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A B S T R A C T

As U.S. states steadily legalize its distribution and the prevalence of its use in people of reproductive age con-
tinues to rise, the need to understand the effects of marijuana on human physiology is becoming increasingly
urgent. While marijuana is well-known for its psychoactive effects and applications in controlling pain and
nausea, little is known about its effects on reproduction. This review includes in vitro studies which consistently
demonstrate associations between marijuana consumption and low sperm count, dysregulated menstruation, and
abnormal placentation. While many in vivo studies associate maternal marijuana use with stillbirth, neonatal
intensive care unit (NICU) admission, and offspring psychosis, significant literature negates these relationships
by controlling for poly-substance use and socioeconomic status. Data limited by self-reporting and confounds
precludes the drawing of definitive conclusions regarding the effects of marijuana on reproduction. This review
serves as a call to action to elucidate these effects and discourage marijuana use in people of reproductive age.

1. Introduction

1.1. Prevalence and justification of use

As of this writing, marijuana use is legal to some extent in all but 12 U.S. states, with full
legalization legislature having passed in 11 states. Unsurprisingly, widespread legalization is
bringing with it widespread consumption. According to the most recent data available from the
National Survey on Drug Use and Health (NSDUH), 24 million Americans over the age of 12
reported using marijuana in 2016. The 18-to-25-year age range saw the greatest prevalence of
use, with 20.8 % of responders endorsing current use. Prevalence of use in this age group has
been increasing at greater rates than any other age group [1]. As this study was conducted using
self-report data only, it can be reasonably inferred that actual marijuana use is even more
widespread. Given that so many Americans, especially those of reproductive age, endorse current
marijuana use, the possibility and effects of marijuana use in pregnancy must be considered.

Analysis of 2007–2012 NSDUH data revealed that 7 % of pregnant women had used
marijuana in the past year, with 3.9 % reporting use in the last month [2]. Co-use of
marijuana and tobacco examined using 2005–2015 data from the National Health and
Nutrition Examination Survey (NHANES) was found to be stable at 9.8 % of young adults
aged 21–30 over the ten-year period. Interestingly, while tobacco-only and co-use of to-
bacco and marijuana were lower in pregnant women, there was no change in prevalence of
marijuana-only use [3].

Several noteworthy trends related to socioeconomic factors, attitudes, and healthcare pro-
vider intervention with regard to marijuana use in women of reproductive age have recently
come to light. The aforementioned NHANES study revealed that co-users of marijuana and to-
bacco were more likely to be unmarried, non-Hispanic black, to have used alcohol in the past
month, and to have had other lifetime substance abuse. Prevalence of marijuana use was highest
during the first trimester and lowest during the third. When asked if they worried marijuana use
might negatively affect their pregnancy, 70 % of women who reported marijuana use in the
2007–2012 NSDUH felt the negative effects of using marijuana once or twice per week during
pregnancy were negligible [2–4]. A qualitative study examining pregnant women’s rationales for
continued use during pregnancy revealed conflicting attitudes; while some women admitted to
being somewhat concerned about the effects of marijuana on their pregnancies, many also ex-
pressed they felt marijuana was safer and more natural than pharmaceuticals [5]. A lack of

healthcare provider intervention may also explain the prevalence of continued marijuana con-
sumption during pregnancy. In an analysis of recording from 468 first-time prenatal visits, pro-
viders in 48 % of encounters responded with either generic statements regarding the risks of drug
use in pregnancy or did not address the patient’s admission of marijuana use at all [6]. Given
these trends, the need for definitive data regarding the effects of marijuana use on reproductive
success in order to more effectively counsel patients and address disparities, is glaringly obvious.

1.2. The endocannabinoid system in reproductive tissues

While marijuana use in humans is difficult to study given ethical considerations and
confounding by socioeconomic factors and variability within the drug itself, strong efforts
have been made to elucidate the effects of marijuana on reproduction in human and animal
models.

The 1964 discovery of Δ9-tetrahydrocannabinol (THC), the primary psychoactive
compound in cannabis plants, ushered in an era of research whereby two transmembrane
G-protein-coupled receptors which bind it, cannabinoid receptors type 1 and 2 (CB1 and
CB2), were discovered. Further investigation revealed that these receptors have en-
dogenous ligands, N-arachidonoylethanolamine (AEA), and 2-arachidonoylglycerol (2-
AG), which came to be known as endocannabinoids. These receptors and their ligands have
since been thoroughly characterized and dubbed the endocannabinoid system (ECS) [7].

Numerous in vivo and in vitro studies in humans and animals have demonstrated the pre-
sence and activity of the endocannabinoid system throughout the reproductive tract. Using cells
cultured from human hysterectomy specimens, researchers were able to detect the presence of
CB1 receptors, as well as enzymes such as N‐acyl‐phosphatidyl ethanolamine‐specific phos-
pholipase D (NAPE-PLD), endocannabinoid fatty acid amide hydrolase (FAAH), which synthe-
size and degrade endocannabinoids, respectively, throughout the myometrium [8]. The presence
and distribution of cannabinoid receptors has also been elucidated in human oocytes. Activity of
the ECS in male reproductive tissues is supported by repeated studies in sea urchin, bovine,
murine, as well as human models [9].

Once the presence of the ECS was confirmed throughout reproductive systems, researchers
set to work elucidating its role in reproduction. In an experiment using bovine luteal tissue,
researchers found that progesterone secretion was decreased by CB1 and CB2 receptor agonists,
and concluded that the ECS contributes to the regulation of luteal function [10]. A study inmurine
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oocytes demonstrated increased rate of meiotic entry, decreased rate of double stranded DNA
break repair, and consequent oocyte apoptosis as a result of CB2 agonist administration [11]. A
similar study in male mice also demonstrated an increase in rate of meiotic progression in sper-
matocytes via CB2 receptor signaling [12]. By deleting genes coding for CB1 in mice, researchers
showed that dysregulation of CB1 signaling was associated with decreased sperm chromatin
quality and subsequent DNA fragmentation [13].

