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Abstract

Background: The dual nature of cannabis, as both a promising therapeutic tool and a widely
used recreational substance with potential risks, raises important societal controversies,
including its unclear impacts regarding mental health. This narrative review provides a
comprehensive overview of cannabis, addressing (i) its historical context; (ii) its chemical
composition and pharmacokinetics; (iii) its pharmacological effects; (iv) its negative impacts
on physiological and mental health; (v) its potential use as a drug for the treatment of
neurological and psychiatric disorders; (vi) its relationship with the gut microbiome and
how this interaction might influence mental functioning; (vii) the pathophysiology, preva-
lence, comorbidities, and treatment strategies of cannabis use disorder; and (viii) social
perspectives on its legalization. Results: Cannabis presents a complex chemical profile and
pharmacokinetics that show promise in treating numerous neurological, psychiatric, and
psychological conditions. However, its use carries risks, which depend on factors such as
compound concentration, dosage, consumption method, frequency of use, and individual
vulnerability. Cannabis use disorder seems to be less severe than other substance use
disorders, but it still constitutes a significant concern, as its manifestation is not uniform
across all users. Conclusions: Cannabis demands a thorough understanding that goes
beyond simplistic explanations and prejudices, standing as a plant of substantial clinical
significance and highlighting the importance of personalized approaches to its use and
increased awareness of how individuals respond to its effects.

Keywords: cannabis; marihuana; marijuana; hemp; mental health; potential risks;
therapeutic effects; cannabis use disorder; gut microbiome

1. Introduction

Cannabis, also known as marihuana, marijuana, or hemp, is a substance derived
from the cannabis plant (Cannabis sativa L., 1753) that contains more than 100 cannabinoid
compounds [1]. Its consumption is widespread worldwide, including cultural, medical,
and recreational applications, and has been the subject of extensive research due to its low
potential for inducing dependence compared to other drugs, its relatively mild adverse
health effects, and its numerous potential therapeutic benefits [2,3]. Moreover, cannabis use
disorder (CUD) has been considered a condition in which both the individual and public
health implications are less severe than those of other distinct substance use disorders
(SUDs), but due to the global prevalence of cannabis use, a notable number of users seek
treatment [4].
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Beyond its industrial applications as a source of fiber, oil, and bioactive compounds,
cannabis has garnered significant scientific interest for its pharmacological potential, includ-
ing antibacterial properties, anti-inflammatory effects, and therapeutic benefits in several
physical diseases (e.g., cancer and glaucoma), neurological diseases (e.g., amyotrophic
lateral sclerosis, multiple sclerosis, epilepsy, and Tourette syndrome), neurodegenerative
diseases (e.g., Alzheimer’s disease, Huntington’s disease, and Parkinson’s disease), medical
conditions (e.g., chronic pain, inflammatory bowel disease, and sleep disturbances), and
mental health disorders (e.g., anorexia nervosa, anxiety disorders, and post-traumatic stress
disorder [PTSD], SUDs) [1-3]. Conversely, cannabis has also raised considerable concern
due to its potential negative effects on mental health. While the exact causal relationship
is not fully understood, research has shown an association between cannabis use and the
onset or exacerbation of diverse psychiatric conditions, including schizophrenia, bipolar
disorder (BD), depression, generalized anxiety disorder, social phobia, and personality
disorders. Nevertheless, these associations are complex and influenced by several con-
founding factors, such as pre-existing mental health conditions, individual vulnerability,
age of first use, and frequency of consumption [5]. In addition, studying the potential
of cannabis is hindered by factors such as regulatory restrictions, the complexity of its
diverse phytocannabinoids, variations in product content, and the lack of standardized
formulations and administration routes, all of which complicate efforts to conduct effective
placebo-controlled trials and accurately assess its efficacy and safety [3]. This underscores
the importance of examining cannabis and its derivatives not only from a pharmacologi-
cal perspective but also through a broader lens that integrates public health and clinical
practice considerations, independent of prohibitionist biases or sociopolitical influences,
including alternative pathways that remain underexplored but could significantly mediate
its effects, such as the role of microbial products.

The dual nature of cannabis, as both a promising therapeutic tool and a widely
used recreational substance with potential risks, raises important societal controversies,
including its unclear impacts on mental health. As attitudes toward cannabis continue
to evolve, particularly with movements advocating for its legalization in various parts
of the world, there is a growing need for research to address the potential benefits and
the negative consequences associated with its use, as well as its underlying mechanisms
as a substance. In fact, a better understanding of the endocannabinoid system (eCBS)
could help clarify the psychoactive outcomes of cannabis and its possible advantages and
drawbacks. Ultimately, enhancing our comprehension of the topic is pivotal for developing
evidence-based guidelines that not only maximize the medicinal potential of cannabis
but also minimize its risks, ensuring that its use is both safe and beneficial in clinical
settings. Therefore, building on the expanding body of research into cannabis and its
diverse applications, this narrative review provides a comprehensive overview of cannabis
as both a substance and a potential therapeutic agent. Specifically, addressing the topic
from a holistic perspective with a particular focus on mental health, this review examines
the following key aspects of cannabis: (i) its historical context; (ii) its chemical composition
and pharmacokinetics, including its cannabinoid constituents and routes of consumption;
(iii) its pharmacological effects; (iv) its negative impacts on physiological and mental health;
(v) its potential use as a drug for the treatment of neurological and psychiatric disorders;
(vi) its relationship with the gut microbiome (GM) and how this interaction might influence
mental functioning; (vii) the pathophysiology, prevalence, comorbidities, and treatment
strategies of CUD; and (viii) social perspectives on its legalization.
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2. Method

The conceptual framework underlying the present review was structured to support
a broad, integrative examination of cannabis. Accordingly, the review was intentionally
designed to adopt a holistic perspective that would enable the synthesis of heterogeneous
lines of evidence within a descriptive framework. A non-systematic narrative approach
was deemed the most appropriate, as it allowed the integration of a wide range of liter-
ature addressing multiple facets of the subject under study. An extensive search of the
scientific literature was conducted using the databases PubMed, Scopus, ResearchGate,
and Web of Science. A broad range of keyword combinations was employed, with iterative
adjustments to maximize coverage. These combinations were thematically aligned with
the core focus of the review and were constructed using Boolean operators to capture
variations across terminology and conceptual domains. MeSH terms were employed for
the core concepts of “cannabis” and “mental health” to ensure conceptual consistency and
retrieval accuracy. Additionally, a wide-ranging set of free-text keywords was used to
expand thematic coverage and capture relevant literature. No language restrictions were
applied, although only English-language search terms were used. Most of the included
articles were published in English, with some in Spanish, and none required the use of
translation tools. No temporal restrictions were applied regarding the publication date.
However, when the results overlapped between older and more recent studies, priority
was given to the latter to ensure the inclusion of the latest available evidence, unless the
earlier work provided more comprehensive data or offered greater relevance to the topic
under examination. Moreover, given the high number of studies on cannabis-related topics,
selection was necessarily constrained to those considered most pertinent and aligned with
the specific scope and objectives of the review. In addition to database searches, relevant
studies were also identified through screening the reference lists of previously published
articles, as well as from literary sources and foundational works within the field. The selec-
tion of studies was carried out in two stages. The first stage involved screening titles and
abstracts to identify studies with potential relevance to the review. In the second stage, full
texts were examined in detail, and only those articles that fulfilled the established criteria
and were deemed appropriate were retained for analysis. Both authors independently
conducted the screening process at each stage. Studies were included if they examined
cannabis-related topics such as its history, chemical constituents, including cannabinoids,
routes of administration, pharmacokinetics, biological and pharmacological effects, impacts
on physiological and mental health, therapeutic applications in mental health, interactions
with the GM and microbial metabolites, addiction potential and treatment, including preva-
lence and psychiatric comorbidities, and broader social implications related to legalization.
Exclusion criteria involved the removal of (i) non-peer-reviewed literature; (ii) conference
abstracts; (iii) studies that did not provide sufficient information pertinent to the topic
under investigation; (iv) articles focused exclusively on industrial, agricultural, or forensic
aspects of cannabis; (v) studies focusing on substances other than cannabis or on SUDs
not specific to CUD; and (vi) doctoral dissertations. While no formal risk of bias tool was
implemented, given the narrative nature of this review, preference was given to studies
employing clearly defined methodologies and appropriate statistical analyses, especially
in those addressing the relationship between cannabis use and mental health outcomes,
as well as in those addressing the therapeutic potential of cannabis. Studies that failed to
meet the inclusion criteria or lacked sufficient relevance were excluded from the review.

3. Historical Context of Cannabis

Cannabis has been feared and praised in different ways over the centuries, depending
on the prevailing culture and politics. While the Eastern cultures of Hindustan employed
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cannabis as a source of happiness (vijohia) and life (ananda), the Buddhists used it as a tool
for meditation, and in Babylon and Egypt, it was consumed for medicinal purposes or as
a means of pleasure. The earliest registrations of the medicinal applications of cannabis
appeared in China, where a mixture of wine and herbal extracts, possibly containing
cannabis, was used as a general anesthetic in surgery [6]. Ancient Greece also makes
references to the use of cannabis in the writings of Homer, who stated that its origin came
from Egypt. For his part, Herodotus described how the Scythians, after the burial of a king,
prepared small ceremonies in which the participants threw hemp seeds on red-hot stones in
order to be “delighted” by the fragrant smoke [6]. In the Roman Empire, the medical use of
cannabis was mentioned by several erudites such as Pliny the Elder, Dioscorides, and Galen,
who discussed the medicinal implications of the plant, differentiating cultivated cannabis
and wild varieties, and indicating both antalgic and anti-inflammatory properties related to
this substance. During the 12th century, Saladin gave lessons in honorability to the Templar
knights, not only treating the prisoners in an exemplary manner, but also sending doctors
to enemy camps in order to cure illnesses. In fact, the virtues of his remedies plunged many
Christians into an admiring stupor, and upon returning to Europe, they were the first to
defend preparations made from hemp and other drugs with narcotic effects [7]. However,
the Inquisition, an institution that exercised its power within a European culture in which
positive attitudes towards alcohol predominated, opposed cannabis during the 12th and
13th centuries, since it was thought that it could be a drug associated with witchcraft rituals,
as well as with Eastern religions. In addition to religious issues, commercial pretensions led
Napoleon to ban hemp at the beginning of the 19th century, although the newly founded
American nation witnessed the regular cultivation of various species of this plant [7].
Indeed, cannabis became fully accepted in Western medicine in the late 19th century. For
instance, Queen Victoria took this drug for painful menses, while Empress Elisabeth of
Austria took it for a cough, and possibly to stimulate the appetite [6]. In the present time,
however, global culture manifests itself in a relatively homogenized attitude that has come
to be known as the “War on Drugs” [8].

This current situation with cannabis is the result of a prohibitionist perspective built
up throughout the 20th century, as opposed to a more tolerant 19th century. For instance,
the British Indian Hemp Drugs Commission of 1894 did not consider its moderate use to be
sufficiently detrimental to health to warrant restrictive measures against it in their Indian
colonies. By this time, the drug was not only serving as an inspiration tool in art, but was
also included as a basic ingredient in the Western pharmacopeia. Over time, cannabis was
displaced by the discovery of other sedative and analgesic drugs like aspirin [6]. In this
regard, replacement of cannabis by synthetic alternative products could happen due to
more predictable results in the treatment. The conclusion of the Hemp Drugs Commission
coincides in a way with the ancient Chinese medicine hero Shen Nung, in 2737 BC, as
noted in the Pen Tsao Ching (1st century AD), which associated habitual consumption of
cannabis with cognitive distortions [9]. This legendary figure warned that hemp taken in
excess makes one see monsters, and if used for a long time, it can serve to communicate
with the spirits and to lighten the body [7].

In the early 20th century, particularly in the United States of America, cannabis was
demonized due to social fears and prejudices, with propaganda such as the 1936 film
Reefer Madness falsely portraying the substance as a cause of violence and moral decay;,
despite the lack of scientific evidence. There are multiple value judgments as to whether
the current prohibition of cannabis is a reaction to the promotion of favored alternatives
by the pharmaceutical industry, societal trends towards abstinence or perceived virtue,
advancements within the clinical field, concerns over immigration, political and economic
interests, social prejudices, or a legacy of disinformation and stigmatization. After World
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War I, the United States of America led the first steps towards prohibitionism, which became
evident during the World Drug Conventions of Geneva in 1931 and 1936, and later with
the Marihuana Tax Act of 1937, just after the failed attempts of the frustrated Dry Law [10].
This stance limited the medical use and research of cannabis, resulting in several years of
no scientific progress within the study of this plant. While reports such as LaGuardia’s in
1944 did not opt for the prohibitionist stance, this position gradually established itself as
the international pattern of attitudes towards drugs, contributing to the illegalization of
cannabis even in geographical contexts with a traditional use of this substance. Cannabis
was awakened again later, with the psychedelic revolution of the 1960s, during which use
increased, especially among young people [11]. Nevertheless, despite the declarations of
the 1972 National Commission on Marihuana and Drug Abuse that the harms were not
serious enough to justify a criminal law, the Nixon administration implemented it. As a
result, the legacy of an “aborted rebellion” became even more prohibitionist [7].

4. Basic Aspects of Cannabis

The effects of cannabis are influenced by a variety of factors, including its composition,
the methods of consumption, and the pharmacokinetics of its active compounds. The
primary cannabinoids found in cannabis interact with the eCBS, leading to a wide range
of physiological and psychological effects. In addition, the route of administration greatly
impacts the onset and intensity of these effects, as each method alters how cannabinoids are
absorbed and metabolized by the organism. Moreover, the pharmacokinetics of cannabis
are also pivotal, as the body’s processing of cannabinoids can vary depending on factors
such as dosage, individual metabolism, and the specific form of cannabis used.

4.1. Cannabinoid Constituents of Cannabis

About 100 specific cannabinoids have been isolated from C. sativa and categorized
into different types: cannabichromenes (CBCs), cannabicyclols (CBLs), cannabidiols
(CBDs), cannabielsoins (CBEs), cannabigerols (CBGs), cannabinodiols (CBNDs), cannabi-
nols (CBNs), cannabitriols (CBTs), (—)-A9—trans—tetrahydrocannabinols (A°-THCs), (—)-A8-
trans-tetrahydrocannabinols (AB-THCs), and the multifarious cannabinoids [12]. Table 1
shows the cannabinoids produced by different biological species and their major relevant
bioactivities [12-17].

Table 1. Cannabinoids produced by several biological species and their most relevant bioactivities
(according to [12-17]).

Biological Species

Cannabinoids Produced Bioactivities

Cannabis sativa

- Analgesic responses, relaxation,
dysphoria, tolerance, and dependence.

Tetrahydrocannabinols (THCs) - Antiemetic, antiglaucoma and appetite
Cannabidiols (CBDs) stimulant.

Cannabigerols (CBGs) - Sleep disorders and gut inflammation
Cannabichromenes (CBCs) improved.

Cannabicyclols (CBLs) - Anticonvulsive, anti-anxiety,
Cannabielsoins (CBEs) antipsychotic, and antirheumatoid
Cannabinols (CBNs) arthritis properties.

Cannabinodiols (CBNDs) - Anti-inflammatory, antihyperalgesia, and
Cannabitriols (CBTs) neuroprotective effects.

Miscellaneous cannabinoids - Protection against UV and desiccation.

- Influence on lipolysis, decreased fasting
plasma glucose, and energy balance.
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Table 1. Cont.

Biological Species

Cannabinoids Produced

Bioactivities

Cannabis sativa

Tetrahydrocannabinols (THCs)
Cannabidiols (CBDs)
Cannabigerols (CBGs)
Cannabichromenes (CBCs)
Cannabicyclols (CBLs)
Cannabielsoins (CBEs)
Cannabinols (CBNs)
Cannabinodiols (CBNDs)
Cannabitriols (CBTs)
Miscellaneous cannabinoids

Analgesic responses, relaxation,
dysphoria, tolerance, and dependence.
Antiemetic, antiglaucoma and appetite
stimulant.

Sleep disorders and gut inflammation
improved.

Anticonvulsive, anti-anxiety,
antipsychotic, and antirheumatoid
arthritis properties.

Anti-inflammatory, antihyperalgesia, and
neuroprotective effects.

Protection against UV and desiccation.
Influence on lipolysis, decreased fasting
plasma glucose, and energy balance.

Rhododendron adamsii
R. anthopogonoides

R. dauricum

R. rubiginosum

Chromane/chromene
meroterpenoids (CBC, CBL)
Grifolic acid (GFA)
Daurichromenic acid (DCA)
Confluentin (decarboxylated DCA)
Rhododaurichromenic acids A-B
Rubiginosins A-G
Anthopogochromenes A-B
Cannabigerorcynic acids
Cannabiorcicyclolic acids

Bioactivities in the immune system.
Anticancer, antimicrobial,
anti-inflammatory, antithrombotic, and
antipsychotic activities.

Anti-HIV activity.

Helichrysum
umbraculigerum
Glycyrrhiza foetida
Amorpha fruticosa

Amorfrutins (bibenzyl
cannabionoids)

Anti-inflammatory effects.

Radula laxiramea
R. marginata

Perrottetinene (bibenzyl

Elicits the tetrad of behaviors:
hypothermia, catalepsy, hypolocomotion,

R. perrotteti cannabinoid) and analgesia.
GFA - Antimicrobial activity (bacteria and fungi).
Mycorrhizal fungi: DCA - Anti-inflammatory.
Albatrellus dispansus Grifolin and neogrifolin - Anti-HIV activity.
Cylindrocarpon olidum Confluentin - Anticancer.

Cannabiorcichromenic acids

Anti-oxidative properties.

C. sativa mainly produces alkyl-type cannabinoids with a monoterpene isoprenyl

moiety and a pentyl side chain [18]. Cannabinoid biosynthetic pathways typically produce

acidic cannabinoids (precannabinoids), and further modified cannabinoids are genuine

conversion or degradation products that result from cyclization, decarboxylation, and

oxidation, or that are established in the course of isolation [19]. These transformations

occur due to the poor oxidative stability of alkyl cannabinoids, especially A’-THC [18].

C. sativa is the most abundant and productive source of phytocannabinoids, although

it is not the unique entity with the capacity for synthesizing this category of bioactive

natural products, such as Rhododendron spp., Helichrysum umbraculigerum, Glycyrrhiza

foetida, Amorpha fruticosa, Radula spp., and the mycorrhizal fungi Albatrellus dispansus and

Cylindrocarpon olidum.
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4.2. Routes of Consumption

Several studies point out that the prevalence of cannabis consumption and CUD is
growing over time, although there is insufficient consensus regarding how to estimate
cannabis use [20]. One of the pivotal issues in establishing such measures is identify-
ing the route of administration (e.g., inhalation, oral, topics) [21,22]. There is paucity of
empirical research scrutinizing the diverse modes of cannabis administration, and the
studies published to the current date are quite limited due they typically examine only
one mode of consumption (i.e., mostly inhalation of the substance by combustion), do not
assess poly-use, and measure the mode of use at only one point in time [23]. According
to Wadsworth et al. [21], Canada and the United States exhibit some of the highest global
rates of cannabis use. Within these countries, smoking cannabis is declining, while vap-
ing cannabis is increasingly prevalent among youth and young adults. Although fewer
studies have investigated non-smoking routes of cannabis use, it is estimated that approx-
imately one-third of recent cannabis consumers use the substance via alternative modes
of administration.

Route of consumption influences the duration, the intensity, and the onset of substance
effects and health consequences [24]. Inhalation is the most common way of consumption
for cannabis (6-14% THC), hashish (10-20% THC), and budder (82-97% THC). Cannabis
can be smoked through a variety of instruments (e.g., blunt, bong, dabbing, hookah,
joint, pipe, waterpipe), and also vaporized, a mode in which exposure to toxins and to
respiratory harm has been considered to be less compared to smoking, but subjective effects
are similar, while pharmacological effects are substantially stronger [25,26]. Therefore,
different modes of cannabis use (route of consumption and device used) are related to
distinct drug outcomes. For example, smoking cannabis delivers A°-THC to the circulation
and to the central nervous system (CNS) more rapidly than oral ingestion, which may have
implications in abuse liability [27]. Moreover, smoking blunts has been linked to higher
levels of perceived intoxication and of withdrawal than other smoking means [28]; while it
has been stated that joints, in turn, seem to produce more plasma THC than blunts [29].
In addition, vaporized cannabis seems to result in higher peak concentrations of THC in
blood, compared to equal doses of smoked cannabis [30].

Oral forms of cannabis use include edibles, ingestible oils, and tinctures. Some forms
of cannabis, such as edibles and concentrates, contain up to 90% THC [31], and the pharma-
cokinetics of cannabis are highly variable. In this respect, the onset of action is delayed,
with maximum blood levels occurring up to 6 h after ingestion and a half-life of 20 to
30 h [32]. The oral route of administration comprises solids enriched which butter, leaf
flour, oil or seeds, legal tablets, and liquids such as fermented rice (chastri), milk (cannabis
milk, or cannamilk, or marijuana milk, which should not be confound with hemp milk,
because the latter is free from psychotropic effects), butter (cannabutter), oil (cannabic-oil),
and yogurt (bhang lassii).

Based on their liposolubility, whole fats have been employed for THC extraction, but
the dosage is difficult to estimate, so higher concentrations than estimated can be obtained.
Because it is absorbed in the gastrointestinal tract and metabolized in the liver, cannabis
effects start 1-3 h after ingestion and last up to 24 h; unlike the inhalation route, where
cannabis effects onset is fast and persist for up to 6 h on average [30,33]. Some studies
have reported cases of poisoning after the consumption of THC extracted from a milk
infusion [33-35]. Symptoms include psychotic episodes and visual distortions ranging
from color images to interaction with simple, small figures or cartoons, as well as tachy-
cardia, hypotension, and somnolence. Users of low/moderate doses of cannabis have a
higher risk of experiencing a cardiac ishchemic episode during the 60 min after consump-
tion [36], due to increased sympathomimetic activity and decreased parasympathomimetic



Psychiatry Int. 2025, 6, 92

8 of 56

activity, thereby provoking tachycardia and increasing oxygen consumption, so it may be
recommended to be cautious regarding to the doses applied in patients with pre-existing
cardiovascular disease or ruptured intracranial aneurysms [36,37]. The use of cannabis
milk as a form of recreational cannabis consumption may well develop. As with inhalation,
cardiac symptoms are also frequent; however, the oral route develops less tolerance, psy-
chotic symptoms are much more common, and cognitive distortions can be closer to those
experienced after the use of LSD or hallucinogenic mushrooms [38].

The topical route of administration, specifically in the form of a cream, has been uti-
lized for the treatment of arthritic pain with differing degrees of success. Other alternative
routes, such as lozenges, skin patches, sublingual tablets, or suppositories, have been tried
for medical purposes with limitations in attaining standardized results. Additionally, the
considerable variation of cannabinoids in each mixture makes it difficult to determine an
accurate dosing [39].

5. Pharmacological Effects of Cannabis

Cannabinoids consist of two plant-derived components (phytocannabinoids), the
psychoactive molecule A’-THC and the non-psychoactive molecule CBD, which are re-
lated to another of internal synthesis, the eCB [40]. The varied and potent effects of
numerous phytocannabinoids on human physiology arise from their interaction with en-
dogenous cannabinoid receptors and are influenced by the levels of their endogenous
ligands. These receptors and ligands, along with the enzymes and transporters that regu-
late their metabolism, constitute the eCBS. This system is conserved throughout evolution
from coelenterates to humans [41]. Thus, the eCBS comprises two cannabinoid receptors
(CB1 and CB2), their endogenous ligands, termed endocannabinoids (eCBs), and at least
five anabolic and catabolic enzymes that regulate the availability of these ligands in the
tissues [42,43]. The eCBs are arachidonic acid precursors that are derived from cell mem-
brane phospholipids, such as N-arachidonyl-ethanolamide (AEA or anandamide) and
2-arachidonoylglycerol (2-AG), with different affinities for CB1 and CB2 [41,44,45].

Cannabinoid receptors CB1 and CB2 belong to the G protein-coupled receptor (GPCR)
family. CB1 is predominantly expressed in the brain, making it the primary mediator
of the psychoactive effects of cannabis, while CB2 is mainly expressed in the immune
system [46,47]. Both receptors interact with G proteins and regulate various intracellular
signaling pathways, including inhibition of adenylyl cyclase activity and calcium channels,
modulation of D-type potassium channels, enhancement of mitogen-activated protein
kinases phosphorylation, and activation of A-type potassium channels [48-50]. Apart from
CB1 and CB2 receptors, endocannabinoids have been shown to influence various other
receptors and channels. These include glycine receptors, transient receptor potential chan-
nels, and several GPCRs such as GPR 55, GPR18, and GPR119, as well as y-aminobutyric
acid A (GABA,). Furthermore, endocannabinoids also interact with the nuclear receptor
peroxisome proliferator-activated receptor gamma (PPAR-y) [41,49].

Dysregulation of eCBS has been related to physiological and neuropsychiatric condi-
tions, such as acute stress, Alzheimer’s disease, autism, depression, mastocytosis, cancer,
and schizophrenia [51-54]. In addition, the eCBS acts as a link between the brain and
the GM, regulating intestinal homeostasis and modulating the stress response [40,55-59].
While the eCBS was originally thought to be restricted to the CNS and associated with the
regulation of cognitive processes, memory capacity, motor control, and neurotransmitter
release [60], it is currently understood that cannabinoid receptors are also expressed in the
immune and reproductive systems, thereby being influenced by these compounds [61-63].

