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Abstract
Based on self-reported surveys conducted by the Substance Abuse and Mental
Health Services Administration, cannabis use in pregnant females has increased over the years. Despite the increasing trend, the relationship between
cannabis use and fetal outcomes is not fully understood. This review paper
evaluates the literature investigating the short-term and long-term fetal outcomes resulting from cannabis use during pregnancy. Additionally, the risk of
chronic marijuana use leading to cannabis hyperemesis syndrome has been
highlighted in this paper using conclusions compiled from several case studies. Several studies linked delayed mental growth and reduced cognitive
function with prenatal cannabis use, but the literature was limited to lower-quality observational studies and could not establish causality. One systematic review investigated short-term outcomes of low birth rates and preterm
deliveries, where marijuana use in conjunction with tobacco use was associated with more preterm deliveries. Another study found that six-year-old
patients exposed to cannabis prenatally were more likely to score lower in
different categories on the Stanford-Binet scale test, which measures intelligence. The exposure in the first, second, or third trimester was associated
with lower composite or subcategory scores such as verbal reasoning or
short-term memory. Despite these results, the studies evaluated had limitations. They could not establish a clear relationship between cannabis use and
fetal outcomes, but the literature showed a similar pattern of health, social
and economic inequities among the populations who self-reported cannabis
and substance use and non-users. Current organization guidelines advise
against the use of cannabis use during pregnancy due to mixed and limited
literature. However, they emphasize the importance of the clinician in the
public health efforts of education and resource-distribution in addressing
these inequities.
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Trimester, Inequities

1. Background on Cannabis
Cannabis, also known as marijuana, refers to a species of plant, Cannabis sativa,
Cannabis ruderalis, and Cannabis indica that has been utilized for medicinal and
recreational purposes [1]. Cannabis contains over 500 chemical compounds and
over 100 cannabinoids (CBDs) that contribute to its medicinal properties, while
others like tetrahydrocannabinol (THC) contribute to its psychoactive effects
[1]. Currently, in the United States, cannabis and its components are classified as
a Schedule I drug under the Controlled Substances Act, recognized as a drug
with high abuse potential and little medical application [2]. Therefore, possession, use, and distribution are subject to federal criminalization. Although cannabis use remains illegal on a federal level, multiple states have legalized its use
to eliminate state prosecution [2]. Since its legalization, the number over counter
of cannabis-containing products has increased [3]. Internationally, policy towards cannabis use varies per country but generally follows a trend towards increasing medicinal usage and governmental regulation, though these do create
discordance between United Nations (UN) regulatory law between nations [4].
In the United States, cannabis and all cannabis-containing products contain varying THC concentrations, where most cannabis sold from dispensaries contains
content greater than 0.3% [3]. Cannabis with a THC content of less than 0.3% is
hemp-based (genus of cannabis) and is used to make over the counter CBDs derivatives [5]. Epidiolex is a plant-derived schedule-V cannabinoid used to treat
Lennox-Gastaut syndrome and Dravet syndrome in ages two and older [6].
Cannabis has been used for various medical conditions ranging from seizures to
pain, to autism, to depression, to anxiety, and so on [7]. The use of cannabis in
pregnancy has grown over the years, where 5.4% of pregnant women report using cannabis within the last month from a 2019 survey [8] [9]. One study found
that about 22% of pregnant females aged less than 18 years old screened positive
for cannabis based on toxicology reports, while 19% of pregnant females from 18
to 24 years also tested positive [10] [11]. The use of marijuana in pregnancy has
been reported to alleviate symptoms with severe nausea and vomiting, while
others report using it for other conditions as previously discussed [8] [9] [10]
[11].

