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ABSTRACT

PRENATAL CANNABIS EXPOSURE AMONG PREGNANT PEOPLE
IN TWO MICHIGAN SAMPLES

By
Alyssa Vanderziel

This dissertation will address three study aims: Aim 1 will estimate the size of a
suspected causal influence of prenatal cannabis exposure on a set of inter-related birth outcomes:
birth size, gestational age, 5S-minute Apgar score, and neonatal intensive care unit admission.
Aim 2 will investigate the degree to which morning sickness might be associated with higher
odds of cannabis use. Aim 3 is to conduct a feasibility study to assess the recruitment and
retention of pregnant people who regularly use cannabis, measured by willingness to participate
and complete the study survey; willingness to provide urine samples; the percentage of
participants who are cannabis-only users; and the percentage of pregnant people retained for the
three follow-up assessments.

Aims 1 and 2 use data for the Michigan Archive for Research on Child Health, a
prospective cohort of pregnant people recruited from 11 sites across Michigan between 2017 and
2021. Aim 1 and Aim 2 analytic sample sizes are n= 584 and n= 826, respectively. Results of
Aim 1 suggest a modest but statistically significant association between prenatal cannabis
exposure and birth size z-score after model adjustment for potential confounding variables
(betayoden= -0.3; 95% CI: -0.5, -0.003).

Results of Aim 2 suggest higher odds of prenatal cannabis use with increasing morning
sickness severity (ORqeu= 1.2; 95% CI: 1.1, 1.2). Sensitivity analyses indicate higher odds of
using cannabis during the first trimester with increasing morning sickness severity (ORq4e14=

1.1;95% CI: 1.01, 1.2). Similarly, findings indicate higher odds of cannabis use in the second or



third trimester of pregnancy with increasing morning sickness severity (OR o0e4= 1.2; 95% CI:
1.1, 1.4). Sensitivity analyses also suggest an association between pre-pregnancy and prenatal

cannabis use and morning sickness severity (betayoe= 0.1; 95% CI: 0.003, 0.2 and beta,oqes=

0.2;95% CI: 0.1, 0.2, respectively).

For Aim 3, Cannabis Legalization in Michigan-Maternal & Infant Health, a prospective
feasibility study, was designed to better understand the recruitment and retention of pregnant
people who regularly use cannabis. The study recruited n= 77 baseline participants of which n=
15 were prospectively followed and assessed during each trimester of pregnancy and once post-
delivery. Of the participants recruited at baseline, 42% reported using cannabis during
pregnancy, of which 87% were cannabis-only users (i.e., no reported polysubstance use). All
prospective participants were willing to provide urine samples; the concordance between self-
reported cannabis use and urinalysis was 100% in the first and second trimesters and 92% in the
third trimester of pregnancy. Study retention of the prospective sample was 80%; of n= 15 first
trimester participants, n= 3 were loss-to-follow-up. Of the remaining 12 participants, 83% had
complete data across all four timepoints.

Findings from this dissertation reveal that pregnant people are willing to participate in a
study that explores the health effects of prenatal cannabis use on birth outcomes and maternal
health. Larger studies are warranted to assess the association between prenatal cannabis exposure
and fetal growth and development, as well as the relationship between morning sickness and
cannabis use. This dissertation also detected an association between prenatal cannabis exposure
and lower birth size, suggesting that pregnant people, or people contemplating pregnancy, should
be cautioned against using cannabis until more studies are conducted to establish causality

between prenatal cannabis use and neonatal health.
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CHAPTER 1. BACKGROUND & DISSERTATION AIMS
1.1. Cannabis Legalization and Liberalization

The widespread legalization of cannabis in the United States (US) has contributed to the rise
in cannabis use prevalence. Although not federally legal, many states across the nation have
legalized the medical and/or recreational use of cannabis; Michigan became the first state in the
Midwest to legalize the recreational use of cannabis among adults 21 years and older in
December 2018. Cannabis policy reform continues to evolve, and liberalization of its use may
contribute to the perception that cannabis use is safe and efficacious in treating a variety of
health conditions. Relative to past-year cannabis use prevalence among US adults in 2002-03,
prevalence increased by approximately 170% in 2018-19.! Further, cannabis use among pregnant
people has doubled in recent years.? It is worth noting the four-fold increase in cannabis
potency,’** measured by delta-9-tetrahydrocannabinol (THC), the main psychoactive constituent
of the cannabis plant.
1.2. Historical Roots of Cannabis

Archeological records of cannabis pollen, cannabis achene (i.e., seeds), and hemp fibers

suggests human use of cannabis as early as 8000 BP (i.e., 8000 years before present) in Eurasia.
‘Human use’ in this context does not necessarily translate to human consumption. Rather, some
of the first known records indicate that the cannabis plant was cultivated for its fibers and used to
produce textiles. It has been suggested that inhalation of cannabis began as early as 5000 BP in
Eastern Europe.’¢ In western China, evidence indicates the earliest use of cannabis as a
psychoactive substance around 2450 BP; wooden braziers excavated from ancient burial sites
and tested for compounds using gas chromatography and mass spectrometry revealed high levels

of THC, indicating the burning of cannabis for inhalation near those at burial sites.” The ancient



Chinese used cannabis medicinally to treat ailments including rheumatic pain, intestinal
constipation, and disorders of the female reproductive system. In India, cannabis was widely
used for both medicinal and religious reasons. In fact, cannabis is listed as one of the five sacred
plants in Atharvaveda texts. Medicinal treatments in India included cannabis use as an
anticonvulsant, tranquilizer, and anti-inflammatory. It wasn’t until the 19% century that cannabis
was introduced to Western medicine. Dr. William B. O’Shaughnessy of Ireland, known as a
distinguished expert in medicinal cannabis from his extensive work in India, conducted
experiments that supported the use of cannabis (i.e., Indian hemp) as a treatment for cholera,
tetanus, rheumatic diseases, alcohol withdrawal delirium, and infantile convulsions.®° During
the same time period, Dr. Jacques-Joseph Moreau, a French psychiatrist, experimented with the
psychoactive and therapeutic effects of cannabis for mental illness. Both O’Shaughnessy and
Moreau contributed greatly to the introduction of cannabis to Western medicine in the late 19
and early 20™ centuries.®® In fact, cannabis was a patented medication according to the 1850
United States Pharmacopeia. However, the Marihuana Tax Act of 1937 federally prohibited the
use and sale of cannabis. It was not until 1996 that California became the first state to permit
physician-supervised medicinal use of cannabis.!”

Experiments on cannabinoids in the US were first carried out in the 1940s; however, it
wasn’t until the mid-1980s that evidence contributed to the existence of cannabinoid receptors.
Allen Howlett’s laboratory concluded that cannabinoids act through G-protein-coupled receptors.
Howlett and William A. Devane later detected receptor sites using a radiolabeled ligand of a
synthetic cannabinoid, developed by Pfizer, that mimics THC. Confirmation that cannabinoids
act on G-protein-coupled receptors came in the early 1990s with the cloning of cannabinoid-1

(CB1) and cannabinoid-2 (CB2) receptors in both rat and human experiments.'!:!?



1.3. The Endocannabinoid System

The endocannabinoid system (ECS) is a biological network that plays a role in
maintaining homeostasis. It influences and is influenced by multiple signaling pathways. The
ECS consists of endogenous cannabinoids (i.e., endocannabinoids), cannabinoid receptors, and
enzymes responsible for the synthesis and degradation of endocannabinoids. Cannabinoid
receptors are found throughout the body, including the brain. The cannabinoid receptor is the
most abundant receptor in the brain, and can impact motor coordination, cognition, sleep, mood,
pain, and inflammatory and immune responses.!* Another role of endocannabinoids is to regulate
the stress response. In fact, one endocannabinoid, anandamide (AEA), is derived from the
Sanskrit word, ananda, and translates to ‘bliss.”'* Another major endocannabinoid found
naturally in humans is 2-arachidonoylglycerol (2-AG); both AEA and 2-AG are the most well-
studied endocannabinoids."” The two main endocannabinoid receptors are the cannabinoid-1
receptor (CB1R) and cannabinoid-2 receptor (CB2R). CBIR is primarily found in the brain
while CB2R is found in immune cells.!®
1.4. The Endocannabinoid System in Pregnancy

The ECS plays a role in pregnancy via fertilization, implantation, embryo development,
and immune regulation. The two main endocannabinoids previously mentioned, AEA and 2-AG,
affect events in pregnancy. Fatty acid amide hydrolase (FAAH) is responsible for metabolizing
AEA to arachidonic acid and ethanolamine. It has been implied that FAAH is a factor for a
healthy pregnancy; FAAH controls levels of AEA, and it has been suggested that the
downregulation of AEA is linked to implantation. However, THC, an exogenous cannabinoid
that crosses the fetal-placental barrier, results in a signaling cascade that might adversely affect

pregnancy.!’



1.5. Birth Outcomes
1.5.1. Birth Weight and Gestational Age

Adverse measures of neonatal health, including preterm birth (PTB) and low birth weight
(LBW) are important public health issues. PTB, defined as delivery prior to 37 weeks’ gestation,
is more common in the US than in other industrialized countries,'®* and PTB among Black
neonates is almost double that of their white counterparts.!® In developed countries, preterm
delivery and intrauterine growth restriction are the principal causes of LBW, defined as weight
less than 2500 grams at birth.!® Both PTB and LBW are associated with neonatal mortality and
morbidity. LBW babies are at higher risk of disability later in life, such as neurodevelopmental
disorders and cerebral palsy.'®* Common concerns in LBW neonates are low oxygen levels,
difficulty feeding and gaining weight, and difficulty maintaining body temperature. Major
complications include a higher risk of sudden infant death and infant respiratory distress
syndrome.?

When studying fetal growth, sex-specific birth weight and gestational age must be taken
into consideration. Weight-for-gestational age charts were first introduced in 1963 by Lubchenco
and colleagues.?! The use of these charts has vastly improved the determination of fetal growth,
as birth weight alone does not accurately depict birth size; weight-for-gestational age charts use
sex-specific weight and gestational age at birth to distinguish neonates who may be small
because they are born early, from neonates who are born later in gestation but who are small
relative to others at the same gestational age.?? Determination of birth size using birth weight for
gestational age references is useful in medicine to identify neonates at risk of restricted or

excessive fetal growth. Additionally, this information is used in epidemiology to identify birth



sizes to be used as indicators of fetal health, including for the prediction of future health
consequences.”
1.5.2. The Apgar Score

The Apgar score, coined by Dr. Virginia Apgar in 1953, is a composite clinical measure
used to evaluate the condition of the newborn. The Apgar score was developed to provide a
classification of neonatal health 60 seconds after birth.>* The score consists of five measures: 1)
heart rate, 2) respiratory effort, 3) reflex irritability, 4) muscle tone, and 5) color. An individual
score ranging from 0-2 is assigned to the neonate for each of the five measures; scores are
summed and reflect an overall measure of neonatal health following birth. For example, the
neonate’s heart rate is first assessed one minute following birth. A score of 2, the best possible
score, is assigned to a neonatal heart rate of 100-140 beats per minute (BPM); a score of 1 is
given to a heart rate less than 100 BPM; and a score of 0, the worst possible score, is assigned to
a heart rate of 0 BPM. A similar pattern is followed for each of the four remaining measures. A
composite Apgar score of 7-10 is defined as reassuring in terms of the neonate’s physiological
condition; a score of 4-6 is defined as moderately abnormal; a score of 0-3 is defined as low >3-
Not only is an Apgar score reported one minute after birth but it is again reported at five minutes.
In neonates with scores less than 7 at five minutes, additional Apgar scores are reported in five-
minute intervals until the 20-minute mark.?>2¢ This scoring system is used to assess the effects of
various resuscitation efforts, compare births between hospitals, evaluate modes of delivery (e.g.,
induction vs. cesarean section), assess the effects of maternal anesthesia and pain relief
medications on the neonate, predict survival of the neonate, and later, the Apgar score was used
as a predictor of neonatal health in research.” It is important to note that the Apgar score alone

cannot be used to predict the survival or morbidity of an individual. Some components of the



Apgar score are subjective (e.g., interobserver variability). Additionally, the Apgar score is

affected by other variables such as maternal factors, resuscitation, and gestational age at birth.?>-

1.5.3. Neonatal Intensive Care Unit

The neonatal intensive care unit (NICU) was not conceived until 1960. Prior to then,
newborn care was partitioned into term and preterm care, and medically well and unwell
newborn care. Neonates who were born at term but who were unwell were cared for on pediatric
floors; neonates who were well but preterm were cared for in premature infant nurseries.
Neonates who were unwell and premature were cared for either on pediatric floors or in isolated
rooms. Care in isolation rooms was often provided by obstetric nurses who were not trained in
the treatment of premature neonates. The rationale for this division was due to the spread of
Staphylococcus aureus (i.e., staph infection) among newborns.?

It is worth noting the history prior to the development of the NICU. Dr. Stephane Tarnier,
an obstetrician, pioneered the first human incubator for newborns, which was put into use at the
Paris Maternity Hospital in 1880. Dr. Martin A. Couney, a neonatologist, and colleagues,
advanced Tarnier’s incubator. Couney ‘showcased’ these newborn incubators at exhibitions
around the world, where he and his nursing staff demonstrated how the incubators functioned to
care for premature neonates. Public audiences paid admission to observe this innovative care. It
wasn’t until the early 1900s that Couney’s work reached medical and research communities.
Later, Dr. Julius Hess, a pediatrics professor and physician, introduced premature neonatal care
into the medical literature, shaped by Couney’s exhibition neonatology contributions. Although
oftentimes ethically questioned, Couney’s exhibitions were eventually observed by clinicians
and researchers to better understand the behavior of premature newborns. Ultimately, Couney’s

work along with the research of many others led to the formation of the first NICU in 1960 at



Yale-New Haven Hospital. Dr. Louis Gluck, also known as the father of neonatology, is credited
with the development of the NICU, which led to major advancements in fetal-maternal-neonatal
medicine.?®
1.6. Public Health Importance of Studying Birth Outcomes

Birth outcomes have also been linked to the risk of adverse health in adulthood. The
Barker Hypothesis, also known as the Fetal Origins of Adult Disease, posits that fetal
malnutrition, indexed by LBW, is related to the risk of disease later in life. LBW may result from
PTB or intrauterine growth restriction and is associated with chronic diseases such as coronary
artery disease and Type II diabetes mellitus. The mechanism by which events of intrauterine
origin may influence disease in adulthood is via sensitive periods, which is responsible for
alterations in structure and function of certain organs upon environmental stimuli (e.g., poor
maternal nutrition). The fetus adapts in response to in-utero stimuli to increase its chances of
survival. However, when this adaptation is no longer functional in the postnatal environment,
these physiologic changes that may be difficult to reverse, may be related to adult diseases.?-*
1.7. Prenatal Cannabis Exposure and Birth Outcomes

Prior research indicates mixed findings on the association between prenatal cannabis
exposure and birth outcomes.*'*> While some studies conclude null findings,*-43> others report
statistically significant associations.*-7® The majority of previous research uses a retrospective
study design which induces limitations including recall bias. One study, by Chabarria et al.,
retrospectively investigated the association of prenatal cannabis exposure and birth outcomes
from a large perinatal database. Cannabis and tobacco use information was ascertained via an in-
person interview at the time of delivery. Additionally, maternal and neonatal outcomes were

extracted from the electronic medical record. The authors found that cannabis use alone was not



associated with adverse birth outcomes, however, concurrent use of cannabis and tobacco
resulted in a significant association with PTB and decreased birth weight.** Ko et al.
retrospectively analyzed data for the Pregnancy Risk Assessment Monitoring System (PRAMS).
After adjustment for tobacco use and other confounding variables, the authors found no
appreciable difference in gestational age or birth weight between people who used cannabis
during pregnancy and people who did not.** Nguyen et al. also retrospectively analyzed data for
PRAMS to assess the effect of prenatal cannabis exposure on LBW, small-for-gestational-age
(SGA), and PTB. After adjustment for potential confounding variables, the odds of SGA and
PTB were significantly higher in people who used cannabis during pregnancy compared to those
who did not.*

On the other hand, Kharbanda et al. conducted an observational study of a cohort from a
large health care system. The authors suggested a relationship between prenatal cannabis
exposure and SGA, independent of potential confounding variables.*® Corsi et al. used a
retrospective cohort design to investigate self-reported cannabis use and birth outcomes. The
authors found that the rate of PTB was significantly higher in people who used cannabis during
pregnancy compared to those who did not.*

A minority of studies used a prospective cohort study design to assess the relationship
between prenatal cannabis exposure and birth outcomes. El Marroun et al. conducted a large,
population-based prospective study of pregnant people residing in the Netherlands. Timing and
frequency of substance use were measured using a questionnaire at enrollment. Authors
concluded prenatal cannabis exposure may be associated with restricted fetal growth
trajectories.’” Another prospective study by Michalski et al., estimated the association between

maternal cannabis use in pre-/early pregnancy and birth outcomes including LBW, SGA, and



PTB. Pregnant people at least 18 years of age were recruited to the Ontario Birth Study within
their first or early second trimester of pregnancy. The sample consisted of a homogeneous
population, with the majority of people reporting high educational attainment, high income, and
low rates of polysubstance use. It is worth noting, as acknowledged by the authors, that
homogenous samples limit the generalizability of research findings. The authors concluded that
compared to people who did not use cannabis within the three months prior to learning of
pregnancy, those who did had two times the odds of giving birth to a SGA infant.*!
1.8. Nausea and Vomiting of Pregnancy

Nausea and vomiting of pregnancy (NVP), also referred to as ‘morning sickness,’ is
common during the first trimester of pregnancy, affecting 70-80% of pregnant people in the
US.#4 The term ‘morning sickness’ should be interpreted with caution, as NVP is not limited
only to the morning hours.** NVP is typically experienced very early in pregnancy, around 4-6
weeks’ gestation, and is at its worst around 8-12 weeks’ gestation. Typically, NVP can be
expected to resolve early in the second trimester of pregnancy,* although about 10% of pregnant
people experience NVP throughout pregnancy.* NVP can range from mild to moderate to severe
illness. A distinct form of NVP that elicits debilitating nausea and vomiting is called
hyperemesis gravidarum (HG) and is defined as excessive vomiting, dehydration, ketonuria, and
greater than 5% body weight loss.*” HG is far less common than NVP with a prevalence of 1-
3% 5

Although NVP does not usually result in health consequences to the developing fetus,
NVP can have major maternal psychosocial implications. For instance, NVP may result in
absence from the workplace, decreased participation in social activities, irritability, sleep

disturbances, and depressed mood.*#4°° In terms of fetal health, prior research suggests a



protective effect of NVP; that is, compared to those without NVP, pregnant people who
experience nausea and vomiting are less likely to have a miscarriage®' or preterm delivery.>?