The psychoactive and enteric effects of cannabis are mediated by CB1 and CB2 recep-
tors [64]. CB1 is expressed in the intestinal epithelium, brain, and on activated immune
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cells, among other locations [63]. Its activation decreases gastrointestinal motility and
gastric acid secretion, but increases feeding and binge-like behavior [65]. CB2 is highly
expressed in plasma cells, including macrophages, but poorly expressed in the brain [66].
CB2 activation is involved in modulating intestinal inflammation, in regulating abnormal
gut motility, and in limiting visceral sensitivity and pain [67]. In addition, activation of CB2
activation can also lead to significant changes in the immune response, including apop-
tosis, cytokine suppression, altered T cell differentiation toward T regulatory (Treg) cells,
induction of myeloid-derived suppressor cells (MDSCs), and a shift in immune status from
a pro-inflammatory (Th1) to an anti-inflammatory (Th2) profile [61,63,68-73]. Thus, the
diverse pharmacological effects of cannabinoids result from their complex interaction with
multiple receptor systems, leading to widespread modulation of neurological, immune,
and gastrointestinal functions. This dynamic signaling underlies both the therapeutic
potential and the variable clinical responses observed with cannabis use. Figure 1 presents
the enteric effects of cannabis mediated by CB1 and CB2 receptors (modified from [57]).

Microbiome-epithelial

INTESTINAL ECOSYSTEM GUT MICROBIOME

crosstalk

Y

GASTROINTESTINAL | |
MOTILITY

GASTRIC ACID
SECRETION

Epithelial-immune

TIGHT JUNCTION

cB1

crosstalk

CcB2
T Microbiome-immune
crosstalk
CYTOKINES

!

» IMMUNE FUNCTION

Figure 1. Enteric effects of cannabis mediated by CB1 and CB2 receptors. Rectangles in blue: increase.
Rectangles in red: decrease. The eCBS, through both CB1 and CB2 receptors, modulates the complex
crosstalk between the epithelium and the immune system, the immune system and the microbiome,
and the microbiome and the epithelium. Activation of CB1 exerts a positive regulatory effect on
tight junctions, thereby reducing gastrointestinal motility and gastric acid secretion. The eCBS also
regulates immune cell function by decreasing cytokine release, primarily through CB2 receptor
activation. Notably, the eCBS and the GM exhibit reciprocal interactions.

Cristino et al. [42] proposed the term endocannabinoidome (eCBome) to describe an
expanded eCBS that includes several non-eCB long-chain fatty acid amides and esters,
including: (i) the congeners of AEA (the N-acyl ethanolamines, NAEs) and 2-AG (the
2-acylglycerols, 2-AcGs); (ii) the N-acyl amino acids; (iii) the acylated neurotransmitters
such as the N-acyl dopamines and N-acyl serotonins; and (iv) the primary fatty acid amides.
Although these lipid mediators may share biosynthetic or inactivating enzymes with AEA
and 2-AG, they do not necessarily share their receptors, which encompass orphan GPCRs,
ligand-activated ion channels, and peroxisome proliferator-activated nuclear receptors
(PPARs). Di Marzo [74] argued that eCBome explains some of the pharmacological proper-
ties of non-THC phytocannabinoids.
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Cannabis Pharmacokinetics

The pharmacokinetics of cannabis depend on the formulation and on the route of
administration. Inhalation of cannabis rapidly increases the concentration of THC in the
bloodstream, peaking within 3 to 10 min, and the bioavailability of THC after inhalation
is reported to be 10 to 35%. Oral ingestion results in peak levels within 1 to 2 h, and
hepatic metabolism reduces the oral bioavailability of THC by 4 to 12% [75]. After being
absorbed into the bloodstream, THC rapidly penetrates fatty and highly vascularized
tissues, including the brain and muscles [34]. This initial distribution is followed by a
slower phase, during which the compound is redistributed from the adipose tissue, liver,
lung, and spleen back into the bloodstream [76,77].

Hepatic metabolism of THC by cytochrome P450 (CYP450) enzymes (CYP3A4,
CYP2C19, and CYP2C9) results in the formation of psychoactive 11-hydroxy-THC (11-
OH-THC) and 11-carboxy-THC (11-COOH-THC) [78], which reduce oral THC bioavailabil-
ity [32]. The rate at which the plasma clears can differ based on various factors, including
gender and history of use, with a half-life of 18-32 h [79]. The majority of metabolized
cannabis is excreted from the body through feces (65%) and urine (20%). Glucuronic acid
conjugation increases the solubility of metabolites. Carboxy-THC is typically detected in
urine, whereas hydroxy-THC is predominantly found in feces.

The non-psychoactive CBD is hepatically metabolized as well, mainly by the isozymes
CYP2C19 and CYP3A4, and also by CYP1A1, CYP1A2, CYP2C9, and CYP2D6 [80]. After
hydroxylation to hydroxyl-cannabidiol (7-OH-CBD), there is additional hepatic metabolism
followed by fecal excretion, with a lesser extent of elimination of these metabolites through
urine [81].

6. Negative Impacts of Cannabis on Physiological and Mental Health

Research has shown that prolonged cannabis use can significantly impact certain
physiological and mental functions in humans. Several experimental studies indicate
that cannabinoids exhibit immunosuppressive effects [61,69,72,82,83]. On the contrary,
increased levels of IL-18, IL-6, IL-8, and TNF-« have been found in cannabis users [84].
Therefore, the critical regulatory role of the endocannabinoid system in immunity makes it
a promising candidate for medical intervention in cases of immune-related diseases, such
as transplantation, autoimmune diseases, infectious diseases, and cancer [82]. Figure 2
shows several negative effects of chronic cannabis use on physiological and mental health
through the GM.

6.1. Cannabis Use and Physiological Outcomes

Cannabis use during pregnancy has been linked to numerous adverse effects on the de-
veloping fetus [45,85], such as low birth weight in humans, which has been associated with
an increased risk of coronary heart disease in later life [86]. Prenatal exposure to cannabis
also negatively impacts neurodevelopment, leading to adverse effects on neuropsychiatric
health, behavioral patterns, and executive functions [87]. Notably, cannabinoids can pass
through the placenta and the blood-brain barrier (BBB), and are also present in breast
milk [45,87]. Multiple studies have investigated the impact on neurological development
in children. For instance, researchers have found that prenatal exposure to cannabis sig-
nificantly impairs intelligence by age 6, increases depressive symptoms by age 10, and
negatively affects academic performance by age 14 [88-90]. There is also an elevated risk of
attention difficulties, cognitive dysfunction, heightened aggression, memory impairment,
and psychosis linked to cannabis exposure during pregnancy [87]. However, while cannabi-
noids are recognized for their suppressive effects on the immune system, no human studies
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have been performed to explore whether adverse immunological outcomes arise from in
utero exposure.

DRUG METABOLISM BEHAVIORAL REWARD SHAPE OF DRUG || »ppicTioN AND
AND RESPONSE TO SUD CIRCUITRY TAKING AND RELAPSE SUD CRAVING
BIOAVAILABILITY SEEKING
BBB MICROGLIA MESOLIMBIC PERIPHERAL GLUTAR",?;ERG'C
DOPAMINE INFLAMMATORY
SEROTONERGIC
SYSTEM PROCESSES ROTONERS
ANTI-
CIRCULATING EPIGENETIC
INFLAMMATORY
CYTOKINES REGULATION PROPERTIES
SCFAs KYNA - NEUROTRANSMITTERS
PRIMARY BILE INDOLE
ACIDS DERIVATIVES I I

CANNABIS

Figure 2. Negative effects of chronic cannabis use on physiological and mental health through the
GM. SCFAs: short-chain fatty acids; KYNA: kynurenic acid; BBB: blood-brain barrier; SUD: substance
use disorder.

Although regular cannabis use has been associated with physiological benefits, such
as inducing mucosal healing in ulcerative colitis patients [91,92], it has also been linked
to highly adverse health outcomes. In this regard, Ghasemiesfe et al. [93] reviewed the
relationship between cannabis consumption and the risk of several cancers, including lung,
head and neck, and genitourinary, concluding that constant cannabis use was linked to
the development of testicular germ cell tumors, but the robustness of evidence was weak.
Moreover, the evidence associating cannabis with other cancers was also limited.

6.2. Cannabis Use and Mental Health Outcomes

While cannabis and other cannabinoids have been employed to alleviate anxiety, sev-
eral studies have demonstrated that CB1 receptor activation can produce anxiolytic effects
in animals [94], as this activation inhibits the release of GABA or glutamate in postsynaptic
neurons, and also blocks calcium channels [95]. More recently, Baral et al. [96] reported
that cannabis use in adolescents was linked to cognitive decline, depression, psychosis, the
development of attention deficit/hyperactivity disorder (ADHD), and suicide. However,
its relationship with anxiety remains unclear.

One of the most extensively studied functions of CB1 is its involvement in food intake
regulation following food deprivation, as disruptions or abnormalities in eCB signaling
at CB1 receptors may contribute to disorders such as anorexia nervosa (AN) or binge
eating disorder (BED) [97]. In healthy individuals, the consumption of palatable foods
leads to alterations in peripheral blood levels of eCBs, particularly 2-AG, and/or eCB-like
mediators. However, these changes are impaired in individuals with AN or BED [98,99].
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Unfortunately, the application of CB1 receptor antagonists as a pharmacological treatment
for these disorders has not produced satisfactory outcomes [100].

Cannabis abuse has been linked to an earlier onset of psychosis in genetically pre-
disposed individuals [101], but the role of the CB1 receptor in these conditions remains
controversial. Some studies in animal models of schizophrenia have suggested that CB1
receptor activation may be detrimental, while CB1 receptor antagonism could be bene-
ficial [102]. Recent findings suggest a potential involvement of the eCBome in autism
spectrum disorder (ASD) [103]. Significantly lower levels of AEA and NAE, but not 2-AG,
have been observed in the serum of children with ASD [58,104]. Wu et al. [105] reported
that in the valproate-induced autism model, enzyme inhibition mitigated both cognitive
and synaptic dysfunction, indicating that reduced AEA and NAE signaling may contribute
to some ASD symptoms. Furthermore, alterations in eCB levels have been reported in chil-
dren with ADHD [106,107]. Some studies have also highlighted changes in the expression
of the eCBS in multiple sclerosis (MS), including higher levels of CB1 and CB2 receptors in
the MS-affected brain [108].

Although cannabis may have medical applications for several conditions, including
epilepsy, MS, Parkinson’s disease, arthritis, and anxiety [109], there is evidence suggesting
both immediate and long-term harm from its use, particularly with respect to the age of
onset and chronic exposure [110]. Table 2 summarizes several empirical human studies on
the effects of cannabis use on mental health.

Table 2. Studies on the effects of cannabis use on mental health.

Reference/ . . ..
Country Sample Size and Age Study Design Summary of Findings
Follow-up analyses showed that the early
Albertella N =162 Loneitudinal onset of cannabis use was associated with
etal. [111]/Australia Age: 15-24 years 8 higher levels of introversive anhedonia in
females only.
Bahorik et al. [112]/USA N =307 Longitudinal Cannabis use led to poorer mental and

Age: >18 years physical health functioning.

Bechtold et al. [113]/USA

Four distinct subgroups of cannabis users
were defined. However, these groups did
Longitudinal not significantly differ in terms of their
physical and mental health outcomes,
including anxiety and suicide problems.

N =506
Mean age: 13.9 years

. N =26,821 g Cannabis use was associated with

Chadi etal. [114]/USA Age: 12-18 years Longitudinal depression and suicidality.
No associations were found between

Danielsson N = 8598 o cannab1§ use anc.:l the incidence of

. Longitudinal depression/anxiety or between

et al. [115]/Sweden Age: 20-64 years . : .
depression/anxiety and later cannabis use
onset.

Feingold et al. [116]/Israel,
Canada, and Germany

The findings suggest that cannabis use
and CUD are not associated with
increased incidence of most anxiety

Longitudinal disorders, and inversely, most anxiety
disorders are not associated with
increased incidence of cannabis use or
CUD.

N =43,093
Age: >18 years
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Table 2. Cont.

Reference/
Country

Sample Size and Age

Study Design

Summary of Findings

Floyd
Campbell [117]/USA

N =240
Age: 18-30 years

Cross-sectional

More than 20% of cannabis users
experienced depression, which was higher
in African American females compared to
White females.

N =281,650

CUD was associated with a higher
prevalence of past suicide ideation, plan,
and attempt. The suicide plan among

Han etal. [118]/USA Age: 18-34 years Longitudinal those with CUD and major depressive
episode was higher for women than for
men.

Horwood N'=6900 Longitudinal ;rihiiffriiglri’flnCzsg(f)s;r’sggasitlﬁsfngzzsin

et al. [119]/Australia Age: 1245 years & & vy &
depressive symptoms.

N =234 Cannabis use negatively affects the
Kim et al. [120]/R. Korea N Longitudinal long-term clinical outcomes in patients
Mean age: 41.8 years .
with BD.
More frequent cannabis use was
associated with increased psychotic
Leadbeater N =36,309 Longitudinal symptoms, higher depression, and anxiety

etal. [121]/USA

Age: >18 years

symptoms. Females exhibited a stronger
association between CUD and mental
health symptoms.

Levy &
Weitzman [122]/USA

N =527
Age: 14-18 years

Cross-sectional

Frequent cannabis use was linked to
reports of symptoms of hallucinations,
paranoia, or anxiety.

London-Nadeau
etal. [123]/USA

N =1538
Age: 13-17 years

Longitudinal

There is a bidirectional relationship
between cannabis use and
depression/anxiety symptoms in
adolescents. Differences were found
between heterosexual and LGBTQI
participants; the latter showed a stronger
association between cannabis use and
depression.

Meier et al. [124]/USA

N =506
Age: 15-26 years

Longitudinal

Increases in cumulative years of weekly
cannabis use were linked to higher levels
of depression symptoms and
anxiety/depression problems.

Moitra et al. [125]/USA

N =332
Age: 18-25 years

Longitudinal

A relationship between reductions in
cannabis use and reductions in depressive
symptoms was found.

Mufioz-Galan
et al. [126]/Spain

N =948
Age: 14-18 years

Longitudinal

From the 948 participants who
commenced treatment for CUD, almost
20% developed a mental health disorder
in the years following the onset of
cannabis use.
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Table 2. Cont.

Reference/ . . ..
Country Sample Size and Age Study Design Summary of Findings
Cannabis use is associated with an
increase in symptoms of anxiety, but only
Otten et al. [127]/The N =1424 o1 in carriers of the short allele of the
Longitudinal

Netherlands

Age: 10-11 years

5-HTTLPR genotype (a polymorphism in
the promoter region of the serotonin
transporter gene).

Patel et al. [128]/United
Kingdom

N =2026
Age: 16-25 years

Cross-sectional

Cannabis use reduces response to
conventional antipsychotic treatment and
increases compulsory hospital admissions.

Phillips et al. [129]/USA

N =300
Age: 18-25 years

Cross-sectional

Among the three psychological factors
tested (social anxiety, general anxiety, and
depression), only depression was
associated with cannabis use.

Rabin et al. [130]/Canada

N=19
Age: 18-55 years

Cross-sectional

Verbal memory and learning
improvements in schizophrenic subjects
with cannabis abstinence for 28 days were
found.

Rabin et al. [131]/Canada

N=19
Age: 8-48 years

Cross-sectional

Short-term (28 days) cannabis abstinence
is not associated with improvement in
psychotic symptoms, but may be
associated with improvement in
depressive symptomatology in patients
with schizophrenia.

Rasic et al. [132]/Canada

N =976
Age: >16 years

Longitudinal

Illicit drug use, with and without cannabis
use, among high school students increases
the risk of depression, suicidal ideation,
and suicidal attempts. Heavy cannabis
use alone predicts depression but not
suicidal ideation or attempts.

Richter et al. [133]/USA

N =155,271
Age: 18-62 years

Cross-sectional

Anxiety was associated with a higher
prevalence of CUD, while depression
showed no significant association.

N=12

No evidence was found of an additive

Sagar et al. [134]/USA Mean age: 28.6 years Longitudinal negative impact of BD and cannabis use
on cognition.
Schoeler N =285 Frequent cannabis use during adolescence
et al. [135]/United B Longitudinal quer ng .
. Age: 18-55 years was a risk factor for later life depression.
Kingdom
The rates of cannabis use increased with
i _ age, and were more common among
Scholes-Balog N=927 Longitudinal males than females. Anxiety and

et al. [136]/ Australia

Age: 15-19 years

depression are the most prevalent
cannabis-related harms.

Tull et al. [137]/USA

N =202
Age: 18-60 years

Cross-sectional

Findings suggest that patients with
co-occurring PTSD and cannabis
dependence may experience alterations in
their emotional processing in response to
a traumatic cue.




Psychiatry Int. 2025, 6, 92 15 of 56

Table 2. Cont.

Reference/ . . S

Country Sample Size and Age Study Design Summary of Findings

Weinberger N'=204,102 Cross-sectional :i/c\)llilcteh avzllgie(ielige::l%r;tvzziiiieuts};an
et al. [138]/USA Age: 12-17 years y P

compared to those without depression.

Cannabis use was associated with the
Longitudinal development of externalizing behavior
disorders and with ADHD.

N =483

Welsh et al. [139]/USA Age: 12-24 years

Initiation of cannabis use after treatment
Longitudinal was associated with worse PTSD
symptoms and more violent behavior.

N =2276

Wilkinson et al. [140]/USA Mean age: 51.7 years

The frequency of cannabis use increases
from adolescence to young adulthood,
Longitudinal together with the rise in adolescent
depressive symptoms. This association
was found to be stronger in women.

N =9816

Wilkinson et al. [141]/USA Age: 18-32 years

Adolescents with a history of cannabis use
Cross-sectional showed an association with suicidal
ideation or attempts in the previous year.

N =73,183

Wong et al. [142]/USA Age: 12-15 years

Among adolescents with CUD, there was
a high co-occurrence of alcohol and opioid

Zaman et al. [143]/USA N'=483 Cross-sectional abuse or dependence. These individuals
Age: 12-18 years . . s
also experienced significant psychiatric
comorbidities.

BD patients who stopped using cannabis
N =1922 Loneitudinal during manic/mixed episodes had similar
Age: 35.3-46.2 years & clinical and functional outcomes to never
users.

Zorrilla et al. [144]/Spain

ADHD: attention deficit/hyperactivity disorder; BD: bipolar disorder; CUD: cannabis use disorder; PTSD: post-
traumatic stress disorder.

Several systematic reviews have identified an association between cannabis use among
young individuals and the development of depressive symptoms. Knopf et al. [145]
reported that adolescent cannabis users were 1.37 times more likely to develop depression
than non-users. Similarly, another systematic review found that weekly cannabis users were
more likely to develop depression compared to non-users, with the stronger association
observed among adolescents [146]. A meta-analysis involving over 650 subjects and 5600
controls revealed that cannabis use was linked to cognitive decline, as evidenced by a
two-point decrease in 1Q, compared to non-users in the United States [147].

As shown in Table 2, cannabis use is related to an increase in depressive symptoms
[114,117-119,121,123-125,129,132,135,136,138,141], suicidal ideation [114,118,142], and anx-
iety symptoms [121-124,127,133,136]. However, some studies have reported conflicting
results, including the lack of an association between cannabis use and depressive or anxiety
symptoms [115,116] or even a potential improvement in bipolar symptoms [134]. Moreover,
an inverse relationship has been observed between the prevalence of anxiety or depressive
symptoms and the age of cannabis initiation, with higher prevalence in adolescents and
lower prevalence in emerging adults [115,116]. In addition, contradictory results have been
reported regarding the interaction between mental health, cannabis use, and gender. In this
regard, only one study found males to be more prone [136], while four studies indicated
that females were more vulnerable [111,118,121,141], and another suggested that LGBTQI
individuals may be more susceptible [123]. Given these mixed findings, further research us-
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ing more robust methodologies is necessary to establish a clear causal relationship between
cannabis consumption and mental health outcomes. Nevertheless, based on the studies
summarized, it can be stated that consistent risk factors for adverse mental health outcomes
related to cannabis use include early age of initiation, frequent or heavy use, female sex,
and co-occurring psychiatric conditions such as BD and PTSD, while evidence for potential
protective factors remains limited and inconclusive.

7. Cannabinoid Drugs in the Treatment of Mental Health Disorders

The report from the U.S. National Academy of Medicine highlights strong evidence
supporting the efficacy of cannabis or cannabinoids in only three areas [22]: (i) alleviating
chronic pain in adults; (ii) serving as an antiemetic for chemotherapy-induced nausea
and vomiting (CINV); and (iii) improving patient-reported spasticity in MS (via oral
cannabinoids). Nevertheless, given the role of the eCBS, there is significant interest in
the potential use of cannabinoid-based drugs for the treatment or management of a wide
range of neurological, psychiatric, and psychological disorders [148], including anxiety,
depression, chronic pain, PSTD, MS, Tourette’s syndrome, and various neurodegenerative
diseases [149-155]. Despite the growing number of governments allowing whole-plant
cannabis consumption for medical purposes, only a few cannabinoid drugs have been
rigorously tested for safety and efficacy, and have been approved for use by regulatory
agencies, such as the Federal Drug Administration (FDA) and the European Medicines
Agency (EMA) [3].

Based on the therapeutic potential of cannabis in humans, several cannabinoid-
based formulations have already been approved in various countries, such as dronabinol
(Marinol® and Syndros®), nabilone (Cesamet® and Canemes®), rimonabant (Acomplia®),
nabiximols (Sativex®), A?-THC and CBD-enriched plant extracts (Epidiolex®, GWP42006%,
and Bedrocan®), as well as lesser-used compounds like cannabidivarin (CBDV) and tetrahy-
drocannabivarin. Dronabinol is an orally administered, synthetically produced form of
A?-THC, which has been approved by the FDA and EMA for treating anorexia and weight
loss in patients with AIDS and for CINV. This drug is classified as a Schedule III substance,
and the most frequently reported side effects include asthenia, heart palpitations, amne-
sia, and abdominal pain [156]. Nabilone is an orally administered synthetic cannabinoid
with similar CB1 receptor properties to A’-THC. This drug has been approved for the
treatment of CINV. Due to its psychoactive effects, nabilone is classified as a Schedule
II drug. Its side effects are generally mild and include dryness of the mouth, headache,
orthostatic hypotension, drowsiness, and euphoria [157]. Rimonabant is a potent synthetic
CB1 receptor antagonist that was marketed in Europe for type 2 diabetes, dyslipidemia,
and weight management. However, it was withdrawn from the market by the EMA in
2009 due to serious side effects, including nausea, major depression, suicidal ideation,
and upper respiratory tract infections [158]. Nabiximols is an oromucosal spray derived
from the C. sativa plant extract, which predominantly contains A’-THC and CBD in nearly
equal amounts. Sativex has been approved in Europe for the treatment of spasticity, with
the most commonly reported side effects being blurred vision, constipation, dizziness,
fatigue, depression, changes in appetite (either increase or decrease), and vertigo [159].
Cannabidiol (Epidiolex®) is a 98% pure oral CBD solution derived from plants that has
been approved for the treatment of seizures associated with Lennox-Gastaut syndrome or
Dravet syndrome in pediatric patients. Epidiolex has received approval from both the FDA
and EMA [160]. Its side effects include decreased appetite, diarrhea, drowsiness, fatigue,
and hepatocellular toxicity [160].

Recent research proposes three hypotheses regarding the role of the eCBS in emotional
and behavioral regulation [161]. The first suggests its interaction with the stress response
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system, particularly the hypothalamic—pituitary—adrenal (HPA) axis, which modulates be-
havioral reactions and maintains homeostasis [162]. The second focuses on the integration
of sensory perception with behavioral execution, which mitigates maladaptive responses
and may protect against psychiatric symptoms [163]. The third posits that promoting
proactive coping mechanisms during adversity can foster anxiolytic and antidepressant
effects [164]. These hypotheses converge, highlighting the eCBS as a promising therapeutic
target for addressing affective dysregulation [165]. Table 3 presents the medical applications
of cannabis and its derivatives in several neuropsychiatric disorders.