1.1. Pharmacokinetics and Pharmacodynamics of Cannabis in
Pregnancy
The pharmacokinetics (PK) of cannabinoids in cannabis varies on the route of
administration [7]. For example, the T max (time at which the drug is at the
maximum concentration in the blood) of THC is achieved within a few minutes
for smoking, while the absorption via the oral route is slower, with peak concentrations attained within one to three hours [7]. The pharmacokinetics via the
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inhalation route can be altered through various mechanisms such as patient variability, number of puffs, and duration of inhalation, while the PK of oral administration varies among patients due to PK variability between patients, digestion within the stomach, and hepatic breakdown via first-pass metabolism [12].
Of note, administration via the inhalation route leads to the formation of noxious chemicals due to combustion reactions from the heat compared to ingestion
[7] [12]. The different cannabinoids within cannabis have varying properties
that contribute to their PK profiles and ultimately affect fetal exposure [7]. For
example, THC easily partitions into fat tissue and readily crosses the placenta
due to its lipophilic properties [12] [13]. In conjunction, the long half-life of
THC ranges from 1 - 13 days depending on how frequently the patient uses
cannabis and decreased fetal clearance results in increased levels [12]. For lactating mothers, THC passes through breast milk to the infant [7] [12]. Of note,
though THC potency is labeled on products, there is no regulation on labeling
due to the differences between state and federal laws on cannabis use [3].
Therefore, the accuracy of the labeling of cannabis-containing products varies,
especially CBDs, where most suppliers are either under label or over label, with
the average concentration being above 15% of THC [3]. Therefore, all the factors
discussed increase cannabis exposures to the developing embryo. However, the
short-term and long-term outcomes of the fetus and mother have not been fully
established but will be discussed in the following sections.
Cannabinoids exert their effects on the endogenous receptors, cannabinoid 1
receptor (CB1Rs) and cannabinoid 2 receptor (CB2Rs) [7] [12] [13]. CB1Rs
predominately reside in central and peripheral nervous systems neurons, while
CB2Rs primarily reside on immune cells and some neurons [7] [12] [13]. Activation of CB1Rs from cannabinoids produce psychoactive and clinical effects
such as hypoactivity, hypothermia, vasodilation, short-term memory impairment, drowsiness, euphoria, and dizziness, while the antiemetic effects result
from CB1R agonism and indirect activation of serotonergic receptors located in
the midbrain [7] [12] [13]. The median lethal dose of oral THC varying in different animal models with doses reaching up to 9000 mg/kg in monkeys [7], but
fatalities reported in humans are rare, and the relationship of all-cause mortality
from cannabis use remains unclear [14].

1.2. Hyperemesis in Pregnancy
Cannabinoid hyperemesis syndrome (CHS) is a novel clinical entity that involves cyclic vomiting, nausea, and abdominal pain that develops in susceptible
individuals with a history of chronic cannabis abuse [15]. The syndrome can be
explained by the role of CB1 receptors in the enteric nervous system, which influences peristalsis and gastric emptying, specifically emesis [15]. In addition,
THC can quickly be sequestered in the fat tissue, further increasing the risk of
CHS with chronic use [12]. Once THC reaches a toxic level, it is hypothesized
that the peripheral effect at the gut bypasses the body’s centrally mediated antiemetic effects [12] [14] [15] [16]. Interestingly, case studies commonly report a
DOI: 10.4236/ojog.2021.1111133
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strong association with patients taking frequent hot baths to relieve CHS symptoms of nausea and vomiting [15] [17]. One hypothesis explaining this linking
behavior is the body’s reaction to the psychoactive hypothermia outcome from
chronic use of cannabinoids and taking a hot bath is a natural thermoregulatory
response [17]. Additionally, symptom relief can be attenuated via dilation of
blood vessels, decreasing the blood flow to the cannabinoid vasodilated splanchnic vessels [17]. As a result, several complications can arise from significant
dehydration of recurrent bathing behavior [17]. There is an increased risk of
hypotension-related falls and possibly inducing preterm labor when the body
responds to dehydration with the release of the antidiuretic hormone oxytocin
[17]. Additionally, CHS-related weight loss of pregnant mothers can further exacerbate preterm labor and increase the risk of neural tube defects, esophageal
atresia, omphalocele, and gastroschisis during the first trimester with greater
than 30 minutes of use of hot tub [17]. When dehydration is involved, fluid resuscitation, as well as antiemetics, can help. However, the best treatment is the
cessation of cannabinoid use with education [17].

