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Introduction

Cannabis use in the perinatal period has been increasing in
recent years, coincident with increasing legalization in the
USA for medical or recreational purposes [1]. Marijuana is
the most commonly used illicit drug during pregnancy [2],
and among some populations, it is used more frequently than
tobacco [3, 4]. Although the prevalence of cannabis use dur-
ing pregnancy is difficult to ascertain with accuracy, rates of
marijuana use range from 2.6% to 28% or higher [3, 5]
depending on the population studied and/or screening prac-
tices. According to the 2013 National Survey on Drug Use
and Health, the rate of marijuana and hashish use among
pregnant women in the USA was 5.2% [6].

Marijuana use is more prevalent among nonpregnant than
pregnant women of child-bearing age in the general popula-
tion. However, among past-year users, near daily use rates
are higher in pregnant versus nonpregnant women (16.2%
versus 12.8%), as is the percentages of women meeting cri-
teria for cannabis abuse and dependence (18.1% versus
11.4%) [7]. These statistics indicate that for the population
of women using marijuana during pregnancy, many are
chronic users who are likely to have a cannabis use disorder
(CUD). Young adolescents (ages 15-17) have the highest
rate of marijuana use during pregnancy (16.5%), more than
double the rate for 18- to 25-year-olds (7.5%) [6, 8]. During
pregnancy, rates of marijuana use are higher during the first
trimester than the second or third trimester (6.44% vs. 3.34%
and 1.82%, respectively) [9]. Given that the percentage of
unplanned pregnancies is very high (almost half of pregnan-
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cies in the general population and higher in substance using/
abusing populations), many fetuses are likely to be exposed
to cannabis during the first trimester of pregnancy, before the
mother is aware of being pregnant.

The effects of cannabis mainly depend on its major
psychoactive cannabinoid (delta-9-tetrahydrocannabinol or
THC) content. Novel ways of cultivating the Cannabis sativa
plant have produced more potent varieties of cannabis [10],
and the legal cannabis market has implemented selective
growing methods to boost psychoactive potency. In the USA,
the potency of cannabis has increased steadily over the past
50 years [11], and this trend has translated to increased fetal
THC exposure. For example, tetrahydrocannabinolic acid
concentrations were significantly increased in marijuana-
positive meconium samples originating from Colorado hos-
pitals compared with specimens sent from the rest of the
USA during the first 9 months post legalization in Colorado
[12]. The proportion of THC in the commonly used herbal
cannabis (marijuana) and its resin (hashish) was 3% or less
in the 1960s but reached a potency of 12% by 2014 [10, 13].
This means that marijuana today is at least 4 times more
potent than it was 4 decades ago [14], which has implications
for the interpretation of older studies on the effects of prena-
tal marijuana exposure on child development that form the
large bulk of our current knowledge.

The emergence on the drug market of synthetics cannabi-
noids (SCBs) in the early 2000s represents a new public
health challenge. Whereas THC generally acts as a partial
cannabinoid receptor agonist, SBCs are often full cannabi-
noid receptor agonists and can have greater cellular actions
and behavioral effects. The concentrations of SCBs can vary
widely, even within batches of the same product [15]. Some
SCBs have extremely high potency, ranging from 40- to 660-
fold higher than A9-THC in cannabis strains [16]. SCBs are
cheap and easily purchased on the Internet, potent, and
addictive and possess different toxicity profiles from natu-
rally grown marijuana [17]. These substances appear to pro-
duce multiple dose-dependent congenital anomalies in
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rodents [18], and there is no current information on the
effects of SCBs in exposed human fetuses or infants.

Despite its controversial nature, the use of medical mari-
juana and cannabis-derived medicinal products is also
becoming more popular in the USA. Nausea, a common
complaint in pregnant women, is a medically approved indi-
cation for marijuana in all states where medical use of this
drug has been legalized [19]. A study carried out in Hawaii,
a state where marijuana is legal, found that women with
severe nausea during pregnancy, compared with other preg-
nant women, were significantly more likely to use marijuana
(3.7% vs 2.3%, respectively) [20].

Taking this information together, the current landscape of
the risks of marijuana use during the perinatal period is not
clear because of the recent changes in the patterns of marijuana
use, the increase in prevalence of cannabis use in women dur-
ing the perinatal period, the production and use of more potent
forms of cannabis, and the introduction of synthetic cannabi-
noids. It is well-established that THC crosses the placental bar-
rier, and while a preponderance of studies have established
harmful effects of prenatal cannabinoid exposure in animal
(e.g., rodent) models, further research is urgently needed to
determine the effects of the increased fetal THC exposure.