NVP is thought to be related to endocrine, sex, and pregnancy hormone fluctuation.
Human chorionic gonadotropin (hCG) has been suggested to be correlated with NVP.#244 Briefly,
hCG is produced by trophoblasts, cells that surround the embryo and eventually develop the
placenta, and is the hormone detected in urine or blood to confirm pregnancy. Levels of hCG are
measured at prenatal care visits and peak around 9-12 weeks’ gestation.”®* NVP typically peaks
around 12 weeks’ gestation, correlating with hCG levels. Prior studies have suggested that NVP
is often more severe in individuals with conditions that result in high hCG levels, such as
multiple gestations.**** Moreover, increased hCG levels may stimulate transient
hyperthyroidism, which is sometimes characteristic of NVP or HG pregnancies. Sex hormones,
estrogen and progesterone, are also thought to play a role in NVP. Progesterone slows
gastrointestinal contractility, which may induce nausea. Estrogen stimulates the synthesis of
nitric oxide, relaxing smooth muscle; gastric motility is slowed, gastric emptying is delayed, and
nausea and vomiting may result.*

NVP may also be linked to medication used to treat mood disorders. Research suggests
that depression and anxiety among pregnant people are common; nearly 13% of pregnant people
are diagnosed with major depressive disorder while 37% of pregnant people report depressive
symptomology.>® Selective serotonin reuptake inhibitors (SSRIs) are sometimes prescribed to
treat depression and anxiety disorders; SSRIs inhibit the reuptake of serotonin, increasing

serotonin levels, which in turn increases the risk of emesis.*®
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1.9. History of Antiemetics in Pregnancy

Research on antiemetic medications used during pregnancy is lacking, partially as a result
of the unsettling history associated with serious fetal side effects. In the 1950s, thalidomide was
marketed as safe and efficacious for use during pregnancy in Germany, although it was later
determined that the drug was associated with devasting birth defects. In the US, a drug marketed
to treat NVP, Bendectin (a combination of doxylamine and pyridoxine), was prescribed to
pregnant people for roughly 30 years until studies suggested its association with congenital
malformations. It wasn’t until 2013 that Diclegis became available for the treatment of NVP. To
date, epidemiological studies have not found significant associations with birth defects. Due to
the lack of access and its ineffectiveness in treating severe NVP, ondansetron is most often
prescribed to treat NVP despite its lack of Food and Drug Administration (FDA) approval for
use during pregnancy.’’
1.10. Cannabinoids and Emesis

Brain regions of the central nervous system (CNS) play a major role in emesis. Via the
dorsal vagal complex, the vagovagal reflex controls gastrointestinal muscle contraction. Both
CBIR and CB2R are expressed in the vagovagal neural pathway, although less is known about
the role of CB2R.>® Binding of cannabinoids to CB1R blocks nausea and vomiting.>® Moreover,
CBIR and CB2R are expressed in the gastrointestinal tract (GIT), although CB1R is expressed at
elevated levels. The binding of cannabinoids to CB1R in the GIT produces a delay in gastric
emptying, which can induce vomiting.®*! This delay in gastric emptying is paradoxical to the
antiemetic effects of cannabis.®? Clinical literature has recently (2004) identified patients

presenting with cannabinoid hyperemesis syndrome (CHS), in which individuals experience
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severe hyperemesis. These patients are chronic, heavy cannabis users and symptoms resolve
upon discontinued use of cannabis.®36465
1.11. Cannabis and NVP

Historically, cannabis has been used medicinally for its antiemetic properties. In fact, two
prescription drugs, dronabinol and nabilone, contain synthetic THC and have been approved
since the mid-1980s for the treatment of nausea among cancer patients receiving chemotherapy.
However, cannabis is not approved for use in pregnancy in the US.

In the US and Canada, small qualitative studies indicate that individuals who used
cannabis during pregnancy reported doing so to alleviate morning sickness. One study recruited
pregnant and postpartum people who used cannabis either daily or occasionally while pregnant.
The authors indicated five themes that emerged from the data including, “continued use for
healthcare management.” One form of healthcare management reported by study participants
included using cannabis to self-medicate morning sickness. Another theme was “ongoing
evaluative process” in which participants weighed the benefits and risks of using cannabis versus
pharmaceutical drugs for nausea and vomiting.®® Hesitancy of using prescription antiemetics
given the disconcerting history’>’ seemed to play a role in the decision to use cannabis during
pregnancy.®® Another small qualitative study derived main themes from their semi-structured
interviews with pregnant people who either self-reported cannabis use during pregnancy or who
had a positive urine screen for THC. One of the themes described motives to use cannabis during
pregnancy; participants described using cannabis to control nausea, vomiting, and appetite.®’
One study recruited a convenience sample of pregnant people to better understand the views of
participants who used cannabis during pregnancy. Of those who continued to use cannabis

during pregnancy, 96% reported doing so to treat nausea. Further, among participants who quit
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using cannabis, 31% indicated using in the first trimester,* when morning sickness is most
common.® A Canadian study recruited pregnant people who used cannabis for medicinal
purposes from compassion societies. Of participants who retrospectively reported using cannabis
during pregnancy, 77% reported NVP, of which 68% treated morning sickness symptoms with
cannabis.”

To date, only three epidemiological studies explore the relationship between NVP and
cannabis use.”!727* Roberson et al. (2014) conducted a secondary analysis of Hawaii PRAMS
data in which participants were asked to retrospectively recall cannabis use as well as severe
nausea, vomiting, or dehydration during their most recent pregnancy. Authors found that
participants who reported severe nausea were nearly four times more likely to report using
cannabis compared with participants who did not report severe nausea.”! Moreover, Young-
Wolff et al. (2018) abstracted data from electronic health records of pregnant people who had
completed a substance use survey and had a urinalysis in the first trimester of pregnancy.
Compared to those without NVP, pregnant people who reported severe NVP had nearly four
times the odds of using cannabis, while those who reported mild NVP had just over two times
the odds of using cannabis during pregnancy.”” Finally, a recent study by Metz et al. (2022)
investigated the odds of NVP among cannabis-using pregnant people compared to non-users.
Authors conducted a secondary analysis of a prospective study that administered the Pregnancy
Quantification of Emesis and Nausea (PUQE) tool to assess morning sickness severity. Cannabis
use was measured via urine assays. Participants with urine assays positive for THC were
associated with more severe and frequent NVP. Further, higher THC concentrations were

associated with increased odds of nausea and vomiting.”
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1.12. Dissertation Aims

This dissertation is comprised of three aims. Aim 1 will estimate the size of a suspected
causal influence of prenatal cannabis exposure on a set of inter-related birth outcomes: birth size,
gestational age at birth, 5-minute Apgar score, and NICU admission. I hypothesize that using
cannabis during pregnancy will result in adverse birth outcomes including SGA, decreased
gestational age at birth, poor 5-minute Apgar score, and NICU admission following birth.

Aim 2 will investigate the degree to which NVP, also known as morning sickness, might
be associated with increased odds of cannabis use. I hypothesize an increase in the odds of
prenatal cannabis use with increasing morning sickness severity.

Finally, Aim 3 is to conduct a feasibility study to assess the recruitment and retention of
pregnant people who regularly use cannabis, measured by willingness to participate and
complete the study survey; willingness to provide urine samples; the percentage of participants
who are cannabis-only users; and the percentage of pregnant people retained for the three follow-
up assessments. I will measure the concordance between self-reported cannabis use and urine
toxicology analysis among pregnant people, explore the characteristics of cannabis-using
pregnant people compared to non-cannabis-using pregnant people, and measure the proportion of

individuals who use cannabis during pregnancy with varying severity levels of morning sickness.
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CHAPTER 2. THE HEALTH EFFECTS OF PRENATAL CANNABIS EXPOSURE ON
BIRTH OUTCOMES
2.1. Background

Cannabis use prevalence has doubled among pregnant people in the US? According to the
National Survey on Drug Use and Health (NSDUH), the estimated prevalence of cannabis use
among pregnant people aged 12-44 years old increased from 3% in 2004-2005 to 6.3% in 2019-
2020.! Cannabis is the most commonly used internationally regulated substance in pregnancy,’
as it is classified as a Schedule I substance at the federal level. However, evolving state-level
cannabis policy might influence the liberalization and risk perception of cannabis use.” As of
April 1,2022, 37 states in addition to the District of Columbia (DC), Puerto Rico, Guam, and the
US Virgin Islands have legalized cannabis for medicinal use, and 18 states plus DC, Guam, and
the Northern Mariana Islands have legalized cannabis for recreational use.” The rising number
of states legalizing cannabis may contribute to the relaxed view of using cannabis both in the
general and pregnant populations.

The two main receptors of the ECS are CB1R and CB2R, both of which are found in the
female reproductive system. CBIR is of particular importance in pregnancy, as it is located in
the oviduct, uterus, and the developing embryo.”” Cannabis is an exogenous cannabinoid and
contains THC, the main psychoactive constituent of cannabis, and cannabidiol (CBD) but also
contains over 100 other cannabinoids.® THC interferes with critical factors of embryo
development such as folic acid uptake, cellular growth, and neural development, resulting in
potential neonatal health consequences.”® THC readily crosses the placenta due to its lipophilic
nature and can interact with functional cannabinoid receptors in the fetus as early as 14 weeks’

gestation.”’7*8 Further, THC is stored in maternal adipose tissue and places the developing
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embryo at risk even after initial exposure to cannabis.”” Fetal exposure to cannabis may have
detrimental effects on growth and maturation, potentially leading to adverse neonatal health.

Prior research findings on cannabis exposure during pregnancy and birth outcomes are
mixed, and therefore, current evidence of an association is inconclusive.*> The majority of
studies use retrospective designs, which may be susceptible to recall bias. Other studies are
cross-sectional in nature, resulting in the inability to discern temporality. Many studies extract
data from medical charts, which are sometimes incomplete. Further, confounding from
polysubstance use proves problematic in existing studies, as an abundance of literature has
established the adverse implications of substance use, primarily tobacco and alcohol use, during
pregnancy on fetal growth and development.3!82:83.8485.86

In the current study, I estimate the size of a suspected causal influence of prenatal
cannabis exposure on a set of birth outcomes including birth size, PTB, 5-minute Apgar score,
and NICU admission. Further, the effects of first trimester cannabis exposure on birth outcomes
will be assessed in a sensitivity analysis.
2.2. Methods
2.2.1. Participants and the Study Sample

In the current study, I analyzed data for the Michigan Archive for Research on Child
Health (MARCH) cohort, recruited between 2017 and 2021. MARCH began recruiting pregnant
people in 2017 from 11 sites across Michigan including Hutzel Women’s Hospital, Detroit;
Beaumont Hospital, Dearborn; St. John Hospital, Novi; Sinai Grace Hospital, Detroit; St. Joseph
Mercy Hospital, Ann Arbor; University of Michigan Hospital, Ann Arbor; McLaren Port Huron
Hospital, Port Huron; Covenant Healthcare, Saginaw; Hurley Medical Center, Flint; Munson

Healthcare, Traverse City; and Spectrum Health, Grand Rapids. MARCH implemented a
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probability-based sampling approach to achieve a population-based prospective cohort study. A
random stratified sample of ten of the 84 hospitals located in Michigan’s lower peninsula was
selected, in addition to ten hospitals to be used as a backup sample. To do this, hospitals were
first categorized into quintiles by the percentage of African American births. Two hospitals were
then randomly selected from each of the five strata, resulting in ten recruitment sites. Birth
attendants were grouped into their prenatal practices, and two practices that delivered largely in
the sampled hospitals were selected using a proportional-to-size algorithm. Hurley Hospital and
two of its affiliated prenatal clinics were included from the backup sample and added to the
MARCH study in consideration of the Flint Water Crisis.

MARCH is an ongoing study that plans to recruit 1000 participants. Pregnant patients are
recruited through physician offices at participating prenatal practices. MARCH excludes
pregnant people who are under the age of 18 and those who do not speak English. Each eligible
participant receives a recruitment packet containing consent forms, HIPPA forms, and study
surveys. Data are collected by interviewing the participant in person or by telephone. Participants
complete up to two prenatal surveys throughout pregnancy. Although MARCH recruits
participants at the first prenatal visit, eligibility criteria do not differentiate according to trimester
of pregnancy (i.e., trimester at recruitment is not restricted). As such, while the goal is for each
participant to complete both prenatal surveys, some participants only complete prenatal survey
one due to late recruitment into the study or loss-to-follow-up. MARCH collects a urine sample
during each assessment and two blood samples throughout pregnancy. Newborn data are
abstracted from the medical record, birth certificate, placenta samples, and newborn dried blood
spots. Retention of the study sample is achieved via social media, messaging, frequent mail and

telephone contact, and participant birthday cards sent from the MARCH study group.
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Additionally, participants receive a $25 gift card after the first survey and a $10 gift card for
surveys thereafter as a token of appreciation for study participation.?’
2.2.2. Study Population

The current analysis includes singleton birth outcomes only and excludes participants
who did not: have data on cannabis use in at least one prenatal survey; have birth record data on
gestational age, birth weight, 5-minute Apgar score, or NICU admission; or have data on
maternal age, US census-based race/ethnicity, recruitment site, level of education, health
insurance, pre-pregnancy BMI, tobacco smoking status, or alcohol drinking status. The final
analytic sample size was n= 584 participants. This study has been approved by the Michigan
State University institutional review board for protection of human subjects and has been
determined exempt under 45 CFR 46.104(d) 4(ii).
2.2.3. Cannabis Use During Pregnancy

Cannabis use was measured via self-report by answering the following prenatal survey
question: “Have you used marijuana (pot) or cannabis including medically prescribed cannabis,
at all during this pregnancy?”” The same cannabis survey item was asked on both prenatal
surveys. A response of ‘yes’ to the cannabis survey item on either survey qualified the
participant as a prenatal cannabis user in the current study. This means that completion of
prenatal survey 1 and prenatal survey 2 do not necessarily correspond to the first and second
trimesters of pregnancy.
2.2.4. Birth Outcomes

Birth outcome measures included birth size, gestational age at birth, 5-minute Apgar
score, and NICU admission following birth. All outcome variables were retrieved from state-

archived birth records. Birth size was defined as sex-specific birth weight for gestational age (in
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weeks). I used a US birth weight reference that corrected for implausible gestational age
estimates to derive birth size.?® To better understand the reference used in this dissertation, the
following describes the approach by Talge et al.: the authors implemented an algorithm
originally developed by Basso and Wilcox in which last menstrual period (LMP) and/or
obstetric/clinical estimates (e.g., ultrasound) of gestational age and birth weight were used to
determine errors in birth size using US live birth files from the National Center for Health
Statistics. Briefly, if both LMP and obstetric/clinical gestational age estimates were available and
within two weeks of one another, birth weight z-scores were calculated based on the LMP
estimate for gestational age. If the birth weight z-score estimate was considered plausible for
gestational age (see footnotes in Talge et al. for definition of plausibility), the LMP estimate was
retained. If the birth weight z-score was not considered plausible for gestational age, a birth
weight z-score based on obstetric/clinical gestational age was calculated instead, and if
considered plausible, the obstetric/clinical-based gestational age was retained. If LMP-based
gestational age and obstetric/clinical-based gestational age were greater than two weeks apart,
the birth weight z-score based on obstetric/clinical gestational age was calculated first, and the
same protocol based on z-score birth weight plausibility was followed.?® Talge et al. generated
means, standard deviations, and smoothed percentiles for birth weight for gestational age, which
were used here for the calculation of continuous and categorical measures of birth size. To
calculate sex- and gestational age-specific birth weight z-scores in the MARCH study sample, I
subtracted reference mean birth weights from the sample birth weights and divided the difference
by the reference standard deviation. Using this information, I calculated a three-level categorical
measure of birth size. I categorized SGA as MARCH sample birth weights at or less than the 10"

percentile reference birth weight for gestational age. Next, I categorized LGA as sample birth
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weights at or above the 90" percentile reference for gestational age. Of note, only one measure of
gestational age was available in MARCH birth record data; the Michigan Department of Health
and Human Services birth records contain estimates of gestational age based on obstetric/clinical
measures, which were used in the current study.