Given the understanding that ECS dysregulation negatively impacts male and female re-
productive tissues separately, researchers extrapolated their findings to show that such aberrant
signaling also negatively impacts pregnancy. In a study on the coordination of murine embryo
implantation, researchers demonstrated that elevated uterine endocannabinoid and CB1 receptor
levels were associated with failed implantation [14]. A subsequent study posited a putative
mechanism by which dysregulated ECS signaling leads to pregnancy failure. Antagonism of CB1
receptors in mice led to greater rates of embryo retention within the fallopian tube, an event
analogous to ectopic pregnancy in humans [15].

These findings were confirmed to some extent in human studies of spontaneous abortion
and failure to achieve ongoing pregnancy. Evaluation of placentas from women who suffered
spontaneous abortion, when compared to controls who underwent elective abortion, demon-
strated greater CB1 receptor expression, as well as lower concentrations of FAAH an enzyme
which degrades endocannabinoids, in the placentas of women who had suffered miscarriage
[16]. Elevated AEA and decreased FAAH levels were also associated with failure to achieve an
ongoing pregnancy in women who had undergone in vitro fertilization (IVF) [17].

2. Methods

We performed a PubMed, Embase, JSTOR, EBSCOhost, and Google Scholar search for
scientific papers describing in vitro and in vivo studies which explore the effects of marijuana on
various aspects of human reproductive functioning. Another key resource was the 2017 National
Academies of Sciences, Engineering, and Medicine (NASEM) expert report. This comprehensive
review served as a powerful jumping-off point for article gathering and identifying gaps in the
literature [18]. Animal studies were included for background information and to fill gaps in
literature where human experimentation was not ethically tenable. We only included articles
published in English in scholarly peer-reviewed journals within the last 20 years.

When searching for relevant in vivo studies in animals or in vitro studies in humans
where control over dosing and administration was possible, we included only articles
which examined the specific effects of THC on reproduction. As no randomized controlled
trials of the effects of THC alone on human reproduction exist, we used the search terms
“marijuana,” and “cannabis” when searching for relevant in vivo studies on the subject. We
excluded all studies lacking a defined control group such as case reports and case series,
and thus our human studies were limited to cohort and case-control studies.

In order to evaluate the full scope of the effect of THC on human reproduction, we
amassed articles pertaining to its effects on individual male and female reproductive
functioning, the embryo, obstetrical and neonatal outcomes, as well as long-term neu-
ropsychiatric and reproductive sequelae in offspring. Table 1 summarizes the specific
endpoints studied in the primary literature examined for this review.

Overall, we included 61 human and 14 animal studies an in narrative literature review
aimed at evaluating the contributions of various studies to knowledge on the subject and
identifying gaps in the literature. Fig. 1 summarizes the types and number of studies included in
this review.

3. Results

3.1. Animal studies

Male albino rats orally administered a daily weight-based THC bolus for 30 days exhibited
overall decreased fertility as evidenced by less mounting behavior, lower sperm count, and fewer
estrous females impregnated [19].

In a murine study demonstrating a pro-apoptotic relationship between CB2 receptor
agonism and oocytes, researchers found that female offspring exhibited a decreased
ovarian reserve and were less fertile than their non-exposed counterparts, but there was no

effect on male offspring. While the mechanism of inheritance is unclear, this finding sug-
gests that maternal cannabinoid dysregulation may lead to abnormal reproductive func-
tioning in female offspring [11].

A study of bovine in vitro fertilization demonstrated that THC activates oocyte CB1
receptors, which leads to the phosphorylation of AKT and ERK1/2 proteins and the re-
sumption of meiosis via the PI3/MAPK signaling pathway, ultimately resulting in faster
oocyte maturation [26]. A study comparing the effects of endogenous and synthetic can-
nabinoids on frog oocytes examined another potential target for THC in reproductive tis-
sues. Endogenous cannabinoids antagonized alpha7-nicotinic acetylcholine receptors in
oocytes, while synthetic cannabinoids such as THC had no effect, which suggests these
receptors are less likely to be involved in reproduction [27].

In the aforementioned study of the effects of THC exposure on bovine IVF, researchers also
found that while THC exposure during the blastocyst stage did not speed up embryo maturation,
it did increase the expression of interferon tau (IFNτ) and connexin 43 (GJA1), both of which are
key to the establishment and maintenance of early pregnancy. The researchers go on to suggest
that exocannabinoids such as THC may be useful in improving embryo quality in assisted re-
production, however, they did not examine whether this effect persists with chronic exposure or
at larger doses [26].

Table 2 summarizes the routes of administration and THC concentrations used in the
above animal experiments, as well as the associated study findings.

3.2. Human studies

3.2.1. Spermatozoa
Semen analyses of 1215 Danish men aged 18–28 demonstrated a 28 % decrease in

sperm concentration as well as a 29 % decrease in sperm count in those who had used
marijuana more than once per week in the 3 months leading up to the study [20]. A similar
study in 229 Jamaican men aged 23–72 revealed a 2.7-fold increase in risk of abnormal
sperm motility with recent marijuana use. Heavy use carried a 4.3-fold increase in risk for
abnormal motility. Finally, moderate use carried a 3.4-fold increase in risk for abnormal
morphology [21].