Prenatal Cannabis Exposures: Impact
on the Pregnancy and the Fetus

Cannabis has more than 540 constituents [10]. The plant’s
behavioral and psychotropic effects are attributed to the
major psychoactive cannabinoid, THC. THC has a lipophilic
nature and, when inhaled rapidly, enters the bloodstream
resulting in swift distribution from the blood to the tissue. In
both animals and humans, THC crosses the placenta and
transfers to the fetus; however, there is a lack of complete
understanding of the pharmacokinetics and maternal-fetal
transfer and disposition of THC and its metabolites [21].
Animal studies indicate great variability in THC distribution
to fetal tissues across species, although THC concentrations
in the fetus have been documented to be lower than maternal
concentrations in those animal studies [21, 22]. In studies
done in humans when the mother smoked marijuana daily
during the third trimester of pregnancy, THC levels in mater-
nal blood were 2.5 to 6 times greater than in cord blood [23].

Biological (Fig. 17.1) and neurodevelopmental/neurobe-
havioral (Fig. 17.2) effects of prenatal THC exposure have
been described across the life span of the developing organ-
ism. There are several mechanisms by which THC exposure

Childhood/Adolescent
Altered cortical activity
during inhibitory control
Altered neuronal functioning
during visuospatial memory
Hyper-responsive
reward/stress circuitry
Neuronal circuitry vulnerable
to “second hit”
(stressor or drug use)

Gametogenesis:
Mutagenesis in sperm
Epigenetic alterations in ooyctes
Altered gonadotropin release
Disrupted steroid biosynthesis

Adult ’ ’ Fertilization

/7

Adolescent

Child

N\

Preimplantation
Poor blastocyst
implantation

N\

Embryo

Fetus

Prenatal
Compromised placentation
Altered neuronal and glial proliferation
Altered synaptogenesis and neuronal
migration
Abnormal neural circuitry (e.g.
corticofugal, corticospinal) and fragile
neural networks
GABA and glutamate system disruptions
leading to seizures
Dopamine and opioid system disruptions
in reward and stress-mediating brain
regions
Epigenetic disturbances
Suppressed immune function

/

Neonate Neonate Birth Birth
Neurobehavioral b Miscarriage
alterations Preterm delivery
Decreased
birthweight
Stillbirth

Fig. 17.1 Reported biological disruptions due to prenatal cannabinoid exposure across the human and/or animal life span
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Fig. 17.2 Reported neurobehavioral effects of prenatal cannabinoid exposure across the developmental life span of the child

causes developmental harm in children, including effects of
cannabis on the developing endocannabinoid system, effects
on neurotransmitters and neural circuit connectivity, and per-
sistent epigenetic modifications which may alter gene
expression across the life span.

Mechanisms of Harm

Effects of Prenatal THC Exposure on the Fetal
Endocannabinoid System

The endocannabinoid (EC) system describes the body’s
endogenous or naturally produced cannabinoid system and
includes the endocannabinoid retrograde neurotransmitters,
their receptors, and the enzymes involved in their synthesis
and degradation. The EC system has been detected from the
earliest embryonic stage and throughout pre- and postnatal
development [24, 25]. Data from both animal and human
research indicate that EC system signaling plays a critical
role in pregnancy outcome and fetal development. The EC
system undergoes significant changes in expression and
activity of its components during sequential developmental

stages, suggesting ECs play a major role in the formation of
specific anatomical regions at timepoints in pregnancy. A
fine-tuned orchestration of this system during brain develop-
ment is essential.

The EC system works both in the central nervous system
and peripherally to regulate a myriad of vital functions.
Endocannabinoids and plant-derived cannabinoids exert
their effects by activating predominantly cannabinoid (CB)
receptors. In the fetal nervous system of animals and humans,
CB receptor distribution is different from that in the adult,
suggesting that endogenous and exogenous cannabinoids
may have different effects prenatally than in a mature organ-
ism. Expression of CB1 receptors has been detected in the
fetal human brain as early as 14 weeks of gestation and
changes dynamically across development in different parts
of the brain [26] indicating critical roles in orchestrating fetal
brain development. In developing fetal human brains not
exposed to cannabis, the distribution of CB1 receptor mRNA
at approximately 20 weeks of gestation is elevated in limbic
structures (including the hippocampal CA region and basal
nuclear group of the amygdaloid complex) compared to the
rest of the brain. High CB1 receptor concentrations are also
present on several white matter neuronal tracts of the human
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fetus but had disappeared by infancy [27]. Thus, differences
in localization of CB1 receptor expression seem to be a tran-
sitory phenomenon, with progressive increases occurring
from the fetal period through adulthood. In the adult human
brain, CB1 mRNA expression is relatively widespread and is
particularly apparent in the frontal cortex, hippocampus,
basal ganglia, and cerebellum [27, 28]. Together these find-
ings suggest that CB1 receptors have unique and changing
roles in regulating pre- and postnatal development that sig-
nificantly differ from adulthood.