Table 3. Cannabis and cannabis-derived products in the treatment of several neuropsychiatric

disorders.
Nf:uropsychlatrlc Treatment Samp!e and Outcomes Ref.
Disorders Duration
With concomitant use of clobazam,
44% of patients had a 50% reduction
in seizures upon addition of CBD
Artisanal N =209. Age: compared with 33% in the population
Epilepsy formulations of CBD >19 years. Treatment not treated pharmacologically. The [166]
* for 1.1-2.5 years. most common reported side effect of
CBD was sedation in less than 4% of
patients, all of whom were also taking
clobazam.
. CBD treatment yielded a significant
Sailr)ljbrilzlcc)ﬁ:ed p.osi’.c?/e effec(’f1 on .seiz.ure lpad, with a
_ i significant reduction in seizure
gigomﬁ;}(lg(;? dén"lsihe ﬁl_ 87;e.$§e. frequency. In addition, improvements
selected formula Treatment for in behavi'or a}nd alertness,.language, [167]
contained CBD and  3-6 months. communication, motor .skllls, and
THC at a ratio of 201 sleep were foun-d. AEs 1nclgded .
dissolved in olive oil somnolence, fatigue, gastrointestinal
’ disturbances, and irritability.
The median reduction in convulsive
N = 120. Age: seizures was 38.9%. AEs occurred
Epidiolex® 1-18 ee;rs ' often in the CBD group (93%) as well
Dravet syndrome GWCAREI1b: Trea thent 'for as in the placebo group (75%), most of ~ [168]
20 mg/kg/d CBD. 14 weeks the AEs were moderate or mild,
) including somnolence, diarrhea,
decreased appetite, and fatigue.
L ® _ ) A sustained convulsive seizure
g%%gﬁ%m with a 12\]_5_5263;32‘%63' reduction (between 37.5% and 44.3%)
mean CBD dose of Trea tr};ent for was achieved. AEs were common, [169]
71 ke /d 274 davs including diarrhea, pyrexia,
me/ e/ ye: decreased appetite, and somnolence.
Median convulsive seizure reduction
Epidiolex® N = 198. Age: was 48.7% in the CBD 10 mg/kg/d
GWPCARE2: 218 years. group, 45.7% in the 20 mg/kg/d
Omgfhgidond T Souad2esinberiche 070
20 mg/kg/d CBD. 14 weeks. '

decreased appetite, diarrhea,
somnolence, pyrexia, and fatigue.
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Nguropsychlatnc Treatment Sampl.e and Outcomes Ref.
Disorders Duration
A significant reduction in drop
Epidiolex® N =225. Age: seizures was found in the
Lennox—Gastaut GWPCARES3: 2-55 years. 10 mg/kg/d and 20 mg/kg/d [171]
syndrome 10 mg/kg/d and Treatment for groups. AEs frequently occurred in
20 mg/kg/d CBD. 14 weeks. all groups, including somnolence,
decreased appetite, and diarrhea.
Significant reduction in drop seizures.
: 3oy ® - g p
EF‘)/;C})IEI:I({E 4 ;\]_5_51 7elérége AESs occurred often with diarrhea,
20 me /k or;ﬂ CBD Trea tr};ent .for 14 somnolence, pyrexia, decreased [172]
dail 5/%8 weeks appetite, and vomiting being the most
any: ) common.
Sustained reduction in seizures
.« 7. ® _ .
g}i/t/(i’lgi)l(QES th ;\]_5_5366‘ rAge. (between 47.7% and 57.4%) across all
CBD d W fa Trea tr};eeant&for 12-week periods. AEs were common  [173]
;n;an ke / dose © 38 weeks in all groups, including diarrhea,
mg/kg/d. ) somnolence, and convulsions.
N =39. Age: Nabilone may be an effective
Alzheimer’s disease =~ Nabilone: 1-2 mg/d. >55 years. Treatment treatrpent for ag1ta.t1.or1. However, [174]
for 14 weeks sedation and cognition should be
' closely monitored.
Significant increases in dynamic
_ . balance, stride length, and gait
Dementia Oral THC: 1.5 mg 17\]7_ elfl.‘sM"I?r aer; tﬁgﬁt velocity after THC administration [175]
twice daily. forylZ wéeks compared to placebo. AEs included
’ dizziness, somnolence, balance
disorders, and falls.
Patients who were already taking a
CBD/THC product (N = 8) had lower
_ i global cognition scores, more
. o CBD/THC treatment N'=15. Mean age: non-motor symptoms, and improved
Parkinson’s disease 67.5 years. Treatment . [176]
(dose not reported). for 3 months pain levels and sleep, as well as
' reductions in anxiety. A few AEs,
including sleepiness, concentration
difficulties, and forgetfulness.
Oral cannabis extract
(CE). 2-week dose B )
titration phase from i\é__@lﬁtﬁsge' The rate of relief from muscle stiffness
Multiple sclerosis 5 mg to 25 mg of Trea tnzlent f.or after 12 weeks was almost twice as [177]
THC daily and a 12 weeks high with CE as with placebo.
10-week '

maintenance phase.
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Table 3. Cont.
Nguropsychlatnc Treatment Sampl.e and Outcomes Ref.
Disorders Duration
Cannabis oil solution
at a 20:1 ratio of CBD
and THC. Sublingual N = 60. Age: Following the cannabis treatment,
Autism administration 2 or 5-17.5 years (mean behavioral outbreaks were improved
spectrum 3 times/daily with age: 11.8 years). in 61% of patients. AEs included [178]
disorder CBD doses started at  Treatment for sleep disturbances (14%), irritability
1mg/kg/d and 2—4 weeks. (9%), and loss of appetite (9%).
titrated up to
10 mg/kg/d.
Recommended daily
dose of CBD was Self-injury and rage attacks,
16 mg/kg (maximal N =53. Age: g
. hyperactivity symptoms, sleep
daily dose 600 mg), = 4-22 years. Do
. problems, and anxiety improved. AEs  [179]
and for THC daily Treatment for .
such as somnolence and a change in
dose of 0.8 mg/kg 66 days. appetite were mild
(maximal daily dose PP '
of 40 mg).
Cannabis oil
containing 45% olive o
) o After 6 months of treatment, 30.1% of
oil, 30% CBD, and . L
N =188. Mean age: the patients reported a significant
1.5% THC. 1 . .
. . 12.9 years. Treatment improvement; 23 patients [180]
sublingual oil drop . .
. for 6 months. experienced at least one side effect.
3 times per day The most common was restlessness
(15 mg CBD and '
0.75 mg THC).
After 6-9 months of treatment, the
strongest improvements were
reported for seizures, attention
Standardized N =15. Age: def1c1t/' hyperactivity symptoms,
: 6-17 years (mean sleep disorders, and communication
CBD-enriched CE o . -
. age: 10 years). and social interaction deficits. The [181]
(with a CBD to THC
ratio of 75/1) Treatment for most frequently reported AEs were
' 5-24 months. drowsiness, psychoactive symptoms,
increased appetite, digestive
disturbances, dry mouth, and lack of
appetite.
CBD reduced the incidence of
Epidyolex®: seizures in 70%. A reduction in
100 mg/mL oral agitation or anxiety attacks, and an
solution of CBD (38% improvement in spasticity were
patients were treated N =26. Age: reported. Only one patient
with CBD, and 50%  7-32 years. experienced a transitory drooling and
Rett syndrome in combination with ~ Treatment for somnolence episode at the CBD [182]
clobazam). The 13 months. initiation. Half of the patients showed

median dose at their
last follow-up was
15 mg/kg/d.

a reduction in agitation and/or
anxiety attacks, and an improvement
in spasticity was reported in 40% of
patients.
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Table 3. Cont.
Nguropsychlatnc Treatment Sampl.e and Outcomes Ref.
Disorders Duration
A vaporized single In terms of tics, there was no
0.25 g dose of THC N =12. Age: statistically significant difference for
(10%), THC/CBD 22-54 years any of the cannabis products. The
Tourette syndrome 9%/ 9’0 %), CBD (13%), Treatment fé)r main AEs observed were sedation, [183]
and placébo at ! 6 weeks. psychomotor effects, dizziness, cough,
2-week intervals burning throat, dry mouth, and
' feeling cold.
After 12 weeks of treatment, a
significant average reduction of
YGTSS and of PUTS was observed.
Common side effects were dry mouth,
N =18. Age: fatigue, and dizziness. Three patients
Medical cannabis 20-50 .ears ' suffered from psychiatric side effects,
treatment, including Trea tm?,ent fé)r including worsening of [184]
THC and CBD. 12 weeks obsessive-compulsive disorder, panic
' attacks, and anxiety. Six patients
reported cognitive side effects
regarding time perception,
visuospatial disorientation, confusion,
slow processing speed, and attention.
The treated group showed an
improvement in Qb Test scores that
N =30. Age: approached significance. Nominally
Attention Sativex Oromucosal 18-55 .ears ' significant improvements in attention
deficit/Hyperactivity ~Spray: THC (2.7 mg) Trea tnzlent f;)r deficit/hyperactivity symptoms were [185]
disorder and CBD (2.5mg). 6 weeks also found for the treated group
’ compared to the placebo. Concerns
about cognitive impairment were
alleviated by lower THC formulas.
Patients made significantly more
Task-based fMRI commission errors on NoGo trials
data from young than cont?ols, and also had .less
adults with and fropt.opa-rwtal and frontostrlatal.
without cannabis use. activity, independent of cannabis use.
Go/NoGo N =73. Age: No main gffects pf carmabis.use on
behavioral and fMRI 21-27 years (mean response inhibition or functional [186]
ehavioral an

data were evaluated
for main and
interaction effects of
disorder diagnosis
and cannabis use.

age: 24.6 years).

Treatment for 1 year.

brain activation were observed. An
interaction of disorder diagnosis and
cannabis use was found in the right
hippocampus and cerebellar vermis,
with increased recruitment of these
regions in cannabis-using controls
during correct response inhibition.
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Table 3. Cont.
Nguropsychiatric Treatment Sampl.e and Outcomes Ref.
Disorders Duration
Both patients
received a placebo
for the initial 5 days
and CBD from the
gﬁtﬁlﬁgﬁ?ﬁ ii};e One patient showed improvements in
YMRS and BPRS scores while on CBD
of 600 mg reaches lus ol ine b dditional
1200 mg/d. plus olanzapine, but no additiona
E N =2. Age: 35and improvement during CBD
. . rom the 6th to the .
Bipolar disorder 20th dav, the first 36 years. Treatment =~ monotherapy. The second patient had [187]
patient i']:eceive d for 40 days. no symptom improvement with any
diuncti dose of CBD. CBD appears not to be
adjunctive effective in attenuating mania. No
olanzapine (oral dose side effects reported
of 10-15 mg). On day p '
31, CBD treatment
was discontinued
and replaced by a
placebo for 5 days.
Pre-test CBD administration in
patients versus placebo resulted in
significantly reduced anxiety,
N =24. Mean age: cognitive impairment, and discomfort
Social anxiety 24.6 years. Treatment in speech performance, and
disord CBD (600 mg). for 1.5 hours before a  significantly decreased [188]
isorder : . . ..
simulated public hyper-alertness in anticipatory
speaking test. speech. CBD and control groups,
however, did not differ, reflecting
similar response profiles during the
public speaking test.
CBD compared to placebo resulted in
N =10. Age: significantly lower subjective anxiety,
20-33 years (mean and modulated blood flow in the left
CBD (400 mg). age: 24.2 years). parahippocampal gyrus, [189]
Treatment for hippocampus, and inferior temporal
140 min. gyrus, and right posterior cingulate
gyrus.
Immersion in the virtual reality
session elicited anxiety as indexed by
the BAI, as well as increased cortisol
N = 32. Mean age: . .
concentration, heart rate, and systolic
26 years. Treatment blood pressure. However, CBD had
Anxiety Oral CBD (600 mg).  for 130 min prior to 0P ¢ ) P th, ffoct [190]
entering virtual no impact upon any of these effects,
reality. excgpt for a strong trend to increase
anxiety. CBD had no effect on
persecutory ideation as assayed by
the CAPE questionnaire or the SSPS.
%:732' eAargse'(mean Anxiety scores decreased within the
CBD 25mg/d in ave: BZ ears) first month of treatment in 57 patients [191]
capsules. 8¢ o2y ’ (79.2%) and remained decreased

Treatment for
1 month.

during the study duration.
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Table 3. Cont.
Nguropsychlatnc Treatment Sampl.e and Outcomes Ref.
Disorders Duration
Three active
concentrations of % B 32 Eiggg 2 and The study did not find a significant
(e high THO, 120, Mean ages 9 years. 0 e camnabis
Post-traumatic stress TH,C agd <0 05,"/ " Treatment for 3 concegntrations and placebo by the
. s T 110, weeks in stage 1, and P y [192]
disorder CBD; high CBD, 11% after a 2-week end of stage 1. However, THC + CBD
CBD and 0.50% THC; washout period and high THC led to decreased
ancj THC + CBD, . treatment for 3 ! depression and social anxiety in
2193 [/;)THC and 8.1% weeks in stage 2. stage 2.
N = 11. Mean age: Ten patients experienced a decrease in
Oral CBD 39.9 years. Treatment symptom severity, as evidenced by a [193]
(22-28 mg/capsule). for 8 weeks lower PCL-5 score at 8 weeks than at
) initial baseline.
_ . Patients reported a >75% decrease in
i\]lg 8Sé£g/e3;nal sod CAPS scores when they were using
. . years. y cannabis compared to periods when
Medical cannabis. retrospectively, e [194]
CAPDS data were they were not. In addition, the
collected treatment reduced anxiety and
’ improved sleep disturbances.
. N =10. Mean age: Reduction in nightmares as measured
gj:tlrlr?:r?ttz)bée;i ) 43.6 years. Treatment by the CAPS scores in treated [195]
> me)- for 7 weeks. patients.
N =387. Age: CBD use improves general health and
. 25-54 years. well-being, stress, post-workout sore
Sleep disturbances CBD (50 mg/d). Treatment for muscles, anxiety, skin conditions, and [196]
3-6 months. sleep problems.
N =1. Age: 10 years.
CBD capsules Treatment for SDSC scores decreased over the
(25mg) + liquid 5 months with CBD  5-month period, indicating an [197]
(1224 mg). capsules + 1 month  increase in sleep quality and quantity.
with CBD liquid.
Nabilone Although sleep was 1rpp.rove.d by
both nabilone and amitriptyline,
(0.5-1.0 mg) N =31. Age: . .
nabilone was superior to
compared to >18 years. Treatment S [198]
SR amitriptyline. The most common AEs
amitriptyline for 2 weeks. . .
(10-20 mg) for nabilone were dizziness, nausea,
& and dry mouth.
abiximols: eports of pain relief were
Nabiximols: THC Rep f pain relief
(2.7mg) and CBD significantly greater for nabiximols
(2.5mg) in sprays. N = 263. Mean age: than placebo overall, especially in the
ain ' ears. Treatment ) - )
Pai Three doses: low 58y T low- and medium-dose groups. There [199]
(14 sprays), for 5 weeks were no other significant group
medium ’ differences. AEs were dose-related,

(6-10 sprays), or
high (11-16 sprays).

with only the high-dose group
reporting a decrease in mood.
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Table 3. Cont.
Nguropsychlatnc Treatment Sampl.e and Outcomes Ref.
Disorders Duration
The primary endpoint was the change
in pain intensity on the 11-point NRS
over a 16-week treatment period.
N =240. Age: Pain intensity during 16-week
. 18-70 years. dronabinol and placebo treatment
Dronabinol: THC. Treatnzlent for was reduced byli.92 and 1.81 points, [200]
16 weeks. without a significant difference. AEs:
Restlessness, irritability, sleep
interference, decreased appetite, and
excessive sweating.
Cannabis has analgesic efficacy, with
the low dose being as effective as the
Inhaling medium N =39. Mean age: medium dose for pain relief. Pain
dose (3.53%) and low 50 years. Treatment relief appears to be maximal after the [201]
dose (1.29%) of THC. for 2 h. second dosing at 180 min
post-baseline, but the peak effect
drops off 1 to 2 h later.
After the intervention, the cannabis
THC-rich cannabis group presented a significant decrease
oil (24.44 mg/mL of N =17. Mean age: in FIQ score in comparison with the
Fibromyalgia THC and 51.9 years. Treatment placebo group. The cannabis group [202]
0.51 mg/mL of for 8 weeks. presented significant improvement on
CBD). the “feel good”, “pain”, “do work”,
and “fatigue” scores.
None of the treatments had an effect
Single vapor greater than placebo on spontaneous
inhalation of or electrical pain responses, although
Bedrocan (22.4-mg N =20. Mean age: more subjects receiving Bediol
THC, <1 mg CBD); 39 years. Treatment:  displayed a 30% decrease in pain [203]
Bediol (13.4-mg THC, mean of scores compared to placebo. AEs:
17.8 mg CBD); 22 inhalations. deterioration in mood and alertness,
Bedrolite (18.4 mg sore throat and sour taste, coughed
CBD, <1 mg THC). during inhalation, nausea without
vomiting.
There were significant reductions in
N = 653. Age: headache and m(i)graine ratings after
I Inhaled medical 18-74 years. cannabls use .(56 /?)' Men reported
Migraine . y . larger reductions in headache than [204]
cannabis. Treatment:
7441 sessions. women, apd the use of concentrat.es
was associated with larger reductions
in headache than flowers.
Dried Cannabis flower may be an
N =582. Treatment:  effective medication for the treatment
the average user of migraine- and headache-related
Dried Cannabis entered 21 sessions pain, but the effectiveness differs [205]

flower.

(median = 5 sessions)
over 125 days
(median = 65 days).

according to characteristics of the
Cannabis plant, the combustion
methods, and the age and gender of
the patient.
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Table 3. Cont.
Nguropsychlatnc Treatment Sampl.e and Outcomes Ref.
Disorders Duration
Both treatments were effective in
reducing PANSS and BPRS scores at
N = 42 Treatment each time point. CBD was tolerated
Schizophrenia CBD (600-800 mg). ovgr 4 .weeks better, with fewer side effects [206]
’ reported. Anandamide levels were
higher in the CBD group
post-treatment.
Both groups showed improvement on
N =39. Age: PANSS scores, and only the placebo
18-50 years. group improved on the MCCB.
CBD (600mg). Treatment for Similar AEs were noted between the [207]
6 weeks. groups, with more sedation evident in
the CBD group.
The CBD group reported lower
positive symptom scores (PANSS,
CGI-S) and was more likely to be
N =88. Age: rated as improved and less severely
18-65 years. ill than the placebo group. The CBD
CBD (1000 mg). Treatment for group also showed improvements in [208]
6 weeks. the cognitive domain of motor speed

compared to placebo (BACS and GAF
scores). Similar AEs were reported
between groups.

AEs: Adverse events; BACS: Brief Assessment of Cognition in Schizophrenia; BAI: Beck’s anxiety inventory;
BPRS: Brief Psychiatric Rating Scale; CAPE: Community Assessment of Psychic Experiences Questionnaire;
CAPS: Clinician Administered Post-traumatic Scale; CGI-S: Clinical Global Impressions and Severity Scale; FIQ:
Fibromyalgia Impact Questionnaire; fMRI: Functional Magnetic Resonance Imaging; GAF: Global Assessment of
Functioning; MCCB: MATRICS Consensus Cognitive Battery; NRS: Numerical Rating Scale; PANSS: Positive and
Negative Syndrome Scale; PCL-5: PTSD Checklist for the DSM-5; PUTS: Premonitory Urge for Tic Scale; SDSC:
Sleep Disturbance Scale for Children; SSPS: State Social Paranoia Scale; YGTSS: Yale Global Tic Severity Scale;
YMRS: Young Mania Rating Scale.

7.1. Epilepsy and Related Syndromes

Epilepsy is a chronic condition characterized by recurrent seizures, commonly present-
ing in childhood, and results from an imbalance between neuronal excitation and inhibition
in the brain [209]. Cannabinoids have potential neuroprotective properties, as they may
reduce inflammatory responses in patients with epilepsy [46]. Clinically, cannabidiol seems
to be more effective than smoked whole-plant cannabis in treating epileptic seizures, as case
reports and surveys have suggested that smoked cannabis exhibits both pro- and anticon-
vulsant effects [210]. Several clinical trials have explored its use as an adjunctive therapy for
drug-resistant epilepsy [166,167]. Despite significant variability among individuals within
each study, these findings were consistent across patients with various underlying causes
of their seizures, such as Dravet syndrome and Lennox-Gastaut syndrome [168-173]. Inter-
estingly, cannabidiol demonstrated an improvement in disease symptoms, accompanied by
a sustained reduction in convulsive seizures.

7.2. Neurodegenerative Diseases

Neurodegenerative diseases, such as Alzheimer’s disease, dementia, Parkinson’s dis-
ease, and MS, are characterized by progressive demyelination and neuronal loss, leading
to debilitating symptoms and a decline in both cognitive and motor functions [211,212].
Interestingly, emerging evidence suggests that cannabis and its derivatives possess neuro-
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protective properties. Through their interaction with the eCBS, cannabinoids have shown
anti-inflammatory, antioxidant, and anti-excitotoxic effects, which may help counteract
the underlying mechanisms of neurodegeneration [211]. In this regard, several clinical
trials have investigated the use of cannabis in the treatment of various neurodegenera-
tive diseases [174-177]. Generally, CBD/THC treatments have resulted in lower global
cognition scores, more non-motor symptoms, and improvements in pain levels and sleep,
as well as in reductions in anxiety [213]. Furthermore, cannabinoids have been shown to
interact with CB1 receptors to regulate dopamine and other neurotransmitters in the basal
ganglia, which may provide therapeutic benefits to patients with Parkinson’s disease [214].
Patients with these diseases have been found to exhibit changes in the expression of CB1
and CB2 receptors, potentially explaining the therapeutic potential of cannabis-derived
products [49].

7.3. Neurodevelopmental Disorders

Neurodevelopmental disorders (NDDs) encompass a range of conditions that emerge
early in life and interfere with brain development, leading to alterations in cognitive, emo-
tional, and motor functions [215]. Additionally, many patients with NDDs experience
comorbidities such as ADHD, anxiety, depression, obsessive-compulsive disorder, and
rage attacks [216]. Given the anti-anxiety properties of cannabinoids and their high re-
ceptor expression in the striatum, cannabis could serve as a potential therapeutic option
for these conditions [217]. For this reason, several clinical trials have focused on the use
of cannabis products for the treatment of ASD, Rett syndrome, Tourette syndrome, and
ADHD [178-186]. Clinical evidence indicates that early intervention with cannabidiol may
offer a promising therapeutic approach for neurodevelopmental disorders such as ASD,
ADHD, tic disorders, and intellectual disability [218]. Several proposed mechanisms un-
derlie CBD’s effects, including the inhibition of endocannabinoid degradation, modulation
of serotoninergic activity, and its anti-inflammatory properties. Increasingly reliable litera-
ture highlights the potential of CBD for ameliorating symptoms associated with somatic
symptom disorders, as well as psychiatric and neurodevelopmental conditions [219].

7.4. Bipolar Disorder

BD is a chronic mood condition characterized by recurrent episodes of mania, hypo-
mania, and depression. In a study [187] involving only two BD patients, CBD treatment
showed limited and inconsistent effects, with one patient improving only during combined
CBD and olanzapine therapy and the other showing no benefit. CBD alone did not clearly
reduce manic symptoms, although no adverse effects were observed. These preliminary
findings suggest that while CBD may have adjunctive potential, its efficacy as a standalone
treatment for BD remains uncertain and warrants further comprehensive investigation.

7.5. Anxiety Disorders and Post-Traumatic Stress Disorder

One of the most commonly reported reasons for cannabis use among patients is the
treatment of anxiety, particularly with products high in CBD [220,221]. Graczyk et al. [222]
highlighted the role of the eCBS in mood modulation and its therapeutic potential in
reducing anxiety. In this respect, several trials have assessed the effects derived from
the use of cannabinoids for the treatment of anxiety, social anxiety, and PTSD [188-195].
A recent systematic review of twelve studies on anxiety onset found that three studies
indicated that cannabis use increased the likelihood of developing anxiety disorders [223].
In addition, high A°-THC cannabis is more likely to induce anxiety symptoms in naive
patients [224]. Therefore, while some cannabinoids may have therapeutic utility in reducing
anxiety, caution should be exercised regarding A’-THC, as the relationship between A°-
THC and anxiety is still unclear. PTSD arises from extreme emotional events [225]. Several
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studies have demonstrated that cannabis use can alleviate global PTSD symptoms, showing
a correlation between reduced PTSD severity and cannabis use [226]. Cannabinoids have
also been found to be effective in reducing anxiety associated with PTSD, although they
do not appear to have the same effect on the depression commonly linked with PTSD and
other disorders [227].

7.6. Sleep Disturbances

A common reason reported by individuals for using CBD oil is for sleep improve-
ment [228]. However, there is limited human data supporting the use of CBD for
sleep [196-198]. Survey data from individuals using CBD to enhance sleep have shown
considerable variability, likely due to differences in content and quality of CBD products
available on the market [196]. In contrast, acute A’-THC use has been associated with
increased total sleep time, while chronic A’-THC use may lead to sleep disruption (pos-
sibly due to tolerance) [229]. Interestingly, withdrawal from A%-THC has been linked
to an increase in vivid dreams and sleep disturbances [229]. Taken together, more re-
search is needed to draw definitive conclusions about the effectiveness of cannabinoids in
promoting sleep.

7.7. Chronic Pain

One therapeutic area for which medical cannabinoids may hold significant potential is
in the relief of chronic pain [230]. Several cannabinoid-based treatments have been utilized
for neuropathy, including nabilone, nabiximols, dronabinol, A°-THC, CBD, and mixtures of
them (bedrocan, bediol, and bedrolite) [199-203,230]. Nabilone was found to be the most
effective treatment, with nabiximols being close behind in efficacy. In contrast, A°-THC
(dronabinol) alone has been found to be ineffective for the treatment of neuropathic pain.
Interestingly, cannabinoid-induced pain relief tends to be more pronounced in patients
with peripheral neuropathic pain compared to those with centrally arising neuropathic
pain [230]. Beyond pain relief, the majority of the analyzed trials reported improvement in
secondary outcomes, including anxiety, quality of life, sleep, and sensory profiles [230].

7.8. Fibromyalgia

In the case of fibromyalgia, Strand et al. [231] found low-quality evidence supporting
short-term pain relief in patients treated with cannabinoid-based therapeutics. There
may be positive effects on quality of life measures impacted by this syndrome, such as
appetite, libido, mood, and sleep quality. However, these improvements were largely
inconsistent across studies. Both THC and CBD have been explored as treatment options
for fibromyalgia. Studies have shown that THC positively affects appetite, mood, and
pain regulation. In turn, CBD has been shown to possess both anti-inflammatory and
pain-relieving properties. THC acts as a partial agonist at the CB1 and CB2 receptors,
while CBD is a negative allosteric modulator of the CB1 receptor. In theory, the synergistic
effects of both components, when combined, could enhance the potential of cannabis as
an anti-nociceptive agent [232]. Nevertheless, antagonistic interactions between THC and
CBD may also arise due to their differing properties [231].

7.9. Migraine

Cannabis has been utilized as a therapeutic option for migraine management. In
this respect, medical cannabis inhalation has shown promise in reducing headache and
migraine severity, with over half of users reporting relief, particularly men and those using
concentrates [204]. Similarly, dried cannabis flower may alleviate migraine-related pain,
though its effectiveness appears influenced by factors such as strain, consumption method,
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and patient demographics [205]. While these findings highlight potential benefits, further
controlled studies are needed to clarify optimal use and individual responses.

7.10. Schizophrenia

Schizophrenia constitutes a severe psychiatric disorder marked by a range of cognitive,
behavioral, and emotional dysfunctions. Various clinical trials have explored CBD as
a treatment for schizophrenia, showing that CBD can reduce symptom severity with a
favorable tolerability profile compared to placebo [206-208]. While some studies report
improvements in positive symptoms and cognitive domains, results vary, and cognitive
benefits are not consistently observed. These findings suggest that CBD holds therapeutic
potential as an adjunctive treatment in schizophrenia, but further research is needed to
confirm its efficacy and clarify its role alongside existing therapies.

