)D showed a slight association (RR: 1.37, 95% CI: 0.84,
2.23) and for deficient (RR: 2.70, 95% CI: 0.73, 10.02). However, for adjusted Model 4, the risk
ratios for insufficient 8-week gestation maternal serum 25(OH)D levels on risk of preeclampsia
(RR: 1.11, 95% CI: 0.66, 1.86) and for deficient (RR: 1.42, 95% CI: 0.38, 5.32) were also
attenuated.

6.4.3. Linear Spline Results

For the linear spline models, 43 was selected as the knot with the best fit based on AIC and BIC
statistics (i.e., the model with the lowest AIC and BIC). In Table 3, I modeled 25(OH)D at
preconception versus 8-week gestation was modeled with a linear spline model at the 43 ng/mL
measurement. Before the 43 ng/mL 25(OH)D serum level, the risk of 25(OH)D on preeclampsia
in the preconception Model 4 is (RR: 0.97; 95% CI: 0.93, 1.00]. At 43 ng/mL per 1ng/mL unit
increase of 25(OH)D, there is a slight change in risk of preeclampsia in the preconception Model
4 (RR: 1.03; 95% CI: 1.00, 1.06). These results are still significant after adjustment. For 8-week
gestation, before the 43 ng/mL 25(OH)D serum level, the risk of 25(OH)D on preeclampsia in the
8-week gestation Model 4 is (RR: 0.97; 95% CI: 0.93, 1.02). At43 ng/mL per 1ng/mL unit increase

of 25(OH)D, there is a slight change in risk of preeclampsia in the 8-week gestation Model 4 (RR:
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1.02; 95% CI: 0.93, 1.12). In addition, the prevalence of preeclampsia in both preconception and
8-week gestation were 9.3% and 5.2% respectively.
6.5. Discussion
Among a sample of healthy women with 1-2 prior pregnancy losses, the unadjusted analyses
accounting for sociodemographic and some lifestyle factors, both maternal serum 25(OH)D levels
at preconception, and potentially 8-week gestation, based on Endocrine Society cut points were
associated with the risk of preeclampsia have shown an increased risk of preeclampsia, though
using Endocrine Society’s standard cut-offs based on the categorical models used in this analysis.
However, once BMI was included in the adjusted models, the relationship was no longer
significant. Although the association was attenuated after adjustment for BMI. However, the
between maternal serum 25(OH)D levels and risk of preeclampsia is not significant, the magnitude
of the association is suggestive of an increased risk of preeclampsia, within the deficient
preconception 25(OH)D group, respectively. The linear spline models suggest that reductions in
preeclampsia associated with preconception maternal serum 25(OH)D. For each 1 unit increase in
25(OH)D up to 43 ng/mL, women had a reduced risk of preeclampsia. This association was
significant even after accounting for BMI. These results highlight the importance of the
preconception window on the risk of preeclampsia and the significant role of BMI (Table 3). Future
research is needed to assess The Endocrine Society’s cut offs for sufficient vitamin D levels (> 30
ng/mL) on reproductive health outcomes.

This study is consistent with previous research that has found an association between
maternal vitamin D and risk of preeclampsia, although our study addresses a critical gap in timing
of vitamin D serum measurement.'?!33413¢ Previous epidemiologic studies have shown maternal

serum vitamin D levels <15ng/mL had a 5-fold increased risk of preeclampsia.!? In addition,
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previous studies have found that supplementation during later pregnancy was ineffective, and one
reasoning could be that beginning vitamin D supplementation during pregnancy was too delayed
to reduce the risk of preeclampsia later during pregnancy.’>*? Although, one study found that early
vitamin D supplementation within the first trimester of pregnancy aids in reducing the
reoccurrence of preeclampsia in previous preeclamptic women.®' In addition, previous studies
have assessed the preconception period of vitamin D with pregnancy loss and pregnancy success,
though not with other adverse pregnancy outcomes.'!*® Specifically, a previous study using the
EAGeR data by Mumford et al. found an increased risk of pregnancy loss with lower preconception
vitamin D versus at 8-week gestation.!! Finally, a recent study assessed preconception vitamin D
levels on the success of in vitro fertilization (IVF) and found that women who had vitamin D levels
above > 20 ng/mL had a significantly higher likelihood of pregnancy success than women who
were <20 ng/mL.*® Our work importantly extends these findings highlighting the importance of
the preconception period for later adverse pregnancy outcomes, such as preeclampsia, as well.
Previously, the Endocrine Society’s clinical guidelines for vitamin D cutoffs have been
based on supporting bone health and fall prevention, and currently no clinical recommendations
for optimal levels for reproductive health is provided. Our study suggests that for each 1 unit
increase in maternal serum 25(OH)D levels there is a reduction on the risk of preeclampsia up until
the 43 ng/mL measurement. There was also some suggestion that risk may not be decreased after
this point; however, this should be investigated in further studies as higher serum 25(OH)D values
were less common in this cohort and the data cannot discern how precise this may be. This study
is consistent with previous research that has found an association between maternal vitamin D and
risk of preeclampsia, although our study addresses a critical gap in timing of vitamin D serum

measurement.' 21334136 A previous epidemiologic study has shown maternal serum vitamin D
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levels <15ng/mL had a 5-fold increased risk of preeclampsia.'> However, one study found that
supplementation during the third trimester pregnancy was not significant in reducing risk of
preeclampsia.?>® One rationale for a lack of an effect could be that vitamin D supplementation was
initiated later in pregnancy, after the period in which implantation and placentation may have
already occurred. 23 Prior studies assessing the role of vitamin D in the preconception period on
risk of pregnancy outcomes. In particular, a study by Mumford et al. using EAGeR data found an
increased risk of pregnancy loss with lower preconception vitamin D and higher pregnancy success
with increased vitamin D.!'' A recent study assessed preconception vitamin D levels on the success
of in vitro fertilization (IVF) and found that women who had vitamin D levels above > 20 ng/mL
had a significantly higher likelihood of pregnancy success than women who were <20 ng/mL.3
Thus, findings from this study and other studies on pregnancy outcomes suggest that preconception
and early pregnancy vitamin D levels may be important to promote healthy and successful
implantation and placentation and reduce the risk of adverse outcomes, such as preeclampsia. The
Endocrine Society’s cutoffs for vitamin D are used to inform and support bone health, currently
no clinical recommendations for optimal levels for reproductive health are available. My study
suggests that while 25(OH)D level cut offs of deficiency (< 20ng/mL), insufficiency (21-29
ng/mL), and sufficiency (> 30 ng/mL) are within the optimal levels to reduce the risk of
preeclampsia up to the 43 ng/mL mark. There was also some suggestion that risk may increase
after the 43 ng/mL 25(OH)D level. However, this possibility should be further studied as higher
serum 25(OH)D values >43 ng/mL were less prevalent in this cohort (Preconception: 9.3% and 8-
week: 5.2%) and the data cannot discern how precise this may be.

The findings with BMI being highly correlated with preeclampsia and attenuating our

results is relatively consistent with previous literature.?3*23 Previous research has found that
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maternal obesity increases a mother’s risk by three-four times of developing preeclampsia
compared to maternal normal weight. 233237238 These findings suggest that potential inflammatory
pathways introduced by higher obesity levels may attenuate the anti-inflammatory effects of
vitamin D on the risk of preeclampsia.?**2¢! As previous findings, including in our study, we found
that as a woman’s BMI increases her risk of preeclampsia increases as well,237:238.262

Previous literature highlights the importance of assessing the critical period prior to
implantation and the role of vitamin D in supporting this process. This is consistent with our
findings regarding preconception and early gestation maternal serum vitamin D levels and in
particular critical timings of vitamin D exposure on the potential of reducing the risk of adverse
pregnancy outcomes, such as preeclampsia. This study further suggests that additional studies are
needed to identify optimal levels of circulating 25(OH)D for reproductive and perinatal health.
Previous literature highlights the role that vitamin D may play in supporting reduction in
inflammation, specifically in the uterus.?®?” Our findings suggest that there may be a critical period
prior to conception in which vitamin D levels may affect this process and, ultimately, affect the
development of pregnancy complications related to impaired placentation.!'®232%34190 However,
further research is needed to identify specific mechanisms and optimal levels of circulating
25(OH)D for reproductive and perinatal health.
6.5.1. Strengths and Limitations
This sample is not representative of the United States population. However, this research may
provide the first step in assessing preconception 25(OH)D on preeclampsia and may serve as
preliminary data for future studies. The main challenge with preconception and early pregnancy
data is the potential for pregnancy loss. Specifically, when assessing the preconception versus 8-

week gestation time points, some women experience pregnancy loss prior to the 8-week gestation
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measurement. [ have applied inverse probability weighting to account for potential selection bias
factors related to surviving to pregnancy loss or not becoming pregnant that may have occurred by
restricting to a live birth.

