
 
 

 

 
Int. J. Mol. Sci. 2026, 27, 1398 https://doi.org/10.3390/ijms27031398 

Review 

Recreational Cannabis Use During Human Pregnancy: Its  
Effects on the Placenta and Endocannabinoid System 
Madhavi S. Harhangi 1,2,3,*, Lisa Höfert 4, A. H. Jan Danser 2,*, Hilmar H. Bijma 3, Sinno H. P. Simons 1,  
Irwin K. M. Reiss 1,5, Sven Baumann 4 and Michelle Broekhuizen 1,2 

1 Department of Neonatal and Pediatric Intensive Care, Division of Neonatology, Erasmus MC University 
Medical Center, 3015 GD Rotterdam, The Netherlands; s.simons@erasmusmc.nl (S.H.P.S.);  
i.reiss@erasmusmc.nl (I.K.M.R.); m.broekhuizen@erasmusmc.nl (M.B.) 

2 Department of Internal Medicine, Division of Pharmacology and Vascular Medicine, Erasmus MC 
University Medical Center, 3015 GD Rotterdam, The Netherlands 

3 Department of Obstetrics and Gynaecology, Division of Obstetrics and Fetal Medicine, Erasmus MC 
University Medical Center, 3015 GD Rotterdam, The Netherlands; h.bijma@erasmusmc.nl 

4 Institute of Legal Medicine, Medical Faculty, University of Leipzig, 04109 Leipzig, Germany;  
lisa.hoefert@medizin.uni-leipzig.de (L.H.); sven.baumann@medizin.uni-leipzig.de (S.B.) 

5 Division of Neonatology and Pediatric Intensive Care, University Children’s Hospital Eppendorf,  
20246 Hamburg, Germany 

* Correspondence: m.harhangi@erasmusmc.nl (M.S.H.); a.danser@erasmusmc.nl (A.H.J.D.) 

Abstract 

The use of cannabis during pregnancy is increasing, in line with its growing societal 
acceptance and legalization. Cannabis use mainly concerns its active components Δ9-
tetrahydrocannabinol (THC) and cannabidiol (CBD). While cannabis has therapeutic 
effects on pain, nausea, and vomiting, its impact on fetal development remains a 
significant public health concern. Given the existence of a local endocannabinoid system 
(ECS) in the placenta, with proven effects on placental development and blood flow, it is 
likely that THC and CBD exert effects via interference with the placental ECS. This review 
summarizes how cannabis use affects the placental ECS and describes the consequences 
of such use on placental function and fetal development. It starts with discussing the 
placental ECS, the effects of THC and CBD on placental function, and the 
pharmacokinetics of cannabinoids during pregnancy. It then describes the effects of both 
paternal and maternal cannabis use and provides epidemiological data linking placental 
insufficiency, impaired fetal growth, and preeclampsia to cannabis use. It also raises 
awareness for the possibility that cannabis use, by altering DNA methylation, might result 
in transgenerational effects. It is concluded that current evidence supports abstaining 
from cannabis use during preconception, pregnancy, and lactation to optimize maternal, 
fetal, and intergenerational health outcomes. 
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1. Introduction 
Cannabis has a long history of medical use, including the treatment of dysmenorrhea 

and pregnancy-related nausea [1], and its use during pregnancy is controversial. 
Nowadays, the FDA has approved several cannabis-containing products like Marinol® to 
stimulate appetite, Sativex® for pain relief, and both Syndros® and Cesamet® for nausea 
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and vomiting [2]. Indeed, cannabis seems to be effective for the treatment of pregnancy 
vomiting and morning sickness [3]. Yet its fetal and placental health risks should not be 
ignored [4,5], and thus with regard to the aforementioned drugs, it is often stated that they 
should be avoided during pregnancy. Remarkably, despite the latter, cannabis use among 
pregnant woman is currently increasing [6–9]. The COVID-19 pandemic might have 
contributed to this [10], together with cannabis legalization and the increased societal 
acceptance of cannabis use [11]. Therefore, it is important to summarize what is known 
and to identify where important knowledge gaps remain. 

The active components of Cannabis sativa are referred to as (phyto)cannabinoids 
[12,13]. At least 144 have been identified [14], with Δ9-tetrahydrocannabinol (THC) and 
cannabidiol (CBD) being the most studied ones [12]. Importantly, the human body 
possesses its own endocannabinoid system (ECS), and cannabinoids are likely to exert the 
same effects as endocannabinoids, e.g., affecting inflammation, appetite, mood, and stress 
[15,16]. Moreover, endocannabinoids and plant-derived cannabinoids share structural 
similarities, like lipophilicity, hydrophilic heads, and long fatty acid chains [17,18]. In this 
review, we will refer to phytocannabinoids as “cannabinoids” and endogenous 
cannabinoids as “endocannabinoids.” 

A local, endogenous ECS is present in the placenta [19,20]. The placenta is a vital 
organ that develops during pregnancy, facilitating the exchange of nutrients, gases, and 
waste products between the mother and fetus, while also producing hormones essential 
for maintaining pregnancy [21]. It serves as a barrier and regulator of substances that pass 
between maternal and fetal blood, playing a critical role in fetal development. The 
placental ECS is believed to regulate cell growth, differentiation, and immune responses 
[19]. To what degree maternal endocannabinoids affect or cross the placenta is currently 
unknown. Yet, certain cannabinoids have been reported to cross the placenta [22,23]. 

This review aims to explore the effects of maternal cannabis use on 
endocannabinoid/cannabinoid signaling of the placenta during pregnancy in order to 
understand why cannabis use would affect placental function and fetal development. After 
introducing the placental ECS, the effects of CBD and THC on placental functional processes 
are discussed. Next, we focus on their pharmacokinetics and summarize the clinical 
outcomes of maternal and paternal cannabis use, also considering the long-term effects of 
such use, i.e., after birth. The review ends with an overall conclusion and future outlook. 