8. Gut Microbiome and Cannabinoids: The Role of Microbial Products

The human GM is composed of a varied microbial community, with a density of
approximately 10! to 10'2 microbial cells per milliliter [233]. The human GM contains
multiple microbial taxa, including archaea, bacteria, fungi, protozoa, and viruses, with the
Bacteria domain being the most dominant [234,235]. Low archaeal genera are present in the
healthy human GM, with Methanobrevibacter smithii as the most prevalent species [236]. The
most commonly detected eukaryotic microorganisms in the intestinal tract are fungi, such
as the genera Candida and Saccharomyces [237]. These fungi preserve both the ecological and
immune balance of the GM [238]. Certain protozoa, such as Blastocystis, have been found
in the human GM and their presence has been related to a mitigation of gastrointestinal
disease [239]. The human virome is mainly composed of bacteriophages [240], and they
perform a role within the gut as modulators of the bacteriome [241]. Furthermore, bacteria
are the most frequent microorganisms in the human intestine, which are constituted by
around 100 species that belong to the following eight phyla: Actinomycetota (synonym
Actinobacteria), Bacillota (synonym Firmicutes), Bacteroidota (synonym Bacteroidetes),
Campylobacterota, Fusobacteriota (synonym Fusobacteria), Pseudomonadota (synonym
Proteobacteria), Thermodesulfobacteriota, and Verrucomicrobiota (synonym Verrucomicro-
bia) [233,242-244].

The human GM composition can differ functionally and taxonomically based on
factors such as host genetics, age, diet, drug administration, and the presence of neuropsy-
chiatric disorders [245-251]. The predominant genera of the human healthy gut bacte-
riome are Bacillus, Blautia, Clostridium, Dorea, Enterococcus, Eubacterium, Faecalibacterium,
Lactobacillus, Roseburia, and Ruminococcus (phylum Bacillota); Bacteroides and Prevotella
(phylum Bacteroidota); Bifidobacterium (phylum Actinomycetota), and Escherichia (phylum
Pseudomonadota) [233,235,252]. However, when the homeostatic ecological balance and
structure of the microbiome is disrupted occur a gut bacterial dysbiosis [253], which affects
the bacterial diversity, their metabolic and immunological functions, and the intestinal
permeability [254,255].

8.1. Cannabis Use and Gut Microbiome Dysbiosis

Given that smoking is the primary method of cannabis consumption in humans, few
studies have been conducted on the effects of this substance on the GM. Cani et al. [63]
found that exogenous cannabinoids and the eCBS regulate the gut microbiota. Chronic
treatment of obese rodents with THC resulted in an altered microbiota with an increased
Bacillota/Bacteroidota ratio, and a concomitant reduction in obesity [256]. Table 4 presents
the effects of cannabinoid use on GM composition, as reported in several studies [257-264].
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Table 4. Influence of cannabinoid use on the composition of the GM of humans and mice.

Bacterial Phyla, Families, and

Increased Decreased Reference
Genera
Clinical studies
ACTINOMYCETOTA
Bifidobacterium X Vigay et al. [260]
Collinsella X Vigay et al. [260]
BACILLOTA
Peptostreptococcaceae X Castonguay-Paradis et al. [257]
Acidaminococcus X Fulcher et al. [258]
Anaerostipes X Fulcher et al. [258]
Clostridum X Fulcher et al. [258]
Coprococcus X Vigay et al. [260]
Dialister X Fulcher et al. [258]
Dorea X Fulcher et al. [258]
Faecalibacterium X Vigay et al. [260]
Ruminococcus X Fulcher et al. [258]
Solobacterium X Fulcher et al. [258]
Veillonella X Castonguay-Paradis et al. [257]
BACTEROIDOTA
. X Panee et al. [259]
Bacteroides X Zhuang et al. [261]
X Fulcher et al. [258]
Prevotella X Panee et al. [259]
FUSOBACTERIODOTA
Fusobacterium X Fulcher et al. [258]
PSEUDOMONADOTA
Escherichia/Shigella X Vigay et al. [260]
VERRUCOMICROBIOTA
Akkermansiaceae X Castonguay-Paradis et al. [257]
Preclinical studies
BACILLOTA
Erysipelotrichaceae X Mehrpouya-Bahrami et al. [263]
Lachnospiraceae X Mehrpouya-Bahrami et al. [263]
Ruminococcus X Mohammed et al. [264]
VERRUCOMICROBIOTA
Akkermansia X Al-Ghezi et al. [262]
X Mehrpouya-Bahrami et al. [263]
X Mohammed et al. [264]

Vijay et al. [260] reported a positive correlation between the eCBS and bacterial -
diversity, as well as with SCFAs-producing bacteria such as Bifidobacterium, Coprococcus, and
Faecalibacterium. Moreover, human dietary interventions involving specific fatty acids were
shown to increase eCB levels, which were associated with changes in the gut microbiota,
such as increases in Peptostreptococcaceae, Veillonellaceae, and Akkermansiaceae [257]. In a study
examining the effects of drugs on the GM during HIV infection, Fulcher et al. [258] found
that cannabis use was associated with an increased abundance of the genera Clostridium,
Fusobacterium, Ruminococcus, and Solobacterium, and with a decreased abundance of the
genera Acidaminococcus, Anaerostipes, Dialister, Dorea, and Prevotella. Cannabis use has also
been linked to an increased abundance of Bacteroides species in the human GM, a change
that may be associated with intestinal inflammation and metabolic disorders [261]. In a
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cohort study comparing cannabis users and cannabis non-users, Panee et al. [259] reported
a positive correlation with the abundance of Prevotella and an inverse correlation with
the abundance of Bacteroides among participants, with the Prevotella/Bacteroides ratio being
13 times higher in the non-users.

In a preclinical study, Al-Ghezi et al. [262] found that chronic THC administration
in mice led to changes in the gut microbiota, with an increase in the relative abun-
dance of A. muciniphila, a bacterium associated with improved gut barrier function and
metabolic health. In addition, a negative association was observed with Collinsella and
Escherichia/Shigella. Mehrpouya-Bahrami et al. [263] found that CB1 antagonism reduced cy-
tokine release, decreased intestinal permeability, and altered the gut microbiota, including
an increase in Akkermansia muciniphila and a decrease in the abundance of Lachnospiraceae
and Erysipelotrichaceae. THC treatment enhanced the abundance of the beneficial bacterial
species Ruminococcus gnavus, while reducing the pathogenic species A. muciniphila in both
the lung and gut [264].

Although these findings highlight interactions between cannabis use, the eCBS, and
GM composition, the effects of different cannabis types, doses, and usage patterns on the
GM remain unclear. Furthermore, heterogeneity in microbiota analysis methods, such as
differences in sequencing technologies and bioinformatics approaches, complicates compar-
isons across studies. Moreover, the mechanisms linking cannabis-induced changes in the
GM with systemic health outcomes are not yet well understood. Therefore, future research
should prioritize well-designed longitudinal studies with standardized methodologies to
better elucidate these relationships and their potential clinical relevance.

8.2. Intermediate Bacterial Metabolites

SCFAs (e.g., acetic acid, butyric acid, and propionic acid) are bacterial metabolites asso-
ciated with multiple metabolic, immunological, and neural host functions [265-268]. SCFAs,
as well as tryptophol, an indole derivative, regulate host cytokine production; circulating
cytokines that can cross the BBB and act on the brain to modulate behavioral responses
to SUD [266,269]. In addition, SCFAs have beneficial effects on the host based on their
anti-inflammatory properties and their epigenetic regulation of gene expression [265,270].
Inflammation affects the glutamatergic signaling, a key neurotransmitter system in drug ad-
diction and relapse [271]. Moreover, alterations in peripheral inflammatory processes may
shape drug-taking and -seeking behaviors in SUD [272-274]. On the other hand, SCFAs
can act as histone deacetylase inhibitors, stimulate histone acetyltransferases, and serve as
molecular substrates for histone post-translational modifications [275-278], all of which are
essential molecules for the normal microglial function [279]. It is well established that the
role of microglia is in immune surveillance, but it may also play a neuronal complementary
role in regulating the behavioral aspects of SUD [280]. In addition, Walker and Nestler [278]
suggested that the mechanisms regulating the behavioral aspects of SUD may involve
changes in gene expression in the mesolimbic dopamine system, which is part of the brain’s
reward circuitry.

The GM may be an alternative pathway for the production of kynurenic acid (KYNA),
an endogenous tryptophan metabolite [281]. Decreased levels of KYNA, which modulates
glutamatergic neurotransmission, have been correlated with alcohol craving in patients
with alcohol use disorder [282]. Similarly, Morales-Puerto et al. [283] have reported that
modulation of KYNA metabolism can reduce drug-seeking behavior for several substances,
including alcohol, nicotine, cannabis, amphetamines, cocaine, and opioids.
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8.3. Signaling Molecules

Bile acids (BAs) are important signaling molecules that influence immune homeostasis,
induction of inflammation, and even cell death. The GM regulates the balance between
primary and secondary BAs, which are involved in the intestinal absorption of lipids and
in energy production [284]. Conditions of bacterial dysbiosis reduce the production of
secondary BAs, leading to an overabundance of primary BAs, which can increase the
bioavailability of drugs to the host or alter drug metabolism [285,286]. BAs, metabolites
produced by the liver and modified by the GM, can establish composites with cannabinoids,
leading to their reabsorption and prolonged retention within the organism [287].

The gut bacteriome produces acetylcholine, glutamate, serotonin (5-HT), dopamine,
epinephrine, norepinephrine, and GABA [288], which play important roles in the brain
as neurotransmitters [289,290]. Bacterial dysbiosis affects the synthesis and regulation of
gut neurotransmitters, such as 5-HT [291]. Previously, Ciccocioppo [292] reported that
the serotonergic 5-HT system is associated with the appropriate control of overmedica-
tion and, therefore, with the maintenance of drug addictive behavior. Later, Miiller and
Homberg [293] reviewed the role of 5-HT in behaviors of the establishment, transition, and
maintenance of drug addiction to alcohol, amphetamine, cannabis, cocaine, MDMA (ec-
stasy), methamphetamine, morphine/heroin, and nicotine. These authors have identified
various drug-specific mechanisms in the 5-HT system, including serotonergic adaptations
in the 5-HT system, as well as genetic risk factors for the establishment of controlled
drug-using behaviors and for the transition to compulsive drug-using behaviors.

The importance of dopamine signaling in the nucleus accumbens for the reinforcing
effects of drugs is well established. In addition, chronic drug exposure, which can lead
to addiction, activates glutamatergic-mediated neuroadaptations in dopamine striato-
thalamo-cortical and limbic pathways (amygdala and hippocampus) [294]. The GM plays
an important role in maintaining adequate dopamine levels, promoting dopamine synthesis,
and regulating its degradation [288].

Interestingly, the GM can metabolize drugs, modifying their efficacy and pharma-
cokinetics, which can alter the magnitude of reward and withdrawal symptoms [295].
Indeed, diverse studies have recognized microbial enzymes with the capacity of metabo-
lizing cannabinoids, resulting in the establishment of active or inactive metabolites [48].
For example, the GM contains the enzyme (-glucuronidase, which is able to deconju-
gate glucuronide metabolites of THC, thereby releasing the active form of THC back into
the circulatory system [296]. The GM can also exert an impact on systemic exposure to
cannabinoids by altering the enterohepatic circulation [297]. The ability of the GM to
metabolize cannabinoids can pronouncedly influence their bioavailability and therapeutic
effects, further underlining the interaction between the GM and cannabis with respect to
the modulation of physiological responses [298].

8.4. Neural Pathways

The vagus nerve, which is part of the parasympathetic nervous system, provides an in-
direct bidirectional communication in the brain-gut axis [299] by receiving and responding
to signals from gut bacterial metabolites such as SCFAs [300,301]. In addition, enteroen-
docrine cells of the gut epithelium transmit signals to the vagus nerve via the liberation
of cholecystokinin, glucagon-like peptide-1, peptide YY, and 5-HT [300,302,303]. These
interactions between the GM and the enteric nervous system may influence interoceptive
signals that are important in SUD and other psychiatric disorders [304,305]. Although
the vagus nerve may be important for SUD behavioral responses, the influence of the
human GM via the vagal pathway to modulate these behavioral responses has not yet been
established [306].
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Microglia, resident immune cells in the brain and spinal cord, are mobilized in re-
sponse to CNS infection or injury and exert protection against many neurodegenerative
diseases [307]. Activated microglia promote tissue repair and homeostasis through cytokine
release and phagocytosis of cellular debris [308]. However, the current understanding
of the mechanisms that regulate microglial functions is not fully understood, especially
with regard to the influence of extrinsic factors such as the human GM [309]. The GM
regulates the microglia-mediated inflammation response in the CNS through secreted
bacterial metabolites and neurotransmitters [310]. During SUD, resident CNS macrophages
are activated, and the subsequent TNF-o and IL-1§3 released by microglia contribute to
the pathophysiology of SUD [311]. Therefore, this communication between the microglia
and the GM may be considered as an important factor in the mechanism of microglial
activation during SUD, as microglial cells depend on a healthy and complex GM for proper
development, maturation, and function. For example, translocated bacteria in the gut can
release pro-inflammatory cytokines, including TNF-«, IL-1$3, and IL-6, which can further
disrupt the intestinal epithelium and impair microglial function [312].

Brain-derived neurotrophic factor (BDNF) appears to be a prominent candidate for
determining the role of the GM in drug addiction processes. BDNF is synthesized by
both glial and neuronal cells, and also by peripheral immune cells and by the vascular
endothelium [313]. BDNF is epigenetically regulated by changes in histone acetylation
in cocaine use, and BDNF has also been shown to influence the behavioral effects of
opioids [314].

The HPA axis, which constitutes a neuroendocrine system related to stress, produces
cortisol in humans. Adequate levels of this glucocorticoid are essential for normal neu-
rodevelopment and neural function, and are also involved in several cognitive processes,
such as learning and memory [315]. Evidence suggests that the GM, the HPA axis, and
cognitive processes are interconnected through substances (neurotransmitters, hormones,
and bacterial metabolites) and various pathways, such as the vagus nerve, immune system,
and BBB regulation [316]. Gut dysbiosis resulting from drug use and other factors can affect
the host’s stress response, the HPA axis activity, and even cognitive health [316]. Stress
increases craving and drug-taking behavior, but it is not established whether this stress
hormone may rather reduce them by interfering with addiction memory.

9. Cannabis Use Disorder and Its Treatment

An established habit can drive behavior almost automatically, although its acquisition
depends on a deliberate search that energizes motivation. In this regard, it is common that
the initial reasons for drug use are driven by curiosity and that, after reinforcement, such
behavior can become a habit [317]. Repeated consumption can lead to the development
of addiction, and this practice is widely spread among the young population, which is
negatively affected in terms of their personal and social development.

Although it is commonly noted that there are no withdrawal effects derived from
cannabis consumption, it has been argued that CUD can produce withdrawal symptoms
comparable to those provoked by other drugs [318]. The DSM-5 includes a cannabis with-
drawal syndrome [319], which consists mainly of emotional and behavioral symptoms,
including anxiety, agitation, depression, irritability, and also appetite, sleep, and weight
disturbances [320]. Less frequent physical symptoms include abdominal pain, shakiness,
and sweating [321]. The clinical symptoms of the withdrawal syndrome are associated with
increased functional impairment in normal daily activities, and symptoms often appear
2-3 days after cessation of intense cannabis consumption and can last 2-3 weeks [322,323].
However, withdrawal symptoms are strongly associated with relapse, so most abstinent in-



Psychiatry Int. 2025, 6, 92

32 of 56

dividuals who experience withdrawal symptoms will use the drug to relieve the symptoms,
thereby continuing to use cannabis [324].

Importantly, withdrawal symptoms from cannabis use often coincide with manifesta-
tions seen in anxiety and mood disorders, and numerous subjects cite mood fluctuations as
a motivation for cannabis use, unaware that using it in a short-term way for symptomatic
relief may lead to a long-term withdrawal syndrome [325]. Furthermore, medical cannabis
can be considered no different from other medications whose pharmacology results in
physiological dependence, including a withdrawal syndrome (e.g., benzodiazepines and
opioids), which requires clinical consideration and management. Certainly, this also applies
to their propensity for misuse within the context of CUD [326].

9.1. Prevalence of Cannabis Use Disorder

Cannabis continues to be the most frequently used illicit psychoactive substance.
Extensive epidemiological studies indicate that approximately 43% of people in the United
States of America and Canada report having tried cannabis, with nearly 35% having tried
it more than once [327-329]. Cannabis use is highest among adults aged 18-44 years, with
just over half reporting use [328]. Consumption among emerging adults (1824 years)
is approximately 33.3%, with daily use at nearly 4% in this age group [328,329]. The
increase in the frequency of cannabis use coincides with decreasing risk perceptions of the
drug [327]. Recently, Shah et al. [330] reported that, for both sexes together, prevalent cases
of CUDs increased steadily from 17.1 million in 1990 to 23.8 million in 2019. The highest age-
adjusted incidence was observed in High-Income-North-America (HINA) (121/100,000),
followed by Australasia (100/100,000), Oceania (83.97/100,000), and tropical Latin America
(69.59/100,000). Globally, age-standardized disability-adjusted life year rate (ASDR) was
observed to be higher in HINA, followed by Australasia, and Western Europe. In men, the
number of incidences for all ages increased from 1.7 million in 1990 to 2.4 million in 2019.
The most significant annual percentage of variation in age-standardized incidence rate
(ASIR) was observed in East Asia (22%), with the Middle East and North Africa (MENA)
next in line (15%). The 15-24 age group had the highest burden of CUDs.

Prevalence rates for CUD range from 2.9 up to 19%, with approximately 13 million
people worldwide meeting criteria [331-333]. Severe lifetime CUD rates are approximately
2%, with rates peaking in emerging adulthood (around age 21 years). Prevalence rates
also vary across different sociodemographic groups: among adults aged 18-29 years,
with a mean age of onset in the early twenties, married individuals, and those with
lower socioeconomic status report higher CUD prevalence rates. Nevertheless, education
seems to be mostly unassociated [332]. Curiously, CUD has been linked to comorbidity
and disability, which may impact emotional and social functioning [332]. Information
on cannabis-related disability is relatively new, as many earlier studies did not include
cannabis when examining disease burden, but recent studies show that CUD does not
increase mortality as other forms of illicit drug dependence do, and neither is a major
contributor to population-level disease burden [334]. Disability may persist even after
CUD remission, although the reason for this is not yet clear [335]. In this sense, converging
evidence supports that cannabis use for medical purposes is effective, but should be
avoided by certain population groups, such as adolescents, individuals with severe mental
disorders, and pregnant women [336].

9.2. Common Comorbidities

The main comorbid conditions associated with CUD are anxiety, depression, concomi-
tant substance use, and personality disorders [327,332]. Understanding the relationship
between CUD and other conditions can be useful because it can provide further insights
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into the course and progression of the comorbid disorder. Different SUDs have been as-
sociated with CUD, such as those related to club drugs, heroin, inhalants, pain relievers,
stimulants, and other prescription drugs [337]. In this respect, cannabis and stimulant
co-use is aimed at balancing the pharmacokinetic effects of each drug [337]. Individuals
with CUD are also likely to smoke, reporting in turn higher rates of alcohol use [21,337].
Longitudinal studies have supported a causal relationship between early cannabis use and
CUD, other illicit substance use, depressive states, and suicide ideation [338]. Overall, data
indicate concurrent use of multiple substances with CUD, even when adjusting for other
health and psychiatric factors that were present before or during adolescence [337,338].

Regarding other conditions, personality disorders frequently coexist, with elevated
rates of antisocial and borderline personality traits [332]. Anxiety disorders are also asso-
ciated with CUD, with PTSD having the highest association, followed by general anxiety
disorder and panic disorder [21,332]. Converging lines of preclinical, epidemiological, and
empirical studies show solid associations between cannabinoids and psychosis. In this
sense, the exogenous cannabinoid hypothesis proposes that regular cannabinoid exposure
is associated with the development of psychosis [339]. In controlled human laboratory
research, the administration of THC and cannabis extract results in heightened positive
symptoms like delusions, suspiciousness, and alterations in perception, and also negative
symptoms such as blunted affect, cognitive deficits (e.g., attention, learning, and mem-
ory processes), psychomotor retardation, and reduced rapport. Some of these symptoms
are related to those observed in schizophrenia, including verbal recall impairment with
increased “false positives” and “intrusions” [340]. In line with findings from acute in-
toxication experiments, epidemiological studies also indicate that cannabis consumption
increases the risk of developing psychosis [341]. However, more research is needed that
integrates epidemiology, neurobiology, and psychopharmacology with specify compounds
and strengths to ascertain the extent and mechanisms of a causal effect [341]. Nevertheless,
many people who consume cannabis regularly do not develop psychotic disorders, so
understanding which subgroups are most at risk for propsychotic effects remains to be
elucidated [339].

9.3. Treatment

Some psychosocial and behavioral interventions have shown potential for reduc-
ing CUD within 16 months of treatment. However, although pharmacotherapies are
highly effective for other SUDs, there are no approved pharmacological treatments for
CUD [342]. Evidence demonstrates that the current best psychosocial interventions to
diminish cannabis use include the combination of cognitive behavioral therapy (CgBT) and
motivational enhancement therapy (MET), in conjunction with contingency management
approach, drug education counseling, mindfulness meditation, social support counseling,
and relapse prevention [343,344]. The CgBT, MET, relapse prevention, and contingency
management produced moderate effect sizes compared to controls at 2-14 weeks follow-
up [345]. Combining CgBT or MET with abstinence-oriented contingency management
further reduces the frequency of use and severity of cannabis problems than either inter-
vention alone [346-348].

Clinical trials for CUD based on pharmacotherapy have explored agonist-like drugs
that target the CB1 receptor (substitution therapies), such as dronabinol, gabapentin, nabixi-
mols, and N-acetylcysteine. These CB1 agonists reduce the severity of cannabis withdrawal
symptoms [4,349], and zolpidem and other benzodiazepines (nitrazepam) have been used
to treat withdrawal-related sleep disturbances [350,351]. Bahji et al. [352] reviewed other
medications and concluded that nabilone, topiramate, and fatty acid amyl hydroxylase
inhibitors reduced cannabis use compared to placebo. Dronabinol improved treatment
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retention, whereas topiramate worsened treatment retention; gabapentin reduced cannabis
craving, while vilazodone worsened craving severity; and finally, buspirone, venlafaxine,
and topiramate caused more adverse events, whereas topiramate caused more dropouts
due to adverse events.

Interestingly, the anxiolytic, antipsychotic, and neuroprotective effects of CBD may
have additional benefits by reducing many of the mental health and cognitive impair-
ments reported in people with regular cannabis use. In addition, some medications for
mood, sleep, or craving that reduce withdrawal symptoms have not led to commensurate
reductions in the amount of cannabis use or increased the duration of cannabis absti-
nence [353,354].

Recently, Pinapati et al. [355] have suggested that the links between gut bacteria,
CNS, eCBS, and cannabis dependence, which would be an insight to overcome cannabis
withdrawal symptoms. In this regard, a protocol to evaluate the therapeutic implications
between probiotics (Lactobacillus acidophilus, A. muciniphila, Bifidobacterium bifidum, and
Streptococcus thermophilus) and A°-THC has been proposed [356]. A subtype of A. muciniphila
was found to be negatively associated with Bacteroides abundance [357], suggesting that
there is scope for using this bacterium as a potential nootropic in cannabis addiction. In
support of this, A. muciniphila has been identified as an effective probiotic against alcohol-
induced liver injury and has therapeutic justification in chronic opioid use [358].

10. Social Perspectives on the Legalization of Cannabis

Social norms are particularly relevant regarding cannabis-related behaviors [359].
Indeed, social acceptability and perceptions of risks and benefits, including the active
sharing of these beliefs on social networks, are important predictors for the abstinence
or consumption of cannabis [360], which at the end can vary in function of factors such
as gender or age. Nevertheless, cannabis is, in general terms, perceived as more socially
acceptable, less risky, and more beneficial than other drugs, such as tobacco. The fact that
potential consumers obtain experience-based information from fellow users about cannabis
consumption indicates that there is a need not only for practical advice, but also for much
closer scrutiny and regulation of the products based on cannabis within contexts where they
are legal, including accurate labeling of the levels of cannabinoids, appropriate doses, and
potential side effects [361]. In this respect, given the wide acceptance of cannabis use and
the corresponding high proportion of people who believe that this drug is neither harmful
nor addictive, serious consideration is required in the regulatory regime accompanying
potential legalization [362]. However, it is essential to consider, at the same time, that
the legalization of the consumption of this plant could provide multiple benefits to the
economy, society, and populations that obtain favorable outcomes from responsible use.

The recent shift in sociopolitical debates and growing liberalization of cannabis use
across the globe has raised concern regarding its impact on vulnerable populations, such
as pregnant women and adolescents. Epidemiological studies have long demonstrated
a relationship between developmental cannabis exposure and later mental health symp-
toms [363]. This relationship is especially strong in people with particular genetic poly-
morphisms, suggesting that cannabis use interacts with genotype to increase mental health
risk [364]. Seminal animal research directly linked prenatal and adolescent exposure to
A°-THC, the major psychoactive component of cannabis, with protracted effects on adult
neural systems relevant to psychiatric disorders and SUD [363].

The debate on the legal status of cannabis remains lively due to the heterogeneity of
regulations and legislation around the world, ranging from possible legal consumption
(The Netherlands) to prison sentences, life sentences, or death penalties for traffic in
countries such as Indonesia, the United Arab Emirates, and Saudi Arabia. This variety
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of legislation is the result of a complex historical drift resulting from cultural, scientific,
and political movements debating the benefits and harms of regular use. Therefore, the
legal status of cannabis varies widely across countries and regions; although cannabis
is largely illegal at the global level, policies surrounding the use of this substance are
becoming steadily liberalized [365]. Reduced penalties for self-use of cannabis, but not
distribution, are more widespread worldwide, including in The Netherlands, Portugal, and
parts of Australia. Medical legalization is also seen in Peru, Germany, New Zealand, The
Netherlands, and across many U.S. states. To date, Canada, Uruguay, and Malta are the
only three countries to legalize recreational cannabis use at the national level. Furthermore,
individual U.S. states began legalizing recreational cannabis in 2012, with nearly half of
U.S. states having legalized recreational cannabis by 2023. There are arguments both
for and against recreational cannabis legalization. Common pro-legalization arguments
involve increasing regulatory control over product distribution, weakening organized
crime, reducing burden and inequality in the criminal justice system, and generating
economic benefits such as tax revenues and commercial activity. Moreover, as cannabis
obtained from illicit markets is of varying and unknown potency, cannabis legalization
may help better regulate the potency and quality of cannabis products [365]. In addition, as
states continue to proceed with legalization for both medical and recreational use, certain
public health issues have become increasingly relevant, including the effects of acute
cannabis intoxication on driving abilities, unintentional ingestion of cannabis products
by children, the relationship between cannabis and opioid use, and whether there will be
an increase in health problems related to cannabis use, such as dependence/addiction,
psychosis, and pulmonary diseases [366].