These approaches have been successfully applied in prior work to account for potential
selection bias introduced when evaluating preconception factors and post conception outcomes -
a scenario that is very common in reproductive and perinatal epidemiology.?%*2%* However, it may
not account for all potential selection factors. In addition, our small sample size limits precision
and our ability to assess interactions within our models. Specifically, BMI was significantly
associated with both vitamin D and preeclampsia, and strongly attenuated our models. Small
samples of deficient vitamin D and obesity precluded examination of the interaction between these
variables on the risk of preeclampsia. In addition, this is a secondary analysis of a trial which was
not designed to examine vitamin D and pregnancy outcomes. Finally, an addition limitation is
unmeasured confounding, which would have to be at a certain point estimate with a lower
confidence interval value to explain the association as explained in Table S6.1 (Supplemental
Tables).?%3

There are strengths of the data to highlight. Preconception serum 25(OH)D assessment on
the risk of preeclampsia has not been evaluated previously in the literature. This may be a critical
time point in which an intervention may be most likely to have an effect and elucidate important
mechanisms that lead to preeclampsia. In addition, the use of the EAGeR data is novel in that it
allows for the examination of this association using prospective data with a well-defined, closely
monitored cohort and exposures that temporally proceed the outcomes of interest. This allows me
the ability to compare both the preconception and early pregnancy serum vitamin D levels to assess

these longitudinal relationships. Finally, this data is uniquely positioned to address gaps in the
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literature by focusing on vitamin D during the early critical windows of development, including
preconception and early pregnancy.

6.5.2. Conclusion

This study shows that there is an increased risk of preeclampsia in women with deficient serum
25(OH)D at preconception, although the risk is attenuated after adjusting for BMI. In the linear
spline model, there is suggestion of an effect between deficient preconception and early pregnancy
25(0OH)D levels on the risk of preeclampsia, even after adjustment for BMI. In addition, this study
suggests that risk of preeclampsia continues to decline at 25(OH)D levels beyond insufficient
status (>30 up to 40-45 ng/mL). However, further studies with larger sample sizes are needed to
assess the variation in optimal vitamin D levels for pregnancy-related outcomes that may be
different from bone health and examine potential interactions between BMI and vitamin D. This
information can be used to further understand the relationship between critical preconception and
implantation period and their effect on risk of adverse pregnancy outcomes, such as preeclampsia,
particularly in more diverse populations. In addition, future studies may use this information to
potentially modify the Endocrine Society’s Guidelines or obstetric practices based on when
vitamin D supplementation may be started during the reproductive period as well as how much

IU’s per day are taken.
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Tables

Table 6.1. Descriptive Analyses of preconception maternal serum levels of vitamin D in the EAGeR Trial Restricted to Live Births (n=552)

EAGeR- Preconception Vitamin D Descriptive Analyses

Vitamin D Sufficient Vitamin D Insufficient Vitamin D Deficient P-value
(=30 ng/mL) (<30 ng/mL & >20 ng/mL) (<20 ng/mL)
N 282 205 65
Age, years
Mean + SD 28.73+4.5 28.67+4.6 28.50+5.3 091
18-24.9 71 (25.2) 44 (21.5) 15 (23.1) 0.56
25-29.9 111 (39.4) 93 (45.4) 32(49.2)
30-34.9 78 (24.1) 52 (25.4) 13 (20.0)
35-40.9 32(11.4) 16 (7.8) 5(7.7)
*BMI, kg/m*
Mean + SD 24.47+5.1 26.85+6.3 30.50 £ 8.6 0.031
Underweight <18.5 93.2) 7(3.4) 2(3.1) <0.0001
Normal >18.5 & <25 185 (65.6) 100 (48.8) 19 (29.2)
Overweight >25 & <30 59 (20.9) 59 (28.8) 14 (21.5)
Obese >30 29 (10.3) 39 (19.0) 30 (46.2)
*Race
White 280 (99.3) 200 (97.6) 55 (84.6) <0.0001
Non-White 2(0.7) 5(2.4) 10 (15.4)
Education
< High School, n (%) 25 (8.9) 13 (6.3) 13 (20.0) 0.004
> High School, n (%) 257 (91.1) 192 (93.7) 52 (80.0)
Income, n
> $100,000 103 (36.5) 98 (47.8) 22 (33.9) 0.02
$75,000-$99,999 47 (16.7) 28 (13.7) 4(6.2)
$40,000-$74,999 47 (16.7) 23 (11.2) 10 (15.4)
$20,000-$39,999 63 (22.3) 47 (22.9) 22 (33.9)
<$19,999 22 (7.8) 9(4.4) 7 (10.8)
Employment 0.29
Yes 214 (75.9) 144 (70.2) 45 (69.2)
No 68 (24.1) 61 (29.8) 20 (30.8)
Multivitamin Use 0.28
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No Folic Acid-No Vitamins 20 (7.1) 9(4.4) 5(7.7)

No Folic Acid- Yes Vitamins 45 (15.9) 27 (13.2) 5(7.7)

Yes Folic Acid- Yes Vitamins 217 (76.9) 169 (82.4) 55 (84.6)

Smoking 0.83
Never 256 (90.8) 186 (90.7) 57 (87.7)

<6 per day 17 (6.0) 11(5.4) 6(9.2)

Daily 9(3.2) 8(3.9) 2 (3.1

Season 0.17
Fall (Sep-Nov) 80 (28.4) 50 (24.4) 25 (38.5)

Winter (Dec-Feb) 55 (19.5) 46 (22.4) 16 (24.6)

Spring (Mar-May) 73 (25.9) 58 (28.3) 16 (24.6)

Summer (Jun-Aug) 74 (26.2) 51 (24.9) 8(12.3)

*Exercise Level 0.003
Low 62 (21.9) 56 (27.3) 29 (44.6)

Moderate 136 (45.4) 79 (37.1) 24 (33.9)

High 96 (32.6) 76 (35.6) 14 (21.5)

Number of previous pregnancy losses, n 0.17
0

1 167 (59.2) 132 (64.4) 46 (70.8)

2 115 (40.8) 73 (35.6) 19 (29.2)

Alcohol Intensity

Never 177 (62.8) 151 (73.7) 49 (75.4) 0.005
Sometimes 98 (34.8) 44 (21.5) 16 (24.6)

Often 7(2.5) 10 (4.9) 0 (0.0)

Baseline CRP

Mean + SD 2.26+5.1 2.75+3.7 47779 0.031
Low <1 156 (55.3) 99 (48.3) 20 (31.3) 0.002
Borderline >1 & <3 80 (28.4) 56 (27.3) 20 (31.3)

Moderately High >3 & <10 41 (14.5) 38 (18.5) 20 (31.3)

High Concentrations >10 5(1.8) 12 (5.9) 4(6.3)

Aspirin Use 0.74
Placebo 131 (46.5) 101 (49.3) 33 (50.8)

Low Dose Aspirin 151 (54.6) 104 (50.7) 32 (49.2)

*Non-white participants include American Indian/Alaska Native, Asian, Native Hawaiian or Other Pacific Islander, Black or African American, more than one
Race, Unknown or Not Reported
*BMI- Body Mass Index, CRP- C-Reactive Protein *Exercise level is defined as low, moderate, and high
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Table 6.2. Descriptive Analyses of 8-week maternal serum levels of vitamin D in the EAGeR Trial Restricted to Live Births (N=530)