Gestational age was measured as a continuous variable to increase statistical power. |
performed a skew-normal distribution method followed by a log transformation, a method
outlined by Sauzet et al., to normalize the distribution.®® Gestational age measured in weeks is
left-skewed, as fewer mothers deliver preterm compared to term newborns. Additionally, the
upper limit of gestational age is restricted to around 44 weeks, as medical intervention (i.e.,
induction) prevents a longer pregnancy.* To improve the distribution, each neonatal gestational
age in the sample was subtracted from 45 weeks and log transformed. Next, I used linear
regression to identify studentized residuals. If the absolute value of a residual was greater than 3,
then the observation was considered an outlier.® Here, n= 10 outliers were observed and
subsequently removed. Moreover, gestational age was measured as a categorical variable (i.e.,
PTB vs. not PTB), in which PTB was defined as birth at less than 37 weeks’ gestation.

Five-minute Apgar score was assessed five minutes after birth. According to the
Neonatal Encephalopathy and Neurologic Outcome, Apgar score is defined as reassuring (7-10),
moderately abnormal (4-6), or low (0-3). Finally, NICU admission was defined as infant
admission to the NICU following birth (measured as a binary yes/no variable).

2.2.5. Covariates

I adjusted for covariates including maternal age (continuous), US census-based

race/ethnicity (non-Hispanic White, non-Hispanic Black, and other), recruitment site (Southeast

Michigan, Mid-Michigan, and Northern Michigan), education level (no high school diploma,
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high school diploma and/or some college, and college degree), health insurance (government
plan/none and non-government plan), pre-pregnancy body mass index (BMI) (obese defined as
BMI =30 kg/m? and not obese defined as BMI <30 kg/m?), tobacco smoking (non-smoker, quit
smoking upon pregnancy, and active smoker), and alcohol drinking (non-drinker and active
drinker). To justify the conceptualization of these factors as confounders of the association
between prenatal cannabis exposure and birth outcomes, I will present evidence on each potential
confounding variable. Compared to people in older age groups, younger individuals have a
higher prevalence of cannabis use, thus the inclusion of maternal age as a potential confounder in
the current analyses. Estimates for year pair 2018-2019 from the NSDUH indicate that past-
month cannabis use was highest among pregnant people aged 18-25 years old.! Further, prior
research suggests adverse birth outcomes in teen mothers as well as older mothers.’!*>394 This
trend can be thought of as a U-shaped curve in which neonates born to younger and older
mothers are at increased risk of birth outcomes including PTB .29

It has been well-established that low socioeconomic status (SES) is associated with
adverse health and behavioral outcomes. SES is used as a predictor of health disparities and
common indicators include educational attainment, household income, neighborhood-level
income, and race/ethnicity.” Research suggests that maternal educational attainment is linked to
adverse birth outcomes.”®*” One study investigated the effects of maternal education in a country
where healthcare was available to everyone regardless of SES. Results suggest that lower
education levels were associated with adverse outcomes including PTB, LBW, and SGA.”’

Race and ethnicity are linked to SES via the substantial inequities among disadvantaged
groups in the US. Socioeconomically disadvantaged groups (e.g., non-Hispanic Black and

Hispanic groups) have lower household income and lower educational attainment compared to
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socioeconomically advantaged groups (e.g., non-Hispanic Whites). Although its mechanistic role
in poor health consequences is sometimes unclear, race as a social construct helps to explain
health disparities.”

Compared to non-Hispanic White individuals of high SES, non-Hispanic Black
individuals of high SES continue to have an increased risk of PTB, LBW, and infant mortality .’
This finding suggests that racism (which may be institutional, interpersonal, internalized, or
cultural) is a chronic stressor and a key factor in poor birth outcomes. %8 190.101.192 ReJevant to the
inclusion of race as a covariate in this analysis, race is also associated with cannabis use.!*

Pre-pregnancy BMI is an important consideration of the prenatal cannabis exposure- birth
outcomes association. Prior studies suggest a relationship between pre-pregnancy BMI and the
effects on birth weight and preterm delivery. Individuals with a pre-pregnancy BMI less than 25
kg/m? were more likely to deliver an infant of LBW.!** On the other hand, obese individuals (>30
kg/m?) are less likely to deliver an LBW infant, and gain less weight during pregnancy than
underweight and normal-weight individuals,'® but are at increased risk of gestational diabetes
mellitus, gestational hypertension, and PTB.!%:1% Colloquial knowledge suggests that using
cannabis might induce weight gain via increased food consumption, yet studies have found a
lower prevalence of cannabis use among overweight and obese individuals.!?7-1%8

The association between tobacco smoking during pregnancy and birth weight was first
reported in 1957 and has since been validated by numerous studies.®® Further, a dose-response
has been established; the more cigarettes smoked per day, the larger the decrease in birth
weight.!-1108284 Tt hag been suggested that the link between tobacco smoking and LBW and SGA
is attributed to intrauterine growth restriction,?* thus alluding to the role of tobacco exposure on

fetal growth and maturation. It has also been well-established that heavy alcohol use is
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associated with adverse birth outcomes, as it was deemed a teratogen in the 1970s.®> Adverse
birth outcomes including fetal alcohol syndrome, LBW, SGA, and PTB are associated with
heavy alcohol drinking, however, low to moderate levels of alcohol drinking on birth outcomes
are not as clear, although some studies have found significant associations.?>8

Cannabis is the number one internationally regulated drug used in pregnancy.!!!
Polysubstance use among cannabis users, especially tobacco use, is common during pregnancy.’
I chose to add tobacco and alcohol status to the model as potential confounding variables due to
their relationship with birth outcomes''? as well as with cannabis use, as prior studies have
indicated the high prevalence of co-drug use among cannabis users.!!?
2.2.6. Analysis Plan

The analysis plan consists of the main analysis and four sensitivity analyses. The main
analysis investigates the association between prenatal cannabis exposure (any trimester) and
birth outcomes. The first sensitivity analysis assesses the association between first trimester
cannabis exposure and birth outcomes. The second sensitivity analysis assesses the relationship
between prenatal cannabis exposure (any trimester) and birth outcomes, restricting the sample to
exclude: 1) tobacco users, 2) alcohol users, and 3) tobacco and alcohol users. The third
sensitivity analysis assesses relationship between prenatal cannabis exposure (any trimester) and
birth outcomes while considering twin clusters. Lastly, the fourth sensitivity analysis assesses the
relationship between prenatal exposure (any trimester) and birth outcomes while considering
participants nested within recruitment sites.

In the main analysis, I estimated associations using unadjusted and adjusted generalized
linear models (GLM). The prenatal cannabis exposure-birth size association was examined using

both linear and multinomial logistic regression models to accommodate continuous and
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categorical (SGA, AGA, and LGA) definitions of birth size, respectively. The prenatal cannabis
exposure-gestational age relationship was also measured on continuous (i.e., weeks’ gestation)
and categorical (i.e., PTB vs not PTB) scales. The association between prenatal cannabis
exposure and 5S-minute Apgar score was analyzed using Poisson regression. Finally, the
association between prenatal cannabis exposure and NICU admission was assessed using logistic
regression due to the binary scale of the outcome. For the first and second sensitivity analyses, I
repeated all the previous analyses and 1) limited the sample to individuals in their first trimester
of pregnancy at study recruitment and 2) removed alcohol users, tobacco users, and both alcohol
and tobacco users. A note regarding the first sensitivity analysis: the investigation of the
trimester-specific (i.e., beyond the first trimester) relationship between prenatal cannabis
exposure and birth outcomes is not possible in the current study. The cannabis survey item is not
specific in terms of the recency of cannabis use. Each of the two prenatal survey cannabis items
asks whether or not the participant used cannabis at any time during pregnancy. For the third and
fourth sensitivity analyses, I used generalized estimating equations (GEE) to estimate the
association between prenatal cannabis exposure and birth outcomes while considering twin
clusters as well as participants nested within recruitment sites, respectively. SAS® version 9.4
was used to perform all statistical analyses.
2.3. Results

As of January 2022, the MARCH dataset consisted of n= 866 participants. The final
analytic sample of the current study is n= 584 participants, of whom n= 90 used cannabis during
pregnancy. The following describes missingness in the sample: n= 255 participants were missing
data on birth size and gestational age. An additional participant was missing on NICU admission

(n= 1) and another participant was missing on 5-minute Apgar score (n= 1). Further, n=4
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participants were missing on cannabis; n= 2 were missing on recruitment site; n= 3 were missing
on education level; n= 4 were missing on health insurance; n=9 were missing on pre-pregnancy
BMI; and n= 3 were missing on alcohol status. Not all participants who completed the survey(s)
had given birth at the time of this analysis, resulting in missing derived from the birth record. Of
note, the analysis of the association between prenatal cannabis use and gestational age measured
on a continuous scale had an analytic sample n= 574 due to the removal of n= 10 outliers, as
previously mentioned in the Methods section.

Table 2.1 describes the characteristics of a sample of pregnant people in Michigan who
do and do not use cannabis during pregnancy. Approximately 15% of pregnant people in the
sample used cannabis and on average, were 26 years old. The majority of participants who used
cannabis during pregnancy were recruited from clinics in southeast Michigan (53%), had
government health insurance (83%), identified as non-Hispanic Black (56%), had attained at
least a high school diploma but may have also completed some college courses without earning a
degree (71%), were not obese (59%), and reported no alcohol use during pregnancy (77%).
Although the majority of prenatal cannabis users reported no active cigarette smoking (either
non-smoker or quit upon learning of pregnancy), 39% reported active tobacco smoking.

Table 2.2 describes the results of the association between prenatal cannabis exposure and
birth outcomes. Among neonates who were not exposed to cannabis during pregnancy, the mean
birth weight was equal to 3294 grams (standard error= 26.5 grams); among neonates prenatally
exposed to cannabis, the mean birth weight was equal to 3030 grams (standard error= 62.8
grams). Among neonates prenatally exposed to cannabis, the unadjusted odds of being born
SGA, compared to AGA, was 2.2 times as large as neonates who were not prenatally exposed to

cannabis (Odds Ratio (OR)yeqeii= 2.2; 95% Confidence Interval (CI): 1.1, 4.2). Results remained
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significant after adjusting for maternal age; however, upon adjustment for other covariates,
results were no longer statistically significant (OR o0e4= 1.5; 95% CI: 0.7, 3.2). Covariates that
had the largest effect on the association were determined by adding each covariate to the main
effects model, one-by-one, and noting the OR and 95% CI change in the association between
prenatal cannabis exposure and SGA. Covariates that attenuated the estimate and resulted in a
null association as indicated by the 95% CI are as follows: US census-based race/ethnicity (OR=
1.7;95% CI: 0.9, 3.4), education level (OR=1.7; 95% CI: 0.8, 3.4), and smoking (OR= 1.7; 95%
CI: 0.8, 3.7). Moreover, there was no association detected between prenatal cannabis exposure
and neonates born LGA (OR04e4= 0.3; 95% CI: 0.1, 1.1). Although birth size, measured as a
categorical variable, was not significantly different between neonates exposed and unexposed to
cannabis during pregnancy, birth size z-score suggested otherwise. Results of linear regression
indicate that prior to model adjustment, the birth size z-score was lower among neonates exposed
to prenatal cannabis compared to unexposed neonates (betaowen=-0.4; 95% CI: -0.6, -0.2). After
adjustment for potential confounders, findings suggest that birth size z-score remained lower in
neonates who were prenatally exposed to cannabis compared to those who were not (betaogeu= -
0.3; 95% CI: -0.5,-0.003). The mean birth size z-score among the prenatal cannabis exposure
group was equal to -0.34 (standard error= 0.1), while among the non-exposed group, the mean z-
score was equal to 0.07 (standard error= 0.04).

After full model adjustment, findings indicated no significant association between
prenatal cannabis exposure and gestational age (betayoss= 0.1; 95% CI: -0.01, 0.1). Similarly,
there was no association detected between prenatal cannabis exposure and PTB (beta,oqe1s= 1.1;
95% CI: 0.5,2.4), and no association between prenatal cannabis exposure and 5-minute Apgar

score (beta,oeq= 0.01; 95% CI: -0.1, 0.1). However, study findings indicated a significant
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association between prenatal cannabis exposure and NICU admission. Specifically, neonates
prenatally exposed to cannabis had 2.1 times the odds of being admitted to the NICU compared
to non-exposed neonates (OR4e11= 2.1; 95% CI: 1.2, 3.8). However, after model adjustment,
results were attenuated and the relationship no longer persisted (OR=1.2; 95% CI: 0.6, 2.4).
Again, covariates that had the largest effect on the association were determined by adding each
covariate to the main effects model, one-by-one. Covariates that attenuated the estimate and
resulted in a null association between prenatal cannabis exposure and NICU admission as
indicated by the 95% CI are as follows: US census-based race/ethnicity (OR=1.7; 95% CI: 0.9,
3.1), education level (OR=1.7; 95% CI: 0.9, 3.1), health insurance (OR= 1.6; 95% CI: 0.9, 3.0),
and smoking (OR= 1.6; 95% CI: 0.8, 3.1).

I performed a sensitivity analysis to explore how first trimester cannabis exposure might
be associated with birth outcomes. Table 2.3 describes a sample of participants who completed
the prenatal survey during their first trimester of pregnancy. The analytic sample included n=
378 participants in their first trimester, 11% of whom used cannabis during pregnancy.
Participants who used cannabis were, on average, 26 years old. The majority of participants were
recruited from southeast Michigan (61%) and were non-Hispanic Black (54%). Eighty-eight
percent of people who used cannabis during pregnancy completed high school; 83% had
government health insurance; and the mean BMI was 29 kg/m?. Finally, 76% of participants did
not use alcohol while pregnant and 63% did not actively smoke tobacco.

Table 2.4 describes the results of the sensitivity analysis of the association between first
trimester cannabis exposure and birth outcomes. After model adjustment, findings indicated no
association between first trimester cannabis exposure and birth size. Specifically, compared to

neonates born AGA, there was no association between first trimester cannabis exposure and
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SGA (ORodes= 1.8; 95% CI: 0.6, 5.9), nor between first trimester cannabis exposure and LGA
(OR0qes= 0.25 95% CI: 0.03, 2.0). The fully adjusted model indicated no association between
first trimester cannabis exposure and birth size z-score (betagen= -0.2; 95% CI: -0.6,0.2).
Recall that due to the non-normal distribution of gestational age, I had performed the skew-
normal distribution method. Here, among people in their first trimester of pregnancy, n=9
outliers were removed from the sample resulting in a sample size n= 369. Results suggest no
association between first trimester cannabis exposure and gestational age at birth (beta,oge1s=
0.03;95% CI: -0.1, 0.1). Further, first trimester cannabis use was not associated with PTB
(OR0qe1s= 0.8; 95% CI: 0.3, 2.4). Similarly, there was no meaningful difference in 5-minute
Apgar score among neonates exposed to first trimester cannabis use compared to unexposed
neonates (betaqeq= -0.003; 95% CI: -0.1, 0.1). Finally, even after adjustment for maternal age,
neonates exposed to cannabis during the first trimester of pregnancy had 2.6 times the odds of
being admitted to the NICU compared to non-exposed neonates (OR,oqe= 2.6; 95% CI: 1.1,
5.8). After further model adjustment, the estimate was attenuated and findings were no longer
statistically significant (OR,0qe1s= 1.3; 95% CI: 0.5, 3.1). Covariates that attenuated the estimate
and resulted in a null association as indicated by the 95% CI are as follows: health insurance
(OR=1.8;95% CI: 0.8, 4.2) and smoking (OR= 1.9; 95% CI: 0.8, 4.6).