2. Material and Methods 
A literature search was performed in Pubmed with the following search terms: 

(“cannabis”[MeSH Terms] OR “cannabis”[All Fields] OR “cannabi”[All Fields] OR 
“cannabis s”[All Fields]) AND (“placenta”[MeSH Terms] OR “placenta”[All Fields] OR 
“placentas”[All Fields] OR “placenta s”[All Fields] OR “placentae”[All Fields]). All papers 
were sorted based on the following categories: functional and cellular effects of cannabis 
use on the placenta, metabolism and transport, pharmacokinetics, and epidemiology. 

3. The Endocannabinoid System in the Placenta 
A schematic overview of the ECS is shown in Figure 1. The placental ECS is not 

unique, as an independent ECS has also been described in the brain and liver [24]. 
Endocannabinoids are lipid-signaling molecules produced from membrane 
phospholipids [19,25–27]. N-acetyltransferase and phospholipase C convert these 
membrane phospholipids into N-acyl phosphatidylethanolamine and diacylglycerol, 
respectively. In turn, these products are converted into the two major endocannabinoids, 
anandamide (AEA) and 2-arachidonoylglycerol (2-AG), by the enzymes N-acyl 
phosphatidylethanolamine (NAPE)-specific phospholipase D and 1,2-diacylglycerol 
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(DAG) lipase α/β. AEA is subsequently hydrolyzed into ethanolamine by fatty acid amide 
hydrolase (FAAH) 1 or 2, with FAAH1 displaying greater hydrolytic activity than FAAH2 
[28,29]. 2-AG is metabolized by monoacylglycerol lipase (MAGL) [19]. Minor routes of 
AEA and 2-AG hydrolyzation involve α/β-hydrolase-6 and -12. The byproduct of the 
hydrolyzation of these endocannabinoids is arachidonic acid, which can be metabolized 
by cyclooxygenase into prostaglandins [30,31]. Some prostaglandins are capable of 
inducing nitric oxide production in endothelial cells, which can contribute to vasodilation, 
while others can also inhibit nitric oxide synthase 3, leading to vasoconstriction [32]. Other 
endocannabinoids include the N-acylethanolamines palmitoyl ethanolamine and oleoyl 
ethanolamine, but their biological role is incompletely understood [33]. 

 

Figure 1. A schematic overview of the ECS in the human placenta. Figure was made with Biorender.com. 
Abbreviations: CB1, cannabinoid receptor 1; CB2, cannabinoid receptor 2; NO, nitric oxide. 

Endocannabinoids can be transferred in and out of the cell via the endocannabinoid 
membrane transporter (Figure 1). Extracellular endocannabinoids interact with 
cannabinoid receptors 1 and 2 (CB1 and CB2) on the cell membrane. Both receptors occur 
in the human placenta [34,35], where they are expressed in cytotrophoblasts, 
syncytiotrophoblasts, and extravillous trophoblasts, as well as in endothelial cells [26,36]. 
They contribute to trophoblast differentiation [37], migration [38], and invasion [39] but 
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are also involved in mitochondrial function [40], apoptosis [37], and angiogenesis [41]. 
Both CB1 and CB2 signal through the extracellular signal-regulated kinase pathway 
[42,43] and vascular endothelial growth factor (VEGF) [41]. 

The transient receptor potential cation channel subfamily V (TRPV) can also be 
affected by endocannabinoids [44]. All six (TRPV1-6) channels are expressed in the 
placenta [35]. TRPV1 is expressed in cytotrophoblasts and syncytiotrophoblasts and 
induces caspase 3 and 7 activation [45], thereby affecting apoptosis [46] and trophoblast 
viability [45]. Moreover, TRVP1 co-localizes with CB1, thus potentially influencing its 
downstream effects [44]. The role of TRPV2 and TRPV3 in the human placenta is not yet 
fully understood [47], although TRVP2 might play a role in placental development [48]. 
TRPV4 is found in both trophoblasts and endothelial cells, and it is important for vascular 
function [47,49]. TRPV5 is mainly found in Hofbauer cells, while TRPV6 occurs in 
trophoblasts and endothelial cells [47]. Both TRPV5 and TRPV6 are involved in 
transcellular calcium transport [50]. 

Three orphan receptors are also considered part of the placental ECS [51]. The first is G-
protein coupled receptor 55, which is now also known as cannabinoid receptor 3 [52]. 
Although it lacks the typical cannabinoid receptor binding pocket [53], it binds cannabinoids 
like AEA [54,55] and was reported to play a role in endothelial cell migration in the placenta 
[53]. The second cannabinoid-related receptor is G-protein coupled receptor 18 [56]. It is 
considered a cannabinoid-related receptor. This receptor is expressed in decidual cells, 
vascular smooth muscle cells, and extravillous trophoblasts and has an anti-inflammatory role 
[57]. The third orphan receptor is G-protein coupled receptor 119 [51]. Remarkably, it could 
only be detected at the protein and not the mRNA level in the placenta [58,59]. 

Nuclear receptor peroxisome proliferator-activated receptor gamma (PPARγ) might 
also associate with the ECS. It can bind cannabinoids and occurs in cyto- and 
syncytiotrophoblasts, affecting their differentiation and invasion [60–62]. Nevertheless, it 
is not considered a cannabinoid receptor [35]. 

Finally, opioid receptor μ may bind endocannabinoids and/or interact with CB1 [63]. 
It has been demonstrated in placental tissue, although its specific location is not known [64]. 