EAGeR- 8-week Vitamin D Descriptive Analyses

Vitamin D Sufficient Vitamin D Insufficient Vitamin D Deficient P-value
(=30 ng/mL) (<30 ng/mL & >20 ng/mL) (<20 ng/mL)
N 301 207 22
Age, years
Mean £ SD 28.7+4.6 284+44 28.7+5.0 0.297
18-24.9 68 (22.6) 51 (24.6) 4(18.2) 0.19
25-29.9 118 (39.2) 196 (46.4) 13 (59.1)
30-34.9 81 (26.9) 43 (20.8) 5(22.7)
35-40.9 34 (11.3) 17 (8.2) 0(0.0)
*BMI, kg/m>
Mean £ SD 242+ 4.7 26.3+6.2 30.5+8.9 <0.001
Underweight <18.5 8(2.7) 7(3.4) 0(0.0) <0.001
Normal >18.5 & <25 188 (62.5) 98 (47.3) 8(36.4)
Overweight >25 & <30 73 (24.3) 51 (24.6) 5(22.7)
Obese >30 32 (10.6) 51 (24.6) 9 (40.9)
*Race
White 296 (98.3) 200 (96.6) 18 (81.8) <0.001
Non-White 5(1.7) 7(3.4) 4(18.2)
Education
< High School, n (%) 28 (9.3) 15 (7.3) 6(27.3) 0.009
> High School, n (%) 273 (90.7) 192 (92.8) 16 (72.7)
Income, n
> $100,000 123 (40.9) 85 (41.1) 6(22.7) 0.002
$75,000-$99,999 53 (17.6) 25 (12.1) 0(0.0)
$40,000-$74,999 46 (15.3) 31 (14.9) 2(9.1)
$20,000-$39,999 60 (19.9) 57 (27.5) 9 (40.9)
<$19,999 19 (6.3) 9(4.4) 5(22.7)
Employment
Yes 224 (74.4) 155 (74.9) 10 (45.5) 0.01
No 77 (25.6) 52 (25.1) 12 (54.6)
Multivitamin Use
No Folic Acid-No Vitamins 17 (5.7) 15 (7.3) 1(4.5) 0.05
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No Folic Acid- Yes Vitamins 53 (17.6) 19 (9.2) 1(4.5)

Yes Folic Acid- Yes Vitamins 231 (76.7) 173 (83.6) 20 (90.9)

Smoking

Never 271 (90.0) 190 (91.8) 19 (86.4) 0.38
<6 per day 20 (6.6) 9(4.4) 3 (13.6)

Daily 10 (3.3) 8(3.9) 0 (0.0)

Season

Fall (Sep-Nov) 70 (23.3) 66 (31.9) 13 (59.1) 0.001
Winter (Dec-Feb) 58 (19.3) 52 (25.1) 1 (4.6)

Spring (Mar-May) 90 (29.9) 49 (22.7) 4(18.2)

Summer (Jun-Aug) 83 (27.6) 40 (19.3) 4 (18.2)

*Exercise Level

Low 71 (23.6) 57 (27.5) 15 (68.2) 0.98
Moderate 129 (42.9) 89 (43.0) 29.1)

High 101 (33.6) 61 (29.5) 5(2.7)

Number of previous pregnancy losses, n

0 0.40
1 187 (62.1) 130 (62.8) 14 (63.6)

2 114 (37.9) 77 (37.2) 8 (36.4)

Alcohol Intensity

Never 198 (65.8) 145 (70.1) 15 (68.2) 0.72
Sometimes 92 (30.6) 57 (27.5) 7 (31.8)

Often 11 (3.7) 52.4) 0 (0.0)

Baseline CRP

Mean + SD 224+4.7 2.37+2.9 3.890+45 0.280
Low <1 167 (55.5) 91 (44.2) 7 (31.8) 0.004
Borderline >1 & <3 79 (26.3) 67 (32.5) 4(18.2)

Moderately High >3 & <10 46 (15.3) 38 (18.5) 10 (45.5)

High Concentrations >10 9(2.9) 10 (4.9) 1 (4.6)

Aspirin Use

Placebo 127 (42.2) 113 (54.6) 11 (50.0) 0.02
Low Dose Aspirin 174 (57.8) 94 (45.4) 11 (50.0)

*Non-white participants include American Indian/Alaska Native, Asian, Native Hawaiian or Other Pacific Islander, Black or African American, more than one
Race, Unknown or Not Reported

*BMI- Body Mass Index, CRP- C-Reactive Protein

*Exercise level is defined as low, moderate, and high
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Table 6.3. Prevalence of Preeclampsia by 25(OH)D status at preconception and 8-week gestation and sociodemographic and health characteristics among
participants that achieved a live birth in the EAGeR trial (n=552)

EAGeR Covariates and Prevalence of Preeclampsia

Covariates N=55 Prevalence of Preeclampsia (%) P-value
Preconception 25(OH)D 0.14
Sufficient >30 ng/mL 282 27 (9.57)

Insufficient >20 & <30 ng/mL 205 17 (8.29)

Deficient <20 ng/mL 65 11 (16.92)

8-week 25(OH)D 0.42
Sufficient >30 ng/mL 301 27 (8.9)

Insufficient >20 & <30 ng/mL 207 25 (12.1)

Deficient <20 ng/mL 22 3 (13.6)

Demographics

Age, years 0.20
18-24.9 130 14 (10.8)

25-29.9 236 17 (7.2)

30-34.9 133 16 (12.0)

35-40.9 53 8 (15.1)

*BMI, kg/m* <0.01
Underweight <18.5 18 1(5.6)

Normal >18.5 & <25 304 15 (4.9)

Overweight >25 & <30 132 17 (12.9)

Obese >30 98 22 (22.5)

*Race 0.68
White 535 53(9.9)

Non-White 17 2 (11.8)

Education 0.81
< High School 51 4(7.8)

> High School 501 51(10.2)

Annual Household Income 0.29
> $100,000 223 29 (13.0)
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$75,000-$99,999
$40,000-$74,999
$20,000-$39,999

<$19,999

Employment

Yes

No

Multivitamin Use

No Folic Acid-No Vitamins
No Folic Acid- Yes Vitamins
Yes Folic Acid- Yes Vitamins
Smoking in past year
Never

<6 per day

Daily

Season of blood draw

Fall (Sep-Nov)

Winter (Dec-Feb)

Spring (Mar-May)

Summer (Jun-Aug)
*Exercise Level

Low

Moderate

High

Alcohol consumption in the past year
Never

Sometimes

Often

Baseline CRP

Low <1

Borderline >1 & <3
Moderately High >3 & <10

79
80
132
38

403
149

34
77
441

499
34
19

155
117
147
133

147
226
179

377
158
17

275
156
99
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5(6.3)
9 (11.3)
9 (6.8)
3(7.9)

45 (11.2)
10 (6.7)

4(11.8)
7(9.1)
44 9.9)

50 (10.0)
5 (14.7)
0 (0.0)

19 (12.3)
12 (10.3)
13 (3.8)
11 (8.3)

6 (4.1)
28 (12.4)
21 (11.7)

36 (9.5)
18 (11.4)
1(5.9)

13 (4.7)
22 (14.1)
15 (15.2)

0.15

0.93

0.22

0.68

0.01

0.85

<0.01



High Concentrations >10 21 5(23.8)

8-Week CRP <0.01
Low <1 106 4 (3.8)

Borderline >1 & <3 175 15 (8.6)

Moderately High >3 & <10 186 22 (11.8)

High Concentrations >10 14 14 (22.2)

Treatment Assignment 1.00
Placebo 265 26 (9.8)

Low Dose Aspirin 287 29 (10.1)

*Non-white participants include American Indian/Alaska Native, Asian, Native Hawaiian or Other Pacific Islander, Black or African American, more than one
Race, Unknown or Not Reported