11. Discussion

The present review was aimed at providing a holistic overview of cannabis, with
particular focus on its risks and benefits regarding mental health. Based on the literature
examined, it is reasonable to assert that this substance is far less harmful than other drugs
of abuse also used in medical settings [367,368] or for recreational purposes [369-373].
However, it should not be considered entirely harmless. This duality highlights the com-
plexity of its impact on individuals, requiring a comprehensive interpretation that extends
beyond reductive frameworks. From a mental health perspective, while cannabis has
been shown to offer numerous therapeutic benefits, it also presents potential risks. These
risks, however, are mainly subject to individual influencing factors that underscore the
importance of personalized approaches to cannabis use, as well as the need for individuals
to be aware of their own reactions to the substance. Thus, society is faced with a plant
of extraordinary clinical significance whose potential disadvantages seem to be balanced
given its obvious utility.

The examination of the studies included in this review provides a comprehensive
overview of the current state of knowledge on cannabis and serves to guide further in-
vestigation and clinical practice. Derived from this examination, several key points can
be extracted and highlighted. With respect to adverse mental health outcomes associated
with cannabis use, it has been stated that (i) there is a bidirectional relationship between
cannabis use and mental health disorders; (ii) cannabis use is linked to increased symptoms
of anxiety, depression, and suicidality, especially among adolescents; (iii) genetic factors,
such as the 5-HTTLPR genotype, influence the impact of cannabis on anxiety; (iv) reducing
cannabis use may lead to improvements in depressive symptoms; (v) early cannabis use is
a significant risk factor for mental health issues later in life; (vi) cannabis use can worsen
outcomes in individuals with pre-existing mental disorders, such as borderline personality
disorder and PTSD; and (vii) CUD frequently co-occurs with other SUD, exacerbating
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mental health issues. Despite the observed relationships between cannabis use and various
mental health outcomes, it is important to consider the potential limitations inherent in the
studies evaluating these associations, including (i) confounding variables, as many studies
fail to account for pre-existing mental health conditions; (ii) sample diversity, as the sample
populations in some studies were limited in terms of age or cultural background, making
it difficult to generalize findings across different demographic groups; (iii) a significant
number of studies that were cross-sectional, which limits their ability to establish causal
relationships; (iv) self-reporting bias; (v) variable cannabis use patterns; (vi) the influence of
genetic and environmental factors; (vi) lack of long-term follow-up; (vii) the varying effects
of cannabis use in function of the developmental stage; (viii) substance use co-occurrence;
and (xi) mental health assessment limitations, as the tools used varied across studies, which
may lead to inconsistencies in the findings.

On the other hand, the potential therapeutic efficacy of cannabis-based treatments
in a clinical and mental health context shows a variety of outcomes based on the studies
analyzed. These results have been synthesized and simplified to reflect an overview of
the observed effects, which ultimately depend on factors such as the type of compound
administered, dosage, and sample characteristics. Therefore, the interpretation of these
findings should not be taken literally, as they are based on a limited number of studies for
each mental health disorder and are subject to the nuances of the specific study designs
and variables involved. The findings are summarized as follows: (i) for epilepsy, it was
found that treatment led to a significant reduction in seizure frequency and improvements
in behavior, motor skills, and sleep, with better outcomes observed when used alongside
clobazam; (ii) for Dravet syndrome, treatment resulted in a reduction of convulsive seizures;
(iil) for Lennox-Gastaut syndrome, treatment led to a significant reduction in drop seizures;
(iv) for Alzheimer’s disease, treatment may reduce agitation, although it requires monitor-
ing of sedation and cognition; (v) for dementia, treatment significantly improved dynamic
balance and gait velocity; (vi) for Parkinson’s disease, treatment improved pain and sleep,
and reduced anxiety; (vii) for MS, treatment showed almost double the relief from muscle
stiffness compared to placebo; (viii) for ASD, treatment led to improvements in behavioral
outbreaks, self-injury, hyperactivity, sleep problems, and anxiety; (ix) for Rett syndrome,
treatment reduced seizures and showed improvement in agitation and spasticity; (x) for
Tourette syndrome, treatment showed mixed results in reducing tic severity; (xi) for ADHD,
treatment showed improvements in ADHD symptoms and task performance, reductions
in cognitive impairment, but no significant effects on response inhibition or brain activity;
(xii) for BD, treatment showed limited effectiveness in reducing mania symptoms; (xiii) for
social anxiety disorder, treatment significantly reduced anxiety, cognitive impairment,
discomfort during speech, hyper-alertness in anticipatory speech, and also modulated cere-
bral blood flow in specific brain regions involved in anxiety processing; (xiv) for anxiety,
treatment showed mixed results, with low and daily doses exhibiting higher potential in
reducing anxiety symptoms; (xv) for PTSD, treatment showed mixed results, indicating
certain potential for improving certain symptoms, such as sleep disturbances, anxiety,
social anxiety, and depression; (xvi) for sleep disturbances, treatment was found to improve
sleep quality and general well-being; (xvii) for pain, treatment significantly reduced its
intensity, demonstrating analgesic efficacy; (xviii) for fibromyalgia, treatment improved
symptoms related to pain and fatigue, promoting overall well-being; (xix) for migraine,
treatment led to a reduction in headache severity; and (xx) for schizophrenia, treatment
demonstrated effectiveness in reducing positive symptoms and improving cognitive per-
formance. Regarding the main side effects found in the cannabis-based treatments, the
following have been identified: somnolence, fatigue, gastrointestinal disturbances, irri-
tability, decreased appetite, pyrexia, cognitive disturbances, dizziness, dry mouth, sleep
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disturbances, increased appetite, mood deterioration, restlessness, altered mental states,
headache, nausea, and agitation. In light of the findings previously presented on the
potential utility of cannabis-based drugs for the treatment of mental health conditions, it
should be acknowledged that the studies present several potential limitations, including
small sample sizes, short treatment durations, high variability in doses and formulations,
side effects, inconsistent outcome measures, placebo effects, heterogeneity in patient pop-
ulations (e.g., age, gender, ethnicity), interactions with comorbid psychiatric disorders,
and retrospective nature of some studies. In this respect, these factors may contribute to
divergent findings and should be carefully considered in future research, as they represent
possible confounders. For instance, developmental differences between adolescents and
adults may influence both the pharmacodynamics of cannabis and the vulnerability to psy-
chiatric symptoms, complicating the generalizability of results across age groups. Dosage
variability and differences in cannabinoid composition can lead to inconsistent therapeutic
effects and side effect profiles, making it difficult to establish standardized treatment proto-
cols. Furthermore, the presence of comorbid conditions such as PTSD or CUD may interact
with cannabis effects in complex ways, potentially exacerbating or mitigating psychiatric
symptoms and thereby confounding outcome measures. These variables underscore the
need for more rigorous, well-controlled studies with carefully defined populations and
standardized interventions to clarify the effects of cannabis on mental health outcomes.
Thus, progress in research on this controversial yet promising substance is imperative,
requiring a greater volume of studies across diverse populations and employing rigorous
methodological designs capable of establishing causal relationships.

Medical cannabis exemplifies a significant convergence between ancient herbal reme-
dies and modern pharmacology. This reflects a fascinating historical continuity, demon-
strating humanity’s inherent reliance on plant-derived compounds. The rich biochemical
arsenal belonging to cannabis interacts intrinsically with the human eCBS, which is thought
to naturally mediate the effects of such substances. Thus, said “symbiotic” relationship
suggests that plant-based drugs may be more than just therapeutic tools; they could be
integral to our biological evolution, aligning with the body’s natural processes. In this
sense, cannabinoids may modulate a wide range of physiological functions. Moreover,
cannabis therapeutic use has been documented over millennia, illustrating a deep-seated
human affinity for harnessing nature’s pharmacopoeia aimed at enhancement and healing
effects, which constitutes a fundamental aspect of our evolutionary heritage, extending
from ancient knowledge to contemporary science.

Regarding the results of the review on the relationship between cannabis use and the
GM, and on how this interaction may influence mental functioning, several key points can
be highlighted: (i) exogenous cannabinoids, along with the eCBS, play a role in regulating
the GM; (ii) a positive correlation exists between the eCBS and bacterial «-diversity, as
well as SCFAs-producing bacteria, such as Bifidobacterium, Coprococcus, and Faecalibacterium;
(iii) CB1 antagonism has been shown to reduce cytokine release, intestinal permeability,
and alter the microbiota, including an increase in A. munciniphila, which is linked to
improved gut barrier function; (iv) THC treatment has been shown to enhance beneficial
bacteria such as R. gnavus, while reducing pathogenic species such as A. muciniphila in
both lung and gut tissues; (v) cannabis use can induce a potential shift in GM composition,
involving Prevotella/ Bacteroides ratios; (vi) SCFAs have anti-inflammatory effects and can
epigenetically regulate gene expression, which may be beneficial for reducing inflammation
associated with SUD; (vii) alterations in KYNA metabolism have been associated with
reduced drug-seeking behavior for various substances, including cannabis; (viii) the GM has
the ability to metabolize cannabinoids by producing enzymes that can modify their efficacy
and pharmacokinetics; (xix) specific microbial enzymes in the GM, such as (3-glucuronidase,
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can deconjugate glucuronide metabolites of THC, increasing its bioavailability; and (x) the
GM may serve as an alternative pathway for modulating responses in SUD, offering
potential avenues for therapeutic interventions in addiction issues, such as CUD.

Without any doubt, CUD presents a compelling area of study, as its severity and
prevalence require critical assessment. Current research indicates that while CUD can con-
stitute a significant concern, its manifestation is not uniform across all users. In this respect,
the disorder intensity seems to correlate with patterns of use, especially abuse or misuse,
and individual vulnerability. For this reason, addressing CUD requires a comprehensive
approach that integrates behavioral patterns and individual differences, ensuring that
responses to cannabis use are both targeted and proportionate to the actual risk presented.
Interestingly, the metabolic processing of cannabinoids may also contribute to individual
variability. A°-THCs, A3-THCs, CNBNs, and CBNs undergo microbial hydroxylation,
producing mono- and dihydroxylated derivatives [374]. These metabolic alterations could
modulate the bioavailability and pharmacokinetics of cannabinoids, potentially influencing
the progression and severity of CUD. Moreover, a bidirectional relationship between the
GM and SUDs, including CUD, has been highlighted [375]. This interplay not only reflects
the impact of chronic substance use on the composition and dynamics of the GM but
also suggests that GM dysbiosis may modulate behavioral responses to drugs of abuse.
In this context, targeting the GM or its metabolites emerges as a promising avenue for
therapeutic intervention in SUDs. Similarly, advances in microbiome research point to
the potential use of human microbiota profiles, including those of the oral cavity, gut,
and upper respiratory tract, as biomarkers for identifying individuals at increased risk
of pathological cannabis use. Importantly, gaining deeper insights into host-microbiome
interactions and their genetic underpinnings may be pivotal for understanding the role of
the microbiome in addiction vulnerability and for guiding the development of customized
treatment approaches [375].

Socially, cannabis legalization and decriminalization have had profound impacts. In
regions where this drug has been legalized, there have been several societal advantages,
and there have also been concerns about increased accessibility leading to higher rates of
use among adolescents. The shift in the legal status of cannabis brings to the fore issues
of social justice, particularly in the context of past drug-related incarcerations and their
disproportionate impact on marginalized communities. The cultural perception of cannabis
is evolving. Formerly stigmatized, it is increasingly seen as a natural remedy or as a safer
alternative to other substances like alcohol or opioids. This changing perspective can
influence public health policies and individual choices, potentially reducing the stigma
associated with its use and encouraging more open discussions about its benefits and risks.

Limited research has explored the underlying mechanisms contributing to disparities
in cannabis use between sexual minority and heterosexual young adults. Romm et al. [376]
investigated the associations between sexual orientation (heterosexual, gay/lesbian, bi-
sexual) and cannabis use outcomes, alongside perceived risks (e.g., harm, addictiveness)
and social norms (e.g., social acceptability, peer use). Bisexual women exhibited increased
odds for multiple cannabis use outcomes, whereas lesbian women and gay men showed
elevated odds specifically for current use. These findings suggest that cannabis-related
perceptions and social norms may serve as key targets for public health interventions
aimed at sexual minority young adults. Dyar [377] conducted a review on disparities
in cannabis use and CUD among sexual and gender minority populations. The review
provided strong evidence that sexual minorities are at higher risk for cannabis use, with
particularly elevated rates of CUD among sexual minority women. Evidence supports a
concurrent relationship between minority stress and CUD symptoms, with coping motives
emerging as a robust mechanism linking minority stress to both cannabis consumption and
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CUD. Furthermore, cannabis use norms and contextual factors have also been identified
as potential contributors to this elevated risk. These findings underscore the importance
of incorporating sexual orientation and gender identity into public health strategies and
research on cannabis use. Addressing minority stress, challenging normative contexts, and
customizing interventions to the particular experiences of sexual minority populations may
be pivotal steps toward reducing disparities in cannabis-related outcomes.

Regarding the implications for practice and research, this review draws attention to
several important aspects. Clinically, practitioners should be aware of the bidirectional rela-
tionship between cannabis use and mental health disorders in adolescents, a period when
cannabis use seems to be associated with increased anxiety, depression, and suicidality.
Early initiation, heavy use, and co-occurring psychiatric conditions worsen mental health
outcomes, underscoring the need for targeted screening and intervention strategies in these
populations. From a research perspective, there remain significant gaps and uncertainties,
in part because many existing studies suffer from methodological limitations that restrict
causal inferences. Thus, future studies should prioritize longitudinal designs with diverse
populations, standardized assessment tools, and longer follow-up periods to clarify causal
pathways and identify protective factors. In addition, research into the role of genetic
factors, such as the 5-HTTLPR genotype and the interaction between the GM and the eCBS,
may reveal novel targets for intervention. Regarding cannabis-based treatments for various
neurological and psychiatric conditions, evidence suggests potential benefits for disorders
like epilepsy, Parkinson’s disease, ASD, and anxiety-related disorders. However, variability
in compound types, dosages, and patient characteristics requires cautious interpretation.
Moreover, side effects and long-term safety profiles need further elucidation through well-
designed clinical trials. The growing societal changes in cannabis legalization underscore
the need for public health strategies that balance increased access with prevention of misuse,
especially among vulnerable groups. Addressing CUD demands integrated approaches
that consider individual behavioral patterns, genetic metabolism, and social determinants.
Therefore, actionable clinical steps include early screening, targeted interventions for at-risk
populations, and cautious consideration of cannabis-based therapeutics. Future research
must overcome current limitations to better understand causality, therapeutic potential,
and mechanisms underlying the impact of cannabis on mental health.

As we advance in our understanding of cannabis, it becomes clear that the future of
this drug lies in taking advantage of its benefits through carefully strategies that address
both individual needs and broader societal impacts. This balanced perspective will be
essential for optimizing its role in medicine and for ensuring its responsible use. Therefore,
further objective and impartially research should concentrate on the aspects yet not been
fully developed regarding cannabis, such as long-term impact on diverse populations,
evidence-based guidelines for its use, and detailed mechanisms implicated in therapeutic
and adverse effects. This will be pivotal in maximizing its therapeutic benefits while
mitigating risks, ultimately guiding the responsible and effective incorporation of cannabis
into clinical practice, and even accepting it as a viable drug for recreational consumption.

This review was aimed at providing a holistic, integrative, and innovative overview of
the topic investigated. To the best of our knowledge, no previous review has approached
cannabis from such diverse perspectives, which contributes to a deeper understanding of
this versatile substance. However, this review may present potential limitations, including
the lack of a systematic methodology and a quantitative synthesis of data, due to the broad
scope and heterogeneity of the studies considered. Another limitation of this review is
the absence of a formal grading of the quality or level of evidence. Given its narrative
nature, studies were not evaluated using standardized tools for assessing methodological
rigor or risk of bias. As a result, comparisons across studies should be interpreted with
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caution, and the strength of evidence supporting specific findings may vary. In this regard,
many studies vary in sample size and effect size, which may influence the strength of
their conclusions. Common limitations, such as cross-sectional designs and reliance on
self-reporting, can introduce bias and limit causal interpretations. Therefore, these factors
should be considered when interpreting results and underscore the need for more rigorous,
longitudinal studies. Furthermore, the conclusions drawn may not capture the full extent
of variability across studies.

12. Conclusions

Cannabis has a long history of use for various purposes, with a complex chemical
profile and pharmacokinetics that show promise in treating numerous neurological, psy-
chiatric, and psychological conditions. However, its use carries risks, which depend on
factors such as compound concentration, dosage, consumption method, frequency of use,
and individual characteristics, as not all users exhibit the same level of vulnerability. While
CUD may be less severe than other SUDs, it can still lead to adverse consequences. CUD
often co-occurs with other SUDs and may exacerbate psychiatric symptoms in vulnera-
ble individuals. In this context, the GM emerges as a potential alternative pathway for
modulating responses in SUDs, opening up possibilities for therapeutic interventions in
addiction, including CUD.

The dual nature of cannabis underscores the complexity of its effects, demanding a
thorough understanding that goes beyond simplistic explanations and prejudices. From a
mental health perspective, there is no doubt that cannabis offers notable therapeutic benefits,
highlighting the importance of personalized approaches to cannabis use and increased
awareness of how individuals respond to this substance. Changing social perceptions of
cannabis could influence consumption patterns, creating opportunities to advance public
health strategies. Ultimately, cannabis stands as a plant of substantial clinical significance,
where its potential risks appear balanced by its clear utility.
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Abbreviations

The following abbreviations are used in this manuscript:

eCBS Endocannabinoid system

CUD Cannabis use disorder

SUD Substance use disorder

CNS Central nervous system

BBB Blood-brain barrier

HPA Hypothalamic—pituitary—adrenal
GM Gut microbiome

THCs Tetrahydrocannabinols

A8-THCs (—)—AS—trans—tetrahydrocannabinols
A%-THCs (—)-A9-trans—tetrahydrocannabinols
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eCBome Endocannabinoidome
2-AcGs  2-acylglycerols

2-AG 2-arachidonoylglycerol
AEA N-arachidonyl-ethanolamide
NAEs N-acyl ethanolamines
CBCs Cannabichromenes
CBLs Cannabicyclols

CBDs Cannabidiols

CBEs Cannabielsoins

CBGs Cannabigerols

CBNDs  Cannabinodiols

CBNs Cannabinols

CBTs Cannabitriols

BAs Bile acids

GFA Grifolic acid

KYNA Kynurenic acid
DCA Daurichromenic acid

SCFAs Short-chain fatty acids

GABA y-aminobutyric acid

5-HT Serotonin

BDNF Brain-derived neurotrophic factor

GPCR G protein-coupled receptor

PPARs Peroxisome proliferator-activated nuclear receptors

AN Anorexia nervosa

ADHD Attention-deficit/Hyperactivity disorder
ASD Autism spectrum disorder

BED Binge eating disorder

BD Bipolar disorder

NDDs Neurodevelopmental disorders

PTSD Post-traumatic stress disorder

CgBT Cognitive behavioral therapy

MET Motivational enhancement therapy

References

1. Andre, C.M.,; Hausman, J.E.; Guerriero, G. Cannabis sativa: The plant of the thousand and one molecules. Front. Plant Sci. 2016,
7,19. [CrossRef]

2. Fraguas-Sanchez, A.IL; Torres-Sudrez, A.I. Medical use of cannabinoids. Drugs 2018, 78, 1665-1703. [CrossRef] [PubMed]

3. Legare, C.A.; Raup-Konsavage, W.M.; Vrana, K.E. Therapeutic potential of cannabis, cannabidiol, and cannabinoid-based
pharmaceuticals. Pharmacology 2022, 107, 131-149. [CrossRef] [PubMed]

4. Connor, ].P; Stjepanovi¢, D.; Le Foll, B.; Hoch, E.; Budney, A.J.; Hall, W.D. Cannabis use and cannabis use disorder. Nat. Rev. Dis.
Primers 2021, 7, 16. [CrossRef] [PubMed]

5. Ferndndez-Artamendi, S.; Ferndndez-Hermida, J.R.; Secades-Villa, R.; Garcia-Portilla, M.P. Cannabis y salud mental. Actas Esp.
Psiquiatr. 2011, 39, 180-190.

6.  Crocq, M.A. History of cannabis and the endocannabinoid system. Dialogues Clin. Neurosci. 2020, 22, 223-228. [CrossRef]

7. Escohotado, A. Historia General de las Drogas; Espasa Calpe: Madrid, Espafia, 1998.

8. Bonini, S.A.; Premoli, M.; Tambaro, S.; Kumar, A.; Maccarinelli, G.; Memo, M.; Mastinu, A. Cannabis sativa: A comprehensive
ethnopharmacological review of a medicinal plant with a long history. J. Ethnopharmacol. 2018, 227, 300-315. [CrossRef]

9. Jiang, H.E.; Li, X,; Zhao, Y.X,; Ferguson, D.K.; Hueber, F.; Bera, S.; Wang, Y.F.; Zhao, L.C.; Liu, C.J.; Li, C.S. A new insight into
Cannabis sativa (Cannabaceae) utilization from 2500-year-old Yanghai Tombs, Xinjiang, China. J. Ethnopharmacol. 2006, 108, 414-422.
[CrossRef]

10. Pisanti, S.; Bifulco, M. Modern history of medical cannabis: From widespread use to prohibitionism and back. Trends Pharmacol.
Sci. 2017, 38, 195-198. [CrossRef]

11.  National Institute on Drug Abuse. Monitoring the Future. Secondary School Students; U.S. Department of Health and Human

Services: Washington, DC, USA, 2009.


https://doi.org/10.3389/fpls.2016.00019
https://doi.org/10.1007/s40265-018-0996-1
https://www.ncbi.nlm.nih.gov/pubmed/30374797
https://doi.org/10.1159/000521683
https://www.ncbi.nlm.nih.gov/pubmed/35093949
https://doi.org/10.1038/s41572-021-00247-4
https://www.ncbi.nlm.nih.gov/pubmed/33627670
https://doi.org/10.31887/DCNS.2020.22.3/mcrocq
https://doi.org/10.1016/j.jep.2018.09.004
https://doi.org/10.1016/j.jep.2006.05.034
https://doi.org/10.1016/j.tips.2016.12.002

Psychiatry Int. 2025, 6, 92 42 of 56

12.
13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.
37.

38.

39.

Giilck, T.; Moller, B.L. Phytocannabinoids: Origins and biosynthesis. Trends Plant Sci. 2020, 25, 985-1004. [CrossRef] [PubMed]
Bautista, J.L.; Yu, S.; Tian, L. Flavonoids in Cannabis sativa: Biosynthesis, bioactivities, and biotechnology. ACS Omega 2021, 6,
5119-5123. [CrossRef]

Hourfane, S.; Mechqoq, H.; Bekkali, A.Y.; Rocha, ].M.; El Aouad, N. A comprehensive review on Cannabis sativa ethnobotany,
phytochemistry, molecular docking and biological activities. Plants 2023, 12, 1245. [CrossRef]

Nazir, M.; Saleem, M,; Tousif, M.I.; Anwar, M.A ; Surup, E; Alj, I.; Wang, D.; Mamadalieva, N.Z.; Alshammari, E.; Ashour, M.L.;
et al. Meroterpenoids: A comprehensive update insight on structural diversity and biology. Biomolecules 2021, 11, 957. [CrossRef]
Pellati, F.; Borgonetti, V.; Brighenti, V.; Biagi, M.; Benvenuti, S.; Corsi, L. Cannabis sativa L. and nonpsychoactive cannabinoids:
Their chemistry and role against oxidative stress, inflammation, and cancer. BioMed. Res. Int. 2018, 2018, 1691428. [CrossRef]
Taura, F; lijima, M.; Lee, ].B.; Hashimoto, T.; Asakawa, Y.; Kurosaki, F. Daurichromenic acid-producing oxidocyclase in the young
leaves of Rhododendron dauricum. Nat. Prod. Commun. 2014, 9, 1329-1332. [CrossRef]

Hanus, L.O.; Meyer, S.M.; Muioz, E.; Taglialatela-Scafati, O.; Appendino, G. Phytocannabinoids: A unified critical inventory. Nat.
Prod. Rep. 2016, 33, 1357-1392. [CrossRef] [PubMed]

Flores-Sanchez, 1.].; Verpoorte, R. Secondary metabolism in cannabis. Phytochem. Rev. 2008, 7, 615-639. [CrossRef]

Asbridge, M.; Duff, C.; Marsh, D.C.; Erickson, P.G. Problems with the identification of ‘problematic’ cannabis use: Examining the
issues of frequency, quantity, and drug use environment. Eur. Addict. Res. 2014, 20, 254-267. [CrossRef] [PubMed]

Wadsworth, E.; Craft, S.; Calder, R.; Hammond, D. Prevalence and use of cannabis products and routes of administration among
youth and young adults in Canada and the United States: A systematic review. Addict. Behav. 2022, 129, 107258. [CrossRef]
National Academies of Sciences, Engineering, and Medicine. The Health Effects of Cannabis and Cannabinoids: The Current State of
Evidence and Recommendations for Research; National Academies Press: Washington, DC, USA, 2017.