In an attempt to probe deeper into the effects of THC on sperm functioning, re-
searchers treated neat human sperm with THC concentrations comparable to moderate use
and found a dose-dependent decrease in cellular respiration, likely through direct mi-
tochondrial damage. Of note, this effect was mitigated by the addition of seminal fluid,
which suggests it may have cytoprotective properties [22]. Other studies supported these
findings by also demonstrating a dose-dependent decrease in motility and ATP in sperm
treated with THC [23–25].

3.2.2. Oocytes and ovulation
While the presence of cannabinoid receptors in human oocytes has been ascertained,

to our knowledge no in vivo or in vitro studies exist on the effects of THC on human oocytes.
In a study comparing the menstrual cycles of marijuana users and non-users, re-

searchers found an average 3.5-day increase in follicular phase length in women who re-
ported occasional marijuana use than in non-users. The researchers thus posited that in-
creased menstrual cycle length ultimately results in fewer ovulations per year and arguably
decreased fertility [28]. Data from the National Survey of Family Growth, however, did not
support this finding as time to pregnancy (TTP) in women actively trying to achieve
pregnancy did not differ between marijuana users and non-users [29].

3.3. Embryo

A prospective study examining the dose-dependent relationship between marijuana
consumption and success with assisted reproduction revealed that women who had more
than 90 lifetime exposures to marijuana on average had 27 % fewer embryos harvested and
1 fewer viable embryo available for transfer through IVF [30].

Table 1
List of endpoints examined as measures of reproductive functioning in human an animal studies included in this review.

Reproductive Endpoints

Male Female Embryo Obstetrical Outcomes Pregnancy Outcomes Neonatal Outcomes Long-Term Offspring Effects

• Sperm count

• Sperm motility

• Sperm morphology

• Spermatogenesis

• oogenesis

• ovulation

• menstruation

• embryo
quality

• embryo
quantity

• spontaneous abortion

• placental abruption

• emergency cesarean
section

• placenta previa

• vasa previa

• malpresentation

• uterine rupture

• gestational diabetes

• protracted labor/arrest
of labor/failure to
progress

• post-partum
hemorrhage

• stillbirth

• low birth weight

• small for
gestational age

• intrauterine
growth
restriction

• pre-term birth

• cerebral palsy

• intraventricular
hemorrhage

• ARDS

• Necrotizing
enterocolitis

• Cerebral palsy

• NICU admission/
length of hospital stay

• Neonatal abstinence
syndrome

• Congenital
malformation

• Sudden infant death
syndrome (SIDS)

• Reproductive capacity
(offspring
gametogenesis)

• Neurodevelopment

• Neuropsychiatric
disturbance

• Substance use/abuse
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3.4. Placenta

In vitro studies of both post-partum placental cells and laboratory grown cell lines have
demonstrated significant effects of THC on the expression of genes which regulate every-
thing from cell morphology, migration, and apoptosis, to tissue microvascularization and
endocannabinoid system homeostasis.

In a 2006 in vitro study, THC inhibited cell-cycle progression of BeWo trophobolast
cells, through a purported downregulation of histone deacetylase as well as an upregula-
tion of the pro-apoptotic genes Dip1 and CARP-1 [31]. A study using human placental
trophoblastic cells, however, demonstrated a cytoprotective effect of THC as addition of the
compound doubled reduced glutathione (GSH) concentration, decreased glutathione dis-
ulfide (GSSG) concentration by 50 %, and increased cellular ATP concentration by 55 %.
This proved to be a dubious cytoprotective effect, however, as proper placentation relies on
carefully coordinated apoptosis at certain points [32].

THC was also shown to decrease trophoblast motility and invasion of trophoblastic
tissue by both BeWo and HTR-8-SVneo cells by decreasing phosphorylation of STAT3, a key
protein in early embryonic development. By decreasing expression of the genes GCM-1,
HERVW-1, HERVFRD-1, which code for the proteins syncytin-1 and syncytin-2, THC also
decreased differentiation of cells from the cytotrophoblast to syncytiotrophoblast stage
[33].

In a study using human primary amniotic epithelial cells (hAECs) and WISH cells, THC was
again shown to inhibit migration and proliferation of trophoblastic cells, this time through de-
creased expression of MMP2 and MMP9 genes. Interestingly, both of these effects were more
pronounced in cells obtained from pre-term placentas [34]. When applied to immortalized
human endometrial stromal cells (THESCs) THC produced an overall decrease in the morpho-
logical changes which comprise decidualization, delayed migration of blastocyst trophoectoderm
toward deciduum, and led to decreased secretion of prolactin from decidual tissues [35].

Studies in both post-partum placental cells and HUVE cells demonstrated abnormal mi-
crovascularization as a result of THC administration, likely via a downregulation of the RhoA/
MLC signaling pathway [33]. Histological analysis of placentas obtained from mothers who self-
reported smoking marijuana demonstrated narrowing of maternal sinusoids and increased dia-
meters of trophoblastic septa within the labyrinth zone which would ultimately lead to a greater
diffusion distance between maternal and fetal circulation and thus, poor fetal nutrition [36].

In a recent study, THC was noted to induce endoplasmic reticulum (ER) stress and to de-
crease mitochondrial respiration and ATP coupling by decreasing the expression of

Background

n = 10

Animal Studies

n = 14

n = 9

in vivo

n = 5

Human Studies

n = 61 

Case-
Control
n = 15

Cohort

n = 14

Cross-
Sectional

n = 10

in vitro
in vitro

n = 22

Fig. 1. Graphic representation of types of scholarly articles included in this review.
A total of 10 meta-analyses were used for background and to identify gaps in lit-
erature. Animal studies included 9 in vitro and 5 in vivo experiments. Human studies
included 14 cohort, 15 case-control, and 10 cross-sectional studies.
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mitochondrial complex proteins in trophoblasts. The authors posit that the effect of THC on these
ubiquitous cellular mechanisms may underlie its negative effects on some of the aforementioned
pathways. While these efforts in elucidating a common cytotoxic mechanism are noteworthy, it
is important to remember that ER stress is a ubiquitous cytotoxic mechanism that is not specific
to THC [37].

