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Abstract

Cannabis is one of the most studied psychoactive substances due to its increasing prevalence
and evolving legal status. Of particular concern is the rising consumption among young
individuals, where excessive use may disrupt reproductive processes and pose long-term
health risks to offspring. This narrative review examines the effects of cannabis use on
male and female reproductive health, including its impact on male fertility, the female
reproductive system, placental function, and prenatal and postnatal outcomes, as well as
fetal development. A nonsystematic review was conducted using PubMed, Scopus, Web
of Science, and Google Scholar databases in November 2024. After screening titles and
abstracts and the full-text analysis, 64 studies were included in this narrative review. In men,
cannabinoids can interfere with spermatogenesis, reduce sperm motility and quality, and
lower testosterone levels, as demonstrated in clinical and experimental studies. In women,
cannabinoid-induced disorders include negative effects on ovarian follicle maturation,
ovulation, placental function, and prenatal development. Prenatal exposure to cannabis
is associated with the risk of reduced birth weight, birth defects, sudden infant death
syndrome (SIDS) or lactation problems due to the penetration of cannabis metabolites
into breast milk. The findings highlight the potential negative effects of cannabis on
reproductive health and fetal development. Given these risks, individuals attempting to
conceive, and pregnant women should be advised against cannabis use. Greater awareness
is needed among healthcare professionals and the public regarding the reproductive risks
associated with cannabis consumption. While the evidence on teratogenic effects is not
always conclusive, caution should be exercised, and further research is essential to deepen
the understanding of these effects.

Keywords: cannabis; endocannabinoid system; THC; marijuana; reproduction; spermatogenesis;
pregnancy; prenatal; postnatal
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1. Introduction
Cannabis is one of the most widely used psychoactive drugs in the world, with use

increasing rapidly since the 1960s, particularly among young people. The legalization of
cannabis in countries such as Canada, Thailand, Uruguay, Malta, Mexico, Georgia and
South Africa have been associated with an increase in its use. Estimates suggest that
209 million people worldwide have had experience with cannabis use. Recent studies have
indicated an increase in both the frequency of use and the number of regular users [1].
In the National Cannabis Survey (NCS), the percentage of people using cannabis in the
past three months increased from 14% in 2018 to 20% in 2020. The highest prevalence
of cannabis use was observed among the 18–44 age group, which increased from 28% in
2018 to 36% in 2020. Similarly, in the 25–44 age group, the prevalence of cannabis use
reached 30% in 2020, marking a significant increase from 21% in 2018. A similar trend
was observed among individuals over 45, with a rise from 7% in 2018 to 11% in 2020,
indicating a 4 percentage point increase. [2]. Recent data (2022–2024) confirm that cannabis
use continues to rise [3]. In the United States, the 2022 National Survey on Drug Use and
Health reported that 22–25% of the population aged ≥12 years had used cannabis in the
past year, and 15% in the past month [4]. Young adults (19–30 years) show particularly
high rates, with 42% reporting past-year use, 29% past-month use, and 10% using daily
or near-daily [5]. Among university students, a 30-year increase in past-month cannabis
use has been observed (26.1% in 2023 vs. 16.1% in 1988) [6]. In Australia, the 2023–2024
National Drug Strategy Household Survey found that 41% of individuals aged ≥ 14 years
had tried cannabis at least once in their lifetime, and 11.5% had used it in the past year [7].

According to a study by F. Navarrete et al., the prevalence of cannabis use among
pregnant women aged 15–44 was found to be over 4.9%, rising to 8.5% in the 18–25 age
bracket [8]. It has been demonstrated that cannabis use during pregnancy is more prevalent
among younger women, those with lower socioeconomic status, and individuals with
limited access to prenatal care [9]. Prenatal cannabis exposure is particularly harmful
during the first trimester, which represents the most critical period of organogenesis.
Younger women are at increased risk of unintentional exposure, as pregnancy is often
unrecognized at this stage. Furthermore, younger women more frequently report cannabis
use for both recreational purposes and for the alleviation of anxiety or nausea, which
further elevates the likelihood of early gestational exposure [10].