Streck, ].M.; Hughes, ].R.; Klemperer, EM.; Howard, A.B.; Budney, A.J. Modes of cannabis use: A secondary analysis of an
intensive longitudinal natural history study. Addict. Behav. 2019, 98, 106033. [CrossRef]

Russell, C.; Rueda, S.; Room, R.; Tyndall, M.; Fischer, B. Routes of administration for cannabis use—Basic prevalence and related
health outcomes: A scoping review and synthesis. Int. |. Drug Policy 2018, 52, 87-96. [CrossRef]

Chaiton, M.; Kundu, A.; Rueda, S.; Di Ciano, P. Are vaporizers a lower-risk alternative to smoking cannabis? Can. J. Public Health
2022, 113, 293-296. [CrossRef]

Spindle, T.R.; Cone, E.J.; Schlienz, N.J.; Mitchell, ] M.; Bigelow, G.E.; Flegel, R.; Hayes, E.; Vandrey, R. Acute effects of smoked
and vaporized cannabis in healthy adults who infrequently use cannabis: A crossover trial. JAMA Netw. Open 2018, 1, e184841.
[CrossRef]

Vandrey, R.; Herrmann, E.S.; Mitchell, ].M.; Bigelow, G.E.; Flegel, R.; LoDico, C.; Cone, E.J. Pharmacokinetic profile of oral
cannabis in humans: Blood and oral fluid disposition and relation to pharmacodynamic outcomes. J. Anal. Toxicol. 2017, 41, 83-99.
[CrossRef] [PubMed]

Hughes, ].R.; Fingar, ].R.; Budney, A.].; Naud, S.; Helzer, ].E.; Callas, PW. Marijuana use and intoxication among daily users: An
intensive longitudinal study. Addict. Behav. 2014, 39, 1464-1470. [CrossRef] [PubMed]

Cooper, Z.D.; Haney, M. Comparison of subjective, pharmacokinetic, and physiological effects of marijuana smoked as joints and
blunts. Drug Alcohol. Depend. 2009, 103, 107-113. [CrossRef]

Spindle, T.R.; Cone, E.J.; Schlienz, N.J.; Mitchell, ] M.; Bigelow, G.E.; Flegel, R.; Hayes, E.; Vandrey, R. Acute pharmacokinetic
profile of smoked and vaporized cannabis in human blood and oral fluid. J. Anal. Toxicol. 2019, 43, 233-258. [CrossRef]
Leos-Toro, C.; Fong, G.T.; Meyer, S.B.; Hammond, D. Cannabis labelling and consumer understanding of THC levels and serving
sizes. Drug Alcohol. Depend. 2020, 208, 107843. [CrossRef]

Grotenhermen, F. Pharmacokinetics and pharmacodynamics of cannabinoids. Clin. Pharmacokinet. 2003, 42, 327-360. [CrossRef]
Favrat, B.; Ménétrey, A.; Augsburger, M.; Rothuizen, L.E.; Appenzeller, M.; Buclin, T.; Pin, M.; Mangin, P.; Giroud, C. Two cases of
“cannabis acute psychosis” following the administration of oral cannabis. BMC Psychiatry 2005, 5, 17. [CrossRef] [PubMed]
André, C.; Jaber-Filho, ].A.; Bento, R M.; Damasceno, L.M.; Aquino-Neto, ER. Delirium following ingestion of marijuana present
in chocolate cookies. CNS Spectr. 2006, 11, 262—-264. [CrossRef]

Iglesias-Lepine, M.L.; Manzur-Cavalloti, I.; Epelde, F.; Garcia-Gibert, L. Intoxicacién aguda por leche de marihuana. Med. Clin.
2015, 144, 381-382. [CrossRef]

Rezkalla, S.; Kloner, R.A. Cardiovascular effects of marijuana. Trends Cardiovasc. Med. 2019, 29, 403—407. [CrossRef]

Chiu, R.G.; Fuentes, A.M.; Patil, S.N.; Chiu, R.; McGuire, L.S.; Mehta, A.I. Cannabis abuse and perioperative complications after
treatment of intracranial aneurysms: A nationwide analysis. World Neurosurg. 2022, 158, e184—e195. [CrossRef] [PubMed]
Hartung, B.; Kauferstein, S.; Ritz-Timme, S.; Daldrup, T. Sudden unexpected death under acute influence of cannabis. Forensic Sci.
Int. 2014, 237, el1-e13. [CrossRef] [PubMed]

Steigerwald, S.; Wong, P.O.; Khorasani, A.; Keyhani, S. The form and content of cannabis products in the United States. . Gen.
Intern. Med. 2018, 33, 1426-1428. [CrossRef] [PubMed]


https://doi.org/10.1016/j.tplants.2020.05.005
https://www.ncbi.nlm.nih.gov/pubmed/32646718
https://doi.org/10.1021/acsomega.1c00318
https://doi.org/10.3390/plants12061245
https://doi.org/10.3390/biom11070957
https://doi.org/10.1155/2018/1691428
https://doi.org/10.1177/1934578X1400900928
https://doi.org/10.1039/C6NP00074F
https://www.ncbi.nlm.nih.gov/pubmed/27722705
https://doi.org/10.1007/s11101-008-9094-4
https://doi.org/10.1159/000360697
https://www.ncbi.nlm.nih.gov/pubmed/25196945
https://doi.org/10.1016/j.addbeh.2022.107258
https://doi.org/10.1016/j.addbeh.2019.106033
https://doi.org/10.1016/j.drugpo.2017.11.008
https://doi.org/10.17269/s41997-021-00565-w
https://doi.org/10.1001/jamanetworkopen.2018.4841
https://doi.org/10.1093/jat/bkx012
https://www.ncbi.nlm.nih.gov/pubmed/28158482
https://doi.org/10.1016/j.addbeh.2014.05.024
https://www.ncbi.nlm.nih.gov/pubmed/24935797
https://doi.org/10.1016/j.drugalcdep.2009.01.023
https://doi.org/10.1093/jat/bky104
https://doi.org/10.1016/j.drugalcdep.2020.107843
https://doi.org/10.2165/00003088-200342040-00003
https://doi.org/10.1186/1471-244X-5-17
https://www.ncbi.nlm.nih.gov/pubmed/15804348
https://doi.org/10.1017/S1092852900020757
https://doi.org/10.1016/j.medcli.2014.05.033
https://doi.org/10.1016/j.tcm.2018.11.004
https://doi.org/10.1016/j.wneu.2021.10.156
https://www.ncbi.nlm.nih.gov/pubmed/34757211
https://doi.org/10.1016/j.forsciint.2014.02.001
https://www.ncbi.nlm.nih.gov/pubmed/24598271
https://doi.org/10.1007/s11606-018-4480-0
https://www.ncbi.nlm.nih.gov/pubmed/29770952

Psychiatry Int. 2025, 6, 92 43 of 56

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

55.
56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Srivastava, R K.; Lutz, B.; Ruiz de Azua, I. The microbiome and gut endocannabinoid system in the regulation of stress responses
and metabolism. Front. Cell. Neurosci. 2022, 16, 867267. [CrossRef]

Maccarrone, M.; Bab, I; Bir6, T.; Cabral, G.A.; Dey, S.K.; Di Marzo, V.; Konje, J.C.; Kunos, G.; Mechoulam, R.; Pacher, P; et al.
Endocannabinoid signaling at the periphery: 50 years after THC. Trends Pharmacol. Sci. 2015, 36, 277-296. [CrossRef]

Cristino, L.; Bisogno, T.; Di Marzo, V. Cannabinoids and the expanded endocannabinoid system in neurological disorders. Nat.
Rev. Neurol. 2020, 16, 9-29. [CrossRef]

Lu, H.C.; Mackie, K. Review of the endocannabinoid system. Biol. Psychiatry Cogn. Neurosci. Neuroimaging 2021, 6, 607-615.
[CrossRef]

Martinez, V.; Iriondo De-Hond, A.; Borrelli, E; Capasso, R.; Del Castillo, M.D.; Abalo, R. Cannabidiol and other non-psychoactive
cannabinoids for prevention and treatment of gastrointestinal disorders: Useful nutraceuticals? Int. J. Mol. Sci. 2020, 21, 3067.
[CrossRef]

Zumbrun, E.E; Sido, ].M.; Nagarkatti, P.S.; Nagarkatti, M. Epigenetic regulation of immunological alterations following prenatal
exposure to marijuana cannabinoids and its long term consequences in offspring. J. Neuroimmune Pharmacol. 2015, 10, 245-254.
[CrossRef] [PubMed]

Hua, T.; Vemuri, K.; Nikas, S.P; Laprairie, R.B.; Wu, Y;; Qu, L.; Pu, M.; Korde, A; Jiang, S.; Ho, ].H.; et al. Crystal structures of
agonist-bound human cannabinoid receptor CB1. Nature 2017, 547, 468-471. [CrossRef] [PubMed]

Li, X.; Hua, T.; Vemuri, K.; Ho, ].H.; Wu, Y.; Wu, L.; Popov, P.; Benchama, O.; Zvonok, N.; Locke, K.; et al. Crystal structure of the
human cannabinoid receptor CB;. Cell 2019, 176, 459-467. [CrossRef]

Demuth, D.G.; Molleman, A. Cannabinoid signalling. Life Sci. 2006, 78, 549-563. [CrossRef]

Olah, A.; Szekanecz, Z.; Biro, T. Targeting cannabinoid signaling in the immune system: “High”-ly exciting questions, possibilities,
and challenges. Front. Immunol. 2017, 8, 1487. [CrossRef]

Zou, S.; Kumar, U. Cannabinoid receptors and the endocannabinoid system: Signaling and function in the central nervous system.
Int. ]. Mol. Sci. 2018, 19, 833. [CrossRef]

Aran, A; Eylon, M.; Harel, M.; Polianski, L.; Nemirovski, A.; Tepper, S.; Schnapp, A.; Cassuto, H.; Wattad, N.; Tam, ]. Lower
circulating endocannabinoid levels in children with autism spectrum disorder. Mol. Autism 2019, 10, 2. [CrossRef]

Di Marzo, V. New approaches and challenges to targeting the endocannabinoid system. Nat. Rev. Drug Discov. 2018, 17, 623-639.
[CrossRef] [PubMed]

Fakhoury, M. Role of the endocannabinoid system in the pathophysiology of schizophrenia. Mol. Neurobiol. 2017, 54, 768-778.
[CrossRef]

Solas, M.; Francis, P.T.; Franco, R.; Ramirez, M.J. CB, receptor and amyloid pathology in frontal cortex of Alzheimer’s disease
patients. Neurobiol. Aging 2013, 34, 805-808. [CrossRef] [PubMed]

Cani, P.D. Microbiota and metabolites in metabolic diseases. Nat. Rev. Endocrinol. 2019, 15, 69-70. [CrossRef] [PubMed]

Cani, P.D.; Plovier, H.; Van Hul, M.; Geurts, L.; Delzenne, N.M.; Druart, C.; Everard, A. Endocannabinoids—At the crossroads
between the gut microbiota and host metabolism. Nat. Rev. Endocrinol. 2016, 12, 133-143. [CrossRef]

Cuddihey, H.; MacNaughton, W.K.; Sharkey, K.A. Role of the endocannabinoid system in the regulation of intestinal homeostasis.
Cell. Mol. Gastroenterol. Hepatol. 2022, 14, 947-963. [CrossRef]

Iannotti, F.A.; Di Marzo, V. The gut microbiome, endocannabinoids and metabolic disorders. J. Endocrinol. 2021, 248, R83-R97.
[CrossRef] [PubMed]

Sharkey, K.A.; Wiley, ].W. The role of the endocannabinoid system in the brain-gut axis. Gastroenterology 2016, 151, 252-266.
[CrossRef]

Kano, M.; Ohno-Shosaku, T.; Hashimotodani, Y.; Uchigashima, M.; Watanabe, M. Endocannabinoid-mediated control of synaptic
transmission. Physiol. Rev. 2009, 89, 309-380. [CrossRef]

Nagarkatti, P.; Pandey, R.; Rieder, S.A.; Hegde, V.L.; Nagarkatti, M. Cannabinoids as novel anti-inflammatory drugs. Future Med.
Chem. 2009, 1, 1333-1349. [CrossRef]

Pandey, R.; Mousawy, K.; Nagarkatti, M.; Nagarkatti, P. Endocannabinoids and immune regulation. Pharmacol. Res. 2009, 60,
85-92. [CrossRef]

Sido, J].M.; Nagarkatti, P.S.; Nagarkatti, M. Role of endocannabinoid activation of peripheral CB1 receptors in the regulation of
autoimmune disease. Int. Rev. Immunol. 2015, 34, 403—414. [CrossRef]

Gyires, K.; Zadori, Z.S. Role of cannabinoids in gastrointestinal mucosal defense and inflammation. Curr. Neuropharmacol. 2016,
14, 935-951. [CrossRef]

Sanger, G.J.; Alpers, D. Development of drugs for gastrointestinal motor disorders: Translating science to clinical need. Neurogas-
troenterol. Motil. 2008, 20, 177-184. [CrossRef]

Roche, M.; Finn, D.P. Brain CB; receptors: Implications for neuropsychiatric disorders. Pharmaceuticals 2010, 3, 2517-2553.
[CrossRef] [PubMed]


https://doi.org/10.3389/fncel.2022.867267
https://doi.org/10.1016/j.tips.2015.02.008
https://doi.org/10.1038/s41582-019-0284-z
https://doi.org/10.1016/j.bpsc.2020.07.016
https://doi.org/10.3390/ijms21093067
https://doi.org/10.1007/s11481-015-9586-0
https://www.ncbi.nlm.nih.gov/pubmed/25618446
https://doi.org/10.1038/nature23272
https://www.ncbi.nlm.nih.gov/pubmed/28678776
https://doi.org/10.1016/j.cell.2018.12.011
https://doi.org/10.1016/j.lfs.2005.05.055
https://doi.org/10.3389/fimmu.2017.01487
https://doi.org/10.3390/ijms19030833
https://doi.org/10.1186/s13229-019-0256-6
https://doi.org/10.1038/nrd.2018.115
https://www.ncbi.nlm.nih.gov/pubmed/30116049
https://doi.org/10.1007/s12035-016-9697-5
https://doi.org/10.1016/j.neurobiolaging.2012.06.005
https://www.ncbi.nlm.nih.gov/pubmed/22763024
https://doi.org/10.1038/s41574-018-0143-9
https://www.ncbi.nlm.nih.gov/pubmed/30602737
https://doi.org/10.1038/nrendo.2015.211
https://doi.org/10.1016/j.jcmgh.2022.05.015
https://doi.org/10.1530/JOE-20-0444
https://www.ncbi.nlm.nih.gov/pubmed/33337346
https://doi.org/10.1053/j.gastro.2016.04.015
https://doi.org/10.1152/physrev.00019.2008
https://doi.org/10.4155/fmc.09.93
https://doi.org/10.1016/j.phrs.2009.03.019
https://doi.org/10.3109/08830185.2014.921165
https://doi.org/10.2174/1570159X14666160303110150
https://doi.org/10.1111/j.1365-2982.2008.01084.x
https://doi.org/10.3390/ph3082517
https://www.ncbi.nlm.nih.gov/pubmed/27713365

Psychiatry Int. 2025, 6, 92 44 of 56

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.
79.

80.

81.

82.

83.
84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Wright, K.L.; Duncan, M.; Sharkey, K.A. Cannabinoid CB; receptors in the gastrointestinal tract: A regulatory system in states of
inflammation. Br. J. Pharmacol. 2008, 153, 263-270. [CrossRef]

Do, Y.; McKallip, R.J.; Nagarkatti, M.; Nagarkatti, P.S. Activation through cannabinoid receptors 1 and 2 on dendritic cells triggers
NF-kappa B-dependent apoptosis: Novel role for endogenous and exogenous cannabinoids in immunoregulation. J. Immunol.
2004, 173, 2373-2382. [CrossRef]

Hegde, V.L.; Nagarkatti, M.; Nagarkatti, P.S. Cannabinoid receptor activation leads to massive mobilization of myeloid-derived
suppressor cells with potent immunosuppressive properties. Eur. J. Immunol. 2010, 40, 3358-3371. [CrossRef]

Klegeris, A.; Bissonnette, C.J.; McGeer, P.L. Reduction of human monocytic cell neurotoxicity and cytokine secretion by ligands of
the cannabinoid-type CB2 receptor. Br. J. Pharmacol. 2003, 139, 775-786. [CrossRef] [PubMed]

Lombard, C.; Nagarkatti, M.; Nagarkatti, P. CB2 cannabinoid receptor agonist, JWH-015, triggers apoptosis in immune cells:
Potential role for CB2-selective ligands as immunosuppressive agents. Clin. Immunol. 2007, 122, 259-270. [CrossRef]

McKallip, RJ.; Lombard, C.; Fisher, M.; Martin, B.R,; Ryu, S.; Grant, S.; Nagarkatti, P.S.; Nagarkatti, M. Targeting CB2 cannabinoid
receptors as a novel therapy to treat malignant lymphoblastic disease. Blood 2002, 100, 627-634. [CrossRef]

Singh, U.P; Singh, N.P; Singh, B.; Price, R.L.; Nagarkatti, M.; Nagarkatti, P.S. Cannabinoid receptor-2 (CB2) agonist ameliorates
colitis in IL-10(-/-) mice by attenuating the activation of T cells and promoting their apoptosis. Toxicol. Appl. Pharmacol. 2012, 258,
256-267. [CrossRef] [PubMed]

Di Marzo, V. The endocannabinoidome as a substrate for noneuphoric phytocannabinoid action and gut microbiome dysfunction
in neuropsychiatric disorders. Dialogues Clin. Neurosci. 2020, 22, 259-269. [CrossRef]

Lucas, C.J.; Galettis, P.; Schneider, J. The pharmacokinetics and the pharmacodynamics of cannabinoids. Br. J. Clin. Pharmacol.
2018, 84, 2477-2482. [CrossRef] [PubMed]

Chiarotti, M.; Costamagna, L. Analysis of 11-nor-9-carboxy-delta(9)-tetrahydrocannabinol in biological samples by gas chro-
matography tandem mass spectrometry (GC/MS-MS). Forensic Sci. Int. 2000, 114, 1-6. [CrossRef] [PubMed]

Musshoff, F.; Madea, B. Review of biologic matrices (urine, blood, hair) as indicators of recent or ongoing cannabis use. Ther.
Drug Monit. 2006, 28, 155-163. [CrossRef] [PubMed]

Chayasirisobhon, S. Mechanisms of action and pharmacokinetics of cannabis. Perm. J. 2020, 25, 1-3. [CrossRef]

Sharma, P.; Murthy, P.; Bharath, M.M. Chemistry, metabolism, and toxicology of cannabis: Clinical implications. Iran. ]. Psychiatry
2012, 7, 149-156.

Zendulka, O.; Dovrtelova, G.; Noskova, K.; Turjap, M.; Sulcova, A.; Hanus, L.; Jufica, ]. Cannabinoids and cytochrome P450
interactions. Curr. Drug Metab. 2016, 17, 206-226. [CrossRef]

Gaston, T.E.; Friedman, D. Pharmacology of cannabinoids in the treatment of epilepsy. Epilepsy Behav. 2017, 70, 313-318.
[CrossRef]

Almogi-Hazan, O.; Or, R. Cannabis, the endocannabinoid system and immunity—The journey from the bedside to the bench and
back. Int. J. Mol. Sci. 2020, 21, 4448. [CrossRef]

Nichols, ].M.; Kaplan, B.L.F. Inmune responses regulated by cannabidiol. Cannabis Cannabinoid Res. 2020, 5, 12-31. [CrossRef]
Bayazit, H.; Selek, S.; Karababa, LF; Cicek, E.; Aksoy, N. Evaluation of oxidant/antioxidant status and cytokine levels in patients
with cannabis use disorder. Clin. Psychopharmacol. Neurosci. 2017, 15, 237-242. [CrossRef] [PubMed]

Bandoli, G.; Jelliffe-Pawlowski, L.; Schumacher, B.; Baer, R.].; Felder, J.N.; Fuchs, ].D.; Oltman, S.P.; Steurer, M.A.; Marienfeld, C.
Cannabis-related diagnosis in pregnancy and adverse maternal and infant outcomes. Drug Alcohol Depend. 2021, 225, 108757 .
[CrossRef] [PubMed]

Barker, D.J. The origins of the developmental origins theory. J. Intern. Med. 2007, 261, 412-417. [CrossRef]

Jaques, S.C.; Kingsbury, A.; Henshcke, P.; Chomchai, C.; Clews, S.; Falconer, J.; Abdel-Latif, M.E.; Feller, ] M.; Oei, J.L. Cannabis,
the pregnant woman and her child: Weeding out the myths. . Perinatol. 2014, 34, 417-424. [CrossRef]

Goldschmidt, L.; Richardson, G.A.; Willford, J.; Day, N.L. Prenatal marijuana exposure and intelligence test performance at age 6.
J. Am. Acad. Child. Adolesc. Psychiatry 2008, 47, 254-263. [CrossRef]

Goldschmidt, L.; Richardson, G.A.; Willford, J.A.; Severtson, 5.G.; Day, N.L. School achievement in 14-year-old youths prenatally
exposed to marijuana. Neurotoxicol. Teratol. 2012, 34, 161-167. [CrossRef]

Gray, T.R; Eiden, R.D.; Leonard, K.E.; Connors, G.J.; Shisler, S.; Huestis, M.A. Identifying prenatal cannabis exposure and effects
of concurrent tobacco exposure on neonatal growth. Clin. Chem. 2010, 56, 1442-1450. [CrossRef] [PubMed]

Adejumo, A.C.; Flanagan, R.; Kuo, B.; Staller, K. Relationship between recreational marijuana use and bowel function in a
nationwide cohort study. Am. |. Gastroenterol. 2019, 114, 1894-1903. [CrossRef]

Tartakover Matalon, S.; Azar, S.; Meiri, D.; Hadar, R.; Nemirovski, A.; Abu Jabal, N.; Konikoff, EM.; Drucker, L.; Tam, J.; Naftali, T.
Endocannabinoid levels in ulcerative colitis patients correlate with clinical parameters and are affected by cannabis consumption.
Front. Endocrinol. 2021, 12, 685289. [CrossRef]

Ghasemiesfe, M.; Barrow, B.; Leonard, S.; Keyhani, S.; Korenstein, D. Association between marijuana use and risk of cancer: A
systematic review and meta-analysis. JAMA Netw. Open. 2019, 2, €1916318. [CrossRef]


https://doi.org/10.1038/sj.bjp.0707486
https://doi.org/10.4049/jimmunol.173.4.2373
https://doi.org/10.1002/eji.201040667
https://doi.org/10.1038/sj.bjp.0705304
https://www.ncbi.nlm.nih.gov/pubmed/12813001
https://doi.org/10.1016/j.clim.2006.11.002
https://doi.org/10.1182/blood-2002-01-0098
https://doi.org/10.1016/j.taap.2011.11.005
https://www.ncbi.nlm.nih.gov/pubmed/22119709
https://doi.org/10.31887/DCNS.2020.22.3/vdimarzo
https://doi.org/10.1111/bcp.13710
https://www.ncbi.nlm.nih.gov/pubmed/30001569
https://doi.org/10.1016/S0379-0738(00)00248-6
https://www.ncbi.nlm.nih.gov/pubmed/10924845
https://doi.org/10.1097/01.ftd.0000197091.07807.22
https://www.ncbi.nlm.nih.gov/pubmed/16628124
https://doi.org/10.7812/TPP/19.200
https://doi.org/10.2174/1389200217666151210142051
https://doi.org/10.1016/j.yebeh.2016.11.016
https://doi.org/10.3390/ijms21124448
https://doi.org/10.1089/can.2018.0073
https://doi.org/10.9758/cpn.2017.15.3.237
https://www.ncbi.nlm.nih.gov/pubmed/28783932
https://doi.org/10.1016/j.drugalcdep.2021.108757
https://www.ncbi.nlm.nih.gov/pubmed/34049105
https://doi.org/10.1111/j.1365-2796.2007.01809.x
https://doi.org/10.1038/jp.2013.180
https://doi.org/10.1097/CHI.0b013e318160b3f0
https://doi.org/10.1016/j.ntt.2011.08.009
https://doi.org/10.1373/clinchem.2010.147876
https://www.ncbi.nlm.nih.gov/pubmed/20628142
https://doi.org/10.14309/ajg.0000000000000441
https://doi.org/10.3389/fendo.2021.685289
https://doi.org/10.1001/jamanetworkopen.2019.16318

Psychiatry Int. 2025, 6, 92 45 of 56

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Hill, M.N.; Campolongo, P.; Yehuda, R.; Patel, S. Integrating endocannabinoid signaling and cannabinoids into the biology and
treatment of posttraumatic stress disorder. Neuropsychopharmacology 2018, 43, 80-102. [CrossRef] [PubMed]

Kaur, S.; Maslov, L.N,; Singh, N.; Jaggi, A.S. Dual role of T-type calcium channels in anxiety-related behavior. J. Basic. Clin. Physiol.
Pharmacol. 2020, 31, 20190067. [CrossRef]

Baral, A.; Hanna, F; Chimoriya, R.; Rana, K. Cannabis use and its impact on mental health in youth in Australia and the United
States: A scoping review. Epidemiologia 2024, 5, 106-121. [CrossRef]

Monteleone, P.; Matias, I.; Martiadis, V.; De Petrocellis, L.; Maj, M.; Di Marzo, V. Blood levels of the endocannabinoid anandamide
are increased in anorexia nervosa and in binge-eating disorder, but not in bulimia nervosa. Neuropsychopharmacology 2005, 30,
1216-1221. [CrossRef]

Monteleone, A.M.; Di Marzo, V.; Aveta, T.; Piscitelli, E; Dalle Grave, R.; Scognamiglio, P.; E1 Ghoch, M.; Calugi, S.; Monteleone,
P.; Maj, M. Deranged endocannabinoid responses to hedonic eating in underweight and recently weight-restored patients with
anorexia nervosa. Am. J. Clin. Nutr. 2015, 101, 262-269. [CrossRef] [PubMed]

Monteleone, A.M.; Piscitelli, F,; Dalle Grave, R.; El Ghoch, M.; Di Marzo, V.; Maj, M.; Monteleone, P. Peripheral endocannabinoid
responses to hedonic eating in binge-eating disorder. Nutrients 2017, 9, 1377. [CrossRef]

Murphy, T.; Le Foll, B. Targeting the endocannabinoid CB1 receptor to treat body weight disorders: A preclinical and clinical
review of the therapeutic potential of past and present CB1 drugs. Biomolecules 2020, 10, 855. [CrossRef]