Given that appropriate AEA “tone” is pivotal to proper placentation and pregnancy main-
tenance, a study was conducted to examine the effects of THC on placental AEA concentrations.
Though total AEA concentrations were virtually unchanged throughout the experiment, re-
searchers noted a temporal pattern in the expression of enzymes responsible for the synthesis of
AEA, NAPE-PLD as well as enzymes involved in its breakdown, such as FAAH [38,39]. Taken
together, studies on this topic suggest THC hinders important cellular processes involved in
placentation and pregnancy maintenance in animals and humans, and can thus threaten or even
prevent pregnancy. The above in vitro human studies are summarized in Table 3.

3.5. Obstetrical outcomes

The U.S., the Centers for Disease Control and Prevention estimate that 700 women die
from pregnancy-related complications annually, with 60 % of those considered to result
from preventable causes [40]. Given that substance use is a modifiable risk factor for health
complications, is it necessary to examine the role of marijuana consumption and negative
obstetrical outcomes such as miscarriage, placental abruption, and hypertensive disorders.

3.5.1. Spontaneous abortion
In a study of 500 urban women, Coleman-Cowager and colleagues found a 12-fold

increase in the risk of non-live birth in mothers who reported marijuana use during
pregnancy. It is important to note however, that the statistical analysis made no distinction
between stillbirth and spontaneous abortion, examining only the likelihood of live vs. non-
live birth as a function of marijuana use. Furthermore, data regarding pregnancy outcomes
and substance use was obtained via self-report, which leaves outcomes vulnerable to
misclassification. Finally, the fact that data reported in this study were gathered from a
primarily African American population, the generalizability of this study is tenuous [41].

In a study using 1994–2017 data from the U.S. Women’s Interagency HIV Study, re-
searchers found a statistically significant increase in the risk of spontaneous abortion in
women who used marijuana at least once per day throughout pregnancy. While this study
makes a compelling argument regarding the dose-dependent relationship between mar-
ijuana consumption and miscarriage, researchers emphasize that high HIV viral load,
medication non-compliance, and tobacco use predicted spontaneous abortion more reliably
than marijuana use [42]. A study examining the effects of pre-conception marijuana
consumption association with spontaneous abortion, suggesting the preconception period
may be less susceptible to insult by THC than the pregnancy period itself [43].

3.5.2. Placental abruption
Though data on timing and degree of use was not collected, a retrospective cohort

study of over 650,000 women in Canada demonstrated an increased likelihood of placental
abruption in mothers who used marijuana during pregnancy [43]. In a case-control study
in a low socioeconomic area in Australia, researchers failed to demonstrate a correlation
between marijuana use during pregnancy and placental abruption. It should be noted,
however, this study also failed to demonstrate a correlation between cigarette smoking and
abruption, a well-established relationship in obstetrical literature, and thus the validity of
these results may be questionable [44,45].

3.5.3. Hypertensive disorders
In another retrospective cohort study researchers failed to demonstrate an association

between marijuana use and hypertensive disorders such as pre-eclampsia and eclampsia,
when controlling for concurrent tobacco use. The researchers took care to collect self-
report data via trained research personnel rather than healthcare providers, which may
strengthen validity of self-report data [46].

To our knowledge, no studies exist on the relationship between THC and other ob-
stetrical complications such as postpartum hemorrhage, amniotic fluid embolism, emer-
gency cesarean section, placenta/vasa previa, gestational diabetes, and protracted labor.
While several studies have linked marijuana consumption during pregnancy with poten-
tially catastrophic complications such as stillbirth and placental abruption, the above data
come from studies subjected to a lack of standardization and participants not re-
presentative of the general population, and must thus be interpreted with caution.

3.5.4. Stillbirth
In 2014 a seminal case-control study using data from the Stillbirth Collaborative

Research Network demonstrated an increased risk of stillbirth in mothers exposed to
marijuana [48]. While the researchers worked to control for self-reporting bias by verifying
data through urine toxicology screening, it should be noted that verification occurred
primarily in subjects who were white, had commercial insurance, and delivered at a later
gestational age. A later study examining birth records of over 200,000 women again de-
monstrated equivocal results regarding marijuana consumption and increased risk of
stillbirth, however, exposure was associated with increased risk for small for gestational
age (SGA) and spontaneous preterm birth [49].

3.6. Neonatal outcomes

According to Harrison and Goodman, between 2007–2012 NICU admission rates
across the U.S. rose from 64.0 to 77.9 neonates per 1000 births [47]. As healthcare costs
continue to rise it becomes increasingly important to identify and intervene upon mod-
ifiable risk factors to such increased healthcare usage.

3.6.1. Low birth weight, IUGR, small for gestational age
Several recent studies have examined the relationship between marijuana use and low

birth weight. A 2016 meta-analysis revealed an increased likelihood of low birth weight in
women exposed to marijuana during pregnancy [50]. However, in the same year, another
meta-analysis noted no association between exposure and low birth weight when con-
trolling for maternal tobacco use [51]. In an attempt to broaden the generalizability of this
line of inquiry, researchers examined the association between marijuana use and low birth
weight in Aboriginal women in South Australia. When controlling for education level,
researchers were able to demonstrate an association between marijuana use in pregnancy
and low birth weight and SGA [52].