The two main ECs are N-arachidonoylethanolamine
(anandamide, AEA) and 2-arachidonoylglycerol (2-AG).
They are produced on demand, and their levels are tightly
regulated by enzymes involved in their synthesis and degra-
dation. Brain AEA levels are low at midgestation but gradu-
ally increase during postnatal development, reaching a
maximum in adulthood. In contrast, brain 2-AG synthesis
gradually increases during embryonic development, peaks
immediately after birth, and normalizes during postnatal
development [29]. Prenatally, EC signaling plays a critical
role in stimulating the proliferation of progenitor cells, dif-
ferentiation of these cells toward both glia and neurons, and
myelinogenesis. EC signaling also appears to regulate neural
cell migration and is involved in the control of axon elonga-
tion and guidance, the establishment of synaptic communi-
cation, and the acquisition of specific neurotransmitter
phenotypes [30-32].

EC (particularly 2-AG) signaling has mechanistically
been implicated in the differentiation of dopaminergic and
basal forebrain (cholinergic) and cortical (glutamatergic and
GABAergic), cerebellar (GABAergic), and hypothalamic
(orexinergic) neurons during late gestational and early-
postnatal periods in rodents. Therefore, ECs are important
neuromodulators of multiple central neurotransmitter sys-
tems that are essential for normal fetal brain development.
Studies also indicate that a cross talk between the ECs and
other neurotransmitters (acetylcholine, dopamine, and sero-
tonin) is essential for proper embryo development.

In addition to the EC system’s role in central nervous sys-
tem development, other systems (e.g., immune and reproduc-
tive systems) also have cannabinoid receptors and produce
endocannabinoids which could be altered by prenatal expo-
sure to exogenous cannabinoids (e.g., cannabis or SCB con-
sumption) [33-37]. In rodents, the CBIR is present and
functionally active in the preimplantation embryo and in the
uterus [38]. ECs modulate several reproductive events from
gonadotropin release and sex steroid production to the forma-
tion of quality gametes and successful pregnancy. Thus, ECs
influence reproductive processes from gametogenesis to fer-
tilization and from embryo implantation to the final outcome
of pregnancy. Normal physiological EC levels appear neces-
sary in order to achieve optimal neurophysiological out-
comes. It is known, for example, that in order to guarantee a

receptive uterine environment, AEA levels must be kept low,
and this is attained through a tight regulation mediated by
N-acyl-phosphatidylethanolamine-specific ~ phospholipase
(NAPE-PLD), the enzyme responsible for AEA synthesis,
and fatty acid amide hydrolase (FAAH), in charge of AEA
degradation. Significant changes in AEA levels have been
detected at the end of pregnancy in maternal blood, suggest-
ing that the endocannabinoid system could modulate physio-
logical functions during pregnancy and labor.

Because pre- and postnatal development is critically regu-
lated by the EC system, there are concerns among clinicians
and researchers that disturbing the delicate balance of ECs
due to exogenous cannabinoids, such as through parental
marijuana or SCB use, could negatively impact reproductive
potential and fetal brain growth as well as structural and
functional neurodevelopment [9]. Disruptions of the EC sys-
tem by cannabis use may have many negative consequences
for pregnancy outcome, including delayed embryo develop-
ment, poor blastocyst implantation, miscarriage, and altered
placenta formation [39].

An understanding of the molecular pathophysiological
events that underlie the alterations in embryonic/fetal devel-
opment related to cannabis prenatal exposure is just unfold-
ing [40, 41]. However, animal and human studies suggest
that perinatal cannabis exposure may disrupt the precise tem-
poral and spatial control of EC signaling at critical stages of
neural development, leading to negative effects on later ner-
vous system functioning [42].