1.3. Cannabis and Fetal Outcomes
Unlike the established relationships between tobacco and alcohol use and fetal
development, the outcomes related to cannabis use and embryo development
have not been clearly defined [13] [18]. The studies published have shown associations between cannabis and fetal outcomes such as preterm deliveries, low
birth weight, decreased cognitive function, poor attention, and academic performance [19] [20]. However, none have shown causality, while other findings
seem to conflict and are limited to lower quality studies such as cohort or
case-control. Currently, no human studies have established a relationship between miscarriages and cannabis use, yet some animal studies suggest that the
risk for miscarriage increases if used early in pregnancy [8] [18].
In a systematic review that investigated primary outcomes of low birth weight
(defined less than 2500 g) and preterm delivery (defined by delivery less than 37
weeks of gestation) from self-reported surveys of cannabis use, pregnant women
reported as less than weekly users in comparison to non-users were at an increased risk for low birth rates (12 studies: RR 1.43, 95% CI 1.27 - 1.62) and preterm deliveries (14 studies: 15.3% compared with 9.6%, RR 1.32, 95% CI 1.14 1.54) [21]. However, when adjusting for heterogeneity factors such as tobacco
use within the two populations, there was no significant difference in low birth
rates in pregnant women using cannabis less than weekly in comparison to
non-users (two studies: RR 1.22, 95% CI 0.91 - 1.64) or preterm deliveries (five
studies: RR 1.09, 95% CI 0.91 - 1.32). Similar results were seen in weekly cannabis users with and without tobacco stratification, respectively. Pregnant women
who used both cannabis and tobacco were more likely to have preterm deliveries
than non-users of both tobacco and marijuana (two studies: RR 1.85, 95% CI
1.21 - 2.810) [21]. From this study, marijuana use alone did not contribute to
low-birth rates and preterm deliveries, yet concurrent use of tobacco with mariDOI: 10.4236/ojog.2021.1111133
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juana in comparison to no use carried a risk of preterm deliveries. Despite the
clinical and statistical stratification of heterogeneity factors, methodological heterogeneity was not accounted for, contributing to the study’s bias. Additionally,
the lack of standardized scoring systems and reliance on self-reported usage
across different studies may have affected the validity of the results, considering
the outcomes may not have been accurately measured or groups adequately separated. Regardless of these short-comings, adverse birth outcomes were not
clearly associated with self-reported low to moderate marijuana use during
pregnancy unless paired with concomitant tobacco use. Little can be said about
any dose response as again these were self-reported surveys and dosing of marijuana is extremely variable by method and purity. Second-hand exposure to marijuana smoke has not been systematically studied in any population including
pregnant women but most authors agree that the effects are likely similar to
second-hand tobacco smoke exposure on the developing fetus [22].
A prospective cohort study followed pediatric patients who are six years of age
exposed to cannabis prenatally and assessed their intellectual development by
using an IQ test [23]. Of the 648 patients included, children who were prenatally
exposed to marijuana with one or more cigarettes per day had lower composite
scores in Stanford-Binet scale tests than children who were not exposed in the
second trimester (p-value = 0.01), when adjusting for baseline factors [23]. Cannabis exposure within the first-trimester was associated with lower scores in
verbal reasoning (p-value = 0.01). Second-trimester exposure resulted in lower
scores on short-term memory and quantitative reasoning (p-values of 0.005 and
0.01, respectively). Study considerations include that the prospective study design
could not show causality, and exposure stratification was limited to self-reported
questionnaires and surveys, which predisposes to bias. Of note, cofounding factors
such as race, social support, substance use, number of people in the household,
alcohol problems with a parent, number of illnesses, and maternal depression
were significant predictors for the composite score and other categories [23].
Other variables are that pregnant women were more likely to report using marijuana if they did not graduate high school, use tobacco or alcohol, and report a
history of abuse or depression [24]. In addition, having a lower household income and being a single-parent were also additional co-variables seen across
multiple studies [21] [23] [24].