In a retrospective cohort study of women who initiated prenatal care at a university
based hospital, no association existed between marijuana use and low birth weight when
controlling for adequacy of prenatal care [53]. Interestingly, given current trends in
marijuana legalization, a cross-sectional study of over 3000 pregnancies in post-legaliza-
tion Colorado demonstrated an increase in incidence of low birth weight in prenatal
marijuana users [54]. The same year, a population-based study of over 9000 women
elsewhere failed to demonstrate an association between marijuana use and low birth
weight when controlling for tobacco use [55]. When ascertained by urine toxicology
screening, prenatal marijuana use was found to be associated with low birth weight,
however, it should be noted that due to variability in drug half-life and excretion, urine
toxicology may only detect exposures occurring within 3–7 days [56].

A recent study of the relationship between prenatal marijuana exposure and low birth
weight suggests the effects of prenatal exposure may be mediated by the sex of the off-
spring. In a study of over 1000 mother-baby dyads, male infants exposed to marijuana
during the prenatal period exhibited an average 153.09 g decrease in birth weight when
compared to un-exposed male infants. This association persisted even when controlling for
gestational age at birth. Conversely, exposed female infants did not exhibit any change in
birth weight [57].

In a study of 7452 mothers, marijuana use in pregnancy was associated with intrauterine
growth restriction (IUGR) and small head circumference. Importantly, however, this association
existed only in mothers who used marijuana during pregnancy and was not shown in those who
only endorsed pre-pregnancy use, mirroring the 2019 findings of Corsi and colleagues regarding
the relationship between marijuana and spontaneous abortion. Here the researchers posited that
prenatal marijuana exposure may hinder intrauterine growth via the same mechanism of car-
boxyhemoglobin-induced fetal hypoxia understood to underline IUGR associated with maternal
cigarette smoking [58].

3.6.2. Pre-term birth
Inquiries have also been made into the association between maternal marijuana use

and preterm birth. From data collected from over 20,000 women, a statistically significant
association was found between prenatal marijuana consumption and preterm birth [59]. In
one of the few studies examining the temporal relationship between marijuana use and
pregnancy outcomes, continuation of use past 20 weeks of pregnancy was associated with
greater risk of preterm birth in a large prospective cohort study of nulliparous women [60].

3.6.3. Complications of prematurity
Research into neonatal outcomes such as complications of prematurity and NICU admission

rates has again produced mixed results. Researchers conducted a secondary analysis of data ob-
tained from a randomized controlled trial evaluating the benefits of magnesium sulfate in the
prevention of cerebral palsy in babies born prior to 35 weeks’ gestation. Using self-report data
regarding maternal marijuana use during pregnancy, researchers evaluated whether in utero ex-
posure was associated with increased risk for known complications of prematurity such as in-
traventricular hemorrhage, necrotizing enterocolitis, bronchopulmonary dysplasia, periventricular
leukomalacia, and cerebral palsy and were unable to demonstrate a correlation [61].

A 2015 retrospective cohort study demonstrated an increased likelihood of NICU admission
in mothers exposed to marijuana during pregnancy [62]. A study comparing incidence of the
same outcome in pre-and-post-legalization Colorado demonstrated an increased incidence of
NICU admission, however, researchers did not examine specific reasons for admission [63].
Given that NICU admission is often the result of prematurity, infection, or signs of neonatal
distress, Gray and colleagues examined whether prenatal marijuana exposure was associated
with lower Apgar scores. In a study of 86 mothers who admitted to marijuana use during
pregnancy, the researchers did not find any association between prenatal marijuana exposure
and lower Apgar scores at 1 and 5min after birth [64].

3.6.4. Neonatal abstinence syndrome
Neonatal abstinence syndrome (NAS) is a well-known consequence of maternal substance

use in pregnancy, however, most research on the topic focuses on mothers who use opioids
during pregnancy. A step toward evaluating for the presence of NAS in neonates exposed to
marijuana in utero was made through a retrospective cohort study of 191 infants of opioid
dependent-buprenorphine treated mothers who admitted to marijuana consumption during the
third trimester of pregnancy. Researchers found no increased risk of low Apgar scores, NAS
symptoms, or longer NICU stay in infants exposed to marijuana during the third trimester of
pregnancy. As with the majority of the human studies discussed in this review, the above data
must be considered in the context of polysubstance use [65]. Neonates born to mothers who used
marijuana during pregnancy also exhibited more tremors, a more pronounced startle response,
and greater nighttime arousal compared to their non-exposed peers [66].

3.6.5. Sudden infant death syndrome (SIDS)
Sudden infant death syndrome remains a tragic and perplexing affliction of the newborn. In

an effort to examine whether prenatal marijuana exposure may increase the risk of SIDS,
Klonoff-Cohen and Lam-Kruglic conducted a study of 239 SIDS cases and controls matched by
age, sex, date of birth, and even birth hospital. The researchers found no association between
self-reported maternal marijuana use during pregnancy and sudden infant death syndrome.
Upon expanding the study to examine the fathers, the researchers found a fascinating two-fold
increase in SIDS risk associated with paternal marijuana consumption. Despite this strong
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correlation, the authors were unable to propose a convincing biological mechanism which may
underlie this phenomenon [86].

To our knowledge, no data exists regarding a relationship between in utero THC exposure
and other specific neonatal outcomes such as jaundice, acute respiratory distress syndrome
(ARDS), and retinopathy of prematurity. While studies offering quantitative evidence of the
effects of prenatal marijuana exposure on the incidence of stillbirth, low birth weight, and pre-
term birth lend support the proposed negative effects of marijuana on neonates, in many studies
these effects disappear when controlling for major confounds such as concurrent tobacco use or
adequacy of prenatal care. Furthermore, while studies demonstrating higher rates of NICU ad-
mission raise concerns over marijuana consumption leading to greater healthcare usage, such
increases in the absence of evidence of neonatal distress may be more indicative of changing
hospital policies, rather than negative effects of marijuana on newborn health.