Endocannabinoid Imbalance 

The ECS plays a key physiological role in early pregnancy [19]. Because these processes 
depend on tightly controlled receptor signaling, precise regulation of the ECS is required 
for successful implantation and proper placental development [19]. Elevated systemic AEA 
levels inhibit blastocyst attachment and trophoblast differentiation [65,66]. AEA plasma 
levels are higher in women with miscarriages compared to women with live births [66]. 
Dysregulated endocannabinoid metabolism occurs in preeclampsia and fetal growth 
restriction, where elevated CB1 expression and altered FAAH1 activity might contribute to 
defective trophoblast invasion and insufficient uterine vascular remodeling [67,68]. The 
elevated FAAH2 levels observed in preeclampsia [69] might underlie the augmented 
inflammatory responses in this disorder [70]. In pregnant woman where the ECS balance is 
critical, cannabis use can lead to dysregulation of the maternal immune system [71]. 

4. Functional and Cellular Effects of Cannabis Use on the Placenta 
The placenta contains many different cell types that interact with each other [72]. On 

the maternal side, the uterine compartment contains maternal endometrial and decidual 
cells as well as fetal extravillous trophoblasts that invade the uterine lining at the 
beginning of pregnancy and aid in the remodeling of spiral arteries, which fill the 
intervillous space with maternal blood from the second trimester onwards. The 
intervillous space contains the fetoplacental villous trees, which are lined by a 
syncytiotrophoblast layer bathing in maternal blood. Beneath the syncytiotrophoblast 
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layer is a cytotrophoblast layer, and the villous core contains mesenchymal cells, which 
include the fetal endothelial cells that form the fetoplacental vasculature. 

4.1. Placental Endocrine Effects and Effects on the Placental ECS 

To the best of our knowledge, there is no strong association between cannabinoid use 
and changes in endocrine function of the placenta. In women who smoked cannabis during 
pregnancy, the plasma concentrations of the placental hormones human chorionic 
gonadotropin, pregnancy-specific beta-1-glycoprotein, human placental lactogen, 
progesterone, 17-hydroxyprogesterone, estradiol, and estriol were unaltered compared to 
matched controls throughout all trimesters of pregnancy [73]. However, there was a wide 
range in the frequency of cannabis use in the group of women who used cannabis during 
pregnancy, and a potential dose-dependent effect can therefore not be excluded. At high 
concentrations in vitro (>20 μmol/L), THC was reported to impact placental estrogen 
signaling, which plays important roles in placentation and placental development [74]. In 
both villous explants and BeWo cells (a human cell line derived from a placental 
choriocarcinoma), THC resulted in enhanced estrogen signaling through upregulated 
expression of one of the rate-limiting enzymes in estrogen production, cytochrome P450 
aromatase, in an estrogen receptor α- and CB1-dependent manner [74]. Yet, in endometrial 
stromal cells, THC had no effects on estrogen signaling, while CBD was reported to inhibit 
endothelial stromal cell differentiation by attenuating the physiological upregulation of 
estrogen signaling [75]. These opposing effects of THC and CBD suggest cell type-specific 
mechanisms that have yet to be uncovered. Altogether, cannabis constituents may affect 
placental endocrine functions, particularly estrogen signaling, and these effects may explain 
infertility and pregnancy problems in women who use cannabis during pregnancy. 

With regard to the expression levels of ECS components (including CB1 and CB2), 
only NAPE-specific phospholipase D was upregulated in placental villous biopsies from 
mothers who used cannabis during pregnancy compared to healthy placentas [20]. 
Remarkably, despite the unaltered CB1 and CB2 expression, AEA and 2-AG 
predominantly appeared to signal through non-CB receptors [20]. 

4.2. Trophoblast Migration and Implantation 

Initial placental development depends on tight regulation of trophoblast 
proliferation, differentiation, migration, and invasion [76]. These processes are known to 
involve endocannabinoid components and are thus likely to be affected by exogenous 
cannabis constituents. In women who smoked cannabis during pregnancy—and did not 
use tobacco or alcohol—the placentas presented with an increased number of 
syncytiotrophoblast knots and fibrin exudation in the villous stroma [38]. These 
pathological changes may contribute to an impaired placental transfer of oxygen, 
nutrients, and waste products, potentially hampering fetal growth. 

In vitro studies with cell lines indicate that THC causes impaired trophoblast 
development. Several studies have reported that THC can inhibit proliferation, impair 
mitochondrial respiration, and induce oxidative stress in cytotrophoblasts (primary and 
BeWo cells) at concentrations of 20 μmol/L and higher [37,77,78]. Importantly, THC was 
also shown to attenuate syncytialization [37], the fusion and morphological differentiation 
of cytotrophoblasts into syncytiotrophoblasts, as well as reduce the capacity of 
trophoblasts to migrate and invade [38,79,80], all of which are crucial events in placental 
development. THC may, however, have biphasic effects in trophoblasts [81]. One study 
reported enhanced 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
metabolism (an indicator of cell viability), reduced reactive oxygen species production, 
and increased adenosine triphosphate production in primary trophoblasts at THC 
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concentrations at or below 20 μmol/L [37]. In mice, THC was also shown to impact 
trophoblast stem cell differentiation in a CB1-dependent manner [82]. 

The effects of CBD seem to mimic those of THC. Indeed, it also decreases cell 
viability, proliferation, and mitochondrial respiration, associated with disruption of the 
mitochondrial membrane potential, increased oxidative stress and autophagy at 
concentrations at or above 5 μmol/L [83,84]. Moreover, CBD (at concentrations > 2 μmol/L) 
impaired differentiation and migration of cytotrophoblast- and syncytiotrophoblast-like 
cell lines, i.e., BeWo and HTR-8/SVneo [80,83,84]. 