Cannabinoid is a chemical compound that is found naturally in the body, in the
cannabis plant, or produced synthetically. Accordingly, the distinction is made between
phytocannabinoids, endocannabinoids, and synthetic cannabinoids. Phytocannabinoids
are present in plants such as Cannabis sativa and Cannabis indica. Endocannabinoids are
produced in the body and act as lipophilic neurotransmitters via cannabinoid receptors.
Cannabis contains more than 400 different chemicals, including more than 60 cannabinoid
compounds. The main psychoactive cannabinoid in cannabis is ∆9-tetrahydrocannabinol
(THC), which interacts with the endocannabinoid system [11].

This narrative review aimed to examine the effects of phytocannabinoids on the
male and female reproductive systems and their impact on prenatal development. The
study highlights mechanisms through which cannabis influences reproductive health and
discusses the clinical implications of its use, particularly in the context of pregnancy.

2. Methods
This review was prepared as a narrative synthesis of available evidence on the effects

of phytocannabinoids on reproductive health. In November 2024, a structured literature
search was conducted in PubMed, Scopus, Web of Science, and Google Scholar. The search
strategy included both MeSH/Emtree terms and free-text keywords related to cannabis
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and reproductive processes, such as “cannabis,” “marijuana,” “tetrahydrocannabinol,”
“cannabidiol,” “endocannabinoid system,” “reproduction,” “fertility,” “placenta,” “preg-
nancy,” “offspring,” “prenatal,” and “postnatal.”

We included original research articles and systematic reviews that assessed the ef-
fects of phytocannabinoids on reproductive health or prenatal/postnatal development.
Eligible study designs encompassed human observational studies, animal models, in vitro
experiments, and hybrid translational studies. Narrative commentaries, editorials, con-
ference abstracts without complete data, and studies unrelated to reproductive outcomes
were excluded.

Given the considerable heterogeneity of study designs, populations, exposures, and
outcome measures, no quantitative meta-analysis was performed. Instead, findings were
synthesized qualitatively. Formal tools for risk-of-bias or quality assessment were not
applied, consistent with the narrative character of this review.

3. Endocannabinoid System
The endocannabinoid system (ECS) comprises a series of interconnected components,

including endogenous cannabinoids, cannabinoid receptors, and the enzymes responsible
for their synthesis and degradation. These receptors are distributed across both the central
and peripheral nervous systems [12]. In addition to their fundamental functions, cannabi-
noid receptors act as targets for THC, a psychoactive substance present in cannabis. These
receptors are distributed throughout the body, with the most well-known, cannabinoid
receptor type 1 (CB1) and type 2 (CB2), found in both the central and peripheral nervous
systems. CB1 receptors are localized in the hypothalamus and pituitary gland, which
are key components of the reproductive neuroendocrine axis, as well as in peripheral
organs such as the ovary, testis, and placenta. (Figure 1). Endogenous cannabinoids play a
key role in regulating many physiological and cognitive processes [13,14]. The two main
compounds found in cannabis are THC and cannabidiol (CBD). THC acts as a partial
agonist at CB1 and CB2 receptors, showing high affinity for CB1, which is responsible
for its psychoactive effects [15]. CBD, a non-psychoactive phytocannabinoid found in
cannabis, has a complex, multidirectional mechanism of action. It has been demonstrated
to influence a variety of physiological systems, including the cannabinoid, serotonergic,
and opioid systems. However, its affinity for CB1 and CB2 receptors is comparatively low.
Within the cannabinoid system, its mechanism of action may involve negative allosteric
modulation [16].

Figure 1. Schematic overview of cannabinoid receptor type 1 distribution in the reproductive
neuroendocrine axis and peripheral organs (hypothalamus, pituitary gland, ovary, testis, placenta),
and the modulatory role of phytocannabinoids (∆9-tetrahydrocannabinol, cannabidiol) on hormonal
signaling pathways. THC—∆9-tetrahydrocannabinol, CBD—cannabidiol.
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4. Phytocannabinoids and the Male Reproductive System
The mechanisms controlling male reproductive health include endocrine, paracrine,

and autocrine regulation. These mechanisms are strongly linked to environmental and
lifestyle factors. The endocannabinoid system plays a critical role in reproduction. The CB1
receptor has been identified in testes and sperm, and the presence of receptors and their
ligands has also been confirmed in seminal vesicles and corpora cavernosa [17,18].