*P-values based on Fisher’s Exact Test

*22 women were missing for 8-week 25(OH)D measurement

*BMI- Body Mass Index, CRP- C-Reactive Protein

*Exercise level is defined as low, moderate, and high.
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Table 6.4. Association between preconception and 8-week categorical 25(OH)D and Risk Ratio (RR) of preeclampsia: EAGeR Trial

EAGeR Binomial Regression Models for Preconception and 8-week Gestation 25(OH)D
(categorical) and Preeclampsia

Adjusted — M4*
RR (95% CT)

Preeclampsia Unadjusted—- M1'  Adjusted — M2? Adjusted — M3®
N (%) RR (95% CT) RR (95% CT) RR (95% CT)

Categorical 25(OH)D (Based on Endocrine Society’s Guidelines)

Preconception 25(OH)D

N=552
Deficient 11 (20) 1.85 (0.99, 3.45) 2.59 (1.24,5.39) 2.32 (1.09, 4.95) 1.45 (0.64, 3.29)
Insufficient 17 (31) 0.90 (0.51, 1.58) 0.99 (0.55, 1.76) 0.96 (0.54, 1.72) 0.80 (0.44, 1.47)
Sufficient 27 (49) Ref Ref Ref Ref

8-Week 25(OH)D

N=530
Deficient 3(13) 1.49 (0.49, 4.54) 2.73 (0.73,10.20)  2.70(0.73, 10.02) 1.42 (0.38, 5.32)
Insufficient 25 (46) 1.34 (0.81, 2.23) 1.41 (0.86, 2.32) 1.37 (0.84, 2.23) 1.11 (0.66, 1.86)
Sufficient 27 (49) Ref Ref Ref Ref

“RR- Risk Ratio

"Unadjusted

2Adjusted for all sociodemographic covariates which include age, exercise, income, race, education, parity, employment, and season and weighted to control for
potential selection bias introduced by restricting to a sample of live births.

3Adjusted for all sociodemographic covariates and lifestyle covariates which included age, smoking, season, exercise, income, race, education, alcohol, parity,
aspirin, employment, and vitamins except for BMI and weighted to control for potential selection bias introduced by restricting to a sample of live births.
4Adjusted for all sociodemographic and lifestyle covariates which included age, smoking, season, exercise, income, race, education, alcohol, parity, aspirin,
employment, vitamins, and BMI and weighted to control for potential selection bias introduced by restricting to a sample of live births.
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Table 6.5. Association between preconception and 8-week using continuous linear splines of 25(OH)D and Risk Ratio (RR) of preeclampsia: EAGeR Trial

EAGeR Binomial Regression Models for Preconception and 8-week Gestation 25(OH)D
(continuous) and Preeclampsia

Preeclampsia Unadjusted— M1! Adjusted — M2? Adjusted — M3® Adjusted — M4*
N RR (95% CT) RR (95% CT) RR (95% CT) RR (95% CT)

Continuous 25(OH)D with Splines (per 1 ng/mL)
Preconception 25(OH)D
N=552
<43 ng/mL 48 0.97 (0.94, 1.00) 0.95(0.92, 0.99) 0.95(0.92, 0.99) 0.97 (0.93, 1.00)
>43 ng/mL 7 1.02 (1.00, 1.05) 1.03 (1.00, 1.07) 1.03 (1.00, 1.07) 1.03 (1.00, 1.06)

8-Week 25(0OH)D N=530

<43 ng/mL 51 0.97 (0.94, 1.01) 0.96 (0.92, 1.00) 0.96 (0.92, 1.00) 0.97 (0.93, 1.02)

>43 ng/mL 4 1.02 (0.93, 1.12) 1.02 (0.92, 1.13) 1.03 (0.93, 1.13) 1.02 (0.93, 1.12)

“RR- Risk Ratio

"Unadjusted

2Adjusted for all sociodemographic covariates which include age, exercise, income, race, education, parity, employment, and season and weighted to control for
potential selection bias introduced by restricting to a sample of live births.

3Adjusted for all sociodemographic covariates and lifestyle covariates which included age, smoking, season, exercise, income, race, education, alcohol, parity,
aspirin, employment, and vitamins except for BMI and weighted to control for potential selection bias introduced by restricting to a sample of live births.
4Adjusted for all sociodemographic and lifestyle covariates which included age, smoking, season, exercise, income, race, education, alcohol, parity, aspirin,
employment, vitamins, and BMI and weighted to control for potential selection bias introduced by restricting to a sample of live births.
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Supplemental Tables

Supplemental Tables 6.1. Assessment of unmeasured confounding in the associations between preconception and 8-week 25(OH)D and risk of preeclampsia

Categorical 25(OH)D on risk of Preeclampsia

Adjusted- M3® E-Value
RR (95% CI) Observed Risk Ratio
Preconception 25(OH)D
Deficient 1.45 (0.64, 3.29) 2.26
Insufficient 0.80 (0.44, 1.47) 1.81
Sufficient Ref Ref
8-Week 25(OH)D
Deficient 1.42 (0.38, 5.32) 2.19
Insufficient 1.11 (0.66, 1.86) 1.46
Sufficient Ref Ref
Continuous 25(OH)D on risk of Preeclampsia
Adjusted- M3® E-Value
RR (95% CI) Observed Risk Ratio
Preconception 25(OH)D
<43 ng/mL 0.97 (0.94, 1.00) 1.32
>43 ng/mL 1.02 (1.00, 1.05) 1.25
8-Week 25(OH)D
<43 ng/mL 0.97 (0.94, 1.01) 1.32
>43 ng/mL 1.02 (0.93, 1.12) 1.25

3Adjusted for all sociodemographic and lifestyle covariates which included age, smoking, season, exercise, income, race, education, alcohol, parity, aspirin,
employment, vitamins, and BMI and weighted to control for potential selection bias introduced by restricting to a sample of live births.
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Figure 6.2. Non-parametric Lowess Curve for preconception 25(OH)D to express the best fitting for a smooth curve in connection to the data points presented
between >12 ng/mL and < 55 ng/mL to remove outliers, EAGeR Data (Total sample N=520; N=32 missing due to being outliers)
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Figure 6.3. Non-parametric Lowess Curve for 8-week 25(OH)D to express the best fitting for a smooth curve in connection to the data points presented between
>12 ng/mL and < 55 ng/mL to remove outliers, EAGeR Data (Total Sample N=516; N=14 missing due to being outliers)
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Chapter 7: Concluding Remarks

7.1 Summary of Major Findings

In summary, findings from these 3 studies suggest that critical early periods of implantation and
placentation during the preconception and early gestation period, may impact adverse pregnancy
outcomes, such as subchorionic hemorrhage and preeclampsia, and clinical markers of a healthy
pregnancy, such as nausea or the absence of vaginal bleeding. In this dissertation, I was able to
directly assess 25(OH)D levels marked by the preconception and early gestation period, which
may support the development of a healthy pregnancy. In addition, an assessment of continuous
25(OH)D levels using linear spline models are suggestive of a potential of higher threshold of
25(OH)D which may reduce the risk of preeclampsia; however, additional research is needed to
understand the optimal 25(OH)D level that may support reproductive and perinatal outcomes.

In Aim 1, the primary purpose was to identify whether change in preconception and 8-
week gestation maternal serum 25(OH)D levels were associated with higher odds of vaginal
bleeding/subchorionic hemorrhage. Analyses using both medical records and self-reported daily
diaries of vaginal bleeding were consistent. Taken together, findings suggest that deficient vitamin
D, or persistently deficient vitamin D, was associated with an increased risk of moderate to heavy
vaginal bleeding or subchorionic hemorrhage, the latter of which is associated with higher levels
of vaginal bleeding. Additionally, subchorionic hemorrhage is a clinically confirmed marker of
disrupted placentation. These findings were consistent even when restricted to pregnancies that
resulted in a live birth, suggesting that vaginal bleeding may be indicative of disruptions in
placentation independent of a pregnancy loss. In contrast, I did not find associations between
deficient vitamin D and lighter vaginal bleeding.