It is important to note that the concentrations of CBD and THC applied in these 
studies are significantly higher compared to the levels measured in persons who smoke 
cannabis. THC was reported to reach peak serum concentrations > 100 ng/mL (320 
nmol/L) [85–87], while CBD concentrations appear to be lower (>2 ng/mL; 6 nmol/L) [87]. 
It should, however, be noted that both chemicals are highly lipophilic, and thus it is 
possible that they accumulate in fat tissue at higher concentrations. These data indicate 
that cannabis abuse may impact trophoblasts’ differentiation and implantation. 

It is not only the trophoblasts that determine the success of implantation of an embryo. 
Endometrial cells undergo a process called decidualization, which is important to create a 
receptive uterine environment [88]. This process can be affected by cannabinoids. THC and 
CBD are toxic to decidualizing-immortalized human endometrial stromal cells at 
concentrations > 20 μmol/L [39]. Even at a non-toxic and more clinically relevant 
concentration of 0.5 μmol/L [85,86], THC and CBD inhibited decidualization, delayed the 
attachment of trophoblasts spheroids to decidualized endometrial cells, and reduced the 
invasive capacity of trophoblasts into the decidualized endometrial cells [39]. One other 
study did not report any effects of THC on decidualization of immortalized endometrial 
cells, potentially due to the application of lower concentrations (<10 μmol/L) [75]. They did, 
however, find that CBD attenuated endometrial cell differentiation through inhibition of the 
physiological increase in estradiol production in differentiating endometrial cells [75]. 

Altogether, these data suggest that THC and CBD can affect reproductive capacity 
by impairing cell proliferation, differentiation, and migration of trophoblasts as well as 
endometrial cells. An overview of all functional and cellular effects of cannabis use on the 
placenta can be found in Figure 2. 

4.3. Angiogenesis 

Cannabis use during pregnancy may cause impaired angiogenesis in the placenta. 
Pregnant women who smoked cannabis presented with a more narrow placental vascular 
network [89]. Similar features were visible in pregnant mice that were injected with 5 
mg/kg THC throughout pregnancy [89]. Yet, at a lower dose (3 mg/kg), THC mainly 
decreased the ratio between the fetal and maternal blood area in an increased placental 
labyrinth layer and reduced the expression of trophoblast labyrinth progenitor marker 
Epcam [90]. At the same dose, CBD did not cause changes as prominently as THC, 
although it still resulted in a relatively lower fetal blood space perimeter and reduced 
expression of the endothelial marker CD31 [91]. These changes were also associated with 
downregulation of angiogenesis and blood vessel formation-related processes, including 
responses to growth factors, NO signaling, and mitogen-activated protein kinase activity 
[91]. In vitro, THC reduced cell viability, impaired migratory capacity, and reduced tube 
length formation of human umbilical vein endothelial cells, potentially by inhibiting of 
the RhoA pathway [89]. Similarly, CBD inhibited endothelial cell proliferation, migration, 
and VEGF-dependent capillary sprouting [92]. 

In summary, these data suggest that both THC and CBD may directly impair blood 
vessel formation and angiogenesis, leading to a reduced fetal blood surface area in the 
placenta and impairing fetal development (Figure 2). 
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Figure 2. An overview of the functional and cellular effects of cannabis use on the placenta. Figure 
was made with Biorender.com. Abbreviations: CBD, cannabidiol; THC, Δ9-tetrahydrocannabinol. 

4.4. Vascular Regulation 

Both exogenous and endogenous cannabinoids can affect vascular tone. It is known 
that cannabis—in particular THC—causes an acute increase in heart rate, blood pressure, 
and arterial stiffness in humans [93,94]. A recent study also found that THC, but not CBD, 
increased post-exercise pulse pressure and left ventricular contraction duration [95]. 
These data indicate that THC has significant cardiovascular effects, which may impact 
pregnant women and their offspring. Although experimental studies in pregnant women 
are unethical, observational studies found a higher uterine pulsatility index in women 
who used cannabis throughout pregnancy compared to those who did not or smoked 
tobacco [96,97]. Additionally, continuous cannabis use was associated with fetal blood 
flow changes including an elevated umbilical artery pulsatility index (Umb Art PI), a 
decreased middle cerebral artery pulsatility index (MCA PI), and a consequently lower 
cerebral placental ratio (calculated as MCA PI/Umb Art PI), accompanied by a reduced 
fetal aorta inner diameter and lower pulmonary peak systolic velocity [96–98]. It should, 
however, be noted that these fetal aberrancies were also present in pregnant women who 
smoked tobacco during pregnancy [96,97], and thus it cannot be excluded that these 
effects were actually mediated by tobacco. In a non-human primate model, prenatal THC 
administration was not associated with changes in umbilical and uterine Doppler 
measurement. However, this study did observe reduced placental perfusion and fetal 
oxygen availability as measured by MRI, accompanied by a reduced amniotic fluid 
volume, increased placental micro-infarctions, and transcriptional changes in the placenta 
associated with alterations in cytokine binding, regulation of cell migration, cell-substrate 
adhesion, angiogenesis, and vascular development [99]. These data support the idea that 
THC can induce a degree of placental insufficiency. 

These vascular changes may directly result from an effect of exogenous cannabinoids 
via the vasodilator properties of the endocannabinoid system. Krzyżewska et al. [29] 
summarized that AEA and 2-AG can alter vascular tone via endothelial nitric oxide 
synthase, CB1, calcium-dependent potassium channels, and TRPV channels or indirectly 
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when converted into prostaglandin I2 and thromboxane A2. Recently, we identified that 
AEA and 2-AG can also dilate the fetoplacental blood vessels of healthy pregnancies [20]. 
In cannabis users, however, the responses to 2-AG was greatly diminished, and dilation 
to AEA was even entirely absent [20]. These data suggest that cannabis use during 
pregnancy significantly impacts vascular regulation, although a full understanding of the 
separate effects of all cannabis components is still lacking. 