3.7. Long-term effects

While it is difficult to parse the effects of prenatal events from outside influences as a
child ages, much research has been conducted in order to elucidate the long-term effects of
parental marijuana use on offspring wellbeing.

3.7.1. Congenital defects
Several animal and human studies have examined the relationship between THC and

congenital birth defects in order to elucidate whether parental marijuana use leads to long-term
sequelae in exposed offspring. An analysis of birth records from 1986 to 2002 in Hawaii de-
monstrated a positive correlation between maternal marijuana use in pregnancy and increased
risk for congenital defects such as phocomelia and cleft lip/palate [67]. Data from the Colorado
Responds to Children with Special Needs (CRCSN) study on birth defects, along with data re-
garding the prevalence of marijuana use from the SDUH and Drug Enforcement Administration
demonstrates an increase in birth defects such as spina bifida, trisomy 21, and various cardio-
vascular malformations out of proportion to the birth rate between 2000–2014, a period where
the prevalence of only marijuana use rose as compared to other illicit substances [68].

A case control analysis of data from the National Birth Defects Prevention study demon-
strated an association between periconception marijuana consumption and an increased risk for
anencephaly. Researchers were unable, however, to demonstrate the same relationship between
marijuana and the over 20 other congenital defects studied [69]. In a secondary analysis of the
data five years later, the researchers employed a strategy to better account for maternal sub-
stance use under-reporting and misclassification, and ultimately demonstrated an association
between marijuana use in pregnancy and the risk of gastroschisis, esophageal atresia, and dia-
phragmatic hernia in offspring [70].

A case-control study of 122 neonates found a two-fold increase in risk of isolated simple
ventricular septal defect in children whose mothers admitted to using marijuana during preg-
nancy when compared with over 3000 controls [71]. Finally, data from the Canadian Pediatric
Surgery Network (CAPSNET) database was analyzed regarding the progress of 114 infants born
with gastroschisis as a function of maternal substance use in pregnancy. In general, maternal
substance use was associated with an increased risk of varying degrees of bowel necrosis, with
marijuana specifically associated with an increased risk for matting of the bowel [72].

3.7.2. Neuropsychiatric disturbance
In a study of human cord blood induced pluripotent stem cell (hCBiPSCs)-derived neural

precursor cells exposed to the endocannabinoid AEA or THC at high and low concentrations,
high concentrations of both types of cannabinoids led to decreased ion channel currents and
synaptic function. Interestingly, a similar, though diminished effect was noted at low levels of
AEA, but not THC, suggesting a critical dose at which THC begins to cause harm to this parti-
cular cell type [73].

Researchers studying the brains of fetuses collected from elective abortions at 18–22
weeks’ gestation from mothers who endorsed marijuana use during pregnancy decreased
expression of SCG10/stathmin-2, a microtubule-binding axonal protein involved in cy-
toskeletal development, in the brains of fetuses exposed to marijuana in utero. They went
on to posit that CB1 activation by THC in the fetal brain likely recruits c-Jun to phos-
phorylate and thus degrade SCG10, leading to abnormal axonal development [74].

Marijuana’s history as a psychogenic drug of abuse raises serious concerns for long-term
neuropsychiatric functioning of offspring exposed to it in utero. In a longitudinal study of 6356
adolescents as part of the Avon Longitudinal Study of Parents and Children (ALSPAC), researchers
found maternal tobacco use during pregnancy was associated with psychotic symptoms in off-
spring, however, no association existed between marijuana use in pregnancy and psychosis [75].
A more recent study analyzing data from the Adolescent Brain Cognitive Development (ABCD)
study demonstrated a small increase likelihood of psychosis in offspring exposed to marijuana in
utero, specifically if maternal marijuana use continued beyond 7.7 weeks’ gestation [76]. In a
prospective cohort study of 596mothers followed from 4months’ gestation until offspring age 22,
Day and colleagues demonstrated an increased risk of psychotic symptoms in offspring whose
mothers used marijuana during pregnancy. Given the difficulty of parsing the effects of prenatal
events from a child’s surroundings as he ages, the researchers took care to control for early onset
marijuana consumption in the offspring themselves, and the aforementioned association persisted
[77].

3.7.3. Cognitive impairment
Given the purported association between marijuana use and psychiatric disturbance, re-

searchers set to work exploring the effects of prenatal exposure to THC-containing products on
cognitive functioning. Noland and colleagues measured the performance of 330 four-year-olds
whose mothers endorsed marijuana use during pregnancy on several attention tasks. When
compared with non-exposed controls, children whose mothers used marijuana during pregnancy
committed significantly more errors on each measure of attention [78]. In a prospective cohort
study of 524 mothers recruited during pregnancy and offspring followed up at age 14, re-
searchers found that first trimester prenatal marijuana exposure was associated with impaired
reading ability as measured by the Wechsler Individual Achievement Test (WIAT) Screener. This
effect was not observed for any other skills measured by the WIAT. The researcher also did notTa
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find any association between marijuana exposure during the second or third trimesters of
pregnancy, suggesting the first trimester may be particularly susceptible to disturbances affecting
later cognitive ability [79].

3.7.4. Behavior
Numerous human and animal studies provide evidence for increased risk of substance

use in offspring exposed to marijuana during the prenatal period. In a study using aborted
18–22 week human fetuses exposed to marijuana in utero, researchers noted decreased
expression of the D2 dopamine receptor in the nucleus accumbens (NA), a brain area
central to reward processing. In order to evaluate the long-term significance of this finding

in offspring, researchers exposed pregnant rats to THC and noted that offspring exhibited
fewer D2 receptor sites in the NA, and greater reward sensitivity in opiate self-adminis-
tration trials. While this data suggests in utero THC exposure may predispose offspring to
addiction later in life, it should be noted that in this study researchers only evaluated the
brains of male offspring [80].