McDonald, AJ.; Kurdyak, P.; Rehm, J.; Roerecke, M.; Bondy, S.]. Age-dependent association of cannabis use with risk of psychotic
disorder. Psychol. Med. 2024, 54, 2926-2936. [CrossRef] [PubMed]

Borgan, F; Kokkinou, M.; Howes, O. The cannabinoid CB1 receptor in schizophrenia. Biol. Psychiatry Cogn. Neurosci. Neuroimaging
2021, 6, 646—659. [CrossRef]

Zamberletti, E.; Gabaglio, M.; Parolaro, D. The endocannabinoid system and autism spectrum disorders: Insights from animal
models. Int. ]. Mol. Sci. 2017, 18, 1916. [CrossRef]

Karhson, D.S.; Krasinska, K.M.; Dallaire, J.A.; Libove, R.A ; Phillips, ].M.; Chien, A.S.; Garner, ].P.; Hardan, A.Y.; Parker, KJ.
Plasma anandamide concentrations are lower in children with autism spectrum disorder. Mol. Autism 2018, 9, 18. [CrossRef]
Wu, HE; Lu, T.Y;; Chu, M.C.; Chen, PS; Lee, C.W,; Lin, H.C. Targeting the inhibition of fatty acid amide hydrolase ameliorate the
endocannabinoid-mediated synaptic dysfunction in a valproic acid-induced rat model of autism. Neuropharmacology 2020, 162,
107736. [CrossRef]

Centonze, D.; Bari, M.; Di Michele, B.; Rossi, S.; Gasperi, V.; Pasini, A.; Battista, N.; Bernardi, G.; Curatolo, P.; Maccarrone, M.
Altered anandamide degradation in attention-deficit/hyperactivity disorder. Neurology 2009, 72, 1526-1527. [CrossRef]
Navarro, D.; Gasparyan, A.; Navarrete, E.; Torregrosa, A.B.; Rubio, G.; Marin-Mayor, M.; Acosta, G.B.; Garcia-Gutiérrez, M.S.;
Manzanares, J. Molecular alterations of the endocannabinoid system in psychiatric disorders. Int. J. Mol. Sci. 2022, 23, 4764.
[CrossRef]

Fragoso, Y.D.; Carra, A.; Macias, M.A. Cannabis and multiple sclerosis. Expert Rev. Neurother. 2020, 20, 849-854. [CrossRef]
Grotenhermen, F; Miiller-Vahl, K. Medicinal uses of marijuana and cannabinoids. Crit. Rev. Plant Sci. 2016, 35, 378-405.
[CrossRef]

Mandelbaum, D.E.; de la Monte, S.M. Adverse structural and functional effects of marijuana on the brain: Evidence reviewed.
Pediatr. Neurol. 2017, 66, 12-20. [CrossRef]

Albertella, L.; Le Pelley, M.E.; Copeland, ]. Cannabis use in early adolescence is associated with higher negative schizotypy in
females. Eur. Psychiatry 2017, 45, 235-241. [CrossRef]

Bahorik, A.L.; Leibowitz, A.; Sterling, S.A.; Travis, A.; Weisner, C.; Satre, D.D. Patterns of marijuana use among psychiatry
patients with depression and its impact on recovery. J. Affect. Disord. 2017, 213, 168-171. [CrossRef] [PubMed]

Bechtold, J.; Simpson, T.; White, H.R.; Pardini, D. Chronic adolescent marijuana use as a risk factor for physical and mental health
problems in young adult men. Psychol. Addict. Behav. 2015, 29, 552-563. [CrossRef] [PubMed]

Chadi, N; Li, G.; Cerda, N.; Weitzman, E.R. Depressive symptoms and suicidality in adolescents using e-cigarettes and marijuana:
A secondary data analysis from the youth risk behavior survey. J. Addict. Med. 2019, 13, 362-365. [CrossRef]

Danielsson, A.K.; Lundin, A.; Agardh, E.; Allebeck, P.; Forsell, Y. Cannabis use, depression and anxiety: A 3-year prospective
population-based study. J. Affect. Disord. 2016, 193, 103-108. [CrossRef]

Feingold, D.; Weiser, M.; Rehm, J.; Lev-Ran, S. The association between cannabis use and anxiety disorders: Results from a
population-based representative sample. Eur. Neuropsychopharmacol. 2016, 26, 493-505. [CrossRef]

Floyd Campbell, L. Depression and marijuana use among a sample of urban females: Is stage of development important? Subst.
Use Misuse 2018, 53, 1008-1014. [CrossRef] [PubMed]

Han, B.; Compton, W.M.; Einstein, E.B.; Volkow, N.D. Associations of suicidality trends with cannabis use as a function of sex and
depression status. JAMA Netw. Open 2021, 4, €2113025. [CrossRef]

Horwood, L.J.; Fergusson, D.M.; Coffey, C.; Patton, G.C,; Tait, R.; Smart, D.; Letcher, P; Silins, E.; Hutchinson, D.M. Cannabis and
depression: An integrative data analysis of four Australasian cohorts. Drug Alcohol Depend. 2012, 126, 369-378. [CrossRef]


https://doi.org/10.1038/npp.2017.162
https://www.ncbi.nlm.nih.gov/pubmed/28745306
https://doi.org/10.1515/jbcpp-2019-0067
https://doi.org/10.3390/epidemiologia5010007
https://doi.org/10.1038/sj.npp.1300695
https://doi.org/10.3945/ajcn.114.096164
https://www.ncbi.nlm.nih.gov/pubmed/25646322
https://doi.org/10.3390/nu9121377
https://doi.org/10.3390/biom10060855
https://doi.org/10.1017/S0033291724000990
https://www.ncbi.nlm.nih.gov/pubmed/38775165
https://doi.org/10.1016/j.bpsc.2020.06.018
https://doi.org/10.3390/ijms18091916
https://doi.org/10.1186/s13229-018-0203-y
https://doi.org/10.1016/j.neuropharm.2019.107736
https://doi.org/10.1212/WNL.0b013e3181a2e8f6
https://doi.org/10.3390/ijms23094764
https://doi.org/10.1080/14737175.2020.1776610
https://doi.org/10.1080/07352689.2016.1265360
https://doi.org/10.1016/j.pediatrneurol.2016.09.004
https://doi.org/10.1016/j.eurpsy.2017.07.009
https://doi.org/10.1016/j.jad.2017.02.016
https://www.ncbi.nlm.nih.gov/pubmed/28242498
https://doi.org/10.1037/adb0000103
https://www.ncbi.nlm.nih.gov/pubmed/26237286
https://doi.org/10.1097/ADM.0000000000000506
https://doi.org/10.1016/j.jad.2015.12.045
https://doi.org/10.1016/j.euroneuro.2015.12.037
https://doi.org/10.1080/10826084.2017.1392977
https://www.ncbi.nlm.nih.gov/pubmed/29161167
https://doi.org/10.1001/jamanetworkopen.2021.13025
https://doi.org/10.1016/j.drugalcdep.2012.06.002

Psychiatry Int. 2025, 6, 92 46 of 56

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Kim, SSW.; Dodd, S.; Berk, L.; Kulkarni, J.; de Castella, A.; Fitzgerald, P.B.; Kim, ].M.; Yoon, ].S.; Berk, M. Impact of cannabis use
on long-term remission in bipolar I and schizoaffective disorder. Psychiatry Investig. 2015, 12, 349-355. [CrossRef] [PubMed]
Leadbeater, B.].; Ames, M.E.; Linden-Carmichael, A.N. Age-varying effects of cannabis use frequency and disorder on symptoms
of psychosis, depression and anxiety in adolescents and adults. Addiction 2019, 114, 278-293. [CrossRef] [PubMed]

Levy, S.; Weitzman, E.R. Acute mental health symptoms in adolescent marijuana users. JAMA Pediatr. 2019, 173, 185-186.
[CrossRef]

London-Nadeau, K.; Rioux, C.; Parent, S.; Vitaro, F.; Coté, S.M.; Boivin, M.; Tremblay, R.E.; Séguin, ].R.; Castellanos-Ryan, N.
Longitudinal associations of cannabis, depression, and anxiety in heterosexual and LGB adolescents. J. Abnorm. Psychol. 2021,
130, 333-345. [CrossRef]

Meier, M.H.; Beardslee, J.; Pardini, D. Associations between recent and cumulative cannabis use and internalizing problems in
boys from adolescence to young adulthood. J. Abnorm. Child Psychol. 2020, 48, 771-782. [CrossRef] [PubMed]

Moitra, E.; Anderson, B.J.; Stein, M.D. Reductions in cannabis use are associated with mood improvement in female emerging
adults. Depress. Anxiety 2016, 33, 332-338. [CrossRef] [PubMed]

Murtioz-Galén, R.; Lana-Lander, I.; Coronado, M.; Segura, L.; Colom, J. Association between cannabis use disorder and mental
health disorders in the adolescent population: A cohort study. Eur. Addict. Res. 2023, 29, 344-352. [CrossRef]

Otten, R.; Huizink, A.C.; Monshouwer, K.; Creemers, H.E.; Onrust, S. Cannabis use and symptoms of anxiety in adolescence and
the moderating effect of the serotonin transporter gene. Addict. Biol. 2017, 22, 1081-1089. [CrossRef]

Patel, R.; Wilson, R.; Jackson, R.; Ball, M.; Shetty, H.; Broadbent, M.; Stewart, R.; McGuire, P.; Bhattacharyya, S. Cannabis use and
treatment resistance in first episode psychosis: A natural language processing study. Lancet 2015, 385, S79. [CrossRef]

Phillips, K.T.; Phillips, M.M.; Duck, K.D. Factors associated with marijuana use and problems among college students in Colorado.
Subst. Use Misuse 2018, 53, 477-483. [CrossRef]

Rabin, R.A,; Barr, M.S.; Goodman, M.S.; Herman, Y.; Zakzanis, K.K.; Kish, S.J.; Kiang, M.; Remington, G.; George, T.P. Effects
of extended cannabis abstinence on cognitive outcomes in cannabis dependent patients with schizophrenia vs non-psychiatric
controls. Neuropsychopharmacology 2017, 42, 2259-2271. [CrossRef]

Rabin, R.A.; Kozak, K.; Zakzanis, K.K.; Remington, G.; George, T.P. Effects of extended cannabis abstinence on clinical symptoms
in cannabis dependent schizophrenia patients versus non-psychiatric controls. Schizophr. Res. 2018, 194, 55-61. [CrossRef]
[PubMed]

Rasic, D.; Weerasinghe, S.; Asbridge, M.; Langille, D.B. Longitudinal associations of cannabis and illicit drug use with depression,
suicidal ideation and suicidal attempts among Nova Scotia high school students. Drug Alcohol Depend. 2013, 129, 49-53. [CrossRef]
[PubMed]

Richter, L.; Pugh, B.S.; Ball, S.A. Assessing the risk of marijuana use disorder among adolescents and adults who use marijuana.
Am. ]. Drug Alcohol Abus. 2017, 43, 247-260. [CrossRef]

Sagar, K.A.; Dahlgren, M.K.; Racine, M.T.; Dreman, M.W.; Olson, D.P.; Gruber, S.A. Joint effects: A pilot investigation of the
impact of bipolar disorder and marijuana use on cognitive function and mood. PLoS ONE 2016, 11, e0157060. [CrossRef]
Schoeler, T.; Theobald, D.; Pingault, ].B.; Farrington, D.P.; Coid, ].W.; Bhattacharyya, S. Developmental sensitivity to cannabis
use patterns and risk for major depressive disorder in mid-life: Findings from 40 years of follow-up. Psychol. Med. 2018, 48,
2169-2176. [CrossRef]

Scholes-Balog, K.E.; Hemphill, S.A.; Patton, G.C.; Toumbourou, J].W. Cannabis use and related harms in the transition to young
adulthood: A longitudinal study of Australian secondary school students. J. Adolesc. 2013, 36, 519-527. [CrossRef]

Tull, M.T.; McDermott, M.].; Gratz, K.L. Marijuana dependence moderates the effect of posttraumatic stress disorder on trauma
cue reactivity in substance dependent patients. Drug Alcohol Depend. 2016, 159, 219-226. [CrossRef]

Weinberger, A.H.; Zhu, J.; Lee, J.; Anastasiou, E.; Copeland, J.; Goodwin, R.D. Cannabis use among youth in the United States,
2004-2016: Faster rate of increase among youth with depression. Drug Alcohol Depend. 2020, 209, 107894. [CrossRef]

Welsh, J.W.; Knight, J.R.; Hou, S.S.; Malowney, M.; Schram, P.; Sherritt, L.; Boyd, ].W. Association between substance use
diagnoses and psychiatric disorders in an adolescent and young adult clinic-based population. J. Adolesc. Health 2017, 60, 648—652.
[CrossRef] [PubMed]

Wilkinson, S.T.; Stefanovics, E.; Rosenheck, R.A. Marijuana use is associated with worse outcomes in symptom severity and
violent behavior in patients with posttraumatic stress disorder. J. Clin. Psychiatry 2015, 76, 1174-1180. [CrossRef] [PubMed]
Wilkinson, A.L.; Halpern, C.T.; Herring, A.H.; Shanahan, M.; Ennett, S.T.; Hussey, ].M.; Harris, K.M. Testing longitudinal
relationships between binge drinking, marijuana use, and depressive symptoms and moderation by sex. J. Adolesc. Health 2016,
59, 681-687. [CrossRef]

Wong, S.S.; Zhou, B.; Goebert, D.; Hishinuma, E.S. The risk of adolescent suicide across patterns of drug use: A nationally
representative study of high school students in the United States from 1999 to 2009. Soc. Psychiatry Psychiatr. Epidemiol. 2013, 48,
1611-1620. [CrossRef] [PubMed]


https://doi.org/10.4306/pi.2015.12.3.349
https://www.ncbi.nlm.nih.gov/pubmed/26207128
https://doi.org/10.1111/add.14459
https://www.ncbi.nlm.nih.gov/pubmed/30276906
https://doi.org/10.1001/jamapediatrics.2018.3811
https://doi.org/10.1037/abn0000542
https://doi.org/10.1007/s10802-020-00641-8
https://www.ncbi.nlm.nih.gov/pubmed/32219606
https://doi.org/10.1002/da.22460
https://www.ncbi.nlm.nih.gov/pubmed/26636547
https://doi.org/10.1159/000530331
https://doi.org/10.1111/adb.12372
https://doi.org/10.1016/S0140-6736(15)60394-4
https://doi.org/10.1080/10826084.2017.1341923
https://doi.org/10.1038/npp.2017.85
https://doi.org/10.1016/j.schres.2017.03.010
https://www.ncbi.nlm.nih.gov/pubmed/28285022
https://doi.org/10.1016/j.drugalcdep.2012.09.009
https://www.ncbi.nlm.nih.gov/pubmed/23041136
https://doi.org/10.3109/00952990.2016.1164711
https://doi.org/10.1371/journal.pone.0157060
https://doi.org/10.1017/S0033291717003658
https://doi.org/10.1016/j.adolescence.2013.03.001
https://doi.org/10.1016/j.drugalcdep.2015.12.014
https://doi.org/10.1016/j.drugalcdep.2020.107894
https://doi.org/10.1016/j.jadohealth.2016.12.018
https://www.ncbi.nlm.nih.gov/pubmed/28202303
https://doi.org/10.4088/JCP.14m09475
https://www.ncbi.nlm.nih.gov/pubmed/26455669
https://doi.org/10.1016/j.jadohealth.2016.07.010
https://doi.org/10.1007/s00127-013-0721-z
https://www.ncbi.nlm.nih.gov/pubmed/23744443

Psychiatry Int. 2025, 6, 92 47 of 56

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

Zaman, T.; Malowney, M.; Knight, ].; Boyd, ].W. Co-occurrence of substance-related and other mental health disorders among
adolescent cannabis users. . Addict. Med. 2015, 9, 317-321. [CrossRef]

Zorrilla, I.; Aguado, J.; Haro, ].M.; Barbeito, S.; L6pez Zurbano, S.; Ortiz, A.; Lépez, P.; Gonzalez-Pinto, A. Cannabis and bipolar
disorder: Does quitting cannabis use during manic/mixed episode improve clinical / functional outcomes? Acta Psychiatr. Scand.
2015, 131, 100-110. [CrossRef]

Knopf, A. Teen cannabis use increases risk of suicidality and depression during young adulthood. Brown Univ. Child Adolesc.
Behav. Lett. 2019, 35, 3—4. [CrossRef]

Gobbi, G.; Atkin, T.; Zytynski, T.; Wang, S.; Askari, S.; Boruff, J.; Ware, M.; Marmorstein, N.; Cipriani, A.; Dendukuri, N.; et al.
Association of cannabis use in adolescence and risk of depression, anxiety, and suicidality in young adulthood: A systematic
review and meta-analysis. JAMA Psychiatry 2019, 76, 426-434. [CrossRef]

Power, E.; Sabherwal, S.; Healy, C.; O'Neill, A.; Cotter, D.; Cannon, M. Intelligence quotient decline following frequent or
dependent cannabis use in youth: A systematic review and meta-analysis of longitudinal studies. Psychol. Med. 2021, 51, 194-200.
[CrossRef]

Sarris, J.; Sinclair, J.; Karamacoska, D.; Davidson, M.; Firth, ]. Medicinal cannabis for psychiatric disorders: A clinically-focused
systematic review. BMC Psychiatry 2020, 20, 24. [CrossRef] [PubMed]

Sexton, M.; Cuttler, C.; Finnell, ]J.S.; Mischley, L.K. A cross-sectional survey of medical cannabis users: Patterns of use and
perceived efficacy. Cannabis Cannabinoid Res. 2016, 1, 131-138. [CrossRef]

Abizaid, A.; Merali, Z.; Anisman, H. Cannabis: A potential efficacious intervention for PTSD or simply snake o0il? |. Psychiatry
Neurosci. 2019, 44, 75-78. [CrossRef] [PubMed]

Haddad, F; Dokmak, G.; Karaman, R. The efficacy of cannabis on multiple sclerosis-related symptoms. Life 2022, 12, 682.
[CrossRef]

Mosley, PE.; Webb, L.; Suraev, A.; Hingston, L.; Turnbull, T.; Foster, K.; Ballard, E.; Gomes, L.; Mohan, A.; Sachdev, P.S.; et al.
Tetrahydrocannabinol and cannabidiol in Tourette syndrome. NEJM Evid. 2023, 2, EVID0a2300012. [CrossRef]

Beletsky, A.; Liu, C.; Lochte, B.; Samuel, N.; Grant, I. Cannabis and anxiety: A critical review. Med. Cannabis Cannabinoids 2024, 7,
19-30. [CrossRef]

Cassano, T.; Villani, R.; Pace, L.; Carbone, A.; Bukke, V.N.; Orkisz, S.; Avolio, C.; Serviddio, G. From cannabis sativa to cannabidiol:
Promising therapeutic candidate for the treatment of neurodegenerative diseases. Front. Pharmacol. 2020, 11, 124. [CrossRef]
Kim, S.H,; Yang, ].W.; Kim, K.H.; Kim, ]J.U.; Yook, T.H. A review on studies of marijuana for Alzheimer’s disease—Focusing on
CBD, THC. J. Pharmacopunct. 2019, 22, 225-230. [CrossRef]

Food and Drug Administration. MarinolR. New Drug Application; FDA: Silver Spring, MD, USA, 2004.

Food and Drug Administration. CesametTM. New Drug Application; FDA: Silver Spring, MD, USA, 2006.

European Medicines Agency. Acomplia; EMA: Amsterdam, The Netherlands, 2009.

Electronic Medicines Compendium. Sativex Oromucosal Spray; EMA: Amsterdam, The Netherlands, 2015.

Food and Drug Administration. Epidiolex. New Drug Application; FDA: Silver Spring, MD, USA, 2018.

Haller, J. Anxiety modulation by cannabinoids—The role of stress responses and coping. Int. ]. Mol. Sci. 2023, 24, 15777.
[CrossRef]

Hill, M.N.; McEwen, B.S. Involvement of the endocannabinoid system in the neurobehavioural effects of stress and glucocorticoids.
Prog. Neuropsychopharmacol. Biol. Psychiatry 2010, 34, 791-797. [CrossRef]

Lutz, B.; Marsicano, G.; Maldonado, R.; Hillard, C.J. The endocannabinoid system in guarding against fear, anxiety and stress.
Nat. Rev. Neurosci. 2015, 16, 705-718. [CrossRef]

Aliczki, M.; Haller, ]. Interactions Between Cannabinoid Signaling and Anxiety: A Comparative Analysis of Intervention Tools and
Behavioral Effects; Springer: Berlin/Heidelberg, Germany, 2015.

Stasitowicz-Krzemieni, A.; Nogalska, W.; Maszewska, Z.; Maleszka, M.; Dobron, M.; Szary, A.; Kepa, A ; Zarowski, M.; Hojan, K,;
Lukowicz, M.; et al. The use of compounds derived from Cannabis sativa in the treatment of epilepsy, painful conditions, and
neuropsychiatric and neurodegenerative disorders. Int. . Mol. Sci. 2024, 25, 5749. [CrossRef]

Porcari, G.S.; Fu, C.; Doll, E.D.; Carter, E.G.; Carson, R.P. Efficacy of artisanal preparations of cannabidiol for the treatment of
epilepsy: Practical experiences in a tertiary medical center. Epilepsy Behav. 2018, 80, 240-246. [CrossRef] [PubMed]

Tzadok, M.; Uliel-Siboni, S.; Linder, I.; Kramer, U.; Epstein, O.; Menascu, S.; Nissenkorn, A.; Yosef, O.B.; Hyman, E.; Granot, D.;
et al. CBD-enriched medical cannabis for intractable pediatric epilepsy: The current Israeli experience. Seizure 2016, 35, 41-44.
[CrossRef]

Devinsky, O.; Cross, ].H.; Laux, L.; Marsh, E.; Miller, I.; Nabbout, R.; Scheffer, L.E.; Thiele, E.A.; Wright, S.; Cannabidiol in Dravet
Syndrome Study Group. Trial of cannabidiol for drug-resistant seizures in the Dravet syndrome. N. Engl. |. Med. 2017, 376,
2011-2020. [CrossRef] [PubMed]

Devinsky, O.; Nabbout, R.; Miller, I; Laux, L.; Zolnowska, M.; Wright, S.; Roberts, C. Long-term cannabidiol treatment in patients
with Dravet syndrome: An open-label extension trial. Epilepsia 2019, 60, 294-302. [CrossRef]


https://doi.org/10.1097/ADM.0000000000000138
https://doi.org/10.1111/acps.12366
https://doi.org/10.1002/cbl.30378
https://doi.org/10.1001/jamapsychiatry.2018.4500
https://doi.org/10.1017/S0033291720005036
https://doi.org/10.1186/s12888-019-2409-8
https://www.ncbi.nlm.nih.gov/pubmed/31948424
https://doi.org/10.1089/can.2016.0007
https://doi.org/10.1503/jpn.190021
https://www.ncbi.nlm.nih.gov/pubmed/30810022
https://doi.org/10.3390/life12050682
https://doi.org/10.1056/EVIDoa2300012
https://doi.org/10.1159/000534855
https://doi.org/10.3389/fphar.2020.00124
https://doi.org/10.3831/KPI.2019.22.030
https://doi.org/10.3390/ijms242115777
https://doi.org/10.1016/j.pnpbp.2009.11.001
https://doi.org/10.1038/nrn4036
https://doi.org/10.3390/ijms25115749
https://doi.org/10.1016/j.yebeh.2018.01.026
https://www.ncbi.nlm.nih.gov/pubmed/29429908
https://doi.org/10.1016/j.seizure.2016.01.004
https://doi.org/10.1056/NEJMoa1611618
https://www.ncbi.nlm.nih.gov/pubmed/28538134
https://doi.org/10.1111/epi.14628

Psychiatry Int. 2025, 6, 92 48 of 56

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

Miller, L; Scheffer, L.E.; Gunning, B.; Sanchez-Carpintero, R.; Gil-Nagel, A.; Perry, M.S.; Saneto, R.P.; Checketts, D.; Dunayevich, E.;
Knappertz, V.; et al. Dose-ranging effect of adjunctive oral cannabidiol vs placebo on convulsive seizure frequency in Dravet
syndrome: A randomized clinical trial. JAMA Neurol. 2020, 77, 613-621. [CrossRef] [PubMed]

Devinsky, O.; Patel, A.D.; Cross, ].H.; Villanueva, V.; Wirrell, E.C.; Privitera, M.; Greenwood, S.M.; Roberts, C.; Checketts, D.;
Van Landingham, K.E; et al. Effect of cannabidiol on drop seizures in the Lennox-Gastaut syndrome. N. Engl. ]. Med. 2018, 378,
1888-1897. [CrossRef] [PubMed]

Thiele, E.A.; Marsh, E.D.; French, J.A.; Mazurkiewicz-Beldzinska, M.; Benbadis, S.R.; Joshi, C.; Lyons, P.D.; Taylor, A.; Roberts,
C.; Sommerville, K.; et al. Cannabidiol in patients with seizures associated with Lennox-Gastaut syndrome (GWPCARE4): A
randomised, double-blind, placebo-controlled phase 3 trial. Lancet 2018, 391, 1085-1096. [CrossRef]

Thiele, E.; Marsh, E.; Mazurkiewicz-Beldzinska, M.; Halford, ].J.; Gunning, B.; Devinsky, O.; Checketts, D.; Roberts, C. Cannabidiol
in patients with Lennox-Gastaut syndrome: Interim analysis of an open-label extension study. Epilepsia 2019, 60, 419-428.
[CrossRef]

Herrmann, N.; Ruthirakuhan, M.; Gallagher, D.; Verhoeff, N.P.L.G.; Kiss, A.; Black, S.E.; Lanct6t, K.L. Randomized placebo-
controlled trial of nabilone for agitation in Alzheimer’s disease. Am. . Geriatr. Psychiatry 2019, 27, 1161-1173. [CrossRef]

van den Elsen, G.A.; Tobben, L.; Ahmed, A.L; Verkes, R.J.; Kramers, C.; Marijnissen, R.M.; Olde Rikkert, M.G.; van der Marck,
M.A. Effects of tetrahydrocannabinol on balance and gait in patients with dementia: A randomised controlled crossover trial. .
Psychopharmacol. 2017, 31, 184-191. [CrossRef]