THC has been reported to have vasodilatory effects [100–103]. Yet, the effects of 
cannabinoids appear to differ between large and small arteries and potentially between 
in vivo and in vitro conditions. O’Sullivan et al. [104] showed that vasodilation to THC 
was PPARγ- and endothelial-dependent but did not involve CB1 in the rat aorta and 
superior mesenteric artery. Besides direct effects, THC was also reported to affect 
responses to other agonists in an opposite manner in large conduit and small resistance 
arteries. Indeed, while THC amplified constriction to methoxamine and inhibited 
vasodilation to acetylcholine in resistance arteries, in conduit arteries, it attenuated 
constriction and had no effect on vasodilation [105]. Despite the THC-induced dilation 
observed ex vivo, THC caused CB1-mediated renal and mesenteric vasoconstriction in 
conscious rats [106]. Furthermore, although THC-induced vasodilation was enhanced in 
dissected arteries from N-nitro-L-arginine methyl ester-treated rats compared with 
controls, these effects were absent in vivo [106]. These discrepancies likely arise from 
interactions between cannabinoids and the systemic nervous system, which is missing in 
ex vivo preparations but which should be considered when performing such studies. 

In addition, CBD was shown to dilate blood vessels, relying on mechanisms that 
greatly differed between tissues. Similarly to THC, CBD dilated the rat aorta in a PPARγ-
dependent manner, although in this case, the response was not dependent on the 
endothelium but seemed to involve Ca2+ channel inhibition [107]. In human mesenteric 
arteries, CBD induced dilation via CB1, which was endothelium- and nitric oxide-
dependent [108]. CBD also dilated larger human pulmonary arteries endothelium-
dependently, although this was mediated through TRPV1 and not CB1 [109]. 

The data summarized above provide evidence that both THC and CBD can dilate 
arteries (Figure 2). However, the exact effects of these substances on the placental 
vasculature remain to be uncovered, as their mechanisms seem to differ largely depending 
on the tissue origin or the size of the blood vessel or may even change with disease, as 
indicated by our recent data in preeclamptic women [20]. 

5. Placental Metabolism and Transport 
Placental metabolism and transport are important processes that affect the exposure of 

the fetus to many biological and chemical compounds during pregnancy. Besides the potential 
transfer of cannabinoids to the fetal circulation when the mother uses cannabis during 
pregnancy, cannabinoids may also impact fetal development by altering placental metabolism 
and transport functions, potentially changing the fetal exposure to many other substances. 

It has been demonstrated that when administered during pregnancy, THC transfers 
from maternal to fetal plasma and accumulates in fetal tissues and amniotic fluid [110–
112]. In late-term non-human primates, THC crossed to the fetal circulation, reaching 
equal concentrations to the mother’s 3 h after administration, and accumulated in all fetal 
tissues—including the placenta—and in most organs at higher concentrations than 
plasma levels [112]. Interestingly, a human study of women who smoked cannabis in the 
last trimester demonstrated that cord blood levels of THC were up to six times lower than 
maternal levels [113]. In an open-circuit human placenta perfusion setup, Kumar et al. [22] 
found that the fetal-to-maternal clearance of THC was higher than the maternal-to-fetal 
clearance, suggesting that the THC concentrations would be lower in the fetal versus the 
maternal circulation in vivo. Importantly, their data also suggest that the placenta does 
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not metabolize THC into either 11-hydroxy-THC (11-OH-THC) or 11-nor-9-carboxy-THC 
(THC-COOH), although both of these metabolites seem to passively transfer between the 
maternal and fetal circulations [22]. A preferential efflux of THC from the fetal into the 
maternal circulation was confirmed in a follow-up study, where the same authors 
predicted that THC would have a fetal-maternal plasma ratio 0.35 ± 0.13 in the third 
trimester by applying a maternal-fetal physiologically based pharmacokinetic model 
[114]. It thus appears that the placenta contains an efflux mechanism that prevents the 
fetus from being exposed to the same THC levels as the mother. The responsible efflux 
transporters remain to be determined, but studies have excluded a potential role for P-
glycoprotein (P-gp; ABCB1), breast cancer resistance protein (BCRP; ABCG2), organic 
anion-transporting polypeptide 2B1, organic cation transporter 3, or organic anion 
transporter 4 [113,115,116]. THC’s metabolites, 11-OH-THC and THC-COOH, however, 
passively diffused across the placenta [113]. Moreover, it should be noted that THC and 
THC-COOH appear to be organic cation transporter 1 substrates and therefore may cause 
organic cation transporter 1-related drug interactions [115]. THC was also shown to 
noncompetitively inhibit amino acid uptake in term placentas, potentially hampering 
growth of the placenta and fetus [117]. 

The transfer of CBD has been studied in an ex vivo human placenta perfusion setup. 
Berman et al. [23] found that after 180 min dual closed-loop perfusion, the fetal levels 
corresponded with approximately 20% of the maternal levels, and they reported 
significant accumulation of CBD in placental tissue. Unfortunately, this study reports no 
data on the transfer of CBD before 180 min, and thus it cannot be concluded whether a 
steady state had been reached. 