In a prospective cohort study of 152 offspring aged 16–21, Porath and Fried found a
dose-dependent association between degree of maternal marijuana use during pregnancy
and likelihood of cigarette and marijuana use in offspring. Interestingly, this effect was
even more pronounced in male offspring [81]. Sonon and colleagues followed 763 off-
spring until the age of 22 in a prospective cohort study and found that prenatal exposure to
marijuana was associated with an increased risk of marijuana use in offspring regardless of

Fig. 2. Graphic representation of the human in vivo studies discussed in this review. Under each endpoint, the item on the left (in green) lists all studies which found a
positive correlation between marijuana consumption and the given endpoint. The item on the right lists studies which did not demonstrate any correlation (this is
omitted for endpoints where no studies demonstrating a lack of correlation exist.) Some studies appear more than once as they address multiple endpoints.
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age, race, gender, and even first trimester alcohol exposure [82].
The discussion of the use of an (at least somewhat) illegal substance would not be complete

without consideration of its relationship with delinquent behavior. In a prospective cohort study
of 565 families, Goldschmidt and colleagues evaluated offspring of mothers who admitted to
marijuana use during pregnancy using the Child Behavior Checklist, Teachers Report Form, and
Swanson, Noland, and Pelham (SNAP) checklist and found prenatal marijuana exposure to be
associated with increased risk of impulsivity, hyperactivity, and delinquent behavior at age 10
[83]. A similar study of 580 mother-child dyads demonstrated that children exposed to one or
more joints per day during the prenatal period were more likely to exhibit delinquent behavior at
age 14 [84].

3.7.5. Reproductive functioning
A study of sexual behavior in offspring exposed to marijuana in utero revealed early

onset of sexual activity, defined as oral or vaginal sex prior to age 14, than that found in
non-exposed peers. It should be noted, however, that the mothers in question were
themselves teenagers, age 12–18, when they entered the study, so early sexual activity in
this cohort may simply represent cultural or social differences [85]. The cross-sectional and
cohort studies described in section 3.3 are summarized in Fig. 2. Taken together, the
findings discussed above raise concerns regarding the long-term effects of parental mar-
ijuana consumption on offspring physical and emotional wellbeing.

The above literature paints a concerning picture regarding the relationship between
parental marijuana use and the risk of congenital malformation, psychosis, cognitive im-
pairment, dangerous or delinquent behavior, and reproductive dysfunction in prenatally
exposed offspring. The data is perhaps most convincing when examining the relationship
between prenatal marijuana exposure and congenital defects as these defects are often
apparent at birth and their diagnoses are not subject to provider interpretation. Although
efforts were made to control for substance use in the offspring themselves, as well as a
variety of socioeconomic factors, the above data must still be considered within the context
of a given child’s environment. Specifically, aberrations in cognitive ability and behavior
may have more to do with neighborhood influences and priorities than with in utero
marijuana exposure.

4. Discussion

4.1. Main points

Here we review the most up to date evidence regarding the effects of marijuana on human
reproductive functioning. Given the sensitivity of the prenatal period as well as nationwide
legalization trends, several notable reviews have already been published on this topic. A 2018
review by Grant and colleagues summarized available data regarding the effects of prenatal
marijuana exposure on cognitive development in offspring [87]. In 2019, Guille and Aujla de-
scribed a body of work wherein maternal cannabis use was associated with impaired executive
and intellectual functioning in children whose mothers consumed marijuana during pregnancy
[88]. Thomas and colleagues examined the prenatal and neonatal periods more closely in their
2019 review of the association between maternal marijuana use and negative obstetrical out-
comes such as miscarriage and preterm birth [89]. Our aim is to build upon this work with a
review that is, to our knowledge, the first to encompass virtually all aspects of human re-
production from gametogenesis, embryo quality, implantation, placentation, and obstetric
course, to neonatal and long-term neuropsychiatric and reproductive outcomes in offspring. The
literature presented here for the first time makes clear that exposure at any stage of life may
carry previously undescribed consequences for human reproduction in parents and offspring.

Semen analyses of men who reported varying degrees of marijuana use have shown
abnormalities in sperm count, concentration, motility, cellular respiration, and mor-
phology. Marijuana consumption was also associated with longer follicular phase length in
the female reproductive cycle, however, this finding was not supported by increased TTP in
women actively attempting to become pregnant. Although to our knowledge no in vitro
studies of the effects of THC on human oocytes exist, research into the relationship between
marijuana use and assisted reproduction demonstrated lower numbers of harvested oocytes
and viable embryos fertilized in women who used marijuana.

Given the sensitive nature of the prenatal period, the effects of marijuana exposure on
pregnancy and neonatal outcomes continue to be of great interest. Numerous studies support an
association between marijuana use either prior to or during pregnancy with low birth weight,
preterm birth, and even pregnancy loss. However, when controlling for concurrent tobacco use
and a variety of socioeconomic factors, many studies failed to replicate this relationship. Studies
examining the effects of maternal marijuana use on neonatal outcomes show increased rates of
NICU admission following delivery, however, the lack of consensus regarding the medical need
for such admissions may be more suggestive of changing hospital policies rather than actual
neonatal health outcomes.

Although many animal studies clearly demonstrate negative effects of THC on reproductive
functioning, human lives are complicated by disparities in socioeconomic status as well as
variability in the makeup of the marijuana people consume. Thus, while it is reasonable to
conclude that THC, one of myriad compounds found in marijuana, may have negative effects on
numerous aspects of human reproduction, it is not possible to definitively describe those effects
or generalize them to all marijuana products at this time.