ECS constitutes a critical regulatory network governing reproductive physiology
through its modulation of the hypothalamic–pituitary–gonadal (HPG) axis. Cannabinoid
receptor type 1 (CB1), expressed within the hypothalamus and pituitary gland, exerts
control over the pulsatile release of gonadotropin-releasing hormone (GnRH). This, in turn,
modulates the secretion of luteinizing hormone (LH) and follicle-stimulating hormone
(FSH), thereby influencing gonadal steroidogenesis [9,19]. Engagement of CB1 receptors
by THC initiates Gi/o protein–coupled signaling cascades that suppress cyclic adenosine
monophosphate/protein kinase A (cAMP/PKA) activity. This inhibition downregulates
the synthesis of neuropeptides essential for reproductive endocrine regulation [19,20].

Within gonadal tissues, including Leydig cells in the testes and granulosa cells in the
ovaries, activation of CB1 and CB2 receptors disrupts steroid biosynthesis. This occurs, in
part, through the suppression of cytochrome P450 enzymes, such as aromatase, leading to
altered production of estrogens, progesterone, and testosterone [10,20].

ECS plays a pivotal role in the regulation of male reproduction, and its disruption
can have deleterious effects on various stages of germ cell development. As previously
mentioned, disturbances in ECS function have been shown to affect gametogenesis, sperm
motility, and sperm capacitation [21].

Emerging evidence suggests that certain phytocannabinoids, particularly CBD and
CBG, may exert anti-cancer effects on prostate cancer (PCa) cells through mechanisms such
as mitochondrial dysfunction, metabolic reprogramming, and apoptosis induction [22].
These compounds influence mitochondrial bioenergetics via interactions with voltage-
dependent anion channel 1 (VDAC1) and hexokinase II (HKII), while also modulating
oncogenic signaling pathways, including the PI3K/Akt/mTOR axis [22,23]. Inhibition of
these pathways reduces PCa cell viability and enhances apoptosis, suggesting potential
adjuvant applications. Importantly, cannabinoids also act through CB1 and CB2 receptors,
which are expressed in reproductive tissues, highlighting mechanistic links between the en-
docannabinoid system, oncogenesis, and reproductive endocrinology. However, emerging
data indicate a possible dual role of cannabinoid signaling, with context-dependent effects
that may promote as well as inhibit cancer progression [23]. Research indicates that CBD
increases glycolytic activity while inhibiting oxidative phosphorylation in enzalutamide-
resistant hormone-resistant PCa cells [21]. While these findings are noteworthy, the clinical
relevance remains uncertain, and further studies are required to clarify implications for
male reproductive health.

4.1. Reduction in Sperm Concentration and Total Sperm Count

A study conducted by Gundersen et al. indicates a negative effect of cannabis use
on semen quality. The study’s participants were 1215 men aged 18 to 28 from the Danish
population who were participating in qualifying for military service. The study’s findings
revealed that individuals who consumed cannabis more than once a week exhibited a
significant decline in sperm concentration, with a 28% reduction, and a substantial decrease
in the total number of sperm, with a 29% decrease, when compared to individuals who did
not use cannabis. Furthermore, a positive correlation was identified between the frequency
of cannabis use and a decline in sperm count [24].
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In a separate study, the impact of CBD administration on testicular weight was ex-
amined using an animal model involving rhesus monkeys [25]. The results demonstrated
that CBD administration led to a significant reduction in testicular weight, ranging from
20% to 25%. Following the cessation of CBD administration and a 30-day recovery period,
testicular weight did not return to baseline values. A reduction in spermatogenesis was
also observed, which showed a correlation with the CBD dose administered. Higher doses
were associated with a greater decrease in sperm production in the tested individuals.

Conversely, Murphy et al. conducted a study on a group of 24 men, half of whom
used cannabis and the other half of whom did not. The study revealed that men who used
cannabis had lower sperm levels compared to the control group [26].