Prenatal THC Exposure and Effects
on Neurotransmitters

Prenatal exposure to exogenous cannabinoids can modify the
maturation of neurotransmitter systems and their related
functions through the activation of CB1 receptors that emerge
early in the developing brain. Animal studies have revealed
alterations of neurotransmitter systems associated with
behavioral changes relevant to the human condition after
administration of cannabinoids, at doses similar to those
found in cannabis users. For example, THC binding to CBIR
during gestation alters development of central dopamine and
opioid neurotransmitter systems in brain areas regulating
reward and motivation, which may increase vulnerability to
future drug use and addiction in later life [43, 44]. In addition
to evidence from animal studies, postmortem examination of
human fetal brains with prenatal cannabis or THC exposure
reveals reduced dopamine D2 receptor mRNA in the basal
nuclear complex of the amygdala, accompanied by a lesser
reduction in the nucleus accumbens. Reduced D2 receptor
mRNA was correlated with the amount of maternal marijuana
intake and was more prominent in males [43]. This gender-
specific imbalance in dopaminergic development might
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explain why boys exhibit greater deficits in attention, learn-
ing, and memory following in utero marijuana exposure.
Moreover, because the amygdala and nucleus accumbens are
critical in the development of behavioral and mood disorders,
a shift in dopamine receptor expression in these regions fol-
lowing prenatal THC exposure might explain increases in
depressive symptoms and impaired social behaviors reported
in children upon longitudinal follow-up [45].

Postmortem human studies have also discovered that
maternal marijuana use affects fetal expression of opioid-
related genes in areas of the brain highly involved in emotional
regulation, reward, goal-directed behavior, and motivation
[43]. Broadly, opioids influence nociception, motor control,
emotions, behavioral reinforcement, and cognition. Altered
fetal expression of opioid-related genes can therefore have
long-lasting impact on developmental outcomes [44].
Furthermore, alterations in the limbic organization of THC-
exposed fetuses, including opioid and dopamine D2 receptor
changes in the striatum and amygdala, indicate increased sus-
ceptibility for neuropsychiatric impairments in later life.

Prenatal THC Exposure and Neural Circuit
Connectivity

During prenatal and postnatal development, CB receptors
play a fundamental role in hardwiring the developing brain
and contribute postnatally to the regulation of synaptic plas-
ticity throughout the life span [30, 46]. Signaling within the
EC system dynamically controls neuronal connectivity dur-
ing prenatal development in pathways such as the cortico-
striatal-thalamic circuitry and several cortical regions
involved in addiction and psychiatric disorders [41]. Prenatal
cannabis exposure may impact the formation and functions
of neuronal circuitries by targeting CB receptors. If EC sig-
naling is significantly altered in the fetus, the loss of particu-
lar neurons and glia, cellular redirecting during long-distance
migration or interference with synaptogenesis, and disturbed
development of neuronal interconnections may lead to sub-
sequent disorder phenotypes [42]. For example, CB1 recep-
tor signaling controls long-range neuronal (e.g., corticofugal,
corticospinal) connectivity, and animal studies have shown
that prenatal THC resulted in long-lasting alterations in the
structure and function of cortical circuitry [46].
Administration of THC to pregnant mice during a demar-
cated time window disrupts the mouse cortical development,
leading to long-term consequences in the fine motor func-
tioning and an increased vulnerability to seizures in the adult
offspring [47]. THC exposure may impede the normal devel-
opment of corticospinal connectivity and increase seizure
susceptibility by interfering with CB1R-dependent regula-
tion of both glutamatergic and GABAergic neuron develop-
ment [47]. This alteration in the corticospinal connectivity is

considered to be due to direct impact of THC on the develop-
ing embryo, which does not rely on maternal programming
and is evident without the need of a secondary insult (e.g.,
environmental adversity or drug abuse).

Prenatal THC Exposure and Epigenetic Effects

A growing body of evidence suggests that the risk of initia-
tion and progression of a variety of chronic physical and psy-
chiatric diseases depends on epigenetic modifications
triggered by environmental signals during early (prenatal or
postnatal) life sensitive stages. Epigenetic mechanisms con-
sist of the regulation of gene expression without altering the
genetic code. Epigenetic alterations that can regulate gene
expression levels consist of DNA methylation, nucleosomal
structure and positioning, histone replacement, and small
RNA molecules that influence protein production.

Recent studies indicate that cannabis exposure at sensi-
tive periods of development is associated with long-term epi-
genetic disturbances. The association between prenatal
cannabis exposure and addiction vulnerability has been
explained, at least in part, by cannabis-induced alterations in
the epigenetic regulation of the dopamine D2 receptor
(DRD2) gene in the nucleus accumbens. Studies of adult rat
brains prenatally exposed to THC showed disturbances in the
histone modification profile and decreased D2 receptor
mRNA in the nucleus accumbens, which was associated with
increased heroin seeking during adulthood [43, 44, 48].
Therefore, cannabis exposure can initiate epigenetic altera-
tions that contribute to long-term disruptions of the D2R in
adulthood, predisposing the individual to addiction and other
psychiatric disorders [43, 48].