In a second sensitivity analysis, I considered the impact of non-independence as a result
of twin clusters. The study sample included n= 597 pregnant people of whom n= 14 delivered
twins. Of note, although 14 participants gave birth to twins, data were for n= 27 twins, as one
twin was missing birth record data. I employed the GENMOD procedure in SAS® version 9.4.
The estimates, confidence intervals, and standard errors produced by GEE were nearly identical

to results from the main analysis, which considered singleton births only. Likely due to the small
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number of twins in the study, twin pairs did not influence confidence intervals. It is important to
comment on the issue of the small sample of twins in this study, as only three participants who
delivered twins used cannabis during pregnancy. Pearson correlation coefficients indicated a
high correlation between twins among pregnant people who used cannabis and all birth outcomes
(e.g., the Pearson correlation coefficient for birth weight, measured in grams, was 0.9999).

In a third sensitivity analysis, I examined how pregnant people clustered within
recruitment sites might be similar to one another. I employed the GENMOD procedure in SAS®
9.4 and used GEE in consideration of the potential non-independence between participants. Non-
independence could be due to similarities among participants living in a particular geographic
area. For example, socioeconomic proxies (e.g., household income) might be similar within
recruitment sites. Findings produced using GEE were nearly identical to results in the main
analysis. For instance, results of the unadjusted GEE analysis investigating the association
between prenatal cannabis use and birth size z-score was beta= -0.4; 95% CI: -0.6, -0.3 while
unadjusted findings from the main analysis were beta= -0.4; 95% CI: -0.6, -0.2.

In a fourth sensitivity analysis, I explored how excluding alcohol users, tobacco users,
and both alcohol and tobacco users from the analysis impacted study findings. The analytic
sample size after excluding prenatal alcohol users only was n= 502. After excluding prenatal
tobacco users only, the sample size was n=435. Finally, after removing all polysubstance use
(i.e., both alcohol and tobacco users), the sample size was n= 384. After adjustment for potential
confounding variables, no differences were detected in estimates compared to Table 2.2 results.
To illustrate, Table 2.2 suggests no association between prenatal cannabis exposure and PTB
(ORoqes= 1.1; 95% CI: 0.5, 2.4). Upon removal of participants who used alcohol, used tobacco,

or used both alcohol and tobacco, people who used cannabis during had the following odds of
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PTB compared to non-users: OR 4= 1.1 (95% CI: 0.4, 2.8), OR0qe14= 0.7 (95% CI: 0.2,2.6),

and OR ,00e4= 0.8 (95% CI: 0.2, 2.9), respectively.
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Table 2.1. Prenatal Cannabis Use by Maternal Characteristics,

MARCH (n= 584)

Prenatal Cannabis Use

No Yes
n= 494 n=90
n (column % )° or mean (standard error)
Mean Maternal Age, 29 (0.3) 26 (0.5)
Years
Recruitment Site
Southeast MI 314 (63.6) 48 (53.3)
Mid MI 96 (194) 31(344)
Northern MI 84 (17.0) 11(12.2)
US Census-Based
Race/Ethnicity
Non-Hispanic White 302 (61.1) 34 (37.8)
Non-Hispanic Black 140 (28.3) 50 (55.6)
Other 52 (10.5) 6 (6.7)
Education Level
No high school diploma 46 (9.3) 16 (17.8)
High school diploma 189 (38.3) 64 (71.1)
and/or some college
College degree 259 (52.4) 10 (11.1)
Health Insurance
Government plan/none 220 (44.5) 75 (83.3)
Non-government plan 274 (55.5) 15 (16.7)
Pre-pregnancy BMI
Not obese 322 (65.2) 53 (58.9)
Obese 172 (34.8) 37 (41.1)
Tobacco Smoking
Non-smoker 404 (81.8) 31(344)
Quit smoking upon 48 (9.7) 24 (26.7)
pregnancy
Active smoker 42 (8.5) 35(38.9)
Alcohol Drinking
Non-drinker 433 (87.7) 69 (76.7)
Active drinker 61 (12.4) 21 (23.3)

P Percentages may not add to 100% due to rounding.
*Indicates statistical significance.
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Table 2.2. The Association Between Prenatal Cannabis Exposure and Birth Outcomes, MARCH

(n=584)

Prenatal Cannabis Exposure and Birth Outcomes

Odds Ratio (OR) or B Estimate (95% Confidence Interval)

Birth outcomes Model 1° Model 2° Model 3¢ Model 4¢
Birth size®
Small-for-gestational age 2.2% 20 1.7 1.5
(1.1,4.2) (1.0,3.9) (0.8,3.5) (0.7,3.2)
Large-for-gestational age 0.3 03 03 03
0.1,1.0) 0.1,1.0) 0.1,1.1) (0.1, 1.1)
Birth size z-score® -0.4%* -0.4% -0.3% -0.3%*
(-0.6,-0.2) (-0.6,-0.1) (-0.6,-0.1)  (-0.5,-0.003)
Preterm birth (<37 weeks)® 1.1 1.1 09 1.1
(0.5,2.3) (0.5,2.2) 04,1.9) (05,2.4)
Gestational age (weeks)? 0.1* 0.1% 0.1 0.1
(n=574) (0.01,0.1) (0.01,0.1) (-0.01,0.1) (-0.01,0.1)
NICU admission (yes)* 2.1% 1.9% 1.5 1.2
(1.2,3.8) (1.01,34) 0.8,2.7) 0.6,2.4)
5-minute Apgar score® -0.01 -0.01 -0.01 -0.01
(-0.1,0.1) (-0.1,0.1) (-0.1,0.1) (-0.1,0.1)

*Indicates statistical significance at 0.05 level.

“Categorical variable (OR)
% Continuous variable (B)
¢Discrete variable (3)
aModel 1: Unadjusted.

®Model 2: Adjusted for maternal age.
¢Model 3: Adjusted for maternal age, recruitment site, US census-based race/ethnicity, education
level, health insurance, and pre-pregnancy BMI.
dModel 4: Adjusted for maternal age, recruitment site, US census-based race/ethnicity, education
level, health insurance, pre-pregnancy BMI, alcohol drinking, and tobacco smoking.
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Table 2.3. First Trimester Cannabis Use by Maternal Characteristics,

MARCH (n= 378)

First Trimester Cannabis Use

No Yes
n= 337 n=41
n (column % )° or mean (standard error)
Mean Maternal Age, Years 30 (0.3) 26 (0.7)
Recruitment Site
Southeast Michigan 254 (75.4) 25 (61.0)
Other 83 (24.6) 16 (39.0)
US Census-Based
Race/Ethnicity
Non-Hispanic White 221 (65.6) 17 (41.5)
Non-Hispanic Black 81 (24.0) 22 (53.7)
Other 35(104) 2(4.9)
Education Level
No high school diploma 21 (6.2) 5(12.2)
Diploma or higher education 316 (93.8) 36 (87.8)
Health Insurance
Non-government plan 217 (64 .4) 7(17.1)
Government plan/none 120 (35.6) 34 (82.9)
Mean Pre-pregnancy BMI, 28.5(04) 294 (1.2)
kg/m?
Tobacco Smoking
Non-smoker 318 (94.4) 26 (63.4)
Active smoker 19 (5.6) 15 (36.6)
Alcohol Drinking
Non-drinker 299 (88.7) 31 (75.6)
Active drinker 38 (11.3) 10 (24 .4)

P Percentages may not add to 100% due to rounding.
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Table 2.4. The Association Between First Trimester Cannabis Exposure and Birth Outcomes,
MARCH (n=378)
First Trimester Cannabis Exposure and Birth Outcomes
Odds Ratio or § Estimate (95% Confidence Interval)

Birth outcomes Model 1° Model 2° Model 3¢ Model 4¢
Birth size®
Small-for-gestational 2.1 1.8 19 1.8
age (0.8,5.6) (0.7,4.8) (0.7,5.3) 0.6,5.9)
Large-for-gestational 0.2 0.2 0.2 0.2
age (0.03,1.8) (0.03,1.8) (0.03,1.9) (0.03,2.0)
Birth size (z-score)?® 0.3 0.2 0.2 0.2
(-0.7,0.04) (-0.6,0.1) (-0.6,0.1) (-0.6,0.2)
Gestational age (weeks)?® 0.1 0.1 0.04 0.03
(n= 369) (-0.02,0.1) (-0.02,0.1) (-0.04,0.1) (-0.1,0.1)
Preterm birth (<37 weeks) 1.2 1.1 0.7 0.8
a 04,3.2) (0.4,3.0) 0.2,2.1) 0.3,2.4)
5-minute Apgar score® -0.005 -0.003 -0.01 -0.003
(-0.1,0.1) (-0.1,0.1) (-0.1,0.1) (-0.1,0.1)
NICU admission (yes) * 3.0% 2.6* 1.7 1.3
(1.3,6.6) (1.1,5.8) (0.7,3.9) (0.5,3.1)

* Indicates statistical significance at 0.05 level.

“Categorical variable (OR)

% Continuous variable (B)

¢Discrete variable (3)

aModel 1: Unadjusted.

®Model 2: Adjusted for maternal age.

¢Model 3: Adjusted for maternal age, recruitment site, US census-based race/ethnicity, education
level, health insurance, pre-pregnancy BMI, and weight gain.

dModel 4: Adjusted for maternal age, recruitment site, US census-based race/ethnicity, education
level, health insurance, pre-pregnancy BMI, and weight gain, level, alcohol drinking, and
tobacco smoking.
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2.4. Discussion

The current study investigated the association of prenatal cannabis exposure with a set of
birth outcomes, including birth size, gestational age, 5-minute Apgar score, and NICU
admission. In this sample of Michigan pregnant people, prenatal cannabis exposure was not
associated with gestational age, 5-minute Apgar score, or NICU admission. However, findings
suggest that neonates exposed to cannabis during pregnancy had lower birth size z-scores
compared to neonates who were not prenatally exposed to cannabis (betaoges= -0.3; 95% CI.: -
0.5,-0.003).

In a subsample of first trimester participants, prenatal cannabis exposure was not
significantly associated with birth outcomes. Post-analysis restriction of the sample by excluding
combinations of other drug use (i.e., alcohol drinkers, tobacco smokers, and alcohol drinkers and
tobacco smokers) did not significantly alter results. GEE analyses determined that twin clusters
as well as pregnant people nested within recruitment sites did not have an effect on estimates.

Few studies assessed birth size via z-scores. However, Koto et al. investigated the
relationship between prenatal cannabis exposure and birth outcomes, including birth size
measured as a z-score.!'* The authors detected a statistically significant association between
using cannabis during pregnancy and lower birth size z-score after controlling for potential
confounding variables (beta= 0.23; 95% CI: 0.19, 0.27). These results were similar to the
findings of this dissertation research. However, Koto et al. also detected an association between
prenatal cannabis use and birth size measured on a categorical scale; compared to non-users,
people who reported cannabis use during pregnancy had higher odds of delivering an SGA
neonate (OR=1.52; 95% CI: 1.34, 1.71). The authors’ findings also suggested a significant

association between prenatal cannabis use and 5-minute Apgar score as well as NICU
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admission.!* Koto et al. utilized a large perinatal database, which consisted of an analytic sample
size of over 100,000 participants, while the MARCH analytic sample consisted of only 584
participants. It is likely that the current analysis was underpowered and therefore limited in its
ability to detect a statistically significant difference between people who used cannabis during
pregnancy and those who did not.

Another study, conducted by Sturrock et al. in the United Kingdom, assessed the
relationship between prenatal cannabis exposure and birth size z-score. The authors did not
report a significant mean difference in z-score (via Student’s t-test) between people who used
cannabis during pregnancy and people who did not (-0.255 vs. 0.064, respectively; p-value=
0.087).!5 Of note, the authors only included term newborns (37-41 weeks’ gestation) in the
analysis, whereas the current study included births prior to 37 weeks’ gestation. Sturrock et al.
excluded preterm births in the association between prenatal cannabis use and birth size.

Moreover, Corsi et al. detected a significant association between prenatal cannabis use
and PTB <37 weeks’ gestation (RR=1.41; 95% CI: 1.36, 1.47), SGA (RR=1.41; 95% CI: 1.36,
1.45), NICU admission (RR=1.40; 95% CI: 1.36, 1.44), and 5-minute Apgar score (RR=1.28;
95% CI: 1.13, 1.45).%® The authors used a large Canadian perinatal registry which included n=
661,617 study participants, an adequately powered sample. Further, Kharbanda et al. found that
compared to no exposure, prenatal cannabis exposure was associated with SGA (RR= 1.69; 95%
CI: 1.22,2.34), while no association was detected between prenatal cannabis exposure and PTB
(RR=1.06; 95% CI: 0.64, 1.77) 4 It might be that a significant association was detected between
using cannabis during pregnancy and SGA due to the large sample size (n= 3435 participants),

and may also be attributed to the objective measure used to capture prenatal cannabis use (i.e.,
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urinalysis). It could be that social desirability bias attributed to an underreporting of cannabis use
during pregnancy in studies that only utilize self-report.

In the full analytic sample, prenatal cannabis exposure was associated with lower birth
size z-scores compared to neonates who were not exposed to cannabis during pregnancy.
Although modest, this finding suggests that fetal exposure to cannabis during pregnancy might
play a role in fetal growth and maturation. Previous literature indicates health consequences of
SGA neonates including cardiometabolic morbidities!!®!'” and problems with intellectual
performance in school-age children,''® and that prenatal cannabis exposure is associated with
these same outcomes. However, it is unclear the extent to which birth size mediates these
associations and represents a direction for future research.

2.4.1. Limitations

There are several limitations to this study. First, birth size was measured as a multinomial
variable — AGA, SGA, and LGA — and also on a continuous scale by using z-scores to estimate
the change in the standard deviation of sex-specific birth weight for gestational age. Likewise,
gestational age was measured as a binary variable (i.e., PTB) and continuously as weeks’
gestation at birth. Categorizing variables that can be analyzed on a continuous scale offers the
advantage of simpler interpretation in clinical research. However, a resulting limitation is the
loss of information through categorization, leading to reduced statistical power. A study of low
power decreases the probability of detecting a true effect.!?! Additionally, not all participants had
delivered at the time of this analysis, reducing the sample size and statistical power.

Another limitation is the constraint on statistical precision due to the small sample size.
Because MARCH is an ongoing study, recruitment is incomplete. An additional limitation is that

prenatal cannabis use was measured via self-report by MARCH study staff. Self-reported
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substance use may introduce social desirability bias, which may be further exacerbated in a
scientifically complex!?? study population (i.e., pregnant people). Stigma and fear related to legal
repercussions of substance use during pregnancy might hinder truthful participant responses. A
scoping review that explored the validity of self-report measures and biological samples among
women of reproductive age concluded that agreement between the measures was poor, and that
self-reported cannabis use was underreported.'>Moreover, MARCH did not restrict trimester
eligibility upon study recruitment, and this limited our ability to conduct well-powered,
trimester-specific analyses.

Lack of detailed substance use survey items restricted statistical analyses. The cannabis
use survey item in prenatal surveys one and two did not inquire about recency of cannabis use, as
the question measured cannabis use at any time during pregnancy. Further, no survey items
measured the frequency of cannabis use. The significance of studying prenatal cannabis exposure
and birth outcomes in terms of recency and frequency is related to well-established evidence
attesting to the harmful effects of tobacco smoking during pregnancy. Prior literature suggests
dose-response effects of tobacco smoking in pregnancy; increasing the number of cigarettes
smoked, specifically in the third trimester, decreases birth weight.!>* Exploring the presence of a
dose-response of cannabis use would be clarifying. Another limitation of the current study is that
tobacco and alcohol use questions did not measure the recency of use and therefore, these
potentially confounding variables may not have been adequately adjusted for.