2. Methods
On June 7, 2021, an electronic systematic search was conducted on a variety of
databases, which consists of Web of Science, Cochrane Controlled Register of
Trials (CENTRAL), as well as PubMed. Search terms included “cannabis”,
“CBD”, “cannabinoid”, or “cannabinoids” were combined with either “pregnancy”, “fetal outcomes”, “embryo outcomes”, “pharmacokinetics”, “hyperemesis”, “pregnancy hyperemesis”, “laws”, “clinical guidelines”, “contaminants”,
“pregnancy polysubstance”, “trimester”, “fetal growth”, “fetal development”,
“embryo growth”, “embryo development”, “mechanism”, “clinicians”, “consenDOI: 10.4236/ojog.2021.1111133
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sus statements”, “regulations”, “gestation”, “breastfeeding”, “toxicities”, “safety”,
and “efficacy”. Eligibility of identified articles was evaluated based on title and
abstracts. The reference lists of included articles were also individually examined
to determine whether further citations would be required.

3. Guideline Recommendations
As evidenced by the earlier studies, the literature surrounding cannabis use in
pregnancy is limited and mixed. Despite this, multiple guidelines strongly advise
against the use of cannabis-containing products due to its unknown effects on
neurodevelopment with the increased risk of hyperemesis [25] [26] [27]. The
recommendations include avoiding or discontinuing cannabis use before, during, and after pregnancy to avoid adverse outcomes and asking about concurrent
polysubstance abuse. The women who self-reported cannabis-use also were
more likely to use substances such as tobacco or alcohol [25] [26] [27]. There has
been a moderate level of evidence to suggest that cannabis use in pregnancy is
associated with lower physical and mental fetal growth, cognitive function, and
attention outcomes, while there is limited, insufficient, or mixed data to indicate
that cannabis use is linked to low birth weight or newborn behavioral issues [28].
Guidelines stress the importance of education and providing alternatives to marijuana use in pregnant women [25] [26] [27] [28]. Additionally, clinicians
should remind patients that the goals of drug screening tests seek to promote
well-being for both the mother and the fetus, yet patients should be informed on
the mandatory reporting associated with positive tests based on state-specific
guidelines [25]. Federal FDA recommendations also do not support the use of
marijuana in pregnancy due to the points mentioned earlier and the lack of regulation of cannabis-containing products. Therefore, cannabis-containing products may differ in concentrations and be contaminated with components such as
heavy metals, pesticides, and fungus that pose a risk to pregnant patients and
developing embryos [18] [29].

4. Role of the Clinician
The literature supporting the short-term and long-term effects of cannabis use
on the mother and developing fetus remains mixed, though some evidence suggests long-term neurodevelopment complications [23] [25] [26] [27]. However,
the obstetric and fetal outcomes of marijuana use remain unclear due to conflicting evidence, lower-quality studies, smaller sample sizes, and cofounding
factors (i.e., tobacco, alcohol, and other substance use). Guidelines and federal
agencies advise against the use of cannabis in pregnancy. Additionally, these resources stress the importance of the clinician, not only in the discontinuation of
cannabis use but overall improvement of health from a clinical, behavioral, and
socioeconomic standpoint. As mentioned earlier, the studies evaluated showed
similarities where patients with reported cannabis use were more likely to share
the demographics like lower-income status, single-parenting, mental illness hisDOI: 10.4236/ojog.2021.1111133
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tory, lack of social support, substance abuse, and lower education [23] [24] [25].
Therefore, clinicians play an essential role in public health efforts directed toward pregnant patients, which seek to address the disparities and inequities affecting these patients. Based on collaborative efforts, clinicians should educate
families and direct resources, all of which could empower patients and remove
the stigmas associated with marijuana use and pregnancy.
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