Other evidence exists demonstrating that histone modifi-
cation plays an important role in the mechanism by which
cannabinoids exert immunological effects. Data from vari-
ous animal models suggests that in utero exposure to canna-
binoids results in important T cell dysfunction and a greatly
reduced immune response to viral antigens, likely through
modifications at the CB2 receptor [49, 50]. Furthermore, evi-
dence from animal studies indicates that the immunosup-
pressive effects of cannabinoids can be mediated through
epigenetic mechanisms such as altered microRNA, DNA
methylation, and histone modification profiles. Such studies
support the hypothesis that parental or prenatal exposure to
cannabis can activate epigenetic changes that could have
immunological consequences for offspring as well as long-
term transgenerational effects [48, 50-52]. Finally, environ-
mental factors can induce epigenetic alterations in the germ
cells that can potentially be transmitted trans-generationally.
Germ cells (sperm, oocytes) are also sensitive to cannabi-
noids, but the exact underlying epigenetic mechanisms
remain to be determined [48, 50, 51].
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Prenatal Cannabis Exposure
and Developmental Effects

Although the relationship between maternal cannabis use
during pregnancy and the effects on pregnancy and child out-
come is complex, there is increasing evidence from epide-
miological and experimental studies suggesting negative
effects on the pregnancy and the prenatally exposed individ-
ual [53, 54].

The Impact of Cannabis Exposure on the Infant

Cannabis does not appear to produce an increased risk for
physical birth defects in exposed infants [54]. Stillbirth [55],
shorter gestation lengths, decreased birth weight, and deficits
in other growth measures have been reported in some studies
[56, 57], although others have shown little to no effect on
these birth outcomes [21, 54].

Using the NICU Network Neurobehavioral Scale, a tool
to assess infant neurobehavior in at-risk, particularly
substance-exposed infants from birth until 1 month of age
[58], negative effects of prenatal cannabis exposures indicat-
ing neurotoxicity have been reported. These include deficits
in visual functioning, tremors, jitteriness, hypotonia, leth-
argy, and difficulties with arousal and regulation [59, 60].
One Jamaican study found enhanced neurobehavioral func-
tioning; however, possible confounding variables associated
with socioeconomic status were reported [61]. Prenatal can-
nabis exposure has been associated with sleep disturbances
during the neonatal period [62] and at 3 years of age [63].

The Impact of Cannabis Exposure
on the Developing Child

Evidence for cannabis effects on child growth and develop-
ment is often difficult to interpret and fraught with confound-
ing factors such as socioeconomic status, psychosocial
conditions, and other substance abuse including tobacco use.
In longitudinal studies, other confounding factors include
genetic vulnerability, parenting and lifestyle issues, eco-
nomic disadvantage, and stress. However, there are similari-
ties in results of these studies indicating cognitive, behavioral,
emotional, and substance use problems in prenatally exposed
children and adolescents [64, 65].

Much of the data collected on the effects of prenatal expo-
sure to cannabis come from three longitudinal studies: the
Ottawa Prenatal Prospective Study (OPPS) in the 1970s [64,
66], the Maternal Health Practices and Child Development
(MHPCD) Study in the 1980s [67—-69], and the Generation R
(GenR) Study in the early 2000s [70, 71]. The OPPS [59]
evaluated a low-risk white middle-class population of 698

pregnant women with 140 selected for follow-up. The use of
a low-risk sample that self-reported heavy cannabis use
allowed the evaluation of drug effects in relative isolation,
without the stressors seen in higher risk populations; but it
did not control for nicotine or alcohol exposures. The
MHPCD Study [67] followed 564 high-risk, mixed-race
pregnant women of low socioeconomic status. The use of a
high-risk study group allowed more generalizability of
results, but multiple confounders are inherently difficult to
fully control for. The GenR Study [70] is a prospective cohort
of 9778 multiethnic pregnant women, following 220 who
used cannabis during pregnancy, the majority (177) using
cannabis only during the first trimester. This study, still in
progress, is evaluating the effects of behavior on health
including healthcare and maternal determinants for cannabis
smoking, and the interplay of factors that can affect both are
complex and challenging.

The three studies produced variable results particularly in
early childhood development, perhaps due to population dif-
ferences, differences in dose/potency of THC in the cannabis
used, route of administration, and the multiple confounders
often affecting child development observations in substance-
exposed populations. However, all three noted variable del-
eterious effects of prenatal cannabis exposure on offspring.
Using the Bayley Scales of Infant Development, develop-
mental testing that assesses development in cognitive, lan-
guage, motor, social-emotional, and adaptive behavior
domains, the OPPS found no differences in scores at 12 and
24 months between exposed and non-exposed children,
advanced motor skills at 36 months, and lower memory
functioning and verbal scores at 48 months in exposed chil-
dren. At 6 years, exposed children had more impulsivity and
hyperactivity, and at 9-12 years, they had impaired visual
perceptual functioning [59, 66]. The MHPCD Study [67]
found lower Bayley scale scores at 9 months, no differences
at 19 months, and lower short-term memory functioning and
verbal reasoning in African American participants only at
36 months. At 6 years, cannabis-exposed children overall
were more impulsive and hyperactive. The GenR Study
found more aggression and inattention for exposed girls only
at 18 months, and at 30 and 36 months, no differences
between exposed and non-exposed children were observed
[70]. However, the literature offers little support for a direct
relationship between prenatal or perinatal marijuana expo-
sure and childhood aggression, particularly after accounting
for potential confounders.