In the same study, Berman et al. found no effect of CBD exposure on the expression 
of many transporters after 180 min perfusion [23]. This is in contrast with earlier findings 
in vitro with BeWo cells where CBD—applied at >3 fold higher concentrations—reduced 
the expression of efflux transporter and anti-apoptotic P-gp, while it increased the 
expression of the anti-apoptotic BCRP [118]. In another ex vivo human placenta perfusion 
study, CBD reversed the preferential transfer of glyburide towards the maternal 
circulation, into a preferential transfer towards the fetal circulation, which would result 
in a significantly higher fetal glyburide exposure [119]. Based on this, it was proposed that 
cannabis use during pregnancy may affect the transplacental transfer of (therapeutic) 
drugs and other molecules that are P-gp or BCRP substrates, making the safety of some 
drugs that are considered safe during pregnancy questionable. Besides transfer 
mechanisms, CBD may also impact placental metabolic processes. In vitro administration 
of CBD to human term placental explants resulted in disrupted tryptophan metabolism 
into either kynurenine or serotonin [120], both of which appear to require a tight 
regulation for healthy pregnancy outcomes [121,122]. 

In conclusion, both THC and CBD concentrations in the fetal circulation are predicted 
to reach 20–30% of the maternal plasma circulations. This relatively low maternal-to-fetal 
transfer cannot be taken as evidence for their safety. Their apparent accumulation in the 
placental and other fetal tissues [114] points towards potential toxic effects, and their 
indirect effects on other transport mechanisms and metabolism warrant further research. 

6. Cannabis and Cannabinoid Pharmacokinetics in Pregnancy 
The pharmacokinetics and metabolism of CBD and THC in non-pregnant humans are 

well studied [14]. Other cannabinoids include cannabichromene, cannabidivarin, and 
cannabigerol [123], although far fewer data are available regarding their disposition. Given 
that CBD and THC account for the majority of recreational and therapeutic exposure, this 
section focuses on the pharmacokinetics of these two compounds in pregnancy. 
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Pregnancy and lactation introduce substantial physiological changes that can modify 
all pharmacokinetic components, including the absorption, distribution, metabolism, and 
elimination profile of cannabinoids [124,125]. To contextualize mechanistic and clinical 
findings, this section summarizes current knowledge on the maternal, placental, and fetal 
pharmacokinetics of THC and CBD. An overview of cannabinoid metabolism and 
involved enzymes in the maternal liver, fetal liver, and placenta during pregnancy can be 
found in Figure 3. 

 

Figure 3. An overview of the pharmacokinetics of CBD (cannabidiol) and THC (Δ9-
tetrahydrocannabinol) during pregnancy, with indication of enzymes involved in the maternal liver, 
placenta, and fetal liver. Figure was made with Biorender.com. CYP: cytochrome P450; UGT: Uridine 5′-
diphospho-glucuronosyltransferase. 

6.1. Maternal 

The absorption of cannabinoids depends on the route of administration. After 
inhaled consumption, e.g., as a joint or using a vaporizer, THC is absorbed rapidly, 
resulting in high plasma peak concentrations after 3–10 min [126–128]. The bioavailability 
for this consumption method is around 10–35% [127,129]. In contrast, after oral 
consumption as so-called edibles, e.g., brownies or fruit gums, the bioavailability is only 
around one-third compared to inhaled consumption due to an extensive first-pass 
metabolism [130–132]. Additionally, the plasma peak concentrations are lower and 
reached only after around 1–3 h after oral consumption [126,127,129,132,133]. The way of 
consumption is not only important for the pharmacokinetics but might also impact the 
overall fetal toxicity due to different peak concentrations and metabolite patterns [132]. 

Most cannabinoids, like CBD and THC, are highly lipophilic, which leads to fast 
uptake into the central nervous system and large volumes of distribution in the body due 
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to an extensive accumulation in fat tissue [125,134,135]. During pregnancy, plasma 
volume, total body volume, and fat mass are increased, resulting in an increased volume 
of distribution which might lead to decreased maternal cannabinoid plasma 
concentrations. However, the plasma protein binding to albumin might be decreased in 
pregnancy, which can result in an increased free fraction of the cannabinoids and their 
metabolites in pregnant women [136]. 

Regarding the metabolism of cannabinoids, both the cytochrome P450 (CYP) system 
and uridine 5′-diphospho(UDP)-glucuronosyltransferase (UGT) enzymes play a major 
role. THC and CBD are mainly oxidized by CYP2C9, CYP2C19, and CYP3A4, resulting in 
different hydroxy- and carboxy-metabolites [127,129]. The quantitatively most important 
ones are 11-OH-THC and THC-COOH for THC and 7-hydroxy-CBD (7-OH-CBD) and 7-
carboxy-CBD (CBD-COOH) for CBD [137]. Afterwards, extensive conjugation via 
glucuronidation occurs at various positions of the phase 1 metabolites to promote the 
excretion of the substances via urine and feces [87,127,137]. During pregnancy, the activity 
of different enzymes can be either increased or decreased, which leads to possible changes 
in clearance kinetics and metabolism [124,125,138]. Recent research showed thatCYP2C9 
and CYP3A4 in particular are known for an induction by pregnancy hormones, which 
might lead to a different disposition of THC and 11-OH-THC as well as different 
pharmacodynamic effects [124]. Additionally, it is important to mention that 
cannabinoids, in particular CBD, are able to inhibit the catalytic activity of human CYP3A 
enzymes, which might impact the metabolism and toxicity of other substances [139]. 

Cannabinoids primarily undergo biliary and renal excretion. During pregnancy, the 
glomerular filtration rate is increased, which results in an enhanced renal elimination of 
cannabinoid conjugates [124,140]. A simulation study showed that the area under the curve 
of THC did not change during pregnancy, but the area under the curve of the psychoactive 
metabolite 11-OH-THC decreased by up to 41% [141]. However, the data on specific plasma 
half-lives and other pharmacokinetic parameters in pregnant women are limited. 