2.4.2. Strengths

A strength of this study includes its prospective ascertainment of cannabis use, which

reduces recall bias. Further, MARCH relied on state-archived birth records for birth outcome

data. Birth records are a reliable source of birth outcome data. Finally, the skew-normal
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distribution method resulted in a normal distribution of gestational age. This is a strength of the
current study because the distribution of gestational age is often left-skewed.
2.4.3. Conclusions

Future studies that investigate the effects of prenatal cannabis exposure on birth outcomes
are warranted, particularly with prospectively designed studies with comprehensive assessment
of substance use biomarkers. Current recommendations from the American College of
Obstetricians and Gynecologists discourage clinicians from advising and/or prescribing cannabis
for use during pregnancy due to the lack of evidence exhibiting the benefits of its use on the
developing fetus.! The majority of prior literature suggests null associations or reports modest
adverse effects of prenatal cannabis exposure on birth outcomes. Given the effect of prenatal
cannabis exposure on birth size in the current study, people who are pregnant or who are
contemplating becoming pregnant should be weary of using cannabis in pregnancy until more

prospective studies are conducted.
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CHAPTER 3. HOW MIGHT MORNING SICKNESS SEVERITY INFLUENCE THE
ODDS OF PRENATAL CANNABIS USE?
3.1. Background

Nausea and vomiting of pregnancy, also known as morning sickness, is common among
pregnant people in the first trimester. Although undertreated,® NVP affects 70-80% of pregnant
people** and varies in severity, ranging from mild and moderate symptoms to a severe form of
NVP called hyperemesis gravidarum.* NVP can result in a lessened quality of life by inducing
mood changes, poor sleep, and decreased social interactions.*<° A meta-analysis exploring the
prevalence of NVP in the US found that one-quarter of individuals reported morning sickness
during late pregnancy, a finding that suggests a large proportion of people continue to experience
nausea and vomiting, although the vast majority of clinical literature indicates that NVP subsides
around 12 weeks’ gestation.** With limited pharmaceutical drugs marketed for NVP,>” pregnant
people experiencing morning sickness might contemplate using cannabis, as it has a history of
use as an antiemetic,%? for self-medicated treatment of symptoms.>7:67:68

Past-month cannabis use has more than doubled among pregnant people aged 12-44 years
old in the US between 2004-2005 (3.0%) and 2019-2020 (6.3%).! Cannabis legalization in many
states across the nation may contribute to the decreased risk perception of cannabis use among
pregnant people.” Scant research on the health effects of cannabis use during pregnancy may
leave physicians unable to counsel pregnant patients with certainty given the lack of evidence-
based findings. At present, the American College of Obstetricians and Gynecologists (ACOG)
instructs physicians to recommend against the use of cannabis during pregnancy. Small
qualitative studies, however, suggest that pregnant people believe that cannabis use during

pregnancy is efficacious and safe.%67.70
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Dickenson et al. conducted a cross-sectional study in Colorado that sought to better
understand recommendations from cannabis dispensaries regarding first trimester cannabis use
among pregnant people. Findings indicated that about 70% of dispensaries recommended
cannabis products for the treatment of morning sickness. The majority of dispensaries based their
recommendations on personal opinion, and a minority of dispensaries recommended consulting a
physician without being prompted by the caller first.!?

Given the high prevalence of morning sickness, the lack of available prescription drugs
for the treatment of NVP, the two-fold increase in cannabis use among pregnant people, the
perception that cannabis is safe to use in pregnancy, and the reinforcing recommendations of the
safety and efficacy of cannabis use to treat morning sickness by dispensary employees (and not
medical professionals), I aim to estimate the degree to which NVP might be associated with
prenatal cannabis use in a sample of Michigan pregnant people, a state where medical and
recreational cannabis use is legal.

3.2. Methods
3.2.1. Study Population and Sample

Here, I analyzed data for the Michigan Archive for Research on Child Health (MARCH)
cohort, recruited between 2017 and 2021. MARCH is a prospective study that began recruiting
pregnant people in 2017 from 11 sites across Michigan using probability-based sampling.
Pregnant patients were recruited through physician offices at participating prenatal practices.
MARCH excludes pregnant people who are under the age of 18 and those who do not speak
English. Upon participant consent, data were collected by interviewing the participant in person
or via telephone. Participants completed up to two prenatal surveys throughout pregnancy.

Although study participants are recruited at the first prenatal visit, the trimester of recruitment
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was not restricted. As such, while the goal was for participants to complete both prenatal
surveys, some only completed prenatal survey one due to late recruitment into the study, or loss-
to-follow-up.¥” A more detailed description of the MARCH study protocol can be found in the
Chapter 2 Methods section of this dissertation. This study has been approved by the Michigan
State University institutional review board for protection of human subjects and has been
determined exempt under 45 CFR 46.104(d) 4(ii).

3.2.2. Nausea & Vomiting of Pregnancy (NVP)

In the current analysis, I examined data from prenatal survey one only. This survey was
completed by all study participants and was the only survey containing the Pregnancy-Unique
Quantification of Emesis and Nausea tool (i.e., prenatal survey two did not contain the PUQE
tool). The PUQE scoring system was validated by Koren et al. in 2005 in an effort to simplify the
tool previously used to assess the severity of nausea and vomiting. This tool, the Rhodes’ score,
was originally developed for a sample of cancer patients receiving chemotherapy, and according
to Koren et al., was complex and not specific to pregnancy, which led to the implementation of a
scoring system specific to pregnancy. The PUQE tool consisted of three questions that asked
patients or participants (as the tool was intended for both clinical practice and research) about the
number of hours they felt nauseated, the number of times they had vomited, and the number of
times they had experienced retching or dry heaving in the prior 12 hours. Scores for each
question ranged from one to five and were summed to yield a composite score. Based on the
composite score, the patient/participant was categorized as having mild (< 6), moderate (7-12),
or severe NVP (13-15).1%6 A few years after the validation of the 12-hour PUQE scoring system,
Ebrahimi et al. validated the 24-hour PUQE tool to account for time spent asleep.!”’ Figure 1

illustrates the scoring system
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Figure 3.1. PUQE-24 Scoring System

Items Response (Score)
In the last 24 hours, for how long Not at all (1)

have you felt nauseated or sick to 1 hour or less (2)
your stomach? 2-3 hours (3)

4-6 hours (4)
More than 6 hours

&)
In the last 24 hours have you I did not throw up
vomited or thrown up? (1)

1-2 times (2)
3-4 times (3)
5-6 times (4)
7 or more times (5)

In the last 24 hours how many None (1)
times have you had retching or dry  1-2 times (2)
heaves without bringing anything 3-4 times (3)
up? 5-6 times (4)

7 or more times (5)
PUQE-24 Score: Mild < 6; Moderate = 7-12; Severe =
13-15

MARCH used the 24-hour PUQE scoring system (Figure 3.1), which asked the following
three questions: 1) “On average in a day, for how long do you feel nauseated or sick to your
stomach?” 2) “On average in a day, how many times do you vomit or throw up?” 3) “On average
in a day, how many times do you have retching or dry heaves without bringing anything up?”
Although MARCH used the PUQE scoring system, it may be worth noting the minor differences
in language between the validated tool and MARCH survey items. Whereas the PUQE scoring
system asked about symptoms in the last 24 hours, MARCH asked about symptoms “on average
in a day.”

3.2.3. Cannabis Use During Pregnancy
Cannabis use was measured via self-report on prenatal survey one by answering the

following survey item: “Have you used marijuana (pot) or cannabis including medically
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prescribed cannabis, at all during this pregnancy?” A response of ‘yes’ to the cannabis survey
item indicated prenatal cannabis use.
3.24. Covariates

Covariates adjusted for in the current analysis include maternal age, recruitment site, US
census-based race/ethnicity, education level, health insurance, pre-pregnancy BMI, tobacco
smoking, alcohol drinking, and trimester of pregnancy. Existing literature regarding NVP risk
and race/ethnicity are mixed. Some studies found NVP risk to be lower among Black pregnant
people,'?®12 while others suggested that White pregnant people were less likely to experience
NVP.1*° Moreover, cannabis use prevalence is higher among Black individuals compared to their
White counterparts.'®® Further, one study found that individuals with NVP were more likely to be
young'¥! and another study reported that NVP risk decreased in older age groups.'?® Interestingly,
one study suggested that increasing maternal age was associated with delayed onset of NVP.!3
Trends in prenatal cannabis use, however, indicate a higher prevalence of use among younger
pregnant people.! Socioeconomic status may also play a role in NVP risk; one study found that
women with less education and low, but not the lowest, level of income were more likely to
report NPV and more severe NVP.!* Other studies found that low income and less education
were linked to a greater risk of NVP #2131.134128 Prior studies indicate an increased prevalence of
cannabis use among groups who are socioeconomically disadvantaged.'*> Some research
suggests that NVP is more likely in pregnant people with low BMI.!*¢ Although anecdotal
evidence suggests that increased appetite and weight gain may be associated with cannabis use,
studies have found a lower prevalence of cannabis use among overweight and obese
individuals.!”” Furthermore, while tobacco smoking is more often than not associated with poor

health outcomes, especially in pregnancy, some research suggests that smoking prior to
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pregnancy'?’ is protective against NVP.!? An epidemiological study suggested an association
between tobacco smoking before pregnancy and decreased risk of NVP. Authors also determined
an interaction between alcohol drinking, tobacco smoking, and NVP; participants who smoked
and who were regular alcohol drinkers before pregnancy were significantly less likely to
experience NVP compared with non-smokers. However, there was no association between non-
smokers who drank alcohol before pregnancy and NVP risk."*® Another study found an
association between alcohol consumption before pregnancy and decreased risk of NVP.!3

Prior research indicates issues of confounding resulting from polysubstance use among
cannabis users.?14145 L astly, I controlled for trimester of morning sickness given that NVP is
most common early in pregnancy and typically resolves by 20 weeks’ gestation.*>#
3.2.5. Analysis Plan

The current study consists of four analyses — one main analysis and three sensitivity
analyses. In the main analysis, I estimate the association between morning sickness severity and
the odds of prenatal cannabis use. In the first sensitivity analysis, I estimate the association
between trimester-specific morning sickness and the odds of prenatal cannabis use. In the second
sensitivity analysis, I assess the association between prenatal cannabis use and morning sickness
severity. Finally, in the third sensitivity analysis, I assess the relationship between pre-pregnancy
cannabis use, defined as use in the three months prior to pregnancy, and first trimester morning
sickness severity.

For the main analysis, I estimated associations using covariate-adjusted generalized linear
models. Specifically, I used logistic regression to estimate the odds of prenatal cannabis use with
increasing morning sickness severity. I measured morning sickness severity on a continuous

scale, ranging from 0-15, to increase statistical power. As such, morning sickness was not
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categorized into mild, moderate, and severe, as illustrated in Figure 1. However, this reference
allows the reader to better understand the meaning behind the PUQE-24 score. For the first
sensitivity analysis, I repeated the previous analyses but investigated whether trimester-specific
morning sickness might be associated with the odds of prenatal cannabis use. Because NVP is
more prevalent in the first trimester compared to later trimesters of pregnancy, and due to the
small sample size of third trimester recruitment, this analysis compared the odds of cannabis use
during the first trimester to the combined sample of second and third trimester participants. For
the second sensitivity analysis, I used Poisson regression to assess the association between
prenatal cannabis exposure and morning sickness severity, and also used the same analysis for
the third sensitivity analysis in which I restricted the sample to pre-pregnancy cannabis use and
first trimester morning sickness.
3.3. Results

The MARCH dataset consisted of n= 866 participants in total. The final analytic sample
for the current study was n= 826 pregnant people. Thirty-nine participants were excluded due to
missing data on the exposure, outcome, or covariates. Specifically, n= 5 participants were
missing data on cannabis; n= 6 were missing data on the PUQE; n= 3 were missing data on
recruitment site; n= 3 were missing data on education level; n= 1 was missing data on health
insurance; n= 14 were missing data on pre-pregnancy BMI; n= 2 were missing data on smoking
status; n= 1 was missing on trimester; there was no missingness on maternal age or US census-
based race/ethnicity.

Table 3.1 describes prenatal cannabis use by maternal characteristics. Descriptive
statistics indicate that 14% of the sample used cannabis during pregnancy and were on average,

27 years old. The majority of prenatal cannabis users were recruited from Southeast Michigan
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(57%), had a high school diploma and may have additionally completed some college (72%),
were insured under a government health insurance plan (80%), and had an average pre-
pregnancy BMI of 29 kg/m? (64% of the sample was not obese). Nearly half of prenatal cannabis
users were non-Hispanic Black (49%), although non-Hispanic White pregnant people (40%)
made up a large proportion of the sample as well. The vast majority of people who used cannabis
during pregnancy did not concurrently drink alcohol (84%), although 36% of prenatal cannabis

users smoked cigarettes during pregnancy.

47



Table 3.1. Prenatal Cannabis Use by Maternal Characteristics,

MARCH (n= 826)

Prenatal Cannabis Use

No Yes
n="714 n=112
n (column %)P or mean (standard error)

Mean PUQE Score 6.1 (0.1) 74(0.3)
Mean Maternal Age, Years 29 (0.2) 27 (0.5)
Recruitment Site
Southeast MI 450 (63.0) 64 (57.1)
Mid MI 171 (24.0) 38 (33.9)
Northern MI 93 (13.0) 10 (8.9)
US Census-Based
Race/Ethnicity
Non-Hispanic White 425 (59.5) 45 (40.2)
Non-Hispanic Black 209 (29.3) 55 (49.1)
Other 80 (11.2) 12 (10.7)
Education Level
No high school diploma 63 (8.8) 20 (17.9)
High school diploma and/or 308 (43.1) 81 (72.3)
some college
College degree 343 (48.0) 11 (9.8)
Health Insurance
Non-government plan 378 (52.9) 23 (20.5)
Government plan/none 336 (47.1) 89 (79.5)
Mean Pre-pregnancy BMI, 28.5(0.3) 28.8 (0.9)
kg/m?
Pre-pregnancy BMI
Not obese 455 (63.7) 72 (64.3)
Obese 259 (36.3) 40 (35.7)
Tobacco Smoking
Non-smoker 588 (82.4) 44 (39.3)
Quit smoking upon pregnancy 59 (8.3) 28 (25.0)
Active smoker 67 (9.4) 40 (35.7)
Alcohol Drinking
Non-drinker 651 (91.2) 94 (83.9)
Active drinker 63 (8.8) 18 (16.1)

P Percentages may not add to 100% due to rounding.
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Table 3.2 illustrates the results from multiple logistic regression models estimating the
association between morning sickness severity and prenatal cannabis use. After model
adjustment for potential confounding variables, for each one-point increase in the PUQE score,
pregnant people had 1.2 times the odds of using cannabis (OR4eu= 1.2; 95% CI: 1.1,1.2).In a
sensitivity analysis, I explored how trimester-specific morning sickness severity might be
associated with prenatal cannabis use (Figure 3.2). After adjustment for potential confounders,
pregnant people had 1.1 times the odds of using cannabis during the first trimester of pregnancy
with each one-point increase in the PUQE score (ORpogeu= 1.1; 95% CI: 1.01, 1.2; n= 554 first
trimester participants, n= 61 used cannabis). Pregnant people in the combined second and third
trimester had 1.2 times the odds of using cannabis with each one-point increase in PUQE score
(ORodets= 1.2;95% CI: 1.1, 1.4; n= 272 second and third trimester participants, n= 51 used
cannabis).

Table 3.2. Results from Multiple Logistic Regression Models Estimating
the Association Between Morning Sickness Severity and Prenatal
Cannabis Use, MARCH (n= 826)
Increasing Morning Sickness Severity & Prenatal Cannabis Use
Odds Ratio (95% Confidence Interval)
Model 12 Model 2* Model 3¢ Model 44

Prenatal Cannabis 1.2* 1.2* 1.2* 1.2*
Use (1.1,1.3) (1.1,1.2) (1.1,1.2) (1.1,1.2)

*Indicates statistical significance at 0.05 level.

aModel 1: Unadjusted.

®Model 2: Adjusted for maternal age.

¢Model 3: Adjusted for maternal age, recruitment site, US census-based race/ethnicity, education
level, health insurance, pre-pregnancy BMI, and trimester of survey completion.

dModel 4: Adjusted for maternal age, recruitment site, US census-based race/ethnicity, education
level, health insurance, pre-pregnancy BMI, trimester of survey completion, tobacco smoking,
and alcohol drinking.
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Figure 3.2. Results from Multiple Logistic Regression Models Estimating the Trimester-Specific
Association Between Morning Sickness Severity and Prenatal Cannabis Use, MARCH (n= 826)

Model 1 - First Trimester f &
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Diamond represents first trimester estimates. Triangle represents the combined second and third
trimester estimates.