In opposition to the variability of effects of cannabis on
earlier childhood development, prenatal exposure effects for
adolescents and young adults have been fairly consistently
described. This “unmasking” of earlier deficits [66] with
onset of effects during school age or adolescence, especially
on executive functioning, may be explained by the theories
of “early programming” or the “Developmental Origins of
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Health and Disease” [72]. This theory proposes that adverse
exposures early in life may reprogram the fetus or infant for
immediate adaptation to prenatal and/or neonatal environ-
mental perturbations but enhance the risk of subsequent
pathologies. The OPPS found reduced visual perception and
increased impulsivity at 9—12 years; decreased concentra-
tion, visual memory, and verbal reasoning at 13-16 years;
and reduced response inhibition at 18-22 years. The MHPCD
Study found diminished abstract and visual reasoning, con-
centration, internalization, learning and memory, and 1Q
scores, along with elevated externalization, depression,
impulsivity, hyperactivity, and delinquency at 10 years. At
14 years enhanced delinquency persisted, and at 16 years,
there was slightly diminished fine motor coordination [73].
The GenR population data for older children has not yet been
reported.

Postnatal Cannabis Exposure and Effects
on the Developing Child

Maternal Cannabis Use Disorder (CUD)

Acute and chronic effects of cannabis use on the mother are
important to consider, as they are likely to affect her ability
to care for and develop a relationship with the infant. There
are multiple short-term effects of cannabis use that would
impact parental care, including impairment of key executive
functions such as attention, memory, and decision-making.
Impaired judgment, motor coordination, and reaction time
have also been associated with impaired driving ability, put-
ting the mother and the unborn/born child or children at risk.
In high THC doses, paranoia and psychosis are possible.
Some of these impairments have been found to persist after
acute intoxication, particularly in chronic users. Effects of
long-term or heavy use may include addiction and affiliated
behaviors, increased likelihood of depression and anxiety,
diminished memory and impaired executive functioning,
high-risk sexual behavior, and aggressive behavior during
withdrawal [74, 75]. Women with CUD also often have
comorbid psychiatric disorders, which may predate cannabis
use or result from chronic cannabis abuse.

It is easy to understand how any one of these conditions, or
any combination, could harmfully affect the mother’s deci-
sion-making prior to pregnancy, during pregnancy, or when
parenting and could ultimately negatively affect child safety
and development. Altered ability to respond appropriately
and contingently to infant cues due to periodic changes in
consciousness or mood can result in developmental harm, i.e.,
effects on emerging infant language. Acute effects of THC
exposure, combined with risk taking and poor judgment, can
result in physical harm to the infant, i.e., inability of the
mother to respond appropriately to infant distress. Finally,

impairments observed in parenting among women with SUDs
may be secondary to the dysregulation of stress and reward-
related neural circuits in addiction. The reward-stress dys-
regulation model of addicted parenting proposes that given
anomalous connectivity in brain regions that mediate reward-
ing vs. stressful cues and experiences, including the nucleus
accumbens and amygdala, parenting or caring for a child is
less rewarding and more stressful. Women with addiction dis-
orders frequently find normally rewarding infant cues to be
stressful, creating a risk for relapse to substance use, which
by experience, brings relief from stress [76].

Lactation and the Cannabis-Using Women

As cannabis use in the USA becomes more common, num-
bers of lactating cannabis-using women and concerns regard-
ing the safety of lactation in cannabis-using women for the
child have also increased. There is evidence that chronically
cannabis-using women do not decrease use during lactation
[77]. Consequently, it is difficult to sort out the effects of
postnatal cannabis exposure via breast milk from prenatal
exposures, as the two are likely to occur sequentially. It is
important to consider that women who use cannabis while
breastfeeding are likely to be chronic users who have CUD
with reduced control over their use and that postnatal expo-
sures may compound with prenatally acquired deficits.
Additionally, there is evidence that lactation care providers
are promoting lactation for cannabis users regardless of
active or chronic use status 85% of the time [78].