This study suggests that the maintenance of sufficient preconception and early gestation
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25(OH)D levels may be important during the early implantation/placentation process as indicated
by early clinical markers of vaginal bleeding and development of subchorionic hemorrhage.
However, there may be differentiating biologic pathways. In these analyses, the extent of vaginal
bleeding was distinguished as light compared to moderate/heavy bleeding. Light vaginal bleeding
during early pregnancy may be indicative of implantation bleeding or the normal transition in the
production of progesterone by the corpus luteum to the placenta and a corresponding temporary
drop in progesterone levels, which may lead to some spotting or light vaginal bleeding. In contrast,
moderate to heavy bleeding during the early conception period may be indicative of disruptions to
the implantation or placentation process, and the development of subchorionic hemorrhage, which
occurs when the chorion membranes that connect to the uterus partially detach, causing abnormal
bleeding during pregnancy.'’

In Aim 2, the primary purpose was to identify whether preconception versus 8-week
gestation maternal serum 25(OH)D levels were associated with higher odds of nausea or vomiting.
This study suggests that 25(OH)D levels at baseline (prior to conception) and early in pregnancy
(8 weeks gestation) are associated with reduced odds of experiencing nausea or vomiting. Overall,
the models showed that women who were persistently deficient or insufficient using medical
records and self-reported daily diaries had a decreased odds of nausea and/or vomiting.
Restrictions to live birth found consistent results for persistent vitamin D deficiency and
insufficiency, although some results for other categories changed and require further analyses
among a larger sample of pregnancies that survive to a live birth.

This study suggests that sufficient 25(OH)D levels prior to conception and during early
gestation are important as they may be an indicator of more robust implantation and placentation

by enhancing the production of hCG which increases the odds of experiencing nausea or vomiting.
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Our results align with previous studies that have found nausea being a robust marker of
implantation and, therefore, a sign of a healthy pregnancy.

In Aim 3, the primary purpose was to identify whether preconception and 8-week gestation
maternal serum 25(OH)D levels were associated with higher risk of preeclampsia. Overall,
preconception and 8 week gestation maternal serum 25(OH)D deficient levels increased the risk
of preeclampsia but was less precise. Linear splines showed reduced preeclampsia risk with
increasing vitamin D up to a threshold of 40-45 ng/ml. Additionally, an unexpected finding of
increased risk of preeclampsia was found after the threshold of 40-45 ng/mL, but the sample size
was limited at higher thresholds. Accordingly, this study is suggestive of potential lower risk of
preeclampsia with higher vitamin D; however, this requires further evaluation from larger studies.
7.2. Strengths and Limitations
Specific strengths and limitations have been discussed for each study aim in Chapters 4-6;
however, there are general strengths and limitations that pertain to all 3 study aims. Overall, there
are many strengths of the data to highlight. First, this is one of the few studies that assesses
25(OH)D prior to and after conception to evaluate the effects on early clinical markers of
pregnancy and preeclampsia. In addition, a detailed biomarker measurement of 25(OH)D and daily
diary information on vaginal bleeding and nausea/vomiting is provided in this study. The use of
daily diaries has been shown to provide more thorough assessment of indicators that may change
frequently with time.'>° Daily diary information enabled an examination of longitudinal patterns
of 25(OH)D. The unique nature of the detailed data during both the preconception and early
pregnancy period using both medical records and daily diary information allows for a more robust
capture of the critical windows of development, which is generally hard to capture. In addition,

this study has captured many important confounders through the detailed data provided to allow
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for more accurate assessment of our exposure and outcome. And finally, while this study includes
women with a history of 1-2 prior pregnancy losses, this research may still apply to a large
proportion of the population of reproductive aged women.

There are several limitations to note. First, when assessing the preconception versus 8-
week gestation time point, some women will experience pregnancy loss prior to the 8-week
gestation measurement. Although I used inverse probability weighting to account for some bias of
never becoming pregnant or reaching a live birth, it may not have been able to account for all
potential selection biases introduced when evaluating preconception factors and post conception
outcomes. Furthermore, there may still be an issue of unmeasured confounding. To address this, I
have calculated e-values to assess the extent to which unmeasured confounding may explain the
associations found.?'>??° Potential unmeasured confounders include maternal and paternal
exposures to pollution and toxic chemicals, which may impact adverse pregnancy
outcomes.??!-223-226 In addition, paternal nutrition and sperm health were unmeasured, and could be
potential confounders within these analyses.??!223226 Another general limitation across each of the
studies was sample size limitations to explore more detailed categorizations of change in 25(OH)D
or interactions with other variables, such as BMI and low-dose aspirin. Additionally, preeclampsia
and subchorionic hemorrhage are less prevalent resulting in imprecision due to small numbers.
Finally, the sample was limited in the diversity of the sample, as majority of women were of white
race. Therefore, our studies may not be representative of a more general population, which may
not have prior pregnancy losses or is more demographically diverse and have different levels of
25(OH)D absorption and metabolism.

7.3. Public Health Implications & Future Research
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The life course model posits that the early pregnancy period is one that includes life altering
processes that may predict one’s trajectory of health and disease.!** It is postulated that nutritional
exposures during sensitive and critical time windows may alter the health and wellbeing of a
pregnancy and thus, potentially leading to adverse pregnancy outcomes. Folate deficiency is the
most widely-accepted example of the critical importance of preconception nutrient levels on the

formation of the neural tube and growth of the fetus. 223

The findings from this dissertation also
provide support for a potential role of vitamin D in maintaining a healthy pregnancy and its
potential role in implantation and placentation.??2%26¢ Accordingly, this may translate to pregnancy
complications, such as pregnancy loss, vaginal bleeding, or subchorionic hemorrhage; and later
life health due to preeclampsia and preterm birth.

The findings from previous studies on vitamin D have implications that can inform multiple
levels of the socio-ecological framework. The socio-ecological model framework includes the
individual, interpersonal, organizational, environmental/community, and public policy
implications.?®”2%% This framework emphasizes the idea that these levels interact in various ways
to shape the health of individuals and populations.?¢’2%% This framework begins by acknowledging
how individuals would be directly affected by vitamin D and its effect on pregnancy outcomes,
while taking into consideration physical and cognitive characteristics. In addition, communities
and social networks surrounding the individuals would have implications of vitamin D on
pregnancy outcomes. Furthermore, implications of vitamin D on pregnancy outcomes would
impact the structured community and those within larger units on the organizational level, such as

institutions and cultural/physical environments. And finally, public policy level changes may be

made to address the effects of vitamin D on pregnancy outcomes. Using this framework, can help
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to understand the public health implications of this research and areas that could be explored in
future research.

At the individual level, these findings can provide more information to people with the
capacity for pregnancy on potential health implications of deficient 25(OH)D and whether they
may want to consider testing if they are deficient in 25(OH)D prior to conceiving. Given
recommendations to supplement with 25(OH)D if deficient, based on clinical cut-offs used in these
analyses, an individual may then pursue supplementation to ensure optimal 25(OH)D levels when
entering pregnancy. Additionally, acquiring knowledge and skills to individuals will provide them
self-esteem and self-confidence for effective prevention strategies.?®”2%% At the interpersonal
level, this knowledge may extend to social networks, including other friends or family intending
to conceive or who may want to conceive in the future.