4.2. Variations in Sperm Structure and DNA

Sperm morphology refers to the sperm’s shape and structure, which are crucial to
their ability to fertilize an egg. Abnormal sperm morphology has been demonstrated to
have a deleterious effect on sperm motility and fertilization potential [27]. Research has
identified anomalies in sperm morphology in individuals who use marijuana, as evidenced
by studies examining male fertility [28].

Mitochondria, the primary source of energy for spermatozoa, play a pivotal role in
ensuring their motility. The CB1 receptor, a key player in this process, is found not only in
the sperm head but also within the mitochondrial membrane within the cell. Cannabinoids
have been shown to inhibit oxygen consumption in the mitochondria, which may result in
impaired sperm motility by disrupting their energy processes [29].

Research in both human cohorts and controlled animal models has demonstrated
that cannabis use affects the epigenetic profile of sperm. Rodent studies have shown that
cannabinoid exposure alters DNA methylation patterns in germ cells, with consequences
for genes involved in early development. Correspondingly, analyses in human sperm
samples from cannabis users have revealed differential methylation of developmentally
relevant genes such as DLGAP2 [17]. Another example is the PTGIR gene, which encodes
the prostacyclin receptor (PGI2) and regulates sperm motility. Hypomethylation of PTGIR
has been observed in sperm from cannabis users and has been associated with reduced
reproductive capacity. These findings highlight how both preclinical models and human
data consistently link cannabinoid exposure with epigenetic remodeling of sperm [26].

4.3. Effects on Endocrine Metabolism in Men

Spermatogenesis, the process of sperm cell formation, requires the proper functioning
of the hypothalamic–pituitary–gonadal axis. This involves the release of GnRH from
the hypothalamus, which stimulates the secretion of follicle-stimulating hormone (FSH)
and luteinizing hormone (LH) from the pituitary gland. Follitropin has been found to
promote spermatogenesis by affecting Sertoli cells, while lutropin activates Leydig cells
in the testes to synthesize testosterone. The presence of endocannabinoid receptors in
both the hypothalamus and pituitary gland has been confirmed, indicating a role for
the endocannabinoid system in the regulation of these processes. However, cannabis
competing for receptor sites has been shown to disrupt hormone feedback mechanisms by
interfering with normal spermatogenesis. The presence of CB1 receptors in Leydig cells
has been demonstrated, and the use of cannabis has been associated with a decrease in
the activity of esterase isoenzymes present in these cells, thereby reducing testosterone
synthesis [25,30–32]. These hormonal mechanisms, as well as the parallel effects on female
reproductive function and oogenesis, are summarized in Figure 2.
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Figure 2. Schematic representation of the mechanisms by which tetrahydrocannabinol (THC) disrupts
the hypothalamic-pituitary-gonadal (HPG) axis, leading to altered levels of gonadotropin-releasing
hormone (GnRH), follicle-stimulating hormone (FSH), and luteinizing hormone (LH). These changes
impair the function of Sertoli and Leydig cells in males—leading to reduced spermatogenesis—and
disrupt follicular development and oogenesis in females. The diagram delineates the male and female
reproductive axes in response to THC exposure. ↓—decrease.

5. Phytocannabinoids and the Female Reproductive System
The presence of receptors belonging to the endocannabinoid system has been identified

in various tissues and organs within the female reproductive system. These include the
ovaries, fallopian tubes, uterus, and placenta. Specifically, CB1 and CB2 receptors have been
detected in ovarian cells, including Graaf follicle cells. These receptors play a crucial role in
various aspects of the female reproductive system, such as follicle maturation, ovulation,
and hormonal regulation.

ECS plays a major role in various reproductive processes, including the transport
of the embryo through the fallopian tube, the development of the placenta, and embryo
implantation. The ECS has been shown to interact with the hypothalamic-pituitary-ovarian
axis, exhibiting intricate links to the production and release of steroid hormones. The ECS’s
multidirectional effects underscore its important role in regulating reproductive mecha-
nisms. The active compounds present in cannabis have been shown to exert substantial
effects on the female reproductive system, exerting a detrimental impact on reproductive
health and fertility-related processes [33,34].