There are several difficulties that face providers when car-
ing for cannabis-using women who desire lactation. The first
is unclear and inconsistent guidelines. While AAP and
ACOG policies are consistent in advising that cannabis use is
contraindicated during breastfeeding [54, 79] as have recom-
mendations from Hale’s and LactMed [80, 81], other guide-
lines have changed to include the possibility of cannabis use
during lactation [82, 83]. Current literature includes recom-
mendations for absolute cessation of marijuana use during
lactation [84] to continued breastfeeding with concurrent use
[85]; however, much of it is based on opinion. Pumping and
dumping until maternal toxicology comes back negative for
substance use may be prolonged and problematic due to the
extended half-life of THC in chronic users [86, 87].

THC readily appears in breastmilk at concentrations up to
7.5 times plasma concentrations and is absorbed and metabo-
lized by the infant [88]; metabolites (e.g., tetrahydrocannabi-
nolic acid) are found in infant stool. THC delivered via
lactation to the infant may affect various neurotransmitter sys-
tems leading to changes in neurobiological functioning of the
infant [24], as described above. Secondhand exposures should
also be considered, as THC is present in exhaled breath for 2 h
after a single cannabis cigarette, which corresponds to a



184

M. L. Velez et al.

newborn feeding schedule. Secondhand exposures may be sig-
nificant, mimicking active cannabis smoking in extreme cir-
cumstances [89].

Studies evaluating effects of cannabis delivered via lacta-
tion on infant development are variable. Infant effects includ-
ing sedation, growth delay, low tone, and poor sucking [90]
have been reported. Both effects on motor development [91]
and no effects on development [92] have been reported.
Infant safety is another concern. Breastfeeding necessarily
means that the dyad is in close proximity, and for women
with CUD and active cannabis use, this may portend harmful
environmental exposure.

Identification and Treatment of Pregnant/
Parenting Women with CUD

Based on the effects of cannabis on the mother and concerns
about the potential negative effects of maternal marijuana
use on the child, there is substantial justification for the
implementation of systematic identification and treatment of
the mother and child affected by marijuana use. Screening,
brief intervention, and referral to treatment are evidence-
based approaches to effectively manage substance use
disorders.

Optimal identification of CUD and compassionate, non-
judgmental counseling or referral for treatment can have a
crucial impact on pregnancy and long-term health outcomes
for both the mother and her child. Identifying the pregnant
women with a CUD can be difficult. Self-report is the most
economic and common method to screen substance use dur-
ing pregnancy, but maternal interview may be unreliable. In
one report evaluating 422 first obstetric visits, 11% of women
disclosed any current or past cannabis use, but 27% tested
positive for THC. Thirty six percent of the women who were
positive for cannabis did not disclose current use [93].

Although disputed by some due to the legal consequences
in regions in which marijuana use is banned [94], the
American College of Obstetricians and Gynecologists [54]
recommends that before pregnancy and during pregnancy, all
women should be asked about their use of tobacco, alcohol,
and other drugs, including marijuana and other medications
used for nonmedical reasons. This committee emphasizes
“that the women should be informed that the purpose of
screening is to allow treatment of the substance use disorder,
not to punish and persecute her. Women need to be informed
of the potential consequences of a positive screen, including
any mandatory requirements” [54].

Screening tools used in the periconceptional settings are
generally questionnaires that are designed to be administered
face-to-face by the provider to the woman. They should be
administered multiple times during gestation, because

patients may be more willing to disclose substance use prob-
lems once they develop rapport with a provider [95].

Screening tests can also provide an opportunity to educate
the patient. Studies indicate that women frequently use the
Internet, social media, friends, or relatives to seek informa-
tion about marijuana and pregnancy. Pregnant women seek-
ing information regarding gestational cannabis use reported
little concrete information from providers [96], and one study
showed that the majority (74%) of information delivered was
vague and unclear [97]. In another study, nearly half of
patients reporting marijuana use during pregnancy received
no specific counseling or information, although among those
who reported both marijuana and nicotine use, 86% received
tobacco counseling [98]. Providers tend to focus more on
legal than health risks when counseling pregnant patients and
generally believe marijuana to be less harmful than other sub-
stances [98]. Consequently, women continue to use cannabis
during pregnancy. In one study evaluating 306 surveys of
women attending an urban OB clinic, 35% of women reported
current use of cannabis and 34% of those women continued to
use, with only 27% noting a doctor’s recommendation as
motivation to quit [99]. Cannabis use in pregnancy is fre-
quently accompanied by the use/abuse of other substances,
such as tobacco and alcohol [100].