6.2. Placental 

Cannabinoids like CBD and THC are relatively small, lipophilic, and non-ionized 
compounds, which can therefore diffuse passively across membranes such as the 
placental syncytiotrophoblast. Placental permeability tends to increase in later stages of 
pregnancy, largely due to thinning of the trophoblast barrier and a reduction in the 
diffusion distance between maternal and fetal circulation [142,143]. 

The placenta expresses a limited amount of CYP and UGT enzymes [144,145]. Therefore, 
oxidative metabolism is most likely quantitatively negligible [145]. Overall, placental 
metabolism plays only a minor role, and the main metabolic burden remains maternal [144]. 

6.3. Fetal 

As previously mentioned, CBD and THC can cross the placenta, which leads to 
measurable fetal plasma and tissue levels of these substances. Especially in cases of 
chronic maternal cannabis consumption, cannabinoids and their metabolites can 
accumulate in fetal tissues [23,114]. Due to their lipophilicity, the cannabinoids 
accumulate preferentially in lipid-rich organs such as the brain, adipose tissue, and liver 
[112,114,132]. It is also possible to detect cannabinoids in, e.g., umbilical cord blood, 
meconium, neonatal hair, and the placenta itself [23,114,132]. 

Various studies with different animal models have shown that after maternal exposure, 
the fetal cannabinoid blood levels are typically lower and the maxima reached later compared 
to the maternal levels [112,125,146–148]. Human data are very limited, presumably mainly 
due to ethical reasons, which makes it difficult to conduct controlled consumption studies. 
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Like the human liver, the fetal liver expresses CYP and UGT enzymes, albeit at low 
levels [149–151]. Furthermore, the enzyme profile in the fetal liver is different compared 
to that in the livers of newborns, children, and adults. The predominant CYP enzyme in 
the fetal liver is CYP3A7, while it is CYP3A4 in adults [150,152]. Additionally, UGT 
enzymes are hardly expressed in the fetal liver [153]. This indicates differences in the 
metabolic capacity, potentially leading to a slower oxidative metabolism and a prolonged 
persistence of cannabinoids in the fetal system. 

In summary, various changes during pregnancy can affect the pharmacokinetics and 
metabolism of cannabinoids. Further research is needed to complete the existing data and 
to comprehensively assess the potential risks of cannabis consumption during pregnancy. 
Additionally, it is important to mention that current data only apply to frequently studied 
cannabinoids such as THC and CBD. Completely different circumstances may apply to 
semi-synthetic or synthetic cannabinoids. 

7. Societal Impact of Cannabis Use 
In the United States, 5.3% of pregnant women reported cannabis use in 2015–2019 

National Survey on Drug Use and Health data [154]. European estimates range from 2.6 to 
5.0% [155]. Cannabis use during pregnancy is associated with younger age, single status, 
use of cannabis by the partner of the pregnant woman, childhood trauma, lower education, 
and poverty [6,155–157]. Women report coping, symptom relief, and recreational motives, 
and as discussed, misconceptions about safety are common [158,159]. 

7.1. Preconception Paternal Cannabis Use 

Paternal cannabis use preconception is common; approximately one in four men in a 
recent North American preconception cohort reported use [160]. Evidence for effects on 
semen quality is inconsistent: population-based data show no clear deficits in semen 
volume, concentration, motility, or total motile count, whereas clinic-based studies report 
adverse associations such as reduced morphology, lower ejaculate volume, and erectile 
dysfunction [161–163]. Overall, findings are heterogeneous and appear to depend on user 
characteristics, frequency, and study population. 

Cannabis exposure has been linked to altered DNA methylation in sperm, though the 
clinical significance of these epigenetic modifications remains uncertain [164–166]. Some 
cohort data suggest an increased risk of miscarriage with paternal preconception cannabis 
use, although confounding by tobacco and other substances cannot be excluded [167]. 

7.2. Preconception Maternal Cannabis Use 

Preconception cannabis use is reported in 5.6–11.3% of women [157,168]. Emerging 
evidence links use with endocrine and reproductive alterations, including decreased 
luteinizing and follicle-stimulating hormone levels and impaired ovulatory function [163]. 
Recent human in vivo and in vitro data show that cannabinoids can interfere with oocyte 
maturation and fertilization potential [169]. These findings align with reports of reduced 
fecundability and higher miscarriage risk among female users [167,170]. 

7.3. Cannabis Use During Pregnancy 

Maternal cannabis use during pregnancy has been associated with hypertensive 
disorders, preeclampsia, and placental abruption in large contemporary cohorts [157]. 
Fetal and neonatal outcomes show lower birth weight, small-for-gestational-age status, 
and increased neonatal intensive care unit (NICU) admission [171,172]. A recent 
population-based study involving over 360,000 pregnancies confirmed these associations, 
reporting dose-dependent increases in the risk of low birth weight and small-for-
gestational-age infants, modest elevation in preterm birth, and higher NICU admission 
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rates among cannabis-exposed neonates [173]. Beyond immediate obstetric risks, 
intrauterine exposure to cannabinoids may influence fetal neurodevelopment and 
behavioral trajectories across the life course [132,172,174]. 

7.4. Neonatal Transition and Early Adaptation 

Neurobehavioral findings are heterogeneous. Some studies using the Neonatal 
Behavioral Assessment Scale report transient increases in tremulousness, exaggerated 
startle, and lower autonomic stability, whereas others find no differences [175]. When 
present, these signs typically resolve within days and are distinct from opioid-type 
withdrawal. Lo et al. interpret such transient dysregulation as a short-term effect of abrupt 
cessation of fetal cannabinoid exposure at birth [172]. 