At the organizational/community level, these findings may inform obstetric and
gynecologic practices. Currently, screening for maternal 25(OH)D may occur within the primary
care wellness visit, but not at a gynecologic visit. Gynecologists may query patients on their
25(OH)D status or recommend screening at their primary care physicians, particularly if the
patients are wanting to conceive. Gynecologists may also recommend 25(OH)D supplementation
for patients if they are deficient, in line with current recommendations. In addition, institutions
may influence exposure to outdoors and sunlight or increased intake of 25(OH)D through food
sources. In addition, those who practice religious and cultural behaviors that may limit 25(OH)D
exposure, such as religious headdress or covering, may be encouraged to test for 25(OH)D
deficiency prior to conceiving. Furthermore, there may be variation in screening for 25(OH)D

deficiency and recommendations for supplementation by health care professionals for vulnerable
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populations, such as pregnant and non-Hispanic Black people who may be more susceptible to
vitamin D deficiency.!3%26%:270

At the societal/policy level, currently up to 69% of the pregnancy population are deficient
in 25(0OH)D.?%6:2% [ncreasing guidance on 25(OH)D screening and supplementation and its
potential benefits for pregnancy may reduce the prevalence of deficient 25(OH)D in the pregnant
population. If these findings are confirmed in other studies, it may also lead to interventions or
policies that could reduce the risks for adverse pregnancy outcomes, such as preeclampsia, which
is a leading cause of maternal morbidity and mortality in the United States.>> Recently, the
Pregnancy Worker Fairness Act was passed on June 27" 2023, which allows for reasonable
accommodations for pregnant workers by providing flexible hours, receiving additional break time
to use the bathroom, eat, and rest, and ability to drink more water and take leave or time off
following childbirth.2’! These policies are vital as the accommodations may allow pregnant
workers to improve the health of their pregnancy by potentially using the time to take more breaks
outside, thus increasing their levels of vitamin D, attend prenatal care visits, and focus on their
overall nutrition status. With additional research, the United States may also consider more specific
policy guidance on optimal levels for pregnant people independent of current Endocrine Society
Guidelines, which has been designated for optimal bone health.’ Therefore, policies to support
research on the adequate levels of 25(OH)D level cut offs to be recommended for reproductive
health is needed.”!¢ Recently, public health policies have begun to focus on increasing the Dietary
Reference Intake guidelines on 25(OH)D supplementation, some of which have led to changes in
prenatal vitamin levels or recommendations to begin supplementation prior to conception, yet
recommended levels in prenatal vitamins remain quite low compared to what has been documented

based on previous studies to increase sufficient 25(OH)D levels.!”#!4? In addition, policies may
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aid in guidance on reduction of food deserts through public policy implementation to ensure
sufficient 25(OH)D exposure through food and supplement sources are available to reduce
disparities and adverse pregnancy outcomes that may be linked to vitamin D deficiency.>%¢0-%2
Future Research
Future studies are needed to better understand the critical preconception and early pregnancy
period and its impact on adverse pregnancy outcomes. While previous research has assessed the
time-period of serum 25(OH)D during the late term pregnancy period, very few studies have
assessed the critical preconception period. While these studies fill this gap, more information is
needed to understand mechanisms by which vitamin D may influence pregnancy health among
women. In addition, future studies are needed to assess nutritional deficiencies in male partners
due to their key role in placental health and development.??!222:226

In addition, future research should examine BMI as an interaction between vitamin D and
adverse pregnancy outcomes in more diverse and larger populations, as BMI has been highly
associated with vitamin D and preeclampsia (Chapter 6). Based on our findings, BMI was highly
associated with vitamin D and preeclampsia, and therefore associations between vitamin D and
preeclampsia were attenuated (Chapter 6).23423¢ Moderation of these effects by BMI could not be
evaluated due to small numbers in this study. In addition, future research should examine aspirin
as an interaction between vitamin D and adverse pregnancy outcomes, such as preeclampsia and
subchorionic hemorrhage, and more robust pregnancy outcomes, such as nausea (Chapters 4, 5,
and 6). Our findings suggest that aspirin may mitigate inflammation and reduce the risk of adverse
pregnancy outcomes, such as preeclampsia, but may increase bleeding in subchorionic hemorrhage
if it has already occurred due to preconception deficient 25(OH)D levels (Chapters 4 and 6). In

addition, our findings may suggest taking an aspirin supplement to increase robustness in
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implantation by reducing inflammation, and therefore increase the incidence of nausea (emesis)
(Chapter 5). Although the change in magnitude of these associations by aspirin status differed,
interactions were not significant, which may have been due to small samples.

Additionally, these findings should be evaluated further with a more representative
population. In particularly, Black women are important to include in future research as the highest
rates of preeclampsia and adverse pregnancy outcomes are experienced within that population.?’*~
275 Furthermore, Black women are more likely to be 25(OH)D deficient, as their absorption and
metabolism of 25(OH)D is differs due to changes in allele’s that help metabolize
25(OH)D.?0:154:269.276 Therefore, future research may also assess how these associations may differ
within and between race/ethnicity groups.

In examining vitamin D levels as a continuous variable, rather than clinically defined cut-
offs, I found that risk of preeclampsia varied based on a different threshold than what is often
defined clinically. Therefore, additional assessment of optimal levels of vitamin D needed within
the pregnant population to improve reproductive and pregnancy health outcomes. Based on our
findings, there may be different vitamin D cut off recommendations for adverse pregnancy
outcomes, such as preeclampsia (Chapter 6). Additionally, studies may also evaluate
preconception vitamin D supplementation to assess the effects on reproductive pregnancy
outcomes. This may aid in guidance of the clinical recommendations provided by the Dietary
Reference Intake for supplementation prior to pregnancy, in particularly within more vulnerable
populations.

Finally, future research is needed to directly assess additional biomarkers that may be vital
in better understanding the relationship between preconception 25(OH)D on perinatal outcomes.

Examining changes in hCG levels during the early pregnancy period may be important in better
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understanding the role of 25(OH)D in supporting more robust implantation, which may lead to an
increase in nausea or vomiting. In addition, examining the effects of vitamin D on hormone level
changes, such as progesterone or estrogen, or markers of inflammation (e.g., C-reactive protein
(CRP), which may guide a better understanding of the specific biological pathways between
25(OH)D metabolism during the preconception and implantation period on the risk of adverse
pregnancy outcomes. This research could potentially lead to low-cost and safe treatment such as
additional 25(OH)D supplementation prior to the preconception period to support a healthy
pregnancy and reduce the risk of adverse pregnancy outcomes.

7.4 Conclusion

In keeping with a life course framework, this research may indicate sensitive and critical periods
on the effect of 25(OH)D on adverse pregnancy outcomes. Critical windows during the
preconception and early gestation period may alter proper implantation and placentation, thus
leading to adverse pregnancy outcomes such as subchorionic hemorrhage and preeclampsia. In
addition, sufficient maternal 25(OH)D levels during the early pregnancy period may support
placental maintenance of the pregnancy and facilitating a greater nausea (emesis) response, which
is a marker of robust implantation and healthy placentation. Due to vitamin D’s source of anti-
inflammatory support for the uterus and placenta during critical period of implantation and
placentation, having sufficient vitamin D in both preconception and early gestation may be a
critical component for a healthy pregnancy.?%!07:110.146.147° A dditionally, this research can inform
future research on potential mechanisms or clinical studies evaluating supplementation and the

role of vitamin D for improving health before, during, and after pregnancy.
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APPENDIX I: Tables and Figures

Table Al. Summary of key variables to be used in the analysis

at baseline of the EAGeR trial

Concept Measure Variable Description
Exposure Variables
Vitamin D ng/mL Level of serum 25(OH)D of the woman | Categorized as deficient (21-

29 ng/mL), insufficient (< 20
ng/mL-30ng/mL) or
sufficient (=30 ng/mL) of
25(OH)D. Continuous levels
of 25(OH)D will be assessed
by increasing levels of
Ing/mL

Vitamin D ng/mL at 8-
week gestation

Level of serum 25(OH)D of the woman
at 8-week gestation of the EAGeR trial

Categorized as deficient (21-
29 ng/mL), insufficient (< 20
ng/mL-30ng/mL) or
sufficient (=30 ng/mL) of
25(OH)D. Continuous levels
of 25(OH)D will be assessed
by increasing levels of
Ing/mL

Outcome Variables

Nausea

If the woman had nausea during
pregnancy within the EAGeR trial.
Measured biweekly at weeks 4, 6 8, and
10 of gestation.

0=No
1=Yes

Vaginal Bleeding

If the woman had vaginal bleeding
during pregnancy within the EAGeR
trial. Measured biweekly at weeks 4, 6
8, and 10 of gestation.

0=No
1=Yes

Subchorionic
Hemorrhage

If the woman had subchorionic
hemorrhage during pregnancy within
the EAGeR trial.