With changing legal landscapes, the role of the provider
in identifying, evaluating, and treating cannabis-using preg-
nant women has become less clear. There is evidence that
providers are more willing to accept cannabis use during
pregnancy and lactation [78] largely due to ambiguous infor-
mation, misperception of risk, lack of training, or scarcity of
time or resources to address detected substance use.

Toxicology screening for the determination of drugs and
metabolites in maternal and neonatal biological samples
offer a more objective and reliable approach; however, there
is no good way to understand maternal marijuana use using
biomatricies. Neonatal specimens (meconium, cord, and
urine) directly reflect fetal exposure to drugs during preg-
nancy. Urine toxicology testing is most commonly used;
however, THC can remain positive in urine drug screens for
long periods of time after cessation of use in chronic users.
Meconium and umbilical cord testing can detect use during
the second and third trimesters but does not differentiate pat-
terns of abstinence closer to delivery and as such are matri-
ces of limited use when evaluating women in substance use
disorder treatment. Meconium passage may be delayed up to
5 days after birth, and if passed before birth, drug testing
cannot be performed. Newborn toxicology screening primar-
ily focuses on identifying families at risk of ongoing drug
use, to address child protection concerns that may be associ-
ated with parental drug use and to provide appropriate treat-
ment for suspected cases of withdrawal or intoxication.
Synthetic cannabinoids, which are more psychoactive than
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cannabis, are currently non-detectable in standard urine toxi-
cological tests now available.

Achieving abstinence in the treatment of CUD is difficult,
and it should be recognized that complete cessation or absti-
nence of cannabis use is not possible for many women. It has
been reported that most marijuana users seeking treatment
had multiple quit attempts and perceived themselves as
unable to stop [101]. Nevertheless, early detection of a CUD
during pregnancy can initiate ongoing support and may pro-
duce potentially valuable lifestyle changes that go beyond the
perinatal period. It is advised that all pregnant women should
be offered screening and support for cessation and relapse
prevention at each antenatal visit throughout pregnancy.

Regular users of cannabis may be offered a range of alter-
nate interventions including information, brief intervention,
counseling, and psychologically based treatment for canna-
bis dependency. Pregnant women who are regular users of
cannabis or have a CUD should be referred for comprehen-
sive substance use disorder treatment. The proportion of
admissions to substance use treatment facilities for pregnant
women reporting any cannabis use, in addition to the propor-
tion of admissions for pregnant women reporting cannabis
use as a primary substance, has increased dramatically in the
last two decades [102].

To date the most successful treatments for CUD have
included combinations of motivation enhancement treatment
(MET) plus cognitive-behavioral coping skills training
(CBT) and/or contingency management (ContM) approaches

[75, 103]. In addition to the CUD treatment, the mother will
need obstetric and gynecologic care including contraception
post-pregnancy, psychiatric evaluation/treatment (if war-
ranted), pediatric care for all children, and referral to neces-
sary services such as housing, legal assistance, trauma-related
treatment, etc. (Fig. 17.3).

The CUD intervention should be comprehensive, support-
ive, and nonjudgmental. Asking the woman to comment on
her perceived level of severity may allow for more open dis-
cussion of other important problem areas and high-risk situ-
ations, which will subsequently allow for the development of
strategies for change, including coping with cravings, and
goal setting. Treating mental health disorders with standard
treatments involving medications and behavioral therapies
may help reduce or eliminate cannabis use, particularly
among those involved with heavy use and those with chronic
mental health disorders. Finally, knowledgeable pediatric
care that includes close developmental follow-up and atten-
tion to maternal substance use and its effects on parenting
and child development should be instituted for all cannabis-
exposed children.

Summary

Marijuana use and CUD are common among pregnant and
lactating women in the USA. There are several identified
mechanisms of potential harm resulting from THC exposure
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to the fetus and developing child, and the acute and long-
term effects of prenatal THC exposure to child development
have been described. It is recommended to minimally advise
the cessation of marijuana use for all pregnant and lactating
women and to further advise women caring for developing
children to continue abstinence. Failing to seek out or to
address the problems associated with marijuana use by preg-
nant and postpartum women when they are identified, regard-
less of its legal status, is missing an opportunity for
intervention for a woman needing treatment, a child at risk
for neurobiological and developmental problems, or a dyad
at risk for negative outcomes associated with an untreated
maternal substance use disorder. Healthcare providers should
have training and resources available to be able to screen,
identify, and provide readily available and comprehensive
treatment for women with CUD in the perinatal period.
Additionally, providers should have access to interpretable
guidelines based on empirically derived evidence and be able
to present a balanced and informed risk assessment to pre-
pregnant, pregnant, and postpartum women, with available
treatment options for women who may have difficulty
abstaining from use.
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