Ovulation and Hormonal Management

The ovaries are responsible for producing female gametes and synthesizing estrogen
and progesterone. The ovary’s primary functional unit is the follicle, which envelops the
oocyte, supplying it with vital nutrients and molecular signals, while ensuring its protec-
tion [11]. The maturation of both the follicle and the oocyte is controlled by gonadotropic
hormones, FSH and LH, whose secretion is regulated by the hypothalamic-pituitary-
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ovarian axis. Research has demonstrated that exogenous cannabinoids disrupt the balance
of this hormonal axis, exerting a detrimental effect on processes associated with germ cell
maturation [35].

Cannabinoid-related interference in hypothalamic function is well documented, with
evidence showing that these compounds can disturb the maturation cycle of the Graafian
follicle as well as the ovulatory process. A study by Lammert and colleagues evaluated
women using marijuana and tobacco concurrently compared to women using tobacco
alone. The findings indicated that the group using marijuana and tobacco had a shorter
luteal phase compared to those who used tobacco exclusively. Lammert et al. examined
women who co-used marijuana and tobacco, matching them by age to a tobacco-only
group to partially account for age-related menstrual cycle differences. While this design
allowed some separation of marijuana’s effects from those of tobacco, co-exposure com-
plicates attributing luteal-phase changes solely to cannabis. Phase lengths were measured
consistently using LH tests, but the small sample size and lack of detailed information
on marijuana dose and frequency limit the ability to fully adjust for confounding factors,
which should be considered when interpreting the results. [36]. In animal models, THC has
been demonstrated to exert a direct inhibitory effect on FSH-regulated processes, which are
indispensable for steroid biosynthesis and the induction of LH receptor expression, both
essential for ovarian follicle maturation [37]. Chronic exposure to exogenous cannabinoids
has been demonstrated to exert adverse effects on ovarian follicle development [38]. A
comparative overview of the effects of phytocannabinoids on male and female reproductive
physiology is presented in Table 1.

Table 1. Summary of the effects of phytocannabinoids on male and female reproductive systems.

System/Process Observed Effect Evidence Type References

Hormonal disruption ↓ Testosterone, altered HPG axis Human, animal [23–25,29–31]
Gametogenesis ↓ Spermatogenesis, sperm motility, and viability Human, animal [23–25,29]

Structural anomalies Abnormal sperm morphology; altered DNA
methylation (DLGAP2, PTGIR) Human, animal [17,26,32]

Cancer-related impact Modulation of prostate cancer growth via
CB1/CB2 In vitro, animal [21–23]

Female hormonal regulation Disrupted HPG axis, ↓ FSH/LH Human, animal [33–35]

Oogenesis/folliculogenesis Impaired follicular maturation, ovulation;
shortened luteal phase Human, animal [34,35,39]

Endocannabinoid expression CB1/CB2 in testes, sperm, Leydig cells;
CB1/CB2 in ovaries, uterus, placenta Human, animal [9,36,40]

HPG—hypothalamic–pituitary–gonadal axis; FSH—follicle-stimulating hormone; LH—luteinizing hormone;
DLGAP2—Discs Large Homolog-Associated Protein 2; PTGIR—Prostaglandin I2 Receptor; CB1/CB2—
cannabinoid receptors type 1 and 2; ↓—decrease.

6. Phytocannabinoids’ Effect on the Placenta and Prenatal Development
The placenta, a transient organ connecting the fetus to the maternal body via the

umbilical cord, plays a pivotal role in fetal development. It facilitates the transfer of oxygen
and nutrients, removes metabolites from the fetal circulation, and provides protection
against harmful agents such as maternal pathogens, xenobiotics, environmental toxins, and
certain drugs. This protective role is mediated through multiple mechanisms, including
the physical barrier formed by the syncytiotrophoblast, enzymatic detoxification systems,
and the activity of placental transporters that limit the passage of potentially harmful
compounds. Abnormal placental formation can adversely impact fetal and future postnatal
development [41]. The use of cannabis during pregnancy has been associated with potential
risks to fetal development. Studies have demonstrated that cannabinoids can cross the
placental barrier, and THC exposure has been associated with placental failure [42,43].