Model 1: Unadjusted.

Model 2: Adjusted for maternal age.

Model 3: Adjusted for maternal age, recruitment site, US census-based race/ethnicity, education
level, health insurance, and pre-pregnancy BMI.

Model 4: Adjusted for maternal age, recruitment site, US census-based race/ethnicity, education
level, health insurance, pre-pregnancy BMI, alcohol drinking, and tobacco smoking.
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In a second sensitivity analysis, I investigated the relationship between prenatal cannabis
use and morning sickness severity. Here, prenatal cannabis use was the independent variable and
morning sickness severity was the dependent variable, analyzed via Poisson regression. While
morning sickness might influence the odds of using cannabis, using cannabis during pregnancy
may also be associated with the degree to which morning sickness is experienced. After full
model adjustment for potential confounders, the expected log count for each unit increase in
PUQE score among pregnant people who use cannabis, compared to those who do not, is 0.2
units (betayoqen= 0.2; 95% CI: 0.1,0.2).

In a third sensitivity analysis, I restricted cannabis use to participants who had used
cannabis in the three months prior to pregnancy and first trimester morning sickness severity.
The total sample size was n= 554, of which n= 255 participants had used cannabis in the three
months before becoming pregnant. After full model adjustment, the expected log count for each
unit increase in PUQE score among participants who used cannabis in the three months prior to
pregnancy, compared to those who did not, was 0.1 units (beta,ces= 0.1; 95% CI: 0.003,0.2).
3.4. Discussion

In the current study, I detected a modest association between morning sickness severity
and prenatal cannabis use. A trimester-specific sensitivity analysis suggested increased odds of
prenatal cannabis use with increasing NVP in the first trimester as well as in the combination of
the second and third trimesters. Study findings are in agreement with the hypothesis that morning
sickness severity is associated with prenatal cannabis use, and also in line with the few
epidemiological studies on the NVP-cannabis association. Roberson et al. concluded that
pregnant people who reported severe nausea, measured via the International Classification of

Disease and diagnostic codes from electronic health records, were more likely to report using
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cannabis than those who did not report severe NVP (PR= 1.63; 95% CI: 1.08, 2.44).”" Young-
Wolff et al. found that pregnant people with severe and mild NVP, measured by a single survey
item, had 3.8 times the odds (95% CI: 3.19,4.52) and 2.4 times the odds (95% CI: 2.17-2.59),
respectively, of using cannabis.” Study findings are consistent with the idea that individuals who
experience morning sickness are more likely to use cannabis to self-medicate nausea and
vomiting. Results from the current study along with the findings from past epidemiological
studies indicate the importance of the need for more research on NVP and prenatal cannabis use.
Qualitative studies explored healthcare providers’ responses to pregnant patients who ask
for information on prenatal cannabis use. Findings suggest that healthcare providers are unsure
of how to address questions surrounding prenatal cannabis use due to a lack of causal evidence.
Physicians feel that current research is not suggestive of strong associations between prenatal
cannabis use and health effects on the developing fetus. On the other hand, physicians feel
confident discussing the harmful effects of other drug use, such as opioids and cocaine. Because
healthcare providers feel unable to effectively discuss the effects cannabis may have on the fetus,
they may advise against cannabis use during pregnancy without an explanation outlining the
consequences of use; some providers may avoid counseling the patient on prenatal cannabis use
altogether. Pregnant patients report feeling that prenatal cannabis use must not be harmful given
the lack of emphasis on the effects of cannabis use.!*¢:14714¢ Further, one study explored provider
opinions surrounding the safety of prenatal cannabis use. Results indicated that while over half
of providers viewed cannabis as harmful to use in pregnancy, the remaining ~44% of providers
either viewed cannabis as safe, had mixed feelings, or avoided addressing safety of cannabis use

in pregnancy, the majority being in the latter category.!*® Therefore, future research is justified to
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better understand the health effects of using cannabis during pregnancy so that providers can
properly counsel pregnant patients who use or who are considering using cannabis.

It is worth highlighting the sensitivity analyses on the association between prenatal and
pre-pregnancy cannabis use and morning sickness severity. Findings suggest that prenatal
cannabis use is modestly associated with more severe morning sickness. However, limitations of
this analysis should be addressed. The prenatal cannabis use survey item was not time-specific
with the exception of participants who completed the survey within the first trimester of
pregnancy. Moreover, the PUQE scale captured NVP in the 24 hours prior to survey assessment.
As a result, it is possible that the analysis is capturing cannabis use earlier in pregnancy than the
trimester the survey was completed. In addition, although morning sickness severity was time-
specific, it may not have matched the timeframe in which cannabis was used. It is possible that
the 24-hour assessment of morning sickness does not reflect the trimester as a whole. In an effort
to address these issues, another sensitivity was restricted to cannabis use within the three months
prior to pregnancy and assessment of NVP in the first trimester only. The objective of this
analysis was to predict whether pre-pregnancy cannabis use was associated with severity of
morning sickness in the first trimester. Findings are suggestive of a modest, statistically
significant relationship which is in line with a recent epidemiological study that sought to
explore this relationship.” Metz et al. measured cannabis use via urine immunoassay and liquid
chromatography with tandem mass spectrometry to detect THC. NVP was assessed via the
PUQE tool. Authors found that cannabis use was associated with nausea and vomiting during
pregnancy and that individuals who used cannabis reported a higher frequency and NVP
severity.  Moreover, cannabinoid hyperemesis syndrome (CHS), a term coined in 2004 .5 is

increasingly seen in clinical literature. CHS is defined by recurrent episodes of nausea, vomiting,
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and dehydration, frequent emergency department visits, and compulsive hot showers for
symptom relief. The syndrome is often seen in young adults with a history of chronic and heavy
cannabis use, and discontinuation of cannabis resolves nausea and vomiting.®!¢3%4 Results of the
current study suggest that both pre-pregnancy and prenatal cannabis use are associated with
increasing morning sickness severity, justifying the need for future studies to investigate how
chronic, heavy pre-pregnancy or prenatal cannabis use might influence morning sickness. Future
research should capture data on frequency of cannabis use as well as length of time cannabis was
used. Specifically, epidemiological studies are warranted for the investigation of CHS in
pregnancy, as the few studies available are clinical case reports.!4:150:151
3.4.1. Limitations

The current study is not without limitations. First, cannabis use was measured via self-
report, a subjective measure that may introduce social desirability bias. Skelton et al. conducted a
scoping review and concluded that concordance between self-reported cannabis use and
biological samples was poor.'?* Objective measures of cannabis use would improve study
validity. Moreover, because MARCH was not restricted to first trimester recruitment into the
study, the sample size was small and led to imprecise estimation. As previously stated, MARCH
recruited only 554 of the 826 participants in their first trimester. Small cell sizes of prenatal
cannabis users (n= 61 in first trimester, n= 43 in second trimester, and n= 8 in third trimester)
likely reduced statistical power. Despite the prospective nature of MARCH, the PUQE tool was
only asked once, in prenatal survey one. This limited the ability to analyze morning sickness
severity across trimesters within the same participant. Further, the prenatal cannabis use survey
item was not specific to the timing of use; while it was certain that participants in their first

trimester of pregnancy who answered ‘yes’ to cannabis use, reliably used cannabis in the first
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trimester, those who answered ‘yes’ to the cannabis survey item and who were in their second or
third trimester of pregnancy could not have been assumed to necessarily have used cannabis
during that timeframe, as the question asked about cannabis use ‘at all during pregnancy.’
Therefore, although MARCH was prospective in design, analyses were cross-sectional.
Furthermore, the survey did not ask participants about frequency of cannabis use or mode of
administration. Such information would be useful in analyzing dose-response effects of cannabis
use as well as how smoking cannabis may have unique effects compared to using edibles, for
example.
3.4.2. Strengths

A strength of this study was the use of a validated tool to measure morning sickness. The
PUQE scoring system was developed specifically to quantify NVP, opposed to tools used
previously which were designed to assess nausea and vomiting among cancer patients. Prior
studies have relied on diagnostic codes found in medical records or a single binary question to
assess NVP. These methods may underestimate the prevalence of NVP and do not capture the
full continuum of symptoms. Another strength of the study was that the prospective design
allowed for real-time data collection and reduced recall bias.
3.4.3. Conclusions

More research on the association between morning sickness severity and prenatal
cannabis use are warranted. Future studies should ask more detailed prenatal cannabis use
questions to adequately capture trimester-specific use. Further, asking questions regarding
quantity and frequency of prenatal cannabis use will provide the opportunity to assess dose-
response effects. Due to the lack of epidemiological studies on the association, the relationship

between increasing NVP and prenatal cannabis use has not been clearly established. Future
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research should explore the temporality of the association, as some studies suggest that using
cannabis early in pregnancy may be linked to increased nausea and vomiting. People who are
pregnant or thinking of becoming pregnant might consider refraining from cannabis use during
pregnancy until more evidence becomes available.

Lastly, it is imperative to comment on the link between Aim 1 and Aim 2 results. In Aim
1, I observed that compared to non-users, pregnant people who used cannabis delivered neonates
with lower birth size z-scores. In Aim 2, the main analysis indicated an association between
morning sickness severity and higher odds of prenatal cannabis use. Sensitivity analyses detected
(1) an association in the opposite direction, between prenatal cannabis use and morning sickness
severity and (2) pre-pregnancy cannabis use and increased first trimester morning sickness

severity.
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CHAPTER 4. DESIGNING A FEASIBILITY STUDY TO ASSESS THE RECRUITMENT
AND RETENTION OF PREGNANT PEOPLE WHO REGULARLY USE CANNABIS
4.1. Background

The rising prevalence of cannabis use during pregnancy? indicates the need for more
research on the health effects of prenatal cannabis use. Qualitative surveys suggest that using
cannabis is perceived as low risk among pregnant people .15 The widespread legalization of
cannabis in many states across the US has contributed to the liberalization of using cannabis in
both the general adult population and among pregnant people. However, research findings on the
potential risks associated with prenatal cannabis use remain unclear. The majority of prior
studies use retrospective recall and are cross-sectional in nature. Further, many studies use
medical chart abstraction for data collection and in consequence, data are oftentimes incomplete
and non-specific. Confounding by polysubstance use is also a common issue among studies on
prenatal cannabis use, as tobacco is often used concurrently with cannabis. The lack of trimester-
specific data further contributes to the limitations of prior research, as it is imperative to
understand the trimester(s) during which cannabis might have an effect on maternal and infant
health. Lastly, the majority of prior studies do not assess the recency and frequency of prenatal
cannabis use. This information would aid in an improved understanding of a possible dose-
response effect of prenatal cannabis use.

While some research findings suggest modest associations between prenatal cannabis use
and birth outcomes,**37*8 others are null.**-*435 The American College of Obstetricians and
Gynecologists (ACOG) recommends against the use of cannabis during pregnancy; however, the
lack of evidence makes it difficult for pregnant people as well health professionals to understand

how cannabis use might influence maternal and neonatal health outcomes. High quality
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prospective studies are needed to assess the health effects of prenatal cannabis use trimester-by-
trimester, with restriction on polysubstance use to eliminate confounding from other drug use.
Moreover, such a study should be designed to specifically address cannabis use during
pregnancy, capturing data on recency of use, frequency of use, mode of use, and motivation for
use. Here, we designed a prospective feasibility study, Cannabis Legalization in Michigan-
Maternal & Infant Health (CLM-MIH) to assess the recruitment and retention of pregnant people
who regularly use cannabis.
4.2. Methods

CLM-MIH is a prospective feasibility study of pregnant people who used cannabis
regularly, defined as using four or more times during the 30 days prior to survey assessment.
CLM-MIH is a convenience sample that includes four timepoints: first trimester, second
trimester, third trimester, and postpartum. CLM-MIH recruited participants from Women’s
Health and Family Medicine Residency clinics at Sparrow Hospital, located in Lansing,
Michigan. The study began on October 9, 2020, and continued until mid-November 2020, when
the study was paused by the Michigan State University Institutional Review Board due to the
statewide COVID-19 Executive Order. The pause was lifted on February 1,2021, and
recruitment efforts resumed. To be eligible for the study, patients must have been pregnant, 21-
35 years old, and initiating a prenatal care visit. The restricted age group accounted for advanced
maternal age and ensured that participants were of legal age to use cannabis (21 years old). Here,
to initiate prenatal care means that a patient was attending their first or second prenatal visit. The
first prenatal appointment was a nurse intake, in which nurses collect health information on the
patient. The second prenatal appointment was the patient’s first meeting with a physician. The

timing of prenatal care initiation was restricted to capture people very early in pregnancy. At
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each clinic, medical staff, which included nurses, medical assistants, physician assistants, nurse
practitioners, and residents, were educated on study eligibility criteria. Medical staff provided
CLM-MIH study staff with eligible patient schedules for each week, excluding all personal
identifiers (i.e., only patient appointment days and times were shared). Additionally, the study
was advertised through flyers at the clinics; study contact information was listed on the flyers
and those interested in participation could contact study staff.

Study recruitment took place during or immediately after a scheduled initial prenatal care
appointment. Medical staff advertised the study to eligible patients during prenatal care
appointments. CLM-MIH study staff educated all medical staff on the study recruitment process,
including how to approach an eligible patient for recruitment into the study. If the patient was
interested, they were directed to CLM-MIH study staff in the clinic. The study staff then
consented the participant by describing the study protocol. If the participant was still interested
in participation, they selected a random envelope; each envelope contained a copy of the
informed consent sheet, a CLM-MIH study business card, and a sheet of labels with randomly
generated unique identification (ID) numbers. The participant was given a study tablet, from
which they self-administered a Qualtrics survey using the unique ID from the randomly selected
envelope. The survey inquired about topics such as general health, substance use, and
demographic information. No personal identifying information was collected. This screening
survey determined eligibility for prospective follow-up: 1) first trimester of pregnancy, 2) never
or regular cannabis user 3) no active tobacco use, 4) no or light alcohol drinking (defined as
drinking no more than one alcoholic beverage per day in the past 30 days), and 5) no active use
of other drugs including cocaine, heroin, methadone, methamphetamine, benzodiazepines, or

extramedical prescriptions. Participants who were not eligible for prospective follow-up received
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a $10 gift card as a token of appreciation. The purpose of the screening survey was two-fold: it
determined prospective recruitment as well as collected a series of data on all survey
participants. As the goal of CLM-MIH was to recruit n= 15 prospective participants, we used this
‘baseline’ sample to better understand the characteristics of clinic patients.