Epigenetic data further suggest altered DNA methylation at placental and fetal genes 
regulating vascular and trophoblastic function, supporting a possible molecular pathway 
linking prenatal exposure with neonatal adaptation differences [174]. 

7.5. Breastfeeding 

THC and other cannabinoids are excreted into human breast milk at concentrations 
several-fold higher than in maternal plasma, owing to their lipophilicity and affinity for 
milk fat. THC has been detected in breast milk from 6 days up to more than 6 weeks after 
maternal use, with reported milk-to-plasma ratios around 6:1 and modeled elimination 
half-lives extending beyond 17 days [176–178]. 

Infants exposed via breastfeeding demonstrate measurable urinary THC metabolites 
and, in small longitudinal cohorts, possible transient differences in motor development or 
arousal regulation, although results are inconsistent and confounded by concurrent 
prenatal exposure [178,179]. These subtle neurobehavioral influences may arise from 
effects on CB1 and CB2, which are expressed in the neonatal brainstem and hypothalamic 
regions, governing suckling, thermoregulation, and sleep, providing biological 
plausibility for subtle neurobehavioral influences [180,181]. 

Given the persistence and accumulation of cannabinoids in breast milk, their 
potential effects on the developing brain, and the lack of a defined safe threshold, 
abstinence from cannabis during breastfeeding is strongly recommended [177,178]. 

7.6. Long-Term Effects 

As mentioned before, the fetal liver shows minimal expression of THC-metabolizing 
cytochromes, limiting its clearance capacity in utero [182,183]. This immaturity, together 
with the lipophilicity and long half-life of cannabinoids, supports tissue accumulation and 
prolonged exposure during critical periods of brain development. Such exposure is likely 
to have chronic effects by disrupting endocannabinoid-regulated processes such as 
neuronal migration, synaptogenesis, and axonal pruning—core mechanisms in cortical 
and limbic circuit formation, which are essential for proper brain development [184]. 

Longitudinal epigenetic studies demonstrate persistent methylation differences at 
neurodevelopmental and placental genes among exposed offspring [164,174]. Although 
peripheral, these methylation changes suggest systemic developmental re-programming 
that may underlie later neurobehavioral effects. 

7.7. Transgenerational Effects 

During pregnancy, cannabinoids not only affect the developing fetus but also reach 
the fetus’s germ cells—the primordial oocytes or spermatogonia that will generate the 
next generation. These cells express CB1 and CB2, which regulate proliferation and 
maturation [185,186]. Experimental activation of these receptors alters the timing of 
meiosis and reduces the number of mature gametes in animal models [187]. Animal 
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studies have shown that maternal cannabinoid exposure can induce subtle reproductive 
and endocrine changes in the offspring, including altered hormone profiles and 
gametogenesis efficiency [165,188]. Epigenetic analyses in exposed male rodents and 
human sperm demonstrate DNA methylation alterations in genes related to reproduction 
and neurodevelopment, suggesting potential intergenerational transmission [164,166]. 

Direct human evidence for transgenerational effects remains limited, but convergent 
animal and epigenetic data provide biological plausibility. Avoiding cannabis use during 
pregnancy therefore remains the most reliable strategy to protect both immediate fetal 
development and the germline health of future generations. 

8. Knowledge Gaps and Future Directions 
Major uncertainties remain about which cannabis constituents, which exposure 

patterns (dose, potency, route, smoked/vaped/edibles, frequency), and which gestational 
windows drive placental dysfunction and adverse fetal outcomes. Mechanistic studies 
often use supraphysiological concentrations and simplified models, while 
epidemiological studies are limited by self-report and polysubstance use (especially 
tobacco and alcohol), complicating causal inference. 

Future research should therefore focus on the following: (1) better exposure 
measurement, combining validated questionnaires with objective biomarkers in maternal 
samples, cord blood/meconium, and placental tissue, plus details on product potency and 
route; (2) more realistic experimental models (placental explants, organoids, and 
trophoblast–endothelium systems) tested at clinically relevant mixtures and 
concentrations; (3) improved pharmacokinetic evidence, using ex vivo placenta perfusion 
and maternal–fetal PBPK models to define transfer over time, tissue accumulation, and 
transporter involvement, including in placental disease such as preeclampsia and fetal 
growth restriction; and (4) stronger epidemiological designs (e.g., sibling/within-family 
comparisons and negative controls) with better control for tobacco and mental health. 

Finally, we need long-term follow-up of exposed children while carefully separating 
prenatal exposure from exposure via breastfeeding and clearer data on preconception 
exposure (including paternal use). 

9. Conclusions 
Current evidence supports abstaining from cannabis use during preconception, 

pregnancy, and lactation to optimize maternal, fetal, and intergenerational health 
outcomes. Nevertheless, cannabis use during pregnancy is on the rise. 

This review has examined the effects of cannabis, particularly THC and CBD, on the 
placenta and the ECS. The placenta plays a vital role in nutrient exchange and fetal 
development, and its development, function, and blood flow can be influenced by the ECS. 
From this perspective, it is not surprising that THC and CBD use has deleterious effects 
during pregnancy, with potential long-term consequences for the developing infant. 

Both for CBD and THC, there is a wide range in dose, frequency, and timing of 
exposure. It is unlikely that controlled studies with these drugs during pregnancy will 
ever be performed. This implies that further insights into their kinetics (e.g., placental 
passage), as well as those of other cannabinoids, rely on ex vivo models like the isolated 
perfused placenta. Mechanistic studies in placental organoids, placental explants, 
placental blood vessels, and trophoblast cell lines might help to unravel how cannabinoids 
affect placental development and blood flow. A detailed follow-up of the offspring of 
cannabis-using mothers is required to obtain hard outcome data on the potential long-
term effects of cannabis use. 
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