J. Clin. Med. 2025, 14, 6494 8 of 15

Additionally, THC exposure has been associated with impaired angiogenesis and
reduced oxygen delivery to the fetus, which may contribute to adverse effects on nervous
system development [39,44]. In an in vitro model using the HTR-8/SVneo cell line, cannabi-
noids were shown to disrupt tube formation, indicating angiogenesis dysregulation [40].
The neuronal system of the embryo exhibits heightened sensitivity to exposure resulting
from maternal cannabis abuse, which can result in abnormalities in the development of
behavioral, cognitive, and neuropsychiatric functions [45].

Depending on the duration of THC exposure, it has been observed that it can affect
the expression of genes related to metabolic enzymes in the placenta [39]. Furthermore,
exposure to cannabis during pregnancy has been observed to induce endoplasmic retic-
ulum stress, resulting in premature cell cycle arrest in placental tissue [46]. A study by
Nassan et al. found that marijuana use correlated with an increased risk of miscarriage [47].

Furthermore, there is a possibility that cannabis use during pregnancy may be associ-
ated with serious abnormalities, such as intrauterine fetal growth restriction (IUGR) and
preeclampsia [48]. A study by Abdelwahab et al. demonstrated that exposure to cannabis
was associated with an elevated risk of small-of-gestational age (SGA) below the 10th
percentile. The incidence of SGA among cannabinoid users was found to be 35%, which
was higher than the rate observed for use of other substances [49]. Furthermore, newborns
whose mothers used cannabis during pregnancy were more likely to require hospitalization
in an intensive care unit [39]. Reinforcing the evidence, a cohort study by Metz et al.
demonstrated that maternal cannabis use, confirmed by urinary biomarkers, is associated
with an increased risk of adverse pregnancy outcomes linked to placental dysfunction.
Continuous exposure beyond the first trimester increased the risk of a composite primary
outcome, including SGA birth, preterm delivery, stillbirth, and gestational hypertension
(adjusted RR 1.32; 95% CI 1.09–1.60) [50]. A summary of the key prenatal and postnatal
consequences of cannabis exposure, categorized by affected system, is provided in Table 2.

Table 2. Adverse effects of prenatal cannabis exposure on pregnancy, placenta, fetus, and offspring.

System/Stage Observed Effect (with Citation) Mechanism/Directionality Evidence Type

Pregnancy ↑ Risk of preterm birth, preeclampsia,
miscarriage [47,48,51]

Impaired trophoblast
invasion, altered cytokines Human cohorts

Placental function ↓ Angiogenesis, ↓ VEGF, oxidative, and ER
stress [40–43,46]

Mitochondrial dysfunction,
inflammation, apoptosis In vitro, animal

Fetal development Intrauterine growth restriction (IUGR), low
birth weight, SGA < 10th percentile [49,50]

Impaired oxygen/nutrient
transport,

placental insufficiency
Human cohorts

Neonatal outcome ↑ NICU admission, ↑ stillbirth risk [44,50] Placental dysfunction Human cohorts

Neurodevelopment
(child)

Cognitive impairment, ADHD, emotional
dysregulation, ↑ SIDS risk [46,52]

Altered endocannabinoid
signaling in

hippocampus/PFC
Human, animal

Long-term
metabolic risk

↑ Obesity, ↑ fasting glucose in
childhood [53,54]

Epigenetic reprogramming,
insulin resistance pathways Human cohorts

VEGF—vascular endothelial growth factor; ER—endoplasmic reticulum; IUGR—intrauterine growth restriction;
SGA—small-for-gestational age; NICU—neonatal intensive care unit; ADHD—attention-deficit/hyperactivity
disorder; SIDS—sudden infant death syndrome; PFC—prefrontal cortex; ↑—increase; ↓—decrease.

The prevailing belief that cannabis, a naturally derived substance, can alleviate vom-
iting symptoms in pregnant women is also supported by this evidence. However, the
potential risks associated with its use significantly outweigh the possible benefits, mak-
ing the use of antiemetic drugs with a documented safety profile a more appropriate
alternative [52].
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A study by Crume et al. identified younger age, low educational attainment, and
lower socioeconomic status as significant factors contributing to increased cannabis use
during pregnancy [55].