0=No
1=Yes

Preeclampsia

If the woman had preeclampsia during
pregnancy within the EAGeR trial.

0=No
1=Yes

Covariates- Maternal Characteristics

Age

Age of women at baseline of EAGeR
trial

Initial categories of 5-year
age groups (Younger than 20,
20-24, 25-29, 30-34, 35-40),
may be collapsed depending
on cell sizes

Race/Ethnicity

Race/Ethnicity of the woman at
baseline of EAGeR trial

Categorized as 1=white and
O=non-white due to limited
race and ethnic groups in trial
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BMI

BMI of the woman at baseline of the
EAGeR trial

Categorized as:
Underweight <18.5
Normal >18.5 & <25
Overweight >25 & <30
Obese >30

Education Highest education the woman has | Categorized based on highest
received at baseline of the EAGeR trial | degree attained (less than
high school, high school,
Bachelor’s degree or higher).
Employment Employment status of the woman at | 0= Unemployed
baseline of the EAGeR trial 1= Employed
Income Income of the woman at baseline of the | Income is categorized as

EAGeR trial

1=less than $19,999
2=$20,000-$39,999
3=$40,000-$74,999
4=$75,000-$99,999

5=$100,000 or over

Number of Losses Number of prior losses the woman has | 0=0 losses
had at baseline of the EAGeR trial 1=1 losses
2=2 losses
Nulliparity Number of prior live births among | 0=0
women in the EAGeR trial at baseline | 1=1
2=2
Season The season at baseline of the EAGeR | Measurement using standard
trial months for each of the
seasons: Spring
Summer
Fall
Winter
Exercise The level of exercise or physical | Low
activity of the woman at baseline of the | Moderate
EAGeR trial based on the IPAQ | High
questionnaire
Alcohol Intensity The level of alcohol intake of the | 1= Never
woman at baseline of the EAGeR trial | 2= Sometimes
3= Often
Assigned Treatment The assigned treatment of the woman | 0= Placebo

at baseline of the EAGeR trial

1= Low dose aspirin

Multivitamin Use The use of multivitamins of the woman | Yes(a)= With folic acid
at baseline of the EAGeR trial Yes(b)=No folic acid (take
vitamins)
No= No folic acid (no
vitamins)
C-Reactive Protein | If the woman had CRP measured at | The continuous measured
(CRP) during the EAGeR trial. Measured at | level of CRP.

weeks 4 and 8 of gestation.
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Pregnancy If the woman became pregnant during | 0=No
the EAGeR trial 1=Yes

Live Birth If the woman had a live birth during the | 0=No
EAGeR trial 1=Yes
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Clinical Markers of Implantation/Placentation

-Vaginal Bleeding
-Nausea
Mechanism
Human
Chorionic
Gonadotropin i
Estrogen & hCG) Secreti
Ovary | — | Progesterone (hCG) Secretion
o . and Growth
/ (Maintain Function) 7y
Vitamin D Local . .
. »| Uterus . Placentation Maintenance
gesgifii;:rllecncy/ » Immune Implantation (Vitamin D of Pregnancy
Y Respons.e . Receptors)
(Receptivity) /
\4 Generalized l v
Immune
Pregnanc
Function Local Outgcomez
Immune
Response — i
Preeclampsia

Figure A1. Mechanisms for implantation and placentation on pregnancy outcomes.
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Preconception p I )
itami » | Pregnancy > reeclampsia
Sefiotoney (outcome)
Deficiency/

Insufficiency V\ /v
B U C

(e.g. inflammation)

Figure A2. This causal diagram assesses the relationships between preconception vitamin D
deficiency/insufficiency (exposure), through arrow A to Pregnancy, through arrow to
Preeclampsia (outcome) with arrows B and C, which are other factors that may affect this
relationship such as age, lifestyle, and inflammation. The box around pregnancy indicates that
selection into the population is conditional on pregnancy. If we only evaluate a preconception
exposure among women who successfully conceived and are not able to account for all factors
identified by U (e.g., inflammation), then selection bias is in action. Adapted from: Flannagan, K.,
& Mumford, S. L. (2020). Preconception exposures and postconception outcomes: selection bias
n action. Fertility and sterility, 114(6), 1172-1173.
https://doi.org/10.1016/j.fertnstert.2020.10.057
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APPENDIX II: Data Collection Instruments
EAGeR Questionnaire- Chart Abstractions

Chart Abstraction Instruments

E a GQeJR C.3. DELIVERY HOSPITALIZATION

CAC3v21 Page 1of5 Aug/ 23 /09 Study I.D

Instructions: Complete the Delivery Hospitalization on all women enrolled into the study using the maternal chart at the hospital where the baby was
delivered. INFORMATION PERTAINS TO THE ENTIRE MATERNAL HOSPITALIZATION FOR DELIVERY. If the response is not documented
in the chart, enter ‘- 9’ for permanently missing and ‘- 8 for not applicable.

Institution
(data sonrce)

If first filled on paper, enter date and initials Department
MM/ DD/ YYYY First / Last (data sonrce)
Delivery Hospitalization
Hospital name (SCroll)......eeuuerueruneinreirriiniieiierieeiiesieereeeeenn, |
Other:
1. AdmissionDate: __ __ /__ _ /_ DischargeDate: ____ /__ _ /__ _
mm dad mmdd

2. Presenting complaints of the mother / complaints elicited on history........................
[1 Check if none noted

01=Yes, CHIEF complaint, 02=Yes, elicited on history | noted in chart as present, ~ 03=No

a. fetal movement decreased or absent

b. sent for induction / delivery of ITUFD

c. sent for induction / delivery of baby other than an ITUFD
d. sent for evaluation / admission

e. vaginal bleeding

f. contractions

g. leakage of fluid

h. abdominal pain

1. fever / infection

j- nausea / vomiting

k. trauma / motor vehicle accident

L other, specify
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o Chart Abstraction Instruments
N C.2A HOSPITALIZATIONS/L&D TRIAGE/ER
VISITS
The Effects of Aspiri in Gestaton & Re CAC2v 2.1 Page 2 of 4 Aug/23/2009 Study LD
3. Presenting complaints of the mother / complaints elicited on history...................... [J Check if none noted
01=Yes, CHIEF complaint, 02=Yes, elicited on history / noted in chart as present,  03=Not noted in chart

a. fetal movement decreased or absent. |||

b. sent for evaluation / admission

c. vaginal bleeding

d. contraction .

e. leakage of fluid |||

f. abdominal pain |||

g. fever / infection |||

h. nausea / vomiting

1. trauma / motor vehicle accident

j.other,specify 000000000 |—|—]

4. If sent for evaluation / antepartum admission indicate primary reason

O1=fetal monitoring 02=size-date discrepancy 03=hypertension
O4=diabetes | glucose control 05=diagnosed with fetal demise 06=other
If other specity:.

5. Fetal heart tones / cardiac activity found during visit ... ||

O1=Present for all babies 02=Absent for any baby
6. Cervical dilation |_|—_| em
7. Objective evidence of contractions by monitor ... 01=Yes, 02=No ...... ||
8. Vaginal bleeding on examination 01=Yes, 02=No ...... |—]—]
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The Effects of Aspirin

N C.2A HOSPITALIZATIONS /L&D TRIAGE/ER
VISITS
e CAC2v2.1 Page 1 of 4 Aug/23/2009 Study I.D

Chart Abstraction Instruments

Instructions: Complete this form using hospital records for women in the study who were had Hospitalizations / L&D Triage / ER Visits during her
pregnancy on study. Complete one of these forms for each visit to the facility.

NOTE: THIS FORM IS NOT USED FOR THE DELIVERY VISIT. Use the Delivery Hospitalization form to record information on the delivery
hospitalization. If the response is not documented in the chart, enter ‘- 9’ for permanently missing and ‘- 8’ for not applicable.