4.2. Strengths and limitations

While literature reviews do not provide the strongest level of scientific evidence, the
high caliber of research included in this review makes it a strong contribution to the study
of reproductive toxicology. First, while no randomized controlled trials of the effects of
marijuana on human reproduction exist, this review features 15 case-control, 14 cohort
studies, and 10 cross-sectional studies, the strongest study designs possible given the
ethical limitations of human research. Furthermore, we include 22 human in vitro ex-
periments demonstrating the effects of THC specifically on various human tissues. We also
describe 9 in vitro and 5 in vivo animal studies in support of the effects of THC exposure on

the animal as a whole as well as its offspring.
Despite significant efforts to maximize generalizability, the scope of this work is

limited in several important ways. First, we focused only on papers written in English and
published within the last twenty years. Whenever possible, we selected studies on the ef-
fects of THC which is only one of the myriad bioactive compounds found within marijuana.
Due to ethical limitations, in vivo human studies described here were exclusively cohort or
cross-sectional in nature. While the animal studies we described to address gaps in un-
derstanding used models with similar reproductive biology to that of humans, data ob-
tained from such studies is not completely generalizable to humans as these studies used
rigorously controlled doses and routes of administration which are not possible to ensure in
humans. Specifically, many studies exposed reproductive tissues to THC in vitro, or ad-
ministered THC intravenously or via the intraperitoneal route, while humans typically
consume marijuana through smoking. While researchers made efforts in some cases to
administer THC to animals orally in order to mimic THC-containing edibles, the plasma
concentration of THC resulting from the various weight-based dosing protocols and how
these compare to plasma concentrations found in humans who consume marijuana are
unknown.

The human studies included in this search were complicated by many confounding factors.
First, all studies relied heavily on self-report data which is subject to recall bias and under-
reporting due to social pressures, especially when data is collected by a participant’s own
healthcare provider. While verification of self-report data by toxicology screening improves
validity to some degree, it is important to note that variability in drug excretion and half-life may
affect detection in screening tests. Furthermore, toxicology screening methods may identify only
one or two compounds found within marijuana, while the actual negative endpoints in this study
may be the result of contaminants in THC-containing products or simply the act of smoking
itself. Much of the available research on this topic was also conducted on samples not im-
mediately generalizable to the general population. For example, some studies used primarily
African American populations, while others gathered data only from mothers who were HIV-
positive or undergoing substance abuse rehabilitation.

Second, since the marijuana in question was not provided by the researchers, there
was no standardization in routes of administration or doses of various cannabinoids to
which participants were exposed. Available studies for the most part examined marijuana
use only in a qualitative, rather than quantitative manner. Efforts to quantify marijuana
consumption invariably fell short of precise classification as researchers used arbitrary
amounts such as “less than or equal to 3 joints per day” to establish a dichotomy between
heavy and light use. This lack of standardization creates an unclear picture of the effects of
timing and degree of use on various measures of reproductive health.

While we examined the effects of parental marijuana use on offspring in the neonatal
period and beyond, it is important to note that long-term neuropsychiatric development is
subject to innumerable influences such as quality of parenting and socioeconomic status
and thus it is impossible to attribute the development of psychosis, cognitive disability, and
delinquency entirely to parental marijuana exposure.

Finally, while studies such as the NSDUH make strides towards quantifying the prevalence
of marijuana use in the U.S., the lack of standardized definitions for marijuana use, variability in
THC content of various cannabis strains, advent of non-combustible THC-containing products,
and changing attitudes in the setting of widespread legalization, make it difficult to reliably
predict the scope of this problem at the population level.

4.3. Future directions

Given the inconclusive data presented above, further research is needed to parse the effects
of marijuana use on reproductive health from confounds and to identify critical time points and
degrees of exposure. Care should be taken to minimize confounds such as concurrent tobacco or
other substance use, adequacy of prenatal care, gravity/parity, and socioeconomic factors such
as race, age, income, health insurance, education, desired pregnancy, and local legal status of
marijuana. More detailed substance use histories should be obtained to delineate duration and
degree of use, as well as route of administration, specific strain consumed, and timing of use as it
relates to a given pregnancy.

Assisted reproduction technologies such as IVF provide a unique opportunity to study
the effects of marijuana on human gametocytes and embryos. Fetal tissue from elective
abortions should also continue to be studied in order to elucidate the effects of THC on later
stages of fetal development. Finally, offspring of marijuana users should be followed and
evaluated for long-term developmental and reproductive sequelae of marijuana exposure.
Given some limited evidence of sex differences in the effects of prenatal marijuana ex-
posure on birth weight and offspring reproductive functioning, these differences in risk
should continue to be explored.

Inquiries should also be made into protective factors. The aforementioned study by
Dhawan and colleagues demonstrated a protective effect of benzoflorane moiety extracted
from Passiflora incarnate, a type of passionflower, when co-administered to sperm with THC
[19]. Such information may be particularly helpful for patients who prefer to use THC-
containing products over traditional pharmaceuticals for cultural or other reasons.

The above data regarding the effects of ECS dysregulation on the quality of gameto-
cytes, as well as associations between marijuana use and negative obstetric and offspring
outcomes present a strong cause for concern. Given that THC is only one of the over 70
known compounds in cannabis, future exploration should also be aimed at elucidating the
effects of other, more poorly-understood marijuana constituents, as well as the effects of
other THC-containing preparations such as edibles and vape cartridges. While this data
does not provide conclusive evidence of a ubiquitously negative impact of either THC
specifically or marijuana generally on human reproduction, healthcare providers should
continue to counsel patients against its use, especially during pregnancy, until convincing
evidence of its safety comes to light.

Despite some disquieting findings, this data also suggests that aspects of the ECS may
be targeted therapeutically in order to optimize reproductive functioning. Our hope is that
this review will point out gaps in the literature and help direct future researchers in an-
swering these questions.
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