7. Newborn and Breastfeeding
It has been demonstrated that exposure to cannabis during the prenatal period can lead

to a multitude of serious consequences that will significantly affect the development and
functioning of the child after birth. A mounting body of evidence has associated prenatal
exposure to cannabis with an elevated risk of developmental anomalies, including congeni-
tal malformations within the nervous system. These anomalies may include microcephaly,
premature fusion of cranial sutures, brainlessness, and neural tube defects [51].

Furthermore, newborns exposed to marijuana during the prenatal period demonstrate
an elevated risk of congenital defects within the urinary and renal systems. The most
prevalent anomalies include renal agenesis, hydronephrosis, polycystic kidney disease, and
the presence of a congenital posterior urethral valve (PUV) [56].

Prenatal exposure to cannabis has been linked to the manifestation of withdrawal
syndrome symptoms in newborns. Furthermore, neonatal exposure to cannabis has been
associated with an elevated risk of sudden infant death syndrome (SIDS) [52].

Lactation is a natural physiological process initiated in a woman’s body with the
conception of a child. The components of breast milk play a pivotal role in the normal
development of the newborn [57]. The presence of cannabis metabolites, including THC,
in breast milk has been observed to vary significantly depending on the dosage of the
substance consumed by the lactating mother. Research indicates that THC levels in breast
milk can reach levels up to eight times higher than those found in the blood when cannabis
is regularly used during breastfeeding [38]. Despite the paucity of knowledge regarding
the specific effects of cannabis exposure during the neonatal and infant period, results from
preclinical lactation studies suggest potential effects on neural network development [58].
Maternal exposure to cannabis has been shown to affect maternal nutrition, leading to
an involuntary reduction in food and water intake. This, in turn, results in a supply of
essential nutrients to the fetus that may not meet its needs. Inadequate maternal diet during
the prenatal period, as well as after birth, has been associated with abnormalities in the
development of the newborn [59].

8. Prenatal Phytocannabinoid Exposure and Long-Term Effects on
Offspring Development

The effects of THC, a principal psychoactive component of cannabis, on neural devel-
opment have been a subject of considerable research interest. Studies have demonstrated
that THC exerts a significant influence on interneuronal communication processes and the
maturation of the nervous system. Prenatal exposure to THC has been associated with
alterations in the structural and functional integrity of the nervous system [60]. Moreover,
research has indicated that exposure to cannabis during pregnancy has been associated
with developmental delays in infants during their initial years of life [61].

Furthermore, cannabis use has been associated with the development of neurological
disorders that emerge during pregnancy and persist throughout life. These disorders have
been observed as associations with deficits in short-term memory, impulse control, and
attention problems [51]. Children who are prenatally exposed to cannabis demonstrate
challenges in spatial skills, as well as in speech and math skills, in comparison to peers
who were not prenatally exposed to cannabis. Postnatal irritability, as well as an increased
tendency towards aggressive behavior and criminal activities during early adolescence,
have been associated with prenatal cannabis exposure. These phenomena may be partly
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explained by the effects of psychoactive substances present in cannabis on the development
of the prefrontal cortex and other brain structures involved in regulating emotion, memory,
and cognitive function [62,63].

Furthermore, exposure to cannabis during pregnancy has been associated with an
elevated risk of depression, anxiety disorders, and disruptions to bedtime rhythms, in-
cluding sleep problems, in children exposed to the substance [54]. Prenatal cannabis
exposure can lead to several serious health effects on offspring, including metabolic dis-
orders. Prenatal exposure to cannabis has been linked to an increased risk of obesity and
elevated fasting glucose levels in childhood in children whose mothers used it during
pregnancy [55,64]. Figure 3 illustrates the proposed mechanisms linking prenatal THC
exposure with long-term neurobehavioral and metabolic effects.