CLM-MIH enrolled participants who regularly used cannabis as well as those who had
never used cannabis in their lifetime. Participants who had never used cannabis were recruited so
that study staff was unable to distinguish pregnant people who used cannabis from those who did
not to maintain privacy. Among those who used cannabis, participants who used cannabis in the
30 days prior to the assessment for at least four of the past 30 days were considered regular
cannabis users. If determined to be eligible for the prospective study, participants were asked to
provide a urine sample for drug screening to determine drug use status. Participants labeled urine
samples with their unique ID. Next, participants completed a second survey, containing only two
questions. These questions pertained to scheduling a follow-up interview and asked the
participant to provide contact information and the date of an upcoming appointment for a future
CLM study interview if known. CLM-MIH hired a third-party administrative assistant to handle
the study email and all communication with participants. The purpose of the administrative
assistant was to protect the identity of participants from study staff. The administrative assistant
emailed study staff participant schedules for follow-up interviews at the clinic. Scheduling
information could not be linked to survey data. Follow-up interviews were conducted during the
participant’s next obstetric appointment to make the study interview process as convenient as
possible for the participants. In total, the prospective study consisted of four interviews. A $25
gift card was given after each interview for prospective participants, totaling up to $100 for study

participation. The post-delivery survey, which asked about birth outcomes, was administered via
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an electronic link and was completed by the participant within one month of delivery, and a gift
card was sent electronically (i.e., participants did not meet with study staff in the clinic for the
postpartum interview and no urine sample was needed). During the third trimester assessment,
CLM-MIH study staff gave participants an information sheet and explained the post-delivery
survey assessment in advance. The sheet contained spaces to fill in information such as the
baby’s birth weight and 1-minute and 5-minute Apgar scores. The study staff explained that
participants should place the information sheet in their purse or overnight bag for their hospital
stay during delivery so that a nurse could help them locate all information needed, as some
information (such as Apgar score) will not be obvious to the participant. Participants were
instructed to complete the post-delivery survey within one month postpartum. Some participant
interviews were affected by the COVID-19 pandemic. Participants who needed to complete a
follow-up survey during the COVID-19 Executive Order pause in research were emailed a link
to the study survey. Urine sample collection was not possible during this time, however.
Electronic gift cards were emailed to participants after survey completion.
4.3. Results
4.3.1. Study Recruitment

Between October 2020 and August 2021, a total of n= 294 patients were on the
participant recruitment schedule provided by medical staff at both clinics. Although the study
period appears to be ten months, the COVID-19 Executive Order research pause lasted nearly
three months, placing a temporary hold on recruitment between November 2020 and February
2021. Of the patients on the recruitment schedule, n= 146 were not approached by CLM-MIH
study staff for various reasons. Specifically, n= 15 patients were not told about the study by

medical staff; n= 3 patients were missed by CLM-MIH study staff; n= 1 patient switched
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prenatal practices; n= 9 patients were duplicates; n= 37 patients were mistakenly placed on the
schedule (i.e., patients did not meet eligibility criteria); n= 10 patients did not speak or read
English; n= 16 patients switched an in-person appointment to telehealth due to the pandemic; n=
13 patients canceled an appointment; n= 42 patients did not show up to an appointment without
cancellation (i.e., ‘no show’). As depicted in Figure 4.1, n= 148 pregnant patients were
approached for recruitment into CLM-MIH. Of these patients, n= 54 said they were uninterested
in participation; n= 16 said they had an interest in the study but were unable to participate; n= 1
patient could not be interviewed due to the research pause (i.e., the patient had contacted CLM-
MIH directly via email while study staff were unable to be present in the clinic). The primary
reason for non-participation among patients who expressed interest in the study was lack of time;
the majority of patients reported that although they would like to participate in the study, they
were unable to do so for reasons such as childcare and dependency on a ride from the clinic. A
total of n= 77 pregnant patients consented to the study and completed the recruitment survey. As
described in the Methods section, all consented participants took the recruitment survey, which
also served as a screening tool for prospective follow-up. Participants who were ineligible for
prospective follow-up did not complete the entire survey; only individuals who were eligible for
follow-up (i.e., first trimester, never or regular cannabis user, and no polysubstance use) were
administered the full survey. CLM-MIH study staff recruited a total of n= 77 pregnant people
between the ages of 21 and 35 years old who were initiating prenatal care at either the Women’s
Health clinic (n= 74) or the Family Medicine Residency clinic (n= 3) at Sparrow Hospital. Table

4.1 illustrates the maternal characteristics of the sample by cannabis use status.
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Figure 4.1. Cannabis Legalization in Michigan-Maternal & Infant Health
Eligibility Flowchart

Eligible
Patients

n=148

n= 71 Excluded

n= 54 not interestd in study participation

n=16 interested in study but unable to participate due to
Participants lack of time or childcare
Consented
n=77

n= 62 Excluded

n= 26 not in first trimester
n= 30 not regular or never cannabis user
n=5 polysubstance use (tobacco products)

n=1excluded due to administrative error

4.3.2. Baseline Characteristics of Prenatal Cannabis Users

Table 4.1 categorizes cannabis use status into three groups: never user, past user, and
recent user. There is an additional column for the n= 1 participant missing on cannabis. ‘Never
user’ was defined as a participant who had never used cannabis in their lifetime. ‘Past user’ was
defined as a participant who had used cannabis in the past but not within the 30 days prior to
survey assessment. ‘Recent user’ was defined as a participant who had used cannabis in the 30
days prior to survey assessment (i.e., prenatal cannabis user). Sixty-six percent of pregnant
people in the sample were recruited during their first trimester of pregnancy. Forty-two percent
of the sample used cannabis while pregnant, of which 87% were cannabis-only users. The
percentage of prenatal cannabis users in the current study is significantly higher than that of

other published studies. For example, prior research has reported prenatal cannabis use
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prevalence between 2.6% and 5.8%.7>131.71.144.34.15473 Rurther, the prevalence of past-month
cannabis use in US pregnant people is 6.3% according to the National Surveys on Drug Use and
Health.! Moreover, 50% of study participants used cannabis for all 30 days of the month prior to
survey assessment and 75% used cannabis two or more times per day; 97% reported that
cannabis use was not recommended by a physician. The vast majority of participants reported
smoking cannabis, either in a joint or blunt, when asked about mode of use.

Furthermore, 82% of participants who had reported ever using cannabis were asked about
use in the three months prior to the current pregnancy. Almost every participant who had
reported prenatal cannabis use also indicated using before pregnancy (only one participant
reported no use in the three months prior). The mean age of people who used cannabis during
pregnancy was 26 years old. The majority of prenatal cannabis users were non-Hispanic White,
had a high school diploma, had an annual household income less than $25,000, and were insured
under a government health plan. About 21% of the sample used tobacco during pregnancy, while
about 13% of the sample used cannabis and tobacco products concurrently. Only 3% of the
sample used alcohol; however, those who reported alcohol use during pregnancy were ‘light’
drinkers, as they consumed less than one alcoholic beverage per day during the 30 days prior to

survey assessment.
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Table 4.1. Prenatal Cannabis Use by Maternal Characteristics, CLM-MIH (n= 77)

Cannabis Use Status

Missing Never Past user® Recent
user? user¢
n= 1 n=06 n= 38 n= 32
n (column %)? or mean (standard error)

Trimester
1 1 (100.0) 5(83.3) 23 (60.5) 22 (68.8)
2 0 0 11 (29.0) 8(25.0)
3 0 0 4 (10.5) 2(6.3)
Missing 0 1(16.7) 0 0
Mean Maternal Age, Years 21(0.0) 27 (2.0) 27 (0.6) 26 (0.7)
US Census-Based
Race/Ethnicity
Non-Hispanic White 0 1(16.7) 14 (36.8) 15 (46.9)
Non-Hispanic Black 0 2 (33.3) 16 (42.1) 9(28.1)
Hispanic 0 3 (50.0) 5(13.2) 5(15.6)
Multiracial 1 (100.0) 0 3(7.9) 3(94)
Education Level
No high school diploma 1 (100%) 0 5(13.2) 5(15.6)
High school diploma/GED/ 0 4 (66.7) 26 (68.4) 24 (75.0)
some college
College or graduate degree 0 2(33.3) 7(18.4) 3(94)
Household Income
<$25,000 1 (100.0) 3 (50.0) 20 (52.6) 23 (71.9)
$25,000-$49,999 0 1(16.7) 14 (36.8) 7(21.9)
$50,000-$74,999 0 1(16.7) 2(5.3) 2(6.3)
>$75,000 0 1(16.7) 2(5.3) 0
Health Insurance
Government plan 1 (100.0) 4 (66.7) 28 (73.7) 26 (81.3)
Private plan 0 2 (33.3) 7(18.4) 6 (18.8)
None 0 0 2(5.3) 0
Unsure 0 0 1(2.6) 0
Marital Status
Married 1 (100.0) 4 (66.7) 10 (26.3) 7(21.9)
Never married 0 2 (33.3) 19 (50.0) 17 (53.1)
Other 0 0 9(23.7) 8(25.0)
Pre-pregnancy BMI
Obese 0 2 (33.3) 17 (44.7) 12 (37.5)
Not obese 1 (100.0) 4 (66.7) 21 (55.3) 20 (62.5)
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Table 4.1. (cont’d)

Gravidity”
1-4 pregnancies 1 (100.0) 5(83.3) 30 (79.0) 23 (71.9)
5+ pregnancies 0 1(16.7) 8 (21.1) 9 (28.1)

¥ Percentages may not add to 100% due to rounding.
aNever used cannabis in lifetime.
®Used cannabis in the past but not in the past 30 days.
¢ Used cannabis in the past 30 days.
“Number of times pregnant including current pregnancy.
4.3.3. Baseline Perceived Harm of Cannabis Use

Participants were asked to share their opinions about the risk of using cannabis. They
were surveyed about how much they thought people risk harming themselves, physically and in
other ways when they use cannabis once per month and twice per week. Next, they were asked
how much they thought pregnant people risk harming themselves when they use cannabis.
Participants were also asked about the risk of harming the baby when using cannabis, and also
about how using cannabis while breastfeeding might be harmful. Survey questions measured risk
perception as ‘no risk,” ‘slight risk,” ‘moderate risk,” ‘great risk,” ‘I do not know,” or ‘I do not
wish to answer this question.” Among the full sample, regardless of cannabis use status (Table
4.2), over half the participants felt that people, in general, did not risk harming themselves if they
used cannabis once a month or twice a week. Nearly half the participants felt that pregnant
people did not risk harming themselves if they used cannabis. Over half the participants reported
no risk or slight risk of harm to the baby when people used cannabis once a month or twice a

week, and over a quarter of participants reported that they were unsure of the risk. Trends were

similar when asked about the risk of using cannabis while breastfeeding.
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Table 4.2. Perceived Risk of Cannabis Use Among Study Sample (n= 77)
No Risk Slight Moderate Great Unsure/

Risk Risk Risk Refused
General Risk
Once a month 43 (56%) 15 (19%) 5 (6%) 1 (1%) 13 (17%)
Twice a week 42 (55%) 18 (23%) 6 (8%) 0 11 (14%)
Pregnancy Risk

Once a month 35(45%) 22 (29%) 4 (5%) 3 (4%) 13 (17%)
Twice a week 34 (44%) 21 (27%) 5 (6%) 4 (5%) 13 (17%)

Baby Risk
Once a month 25 (32%) 23 (30%) 4 (5%) 4 (6%) 20 (26%)
Twice a week 23 (30%) 17 (22%) 10 (13%) 6 (8%) 21 (27%)

Breastfeeding 18 23%) 20 (26%) 9 (12%) 11 (14%) 19 (25%)
Risk

Among participants who used cannabis in the month prior to survey assessment, 72%
reported that people do not risk harming themselves when they use cannabis once a month or
twice a week; over half the participants reported that pregnant people do not put themselves at
risk when using cannabis once per month or twice per week. When asked about how cannabis
use once a month might put the baby at risk, over one-third said there was no risk or a slight risk.
When asked about how using cannabis twice a week might affect the baby, over one-third
reported no risk while 25% reported slight risk. Further, a nearly equal proportion (25%) of
participants reported no risk, slight risk, and moderate risk of harming the baby while
breastfeeding.

4.3.4. Recruitment and Retention of the Prospective Sample

The prospective study sample included n= 15 participants. Exclusion criteria were as
follows: n= 26 pregnant people were not in their first trimester; n= 30 were not eligible based on
cannabis use criteria; n= 5 actively used tobacco products during pregnancy; no participants used

other drugs including cocaine, heroin, methadone, methamphetamine, benzodiazepines,

67



extramedical prescriptions, or alcohol. One participant who completed the recruitment survey
early in the study and who reported never cannabis use, was not included in the prospective
sample although eligibility criteria were met. CLM-MIH initially oversampled cannabis users as
to ensure recruitment into the prospective sample before opening the survey to never cannabis
users as well. Study retention was 80%; briefly, of n= 15 first-trimester participants, n= 3 were
lost-to-follow-up. Of the remaining 12 participants, 83% had complete data across all four
timepoints.
4.3.5. Self-Reported Cannabis Use and Urinalysis Concordance

A urine sample was collected to confirm cannabis use status and measure agreement
between self-report and urinalysis. All first-trimester participants supplied a urine sample, with
100% concordance between self-reported prenatal cannabis use and urine detection of THC.
Moreover, there was 73% concordance between self-reported prenatal tobacco use and urine
detection of cotinine for tobacco use during pregnancy. Ten second-trimester urine samples were
collected, as n= 2 participants were missing a sample due to the COVID-19 Executive Order
pause in research. These participants were able to complete the study via an online link to the
survey. Three participants were missing the survey assessment and therefore, were also missing a
urine sample. Concordance between self-reported prenatal cannabis use and urinalysis was 100%
at the second trimester while concordance between self-reported tobacco use and urine detection
of cotinine was 80%. During the third trimester, urine was collected from n= 12 participants.
Agreement between self-reported cannabis use and urinalysis was 92% while agreement between
self-reported tobacco and urinalysis was only 67%. No participants self-reported other drug use

which matched urinalysis results across all trimesters.
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4.3.6. Characteristics of Prospective Prenatal Cannabis Users

Among first trimester participants, four had never used cannabis in their lifetime while 11
participants were regularly (i.e., at least four days of the 30 days prior to survey assessment)
using cannabis during pregnancy. The mean age of participants who regularly used cannabis
during pregnancy was 26 years old. The distribution of non-Hispanic White, non-Hispanic
Black, and Hispanic people in the sample was nearly equal. The majority of the prospective
sample had a high school diploma (55%), had an annual household income less than $25,000
(82%), was insured under a government health plan (81%), and was obese (73%). Eight of the 11
participants (73%) who regularly used cannabis during the first trimester of pregnancy reported
using cannabis for 21-30 days of the past 30 days. The majority of first-trimester regular
cannabis users reported using cannabis 1-2 times per day (64%), although the remainder of the
sample reported using cannabis three or more times in a day.

The second trimester follow-up survey was completed by n= 12 pregnant people, of
whom 7 reported prenatal cannabis use within the past 30 days. Forty-three percent reported
using cannabis for 21-30 days of the month prior to survey assessment. The majority of the
sample (86%) reported using cannabis 1-2 times per day. Further, of participants who reported
no cannabis (THC) use during the second trimester of pregnancy, one participant reported CBD
use for 1-10 of the past 30 days, and of participants who reported cannabis use, one also reported
CBD use but for 21-30 days of the prior month. Among cannabis users, one participant reported
concurrently using smokeless tobacco and another reported use of a tobacco product other than
cigarettes or smokeless tobacco (e.g., hookah, e-cigarettes) and used at a frequency of 21-30

days.
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The third trimester follow-up survey was completed by n= 12 participants, of whom 6
reported using cannabis in the past 30 days. Half the sample used cannabis for 11-20 days of the
prior month while 33% of the sample used 21-30 days. Sixty-seven percent of the sample used
cannabis 1-2 times per day while the remainder of participants used more often. One participant
reported cannabis use concurrently with CBD and used for 21-30 days of the prior month.

4.3.7. Morning Sickness in the Prospective Sample

Nausea and vomiting of pregnancy (NVP), also known as morning sickness, was assessed
across all three trimesters of pregnancy using the 24-hour Pregnancy-Unique Quantification of
Emesis and Nausea (PUQE) tool. The tool measured severity of morning sickness through three
questions that asked about nausea, vomiting, and dry heaving over a 24-hour period. A total
PUQE score of <6 is classified as mild morning sickness; a score between 7 and 12 is classified
as moderate morning sickness; a score =13 is severe morning sickness. The average PUQE score
among first trimester participants was 8.1; the second trimester mean PUQE score decreased to
4 .8; finally, the mean PUQE score among participants in their third trimester was 4.0. More
simply, on average, moderate NVP was experienced during the first trimester of pregnancy and
reduced to mild NVP by the second trimester.

4.3.8. Motivation for Prenatal Cannabis Use in the Prospective Sample

Participants who used cannabis during pregnancy were asked about their reasons for use.
Throughout all three trimesters of pregnancy, the majority of participants reported using
cannabis to relive stress and anxiety (i.e., 82%, 86%, and 100%, respectively). Still, motivations
including to relieve symptoms of a chronic condition and pain relief were reported by over half
of prenatal cannabis user across trimesters. Moreover, during the first trimester, 73% of pregnant

people reported using cannabis to relieve nausea and vomiting. During the second and third
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trimesters, however, the proportion of participants who reported using cannabis for symptom
relief of morning sickness decreased to 43% and 33% respectively. Finally, around half the
participants reported using cannabis to relax or for fun during the first and third trimesters, but a
much smaller proportion said they used cannabis for this reason during the second trimester.
4.3.9. Perceived Risk of Cannabis Use Across Each Trimester of Pregnancy

Roughly half of first-trimester participants felt that people did not put themselves at risk
when they used cannabis either in general or while pregnant, whether use was once a month or
twice per week. Risk perception changed when first-trimester participants were asked about
whether using cannabis during pregnancy harmed the baby; about one-quarter of the sample
reported no risk or slight risk, while 33% were unsure of the risk. When asked about risk
associated with breastfeeding, almost one-quarter of participants felt that using cannabis while
breastfeeding presented no risk.

Trends in risk decreased with duration of pregnancy. Nearly 60% of second-trimester
participants reported no risk of using cannabis in general or during pregnancy, whether use was
once a month or twice per week. Over 40% of the sample reported no risk of cannabis on the
baby once a month or twice per week. Half the sample reported no risk of using cannabis while
breastfeeding.