If first filled on paper, enter date

C.2.1. Hospitalizations / L&D Triage / ER Visits

1. Hospital Name (Scroll)

2. Number of times the woman visited this hospital during her pregnancy

MM/ DD/ YYYY

and initials
First / Last

Institution
(data sonrve)

3. Visit number (to this hospital)

C.2.2. Visit Details

1. Presentation Date:

2. Resulting in:
01=hospitalization

If Hospitalization

02=Lc>D friage 03=ER uvisit

a) Admission Date: ................

b) Discharge Date: ..................
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Department
(data source)
..................................... [ Check if not done
........................... [
[—I—I
—
mm dd  yyy
[—I—I
—
mm [ dd |y
—

mm /[ dd |y



o Chart Abstraction Instruments
N C.2A HOSPITALIZATIONS/L&D TRIAGE/ER
VISITS
frt——— CAC2v2.1 Page 3 of 4 Aug/23/2009 Study IL.D
9. Ultrasound performed 01=Yes, 02=No ....... | —]|

If yes, enter results on PRENATAL ULTRASOUND DIAGNOSIS FORM

10. Lab tests performed 01=Yes, 02=No ||
If yes, enter results on PRENATAL LABS FORM
11. Highest temperature recorded ..o a|__|__|.|]_|°C OR b.|_|_|_|.|_|°F
12. Highest systolic blood pressure recorded ... Date: Y S ||| _| mmHg
mm /[ dd |y
13. Highest diastolic blood pressure recorded .................ccccc........... Date: I S | ||| mmHg
mm [ dd |y
C.2.3. Diagnoses
1. Diagnoses specifically noted in the chart (indicate all that apply). [] Check if none noted
01=Yes 02=No 03= not noted in chart

a. premature rupture of membranes (PROM).................

[—I—I
[—I—I

b. preterm labor

c. cervical incompetence
d. gestational hypertension / preeclampsia |—]—|
e. placenta previa |—]—|
f. placental abruption |||
g. pyelonephritis |||
h. appendicitis |||
i. cholecystitis / cholelithiasis |—]—|
j. impaired glucose tolerance /gestational diabetes.......... |||

k. other, specify . [—l—]
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” Chart Abstraction Instruments
A G e R C.3. DELIVERY HOSPITALIZATION
[ ————" CAC3v2.1 Page 4 of 5 Aug/ 23 / 09 Study L.D
17. Conditions specifically noted in the chart. [ Check if none noted
01=Yes 02=No
a. premature rupture of membranes (PROM)
b. preterm labor
c. cervical incompetence
d. chorioamnionitis
e. preeclampsia/gestational hypertension
1If yes — 071=mild/ mod, 02=severe, 03=superimposed

f. placenta previa

g. placental abruption

h. Non-reassuring fetal heart rate tracing
i. endometritis

j. other systemic infection, specify
k. other, specify

18. Type of Delivery Onset

7,

01 = Spontaneons Labor

03 = Ind,

02 = Spontaneons Rupture of M
04 = Cesarean without labor
19. Highest systolic blood pressure recorded

ceeeereeeen. Dater

Highest diastolic blood pressure recorded ...................

20. Headache
01 = Yes

02 = No

21. Right upper quadrant abdominal pain
01 = Yes 02 = No

P A
mm [ dd |y

||| _|] mmHg

||| _| mmHg

e
mm [ dd |y
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EAGeR Questionnaire- Daily Diaries

5 Qn,mtcves.znmmnmacebaonly,swlcwdmly

' Gaﬂene,l-Spmmg/valight. 2=Light, 3= Moderate, 4 = Heavy, 5= Very heavy

':cﬂone.t=mld.2=Modem3=Sm

fOsNo 1==Yes(ﬁlllnmnessChm)
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Please complete the pregnancy daily diary
each day during the four weeks after your
initial positive pregnancy test in the EAGeR
study clinic. The Pregnancy Daily Diary
contains a card for each week and a column
for each day. Please answer all the questions
every day, considering that each day ends at
midnight. It is best to complete the card the
same time every day.

Remember, bring your medication bottles, pill-
box, sampies, and the pregnancy daily diary
to your next study appointment. If you cannot
make an appointment, please call in advance to
make other arrangements.

Below are explanations for some questions.

DID YOU TAKE YOUR STUDY MEDICATION
TODAY?

The question refers to both study treatment
(Aspirin or Placebo) and the falic acid.

PREGNANCY TEST RESULTS

Did you perform a home pregnancy test today?
If you did not test or cannot get a result, please
enter “0" Enter “1” for positive (pregnant), or “2"
for negative (not pregnant).

BLEEDING OR SPOTTING

Please tell us if you had any bleeding or spotting.
Refer to the "Bleeding and Spotting Chart" to
help you assess the degree of bleeding. If none,
please enter "0". If you experience any blood
clots please also record the details as an event
in the*lliness Chart”
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NAUSEA AND VOMITING

Please report any nausea or vomiting that
you have experienced today. Record these
symptoms regardless of the reason. If none,
please enter "0".

PELVIC PAIN OR CRAMPING

Please report any nausea or vomiting that
you have experienced today. Record these
symptoms regardless of the cause. Please note
the most severe symptom if you have more
than one. If none, please enter “0",

ALCOHOL INTAKE

Please report the number of alcoholic drinks
you consumed today. One drink is equivalent
to one can of beer, one glass of wine, or one
shot of liquor.

TOBACCO EXPOSURE

Please reportany exposure to tobacco including
smoking cigarettes or being passively exposed
to smoking indoors (for more than 10 minutes)
where other people smoked.

If you have smoked yourself and also spent
time with other people smoking, enter "17 If
you did not smoke but were exposed to others
smoking, please enter 2"

NUMBER OF CAFFEINATED DRINKS
CONSUMED

Please enter the total number of cups of
caffeinated drinks you have consumed today.
Caffeinated drinks include coffee (not decaf),
tea, and/or caffeinated soda. Enter “0" if none.
One drink is a 12 oz cup of coffee or tea or a 12 oz
can of caffeinated soda. If your cup is larger than 12
oz, please estimate how many 12 oz cans it is equal to.



Please do not include decaffeinated soda pops (such as
ginger ale, Sprite, 7-Up, etc}.

STRESS LEVEL TODAY
Please rate your average level of stress today.

MEDICATIONS OR HERBS USED

Have you used ANY prescription,over-the-counter
medications, vitamins, or herbal supplements
other than study medication today? If yes, please
enter "1" and complete the *Medication Chart"
printed on the back. If you need more room
please use the additional chart pages at the end
of the pregnancy daily diary.

ILLNESS, SIDE EFFECTS OR SPECIAL
CIRCUMSTANCES

Have you suffered from illness, medication side
effects or other special circumstances today? If
yes, please enter "1" and complete the “lliness
Chart" printed on the back. If you need more
room please use the additional chart pages at
the end of the pregnancy daily diary.

REMINDERS

1) Please collect and store your morning urine
sample.

2) Take your study medication daily.

3) Call your study coordinator with questions.

DURING PREGNANCY
It is best to avoid tobacco and reduce alcohol
consumption.

DURING PREGNANCY

It is common to have some spotting during
pregnancy. However, if you experience moderate
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or heavy bleeding or if you
pelvic pain or cramping an
concerns please call your OB ¢l

PREGNANCY TEST INSTRU
If the result of a home pregna
please call the study coordinat
schedule a clinic visit.

TISSUE COLLECTION (INU
If you do experience bleed
much of the tissue as you <
container the research nurse
the container in the refrigerat
the research nurse as soon as

CALLTHE STUDY COORDI!

IMMEDIATELY IF:

1.The result of a home pregr
negative.

2.You started menstruating.

3. You experience severe pel\
cramping.



Please use the following chart to help you estimate the amount of bleeding you
experience. For each day of bleeding please enter in the pregnancy daily diary
the code that best describes the amount of bleeding.

Sanitary napkin/pad Tampon

( bt ) 1 = Spotting/ Very light .

([~ ] 2=Light e

[ B } 3 = Moderate -

[ ’ J 4 = Heavy -

b

~— ——
- _— 5 =Very heavy -
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gnning __/__/ ___  WeekNo.— StudyID

Jositive pregnancytest _ _/__ _/

In Mon Tues Wed Thur Fri Sat
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