Figure 3. Long-term neurobehavioral and metabolic consequences of prenatal THC exposure. Pre-
natal exposure to THC affects central nervous system development through altered dopaminergic
modulation, limbic system dysregulation, and metabolic programming. Affected brain structures
include the prefrontal cortex (PFC), hippocampus, amygdala, and mesolimbic dopaminergic pathway
(VTA–NAc). Molecular mechanisms include CB1 receptor downregulation and epigenetic changes in
gene expression, leading to increased risk of ADHD, cognitive impairment, aggression, and metabolic
disorders such as obesity and insulin resistance. ↓—decrease.

9. Future Directions and Perspectives
Given the increasing prevalence of phytocannabinoid use among individuals of repro-

ductive age, further research in this area is essential. Future studies should focus on several
key directions. Large-scale, prospective, and long-term human studies are needed to better
define the associations between cannabis exposure and reproductive or developmental
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outcomes, while accounting for potential confounding factors such as tobacco and alcohol
co-use, socioeconomic status, and maternal nutrition. At the same time, molecular and
cellular studies are required to elucidate the pathways through which phytocannabinoids
influence the hypothalamic–pituitary–gonadal axis, gametogenesis, and placental func-
tion. Particular attention should be paid to epigenetic alterations in germ cells, which
may result in long-term and even transgenerational consequences. Another important
avenue for research is the evaluation of dose–response relationships, the identification of
critical windows of vulnerability during pregnancy, and the differentiation of effects related
to specific cannabinoids and modes of consumption, including the risks associated with
passive exposure, for example, among pregnant women. It must be emphasized that direct
interventional studies in pregnant women are severely constrained by ethical considera-
tions and given the potential harmful effects of cannabis on the fetus, such research remains
especially difficult to conduct. Therefore, well-designed observational studies, animal
models, and translational approaches will continue to play a central role in advancing
knowledge in this field. From a clinical and public health perspective, future strategies
should include the development of evidence-based guidelines for healthcare professionals,
the implementation of routine screening for cannabis use during preconception and pre-
natal care, and the establishment of educational programs aimed at raising awareness of
potential reproductive and developmental risks.

Limitations

This review has several limitations that should be acknowledged. The measurement
of cannabis exposure varied across studies, with many relying on self-reported use, which
is prone to recall bias and underreporting, whereas others used biomarkers (e.g., urine or
blood THC levels), providing more objective but less frequently available data. Cannabis
potency and formulations have changed substantially over recent decades, with contempo-
rary products often containing higher concentrations of ∆9-THC and novel preparations
(e.g., edibles, concentrates, vaping liquids), which complicates comparisons across studies
conducted in different time periods. The timing of exposure was heterogeneous: while
some studies specifically evaluated first-trimester exposure, others assessed continued use
throughout pregnancy, and relatively few addressed dose–response relationships or critical
windows of vulnerability. Finally, there is a scarcity of longitudinal human studies extend-
ing into late childhood and adolescence; therefore, many of the long-term neurobehavioral
and metabolic outcomes remain uncertain and are primarily inferred from animal models
or short-term follow-up. These limitations highlight the need for cautious interpretation
and underscore the importance of future well-designed, prospective studies.

10. Conclusions
The sociocultural acceptance of cannabis legalization has the potential to engender

the misconception that it is harmless, a notion that is sometimes associated with its nat-
ural origin. However, the results of scientific studies clearly indicate the negative effects
of cannabis constituents on prenatal and postnatal development of offspring. Children
exposed to cannabinoids during pregnancy are more likely to be born with reduced birth
weight and require hospitalization in neonatal intensive care units. In addition, there
is an increased risk of cognitive, neuropsychiatric, and metabolic disorders in later life.
Marijuana exposure can also negatively affect the functioning of endocrine and reproduc-
tive systems in men and women of childbearing age. Considering the current scientific
evidence, it is necessary to conduct extensive educational activities targeting people of
reproductive age, especially pregnant women, to raise awareness about the potential risks
of marijuana use and its harmful effects on fetal development. Given the expanding preva-
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lence of cannabis use among reproductive-age individuals, there is an urgent need for
further research to elucidate the underlying mechanisms of cannabis use and to formulate
precise, evidence-based guidelines that can inform decisions regarding cannabis use, not
only in pregnant women but also in the reproductive population seeking to conceive.
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