Risk decreased further in the third trimester of pregnancy; nearly 70% of third-trimester
participants reported no risk of using cannabis in general. Almost 60% of participants reported
no risk associated with using cannabis during pregnancy. Half of third-trimester participants felt
that there was no risk on the baby when pregnant people used cannabis, while nearly 60% of

participants reported no risk of using cannabis while breastfeeding.
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4.3.10. Post-Delivery Findings

Twelve participants completed the post-delivery survey, of which ten had complete data.
One participant had indicated that their delivery did not result in a live birth and therefore, birth
outcome data was not collected. It appears that the remaining participant with missing data did
not complete her survey before it was submitted. Moreover, one participant had reported that she
had a live birth, however, the baby was no longer living within one month postpartum.

Of the twelve participants with birth data, n= 7 had used cannabis in the 30 days prior to
assessment, of whom 43% used for 27-30 days at a frequency of one to two times per day. One
participant reported concurrent CBD for all 30 days prior to survey assessment. Additionally,
two participants reported light alcohol use in the 30 days prior to assessment, concurrently with
cannabis use.

Ninety percent of the sample delivered a neonate who was at least 2500 grams; 92%
delivered between 37- and 41-weeks’ gestation; 60% delivered a neonate with a 1-minute Apgar
score greater than or equal to seven, while the remainder reported that they did not know the
Apgar score. Further, 60% delivered a neonate with a 5-minute Apgar score equal to nine while
the remainder did not know their child’s score.

4.4. Discussion

The CLM-MIH study was designed to assess the feasibility of recruitment and retention
of pregnant people who regularly used cannabis. The majority of previous studies were flawed
by confounding from polysubstance use, maternal age, and non-restriction of the study sample to
people in the first trimester of pregnancy. The CLM-MIH study only recruited pregnant people

in their first trimester who did not use substances other than cannabis. The study also captured
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people who used cannabis at a frequency of at least four times a month to tease out those who
only occasionally used cannabis.

First trimester recruitment of pregnant people was a challenge given that only 66% were
in their first trimester at initiation of prenatal care. One prior research study performed a
secondary analysis on a prospective cohort of pregnant people who completed a substance use
questionnaire during a prenatal care appointment. Nearly 80% of participants were in their first
trimester of pregnancy,’”” suggesting that initiation of prenatal care during the first trimester in
the current study sample may be low.

It took roughly seven months to recruit n= 15 participants for the prospective sample
based on exclusion criteria, highlighting the difficulties associated with capturing pregnant
people between 21-35 years old, who initiated prenatal care within the first three months of
pregnancy and who did not use substances other than cannabis. Nonetheless, the study design
and methods implemented by CLM-MIH are critical in understanding the effects of prenatal
cannabis use on maternal health as well as birth outcomes. Because THC crosses the placental
barrier early in pregnancy, when the effects of drug use are most detrimental to the developing
fetus,'> it is imperative to study pregnant people as early in pregnancy as possible.

It is worth noting that acetaminophen was used by half of the participants within the 30
days prior to post-delivery survey assessment. Acetaminophen was also used during all three
trimesters of pregnancy but by a small proportion of the sample. A recent study that investigated
acetaminophen use in pregnancy suggested a potential link with fetal development (e.g.,
neurodevelopmental, urogenital effects, and reproductive effects). This publication was a
Consensus Statement written by a group of clinicians, epidemiologists, and basic scientists.

Briefly, the consensus stated that pregnant people should take acetaminophen with caution. With
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limited alternative medications deemed safe for use in pregnancy, the it was suggested that
acetaminophen should only be used an absolutely necessary as low doses for a short period of
time.!>

CLM-MIH retained 80% of participants, indicating that pregnant people were interested
and dedicated to the success of the study. The gift card incentives for participation may have
aided in retention, as prospective participants had the opportunity to receive up to $100 as a
token of appreciation. Further, study staff made follow-up assessments as convenient as possible
for participants; follow-up meetings were always scheduled during the participant’s already-
scheduled prenatal appointment. Medical staff directed patients to study staff within the clinic
immediately following the patient’s appointment. Sometimes, study staff met with participants
during an appointment, in the exam room while waiting for the physician. This method of survey
administration provided an efficient way for the participant to complete the assessment. One
theme which emerged was that many pregnant people who agreed to participate in CLM-MIH
expressed the importance of the research and felt more studies were needed to investigate the
safety of using cannabis during pregnancy. Some participants were unsure of the effects of
prenatal cannabis use and were eager to learn more. The high agreement between self-reported
cannabis and other substance use and urinalysis displayed a willingness to participate. One
limitation of CLM-MIH might be that study staff were unable to recruit pregnant people who
used cannabis but who did not initiate prenatal care at all, or initiated care later in pregnancy, due
to the characteristics of patients at the Sparrow clinics.

Another limitation of the study was the collection of data on the 1- and 5-minute Apgar
scores. Although CLM-MIH study staff instructed each participant to ask their nurse for help

completing the information sheet, which contained space for Apgar scores, a large proportion of
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participants reported that they were unsure of their child’s Apgar score on the post-delivery
survey. CLM-MIH did not have access to medical records of the participant or the neonate,
making it difficult to retrieve data that was not self-reported by the participant.

Although study staff successfully met participants in the clinic, it was challenging for
study staff to initiate follow-up after the prenatal appointment. This is because successful
follow-up relied on the participant to remember to mention the study to their nurse. However,
there were multiple instances in which the patient forgot to do so. A potential solution was for
medical staff to include a reminder note about the study in medical charts of enrolled patients.
That way, the nurse could easily direct the patient to study staff without the participant having to
remember. However, this method was not pursued, as study staff was informed of the possibility
of insurance companies noticing the note. If the note mentioned drug use, there was a fear that
insurers would no longer be willing to provide coverage.

4.4.1. Implications for Future Research

The CLM-MIH study has numerous implications for future research. CLM-MIH
successfully assessed the feasibility of recruiting pregnant people who regularly used cannabis,
and followed participants throughout pregnancy and postpartum. Retention was high,
demonstrating that participants were willing to participate in a study exploring prenatal cannabis
use. Agreement between self-reported substance use and urinalysis was also high, signifying
truthful responses. Among pregnant people in our sample, the stigma surrounding cannabis use
in pregnancy was not apparent. It is possible that the liberalization of cannabis use in Michigan
played a role in risk perception. CLM-MIH demonstrated the capability to restrict recruitment to
the first trimester of pregnancy to capture cannabis use as early as possible. Participants were

willing to answer questions not only about general prenatal cannabis use, but also disclosed the
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number of days they used cannabis in addition to the frequency of use each day. Participants also
disclosed how they used cannabis and supplied information on their motivation to use cannabis
while pregnant, whether it be to relieve symptoms of morning sickness or to self-medicate
anxiety. CLM-MIH attests to the willingness of pregnant people to be involved in such research,
and so larger future studies should assess statistical associations between prenatal cannabis use
and birth outcomes as well as maternal health. For example, current literature on the topic is
cross-sectional in nature, relies on retrospective recall, and/or does not inquire on fine-grained
detail of prenatal cannabis use. CLM-MIH should motivate future studies to design an
adequately-powered prospective cohort study in which pregnant people are recruited in their first
trimester of pregnancy and who do not concurrently use substances other than cannabis to better
understand the health effects of prenatal cannabis use on the developing fetus as well as maternal

health.

76



CHAPTER 5. DISCUSSION & CONCLUSIONS
5.1. Summary of Findings

AIM 1 estimated the association between prenatal cannabis exposure and birth outcomes
including birth size, gestational age, 5-minute Apgar score, and NICU admission. The average
age of prenatal cannabis users was 26 years old; the majority of participants who used cannabis
during pregnancy were non-Hispanic Black, had a high school diploma, and were insured under
a government health plan. After adjustment for confounding variables, findings suggested a
modest but statistically significant association between exposure to cannabis during pregnancy
and birth size. Specifically, compared to neonates who were not exposed to cannabis during
pregnancy, birth size was smaller in neonates exposed to cannabis.

AIM 2 estimated how the severity of morning sickness might be associated with the odds
of using cannabis during pregnancy. Estimates of morning sickness severity were measured
using the 24-hour PUQE scoring system, a standardized tool designed specifically for the
assessment of NVP. The mean age of people who used cannabis during pregnancy was 27 years
old. The majority of participants had received a high school diploma and were insured under a
government health plan. However, there was a similar proportion of non-Hispanic Black and
White participants in the sample. After adjustment for confounding variables, findings suggested
higher odds of prenatal cannabis use with increased morning sickness severity.

Aim 2 also estimated the trimester-specific association between morning sickness
severity and prenatal cannabis use. After covariate adjustment, participants had higher odds of
using cannabis during the first trimester of pregnancy with each one-point increase in PUQE

score. Odds of cannabis use were similar but slightly increased, during the second and third

77



trimesters of pregnancy. Sensitivity analyses also determined an association between pre-
pregnancy and prenatal cannabis use and increased morning severity.

AIM 3 assessed the recruitment and retention of pregnant people who regularly used
cannabis via the design and launch of a prospective feasibility study in two Lansing, Michigan
clinics. Of n= 77 participants recruited to the study, 66% were in their first trimester of
pregnancy. One participant did not provide information on her cannabis use status. The mean age
of participants who used cannabis in the 30 days prior to assessment was 26 years old. The
majority of participants were non-Hispanic White, had a high school diploma, had an annual
household income of less than $25,000, and were insured under a government health plan.
Ninety-three percent reported using cannabis in their lifetime. Forty-two percent of participants
reported using cannabis within the 30 days prior to assessment. Of prenatal cannabis users, 87%
reported using only cannabis and no other substances during pregnancy. The recruitment survey
captured baseline data on all participants and also screened for prospective participants for study
follow-up.

Study retention among prospective participants was 80%; two participants were loss-to-
follow-up after first trimester recruitment, and one participant completed only the first and third
trimester assessments but was loss-to-follow-up for the post-delivery survey assessment. No
study participants refused to supply a urine sample, however, among second trimester
participants, two were missing due to the COVID-19 pandemic Executive Order research pause.
The concordance between self-reported cannabis use and urinalysis was 100% during trimester
one, 100% during trimester two, and 92% during trimester three.

Finally, NVP was assessed across all three trimesters using the 24-hour PUQE scoring

system. The mean PUQE score in trimester one was 8.1, translating to moderate morning
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sickness severity, while the PUQE scores in trimesters two and three were categorized as mild
morning sickness severity with PUQE scores of 4.8 and 4.0, respectively. Moreover, NVP was
assessed among prenatal cannabis users and never users. The mean PUQE score during the first
trimester among regular prenatal cannabis users was 9.0 (moderate severity) and 5.5 (mild
severity) among never cannabis users. During the second trimester, prenatal cannabis users had a
mean PUQE score of 6.0 (mild severity) while never users had a score of 5.3 (mild severity).
Lastly, both prenatal cannabis users and never users had mild morning sickness severity during
the third trimester, with PUQE scores of 5.8 and 4.3, respectively.
5.2. Strengths and Limitations
5.2.1. Strengths of the MARCH Study

Aims 1 and 2 of this dissertation analyzed data for the MARCH cohort. A strength of
MARCH is its prospective design. The majority of prior research on the topic of prenatal
cannabis use and birth outcomes was cross-sectional in nature. Prospective studies are the best
design for observational studies; they allow for real-time data collection and reduce recall bias.
Further, self-reported survey responses are more reliable than medical chart data abstraction,
which can be incomplete and non-specific. On the other hand, birth outcome data were collected
from state-archived birth records, which provided information on variables including Apgar
score, which might be unknown to the participant if asked to self-report. Another major strength
of MARCH was its utilization of the PUQE tool to assess morning sickness severity. Much prior
research measured morning sickness via medical diagnostic codes or with a single survey

question. The PUQE tool was designed specifically to assess nausea and vomiting in pregnancy.
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5.2.2. Limitations of the MARCH Study

No study is without its limitations. Although self-report of cannabis use was
advantageous relative to abstraction from medical records, self-report is a subjective measure
and could be subject to social desirability bias. Objective measures of cannabis use would have
contributed to the validity of the study. Although MARCH used a prospective design, it did not
assess participants during each trimester of pregnancy and so analyzes were akin to a cross-
sectional study. MARCH did not restrict study recruitment to the first trimester thus decreasing
the cell size of participants with available first trimester data. It is important to collect substance
use information early in pregnancy, as drug use can be detrimental to the developing fetus as
early as the first trimester. Each participant had up to two timepoints of survey data during
varying trimesters. Because recruitment was not restricted, some participants completed prenatal
survey one during the third trimester of pregnancy. This made it difficult to assess cannabis use
trimester-by-trimester. Moreover, the cannabis use survey items were not specific. Participants
were asked if they had used cannabis at all during pregnancy, and not within the past month, for
example. By not capturing recency of use, it was impossible to determine cannabis use during
the second and third trimesters. Only first-trimester cannabis use could be assessed; however, the
small sample size presented an issue given that many participants did not complete the survey
during the first trimester of pregnancy. On the topic of prenatal cannabis use, MARCH also did
not capture data on the frequency, dose, or mode of use. This type of data would allow
investigators to better understand any dose-response effect of cannabis use during pregnancy and
how the mode of use might impact outcomes. Lastly, although MARCH used a standardized tool

to assess NVP, morning sickness severity was only measured in prenatal survey one. Measuring
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NVP in prenatal survey two would have been beneficial in evaluating the change in morning
sickness severity throughout pregnancy.
5.2.3. Strengths of the CLM-MIH Study

The CLM-MIH study was designed specifically to assess pregnant people who regularly
used cannabis, therefore providing fine-grained detail, including recency of use, frequency of
use, and the mode in which cannabis was used. Further, CLM-MIH collected data on the
perceived risk of cannabis use as well as motivations for using cannabis during pregnancy.
Moreover, CLM-MIH restricted recruitment to the first trimester of pregnancy for prospective
follow-up, and collected data on participants once during the first trimester, once during the
second trimester, once again during the third trimester, and finally within one month postpartum.
This allowed for the real-time collection of data during each stage of pregnancy. Participants
were instructed to complete the post-delivery survey within one month of birth to reduce
potential bias from recall. Additionally, urine samples were collected during each trimester at the
time of survey completion to accurately confirm self-reported substance use.

CLM-MIH was able to assess the feasibility of recruiting and retaining pregnant people
by measuring willingness to participate and complete the recruitment/screening assessment,
providing the proportion of participants who regularly used cannabis, the ability to follow-up
participants throughout pregnancy, collecting urine samples throughout pregnancy for
confirmation of self-reported substance use, measuring pregnant participants who used cannabis
only (no polysubstance use).

5.2.4. Limitations of the CLM-MIH Study
One limitation of the CLM-MIH study was its reliance on self-reported birth outcomes.

Because study staff did not have access to medical records, outcomes were not able to be
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retrieved from birth records. Of particular importance was Apgar score data; many participants
were unsure of their new baby’s 1-minute and 5-minute Apgar score, even though study staff
instructed all participants to ask medical staff at delivery for such information.

Another limitation of the CLM-MIH study was that it was a convenience sample, and the
proportion of cannabis users was far higher than cannabis prevalence reported in prior research
as well as nationally. The clinics in which participants were recruited consisted primarily of
patients with a low socioeconomic status. Therefore, study findings are not generalizable
nationally nor at the state level.

5.3. Public Health Implications & Conclusions

Findings from this dissertation suggest that pregnant people who use cannabis are willing
to participate in a study that explores the health effects of prenatal cannabis use on neonatal
outcomes as well as maternal health. Stigma centered around using cannabis during pregnancy
seems to have declined over the years, given the increased prevalence in use and the perception
that prenatal cannabis use is not a great risk.

Large, well-powered prospective studies are warranted to longitudinally measure the
association of prenatal cannabis use and fetal growth and development, and also to investigate
the temporal sequence of cannabis use and severity of nausea and vomiting during pregnancy.
With the growing clinical literature on CHS, understanding the temporality of the cannabis-NVP
association would aid in a better understanding of the relationship.

This dissertation detected a significant association between prenatal cannabis use and
lower birth size. Moreover, this study identified a relationship between heightened morning
sickness severity and higher odds of using cannabis during pregnancy. Findings also suggested

that pre-pregnancy and prenatal cannabis use are associated with increasing morning sickness
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severity. Given that cannabis may decrease size at birth, pregnant people, and especially those
who report morning sickness, should be cautioned against using cannabis during pregnancy until
more studies are conducted to establish causality between cannabis use during pregnancy and

maternal and infant health outcomes.
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