Sousa, A.; DiFrancisco-Donoghue, ]. Cannabidiol and tetrahydrocannabinol use in Parkinson’s disease: An observational pilot
study. Cureus 2023, 15, e42391. [CrossRef]

Zajicek, ].P; Hobart, ].C.; Slade, A.; Barnes, D.; Mattison, P.G.; MUSEC Research Group. Multiple sclerosis and extract of cannabis:
Results of the MUSEC trial. J. Neurol. Neurosurg. Psychiatry 2012, 83, 1125-1132. [CrossRef]

Aran, A.; Cassuto, H.; Lubotzky, A.; Wattad, N.; Hazan, E. Brief report: Cannabidiol-rich cannabis in children with Autism
Spectrum Disorder and severe behavioral problems—A retrospective feasibility study. J. Autism Dev. Disord. 2019, 49, 1284-1288.
[CrossRef]

Barchel, D.; Stolar, O.; De-Haan, T.; Ziv-Baran, T.; Saban, N.; Fuchs, D.O.; Koren, G.; Berkovitch, M. Oral cannabidiol use in
children with Autism Spectrum Disorder to treat related symptoms and co-morbidities. Front. Pharmacol. 2019, 9, 1521. [CrossRef]
[PubMed]

Bar-Lev Schleider, L.; Mechoulam, R.; Saban, N.; Meiri, G.; Novack, V. Real life experience of medical cannabis treatment in
autism: Analysis of safety and efficacy. Sci. Rep. 2019, 9, 200. [CrossRef]

Fleury-Teixeira, P.; Caixeta, F.V.; Ramires da Silva, L.C.; Brasil-Neto, J.P.; Malcher-Lopes, R. Effects of CBD-enriched Cannabis
sativa extract on Autism Spectrum Disorder symptoms: An observational study of 18 participants undergoing compassionate use.
Front. Neurol. 2019, 10, 1145. [CrossRef]

Desnous, B.; Beretti, T.; Muller, N.; Neveu, J.; Villeneuve, N.; Lépine, A.; Daquin, G.; Milh, M. Efficacy and tolerance of cannabidiol
in the treatment of epilepsy in patients with Rett syndrome. Epilepsia Open 2024, 9, 397-403. [CrossRef]

Abi-Jaoude, E.; Bhikram, T.; Parveen, F.; Levenbach, J.; Lafreniere-Roula, M.; Sandor, P. A double-blind, randomized, controlled
crossover trial of cannabis in adults with Tourette syndrome. Cannabis Cannabinoid Res. 2023, 8, 835-845. [CrossRef]

Anis, S.; Zalomek, C.; Korczyn, A.D.; Rosenberg, A.; Giladi, N.; Gurevich, T. Medical cannabis for Gilles de la Tourette syndrome:
An open-label prospective study. Behav. Neurol. 2022, 2022, 5141773. [CrossRef] [PubMed]

Cooper, RE.; Williams, E.; Seegobin, S.; Tye, C.; Kuntsi, J.; Asherson, P. Cannabinoids in attention-deficit/hyperactivity disorder:
A randomised-controlled trial. Eur. Neuropsychopharmacol. 2017, 27, 795-808. [CrossRef]

Rasmussen, J.; Casey, B.].; van Erp, T.G.M.; Tamm, L.; Epstein, ].N.; Buss, C.; Bjork, ].M.; Molina, B.S.G.; Velanova, K.; Mathalon,
D.H.; et al. ADHD and cannabis use in young adults examined using fMRI of a Go/NoGo task. Brain Imaging Behav. 2016, 10,
761-771. [CrossRef]

Zuardi, A,; Crippa, J.; Dursun, S.; Morais, S.; Vilela, J.; Sanches, R.; Hallak, ]. Cannabidiol was ineffective for manic episode of
bipolar affective disorder. J. Psychopharmacol. 2010, 24, 135-137. [CrossRef]

Bergamaschi, M.M.; Queiroz, R.H.; Chagas, M.H.; de Oliveira, D.C.; De Martinis, B.S.; Kapczinski, F.; Quevedo, J.; Roesler, R.;
Schroder, N.; Nardi, A.E.; et al. Cannabidiol reduces the anxiety induced by simulated public speaking in treatment-naive social
phobia patients. Neuropsychopharmacology 2011, 36, 1219-1226. [CrossRef] [PubMed]

Crippa, J.A.; Derenusson, G.N.; Ferrari, T.B.; Wichert-Ana, L.; Duran, FL.; Martin-Santos, R.; Simées, M.V.; Bhattacharyya, S.;
Fusar-Poli, P; Atakan, Z.; et al. Neural basis of anxiolytic effects of cannabidiol (CBD) in generalized social anxiety disorder: A
preliminary report. J. Psychopharmacol. 2011, 25, 121-130. [CrossRef] [PubMed]

Hundal, H.; Lister, R.; Evans, N.; Antley, A.; Englund, A.; Murray, RM.; Freeman, D.; Morrison, P.D. The effects of cannabidiol on
persecutory ideation and anxiety in a high trait paranoid group. J. Psychopharmacol. 2018, 32, 276-282. [CrossRef]

Shannon, S.; Lewis, N.; Lee, H.; Hughes, S. Cannabidiol in anxiety and sleep: A large case series. Perm. J. 2019, 23, 18-041.
[CrossRef]


https://doi.org/10.1001/jamaneurol.2020.0073
https://www.ncbi.nlm.nih.gov/pubmed/32119035
https://doi.org/10.1056/NEJMoa1714631
https://www.ncbi.nlm.nih.gov/pubmed/29768152
https://doi.org/10.1016/S0140-6736(18)30136-3
https://doi.org/10.1111/epi.14670
https://doi.org/10.1016/j.jagp.2019.05.002
https://doi.org/10.1177/0269881116665357
https://doi.org/10.7759/cureus.42391
https://doi.org/10.1136/jnnp-2012-302468
https://doi.org/10.1007/s10803-018-3808-2
https://doi.org/10.3389/fphar.2018.01521
https://www.ncbi.nlm.nih.gov/pubmed/30687090
https://doi.org/10.1038/s41598-018-37570-y
https://doi.org/10.3389/fneur.2019.01145
https://doi.org/10.1002/epi4.12796
https://doi.org/10.1089/can.2022.0091
https://doi.org/10.1155/2022/5141773
https://www.ncbi.nlm.nih.gov/pubmed/35310886
https://doi.org/10.1016/j.euroneuro.2017.05.005
https://doi.org/10.1007/s11682-015-9438-9
https://doi.org/10.1177/0269881108096521
https://doi.org/10.1038/npp.2011.6
https://www.ncbi.nlm.nih.gov/pubmed/21307846
https://doi.org/10.1177/0269881110379283
https://www.ncbi.nlm.nih.gov/pubmed/20829306
https://doi.org/10.1177/0269881117737400
https://doi.org/10.7812/TPP/18-041

Psychiatry Int. 2025, 6, 92 49 of 56

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

Bonn-Miller, M.O; Sisley, S.; Riggs, P.; Yazar-Klosinski, B.; Wang, ].B.; Loflin, M.].E.; Shechet, B.; Hennigan, C.; Matthews, R.;
Emerson, A.; et al. The short-term impact of 3 smoked cannabis preparations versus placebo on PTSD symptoms: A randomized
cross-over clinical trial. PLoS ONE 2021, 16, €0246990. [CrossRef]

Elms, L.; Shannon, S.; Hughes, S.; Lewis, N. Cannabidiol in the treatment of post-traumatic stress disorder: A case series. J. Altern.
Complement. Med. 2019, 25, 392-397. [CrossRef]

Greer, G.R.; Grob, C.S.; Halberstadt, A.L. PTSD symptom reports of patients evaluated for the New Mexico Medical Cannabis
Program. J. Psychoact. Drugs 2014, 46, 73-77. [CrossRef]

Jetly, R.; Heber, A,; Fraser, G.; Boisvert, D. The efficacy of nabilone, a synthetic cannabinoid, in the treatment of PTSD-associated
nightmares: A preliminary randomized, double-blind, placebo-controlled cross-over design study. Psychoneuroendocrinology 2015,
51, 585-588. [CrossRef] [PubMed]

Moltke, J.; Hindocha, C. Reasons for cannabidiol use: A cross-sectional study of CBD users, focusing on self-perceived stress,
anxiety, and sleep problems. |. Cannabis Res. 2021, 3, 5. [CrossRef]

Shannon, S.; Opila-Lehman, J. Effectiveness of cannabidiol oil for pediatric anxiety and insomnia as part of posttraumatic stress
disorder: A case report. Perm. J. 2016, 20, 108-111. [CrossRef] [PubMed]

Ware, M.A ; Fitzcharles, M.A; Joseph, L.; Shir, Y. The effects of nabilone on sleep in fibromyalgia: Results of a randomized
controlled trial. Anesth. Analg. 2010, 110, 604-610. [CrossRef]

Portenoy, R.K.; Ganae-Motan, E.D.; Allende, S.; Yanagihara, R.; Shaiova, L.; Weinstein, S.; McQuade, R.; Wright, S.; Fallon,
M.T. Nabiximols for opioid-treated cancer patients with poorly-controlled chronic pain: A randomized, placebo-controlled,
graded-dose trial. ]. Pain 2012, 13, 438-449. [CrossRef] [PubMed]

Schimrigk, S.; Marziniak, M.; Neubauer, C.; Kugler, EM.; Werner, G.; Abramov-Sommariva, D. Dronabinol is a safe long-term
treatment option for neuropathic pain patients. Eur. Neurol. 2017, 78, 320-329. [CrossRef]

Wilsey, B.; Marcotte, T.; Deutsch, R.; Gouaux, B.; Sakai, S.; Donaghe, H. Low-dose vaporized cannabis significantly improves
neuropathic pain. J. Pain 2013, 14, 136-148. [CrossRef]

Chaves, C.; Bittencourt, P.C.T.; Pelegrini, A. Ingestion of a THC-rich cannabis oil in people with fibromyalgia: A randomized,
double-blind, placebo-controlled clinical trial. Pain Med. 2020, 21, 2212-2218. [CrossRef]

van de Donk, T.; Niesters, M.; Kowal, M.A.; Olofsen, E.; Dahan, A.; van Velzen, M. An experimental randomized study on the
analgesic effects of pharmaceutical-grade cannabis in chronic pain patients with fibromyalgia. Pain 2019, 160, 860-869. [CrossRef]
[PubMed]

Cuttler, C.; Spradlin, A.; Cleveland, M.J.; Craft, R.M. Short- and long-term effects of cannabis on headache and migraine. J. Pain
2020, 21, 722-730. [CrossRef]

Stith, S.S.; Diviant, ].P.; Brockelman, E; Keeling, K.; Hall, B.; Lucern, S.; Vigil, ] M. Alleviative effects of cannabis flower on
migraine and headache. J. Integr. Med. 2020, 18, 416-424. [CrossRef] [PubMed]

Leweke, EM.; Piomelli, D.; Pahlisch, F; Muhl, D.; Gerth, C.W.; Hoyer, C.; Klosterkétter, J.; Hellmich, M.; Koethe, D. Cannabidiol
enhances anandamide signaling and alleviates psychotic symptoms of schizophrenia. Transl. Psychiatry 2012, 2, €94. [CrossRef]
Boggs, D.L.; Surti, T.; Gupta, A.; Gupta, S.; Niciu, M.; Pittman, B.; Schnakenberg Martin, A.M.; Thurnauer, H.; Davies, A.; D’Souza,
D.C.; et al. The effects of cannabidiol (CBD) on cognition and symptoms in outpatients with chronic schizophrenia a randomized
placebo controlled trial. Psychopharmacology 2018, 235, 1923-1932. [CrossRef]

McGuire, P.; Robson, P.; Cubala, W.J.; Vasile, D.; Morrison, P.D.; Barron, R.; Taylor, A.; Wright, S. Cannabidiol (CBD) as an
adjunctive therapy in schizophrenia: A multicenter randomized controlled trial. Am. J. Psychiatry 2018, 175, 225-231. [CrossRef]
Stafstrom, C.E.; Carmant, L. Seizures and epilepsy: An overview for neuroscientists. Cold Spring Harb. Perspect. Med. 2015, 5,
a022426. [CrossRef]

Rosenberg, E.C.; Tsien, R.W.; Whalley, B.].; Devinsky, O. Cannabinoids and epilepsy. Neurotherapeutics 2015, 12, 747-768.
[CrossRef]

Arachchige, A.S.PM. Marijuana’s potential in neurodegenerative diseases: An editorial. AIMS Neurosci. 2023, 10, 175-177.
[CrossRef] [PubMed]

Lamptey, RN.L.; Chaulagain, B.; Trivedi, R.; Gothwal, A.; Layek, B.; Singh, J. A review of the common neurodegenerative
disorders: Current therapeutic approaches and the potential role of nanotherapeutics. Int. J. Mol. Sci. 2022, 23, 1851. [CrossRef]
[PubMed]

Bhunia, S.; Kolishetti, N.; Arias, A.Y.; Vashist, A.; Nair, M. Cannabidiol for neurodegenerative disorders: A comprehensive review.
Front. Pharmacol. 2022, 13,989717. [CrossRef] [PubMed]

Thanabalasingam, S.J.; Ranjith, B.; Jackson, R.; Wijeratne, D.T. Cannabis and its derivatives for the use of motor symptoms in
Parkinson’s disease: A systematic review and metaanalysis. Ther. Adv. Neurol. Disord. 2021, 14, 17562864211018561. [CrossRef]
Borrego-Ruiz, A.; Borrego, ].J. Neurodevelopmental disorders associated with gut microbiome dysbiosis in children. Children
2024, 11, 796. [CrossRef]


https://doi.org/10.1371/journal.pone.0246990
https://doi.org/10.1089/acm.2018.0437
https://doi.org/10.1080/02791072.2013.873843
https://doi.org/10.1016/j.psyneuen.2014.11.002
https://www.ncbi.nlm.nih.gov/pubmed/25467221
https://doi.org/10.1186/s42238-021-00061-5
https://doi.org/10.7812/TPP/16-005
https://www.ncbi.nlm.nih.gov/pubmed/27768570
https://doi.org/10.1213/ANE.0b013e3181c76f70
https://doi.org/10.1016/j.jpain.2012.01.003
https://www.ncbi.nlm.nih.gov/pubmed/22483680
https://doi.org/10.1159/000481089
https://doi.org/10.1016/j.jpain.2012.10.009
https://doi.org/10.1093/pm/pnaa303
https://doi.org/10.1097/j.pain.0000000000001464
https://www.ncbi.nlm.nih.gov/pubmed/30585986
https://doi.org/10.1016/j.jpain.2019.11.001
https://doi.org/10.1016/j.joim.2020.07.004
https://www.ncbi.nlm.nih.gov/pubmed/32758396
https://doi.org/10.1038/tp.2012.15
https://doi.org/10.1007/s00213-018-4885-9
https://doi.org/10.1176/appi.ajp.2017.17030325
https://doi.org/10.1101/cshperspect.a022426
https://doi.org/10.1007/s13311-015-0375-5
https://doi.org/10.3934/Neuroscience.2023014
https://www.ncbi.nlm.nih.gov/pubmed/37426772
https://doi.org/10.3390/ijms23031851
https://www.ncbi.nlm.nih.gov/pubmed/35163773
https://doi.org/10.3389/fphar.2022.989717
https://www.ncbi.nlm.nih.gov/pubmed/36386183
https://doi.org/10.1177/17562864211018561
https://doi.org/10.3390/children11070796

Psychiatry Int. 2025, 6, 92 50 of 56

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.
229.

230.

231.

232.

233.

234.
235.

236.
237.

238.
239.

240.

241.

242.

243.

Milosev, L.M.; Psathakis, N.; Szejko, N.; Jakubovski, E.; Muller-Vahl, K.R. Treatment of Gilles de la Tourette syndrome with
cannabis-based medicine: Results from a retrospective analysis and online survey. Cannabis Cannabinoid Res. 2019, 4, 265-274.
[CrossRef]

Koppel, B.S. Cannabis in the treatment of dystonia, dyskinesias, and tics. Neurotherapeutics 2015, 12, 788-792. [CrossRef]
Dias-de Freitas, F.; Pimenta, S.; Soares, S.; Gonzaga, D.; Vaz-Matos, 1.; Prior, C. The role of cannabinoids in neurodevelopmental
disorders of children and adolescents. Rev. Neurol. 2022, 75, 189-197. [CrossRef]

Parrella, N.F; Hill, A.T,; Enticott, PG.; Barhoun, P.; Bower, L.S.; Ford, T.C. A systematic review of cannabidiol trials in neurodevel-
opmental disorders. Pharmacol. Biochem. Behav. 2023, 230, 173607. [CrossRef]

Kosiba, J.D.; Maisto, S.A.; Ditre, ].W. Patient-reported use of medical cannabis for pain, anxiety, and depression symptoms:
Systematic review and meta-analysis. Soc. Sci. Med. 2019, 233, 181-192. [CrossRef]

Schlag, A K.; O’Sullivan, S.E.; Zafar, R.R.; Nutt, D.]J. Current controversies in medical cannabis: Recent developments in human
clinical applications and potential therapeutics. Neuropharmacology 2021, 191, 108586. [CrossRef]

Graczyk, M.; Lukowicz, M.; Dzierzanowski, T. Prospects for the use of cannabinoids in psychiatric disorders. Front. Psychiatry
2021, 12, 620073. [CrossRef]

Botsford, S.L.; Yang, S.; George, T.P. Cannabis and cannabinoids in mood and anxiety disorders: Impact on illness onset and
course, and assessment of therapeutic potential. Am. J. Addict. 2020, 29, 9-26. [CrossRef]

Bhattacharyya, S.; Egerton, A.; Kim, E.; Rosso, L.; Riano Barros, D.; Hammers, A.; Brammer, M.; Turkheimer, FE.; Howes, O.D.;
McGuire, P. Acute induction of anxiety in humans by delta-9-tetrahydrocannabinol related to amygdalar cannabinoid-1 (CB1)
receptors. Sci. Rep. 2017, 7, 15025. [CrossRef]

Bisson, J.I.; Cosgrove, S.; Lewis, C.; Robert, N.P. Post-traumatic stress disorder. BMJ 2015, 351, h6161. [CrossRef] [PubMed]
Betthauser, K.; Pilz, J.; Vollmer, L.E. Use and effects of cannabinoids in military veterans with posttraumatic stress disorder. Am. J.
Health Syst. Pharm. 2015, 72, 1279-1284. [CrossRef] [PubMed]

Whiting, P.E; Wolff, R.E; Deshpande, S.; Di Nisio, M.; Duffy, S.; Hernandez, A.V.; Keurentjes, ].C.; Lang, S.; Misso, K.; Ryder, S.;
et al. Cannabinoids for medical use: A systematic review and meta-analysis. JAMA 2015, 313, 2456-2473. [CrossRef] [PubMed]
Corroon, J.; Phillips, J.A. A cross-sectional study of cannabidiol users. Cannabis Cannabinoid Res. 2018, 3, 152-161. [CrossRef]
Kaul, M.; Zee, P.C.; Sahni, A.S. Effects of cannabinoids on sleep and their therapeutic potential for sleep disorders. Neurotherapeutics
2021, 18, 217-227. [CrossRef]

Meng, H.; Johnston, B.; Englesakis, M.; Moulin, D.E.; Bhatia, A. Selective cannabinoids for chronic neuropathic pain: A systematic
review and meta-analysis. Anesth. Analg. 2017, 125, 1638. [CrossRef]

Strand, N.H.; Maloney, J.; Kraus, M.; Wie, C.; Turkiewicz, M.; Gomez, D.A.; Adeleye, O.; Harbell, M.W. Cannabis for the treatment
of fibromyalgia: A systematic review. Biomedicines 2023, 11, 1621. [CrossRef]

Vuckovi¢, S.; Srebro, D.; Vujovi¢, K.S.; Vucetic, C.; Prostran, M. Cannabinoids and pain: New insights from old molecules. Front.
Pharmacol. 2018, 9, 1259. [CrossRef]

Rinninella, E.; Raoul, P.; Cintoni, M.; Franceschi, F.; Miggiano, G.A.D.; Gasbarrini, A.; Mele, M.C. What is the healthy gut
microbiota composition? A changing ecosystem across age, environment, diet, and diseases. Microorganisms 2019, 7, 14.
[CrossRef]

Borrego-Ruiz, A.; Borrego, J.J. An updated overview on the relationship between human gut microbiome dysbiosis and psychiatric
and psychological disorders. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2024, 128, 110861. [CrossRef] [PubMed]

Lloyd-Price, ].; Abu-Ali, G.; Huttenhower, C. The healthy human microbiome. Genome Med. 2016, 8, 51. [CrossRef]

Horz, H.P. Archaeal lineages within the human microbiome: Absent, rare or elusive? Life 2015, 5, 1333-1345. [CrossRef] [PubMed]
Parfrey, L.W.; Walters, W.A.; Lauber, C.L.; Clemente, ].C.; Berg-Lyons, D.; Teiling, C.; Kodira, C.; Mohiuddin, M.; Brunelle, J.;
Driscoll, M.; et al. Communities of microbial eukaryotes in the mammalian gut within the context of environmental eukaryotic
diversity. Front. Microbiol. 2014, 5, 298. [CrossRef]

Huffnagle, G.B.; Noverr, M.C. The emerging world of the fungal microbiome. Trends Microbiol. 2013, 21, 334-341. [CrossRef]
Scanlan, P.D.; Stensvold, C.R.; Rajili¢-Stojanovi¢, M.; Heilig, H.G.; De Vos, W.M.; O'Toole, P.W.; Cotter, P.D. The microbial
eukaryote Blastocystis is a prevalent and diverse member of the healthy human gut microbiota. FEMS Microbiol. Ecol. 2014, 90,
326-330. [CrossRef]

Zarate, S.; Taboada, B.; Yocupicio-Monroy, M.; Arias, C.F. Human virome. Arch. Med. Res. 2017, 48, 701-716. [CrossRef]

Mills, S.; Shanahan, F,; Stanton, C.; Hill, C.; Coffey, A.; Ross, R.P. Movers and shakers: Influence of bacteriophages in shaping the
mammalian gut microbiota. Gut Microbes 2013, 4, 4-16. [CrossRef]

Reynoso-Garcia, J.; Miranda-Santiago, A.E.; Meléndez-Vazquez, N.M.; Acosta-Pagan, K.; Sdnchez-Rosado, M.; Diaz-Rivera, J.;
Rosado-Quifiones, A.M.; Acevedo-Marquez, L.; Cruz-Roldan, L.; Tosado-Rodriguez, E.L.; et al. A complete guide to human
microbiomes: Body niches, transmission, development, dysbiosis, and restoration. Front. Syst. Biol. 2022, 2, 951403. [CrossRef]
Ruan, W.; Engevik, M.A.; Spinler, ].K.; Versalovic, J. Healthy human gastrointestinal microbiome: Composition and function after
a decade of exploration. Dig. Dis. Sci. 2020, 65, 695-705. [CrossRef]


https://doi.org/10.1089/can.2018.0050
https://doi.org/10.1007/s13311-015-0376-4
https://doi.org/10.33588/rn.7507.2022123
https://doi.org/10.1016/j.pbb.2023.173607
https://doi.org/10.1016/j.socscimed.2019.06.005
https://doi.org/10.1016/j.neuropharm.2021.108586
https://doi.org/10.3389/fpsyt.2021.620073
https://doi.org/10.1111/ajad.12963
https://doi.org/10.1038/s41598-017-14203-4
https://doi.org/10.1136/bmj.h6161
https://www.ncbi.nlm.nih.gov/pubmed/26611143
https://doi.org/10.2146/ajhp140523
https://www.ncbi.nlm.nih.gov/pubmed/26195653
https://doi.org/10.1001/jama.2015.6358
https://www.ncbi.nlm.nih.gov/pubmed/26103030
https://doi.org/10.1089/can.2018.0006
https://doi.org/10.1007/s13311-021-01013-w
https://doi.org/10.1213/ANE.0000000000002110
https://doi.org/10.3390/biomedicines11061621
https://doi.org/10.3389/fphar.2018.01259
https://doi.org/10.3390/microorganisms7010014
https://doi.org/10.1016/j.pnpbp.2023.110861
https://www.ncbi.nlm.nih.gov/pubmed/37690584
https://doi.org/10.1186/s13073-016-0307-y
https://doi.org/10.3390/life5021333
https://www.ncbi.nlm.nih.gov/pubmed/25950865
https://doi.org/10.3389/fmicb.2014.00298
https://doi.org/10.1016/j.tim.2013.04.002
https://doi.org/10.1111/1574-6941.12396
https://doi.org/10.1016/j.arcmed.2018.01.005
https://doi.org/10.4161/gmic.22371
https://doi.org/10.3389/fsysb.2022.951403
https://doi.org/10.1007/s10620-020-06118-4

Psychiatry Int. 2025, 6, 92 51 of 56

244.

245.

246.

247.

248.

249.

250.

251.

252.
253.

254.
255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

Nalage, D.; Kale, R.; Sontakke, T.; Pradhan, V.; Biradar, A.; Senevirathna, ].D.M.; Jaweria, R.; Dighe, T.; Dixit, P; Patil, R.; et al.
Bacterial phyla: Microbiota of kingdom Animalia. Acad. Biol. 2024, 2, 1-19. [CrossRef]

Borrego-Ruiz, A.; Borrego, J.J. Influence of human gut microbiome on the healthy and the neurodegenerative aging. Exp. Gerontol.
2024, 194, 112497. [CrossRef] [PubMed]

Borrego-Ruiz, A.; Borrego, ].J. Human gut microbiome, diet, and mental disorders. Int. Microbiol. 2025, 128, 1-15. [CrossRef]
[PubMed]

Ghosh, T.S.; Shanahan, F; O'Toole, PW. The gut microbiome as a modulator of healthy ageing. Nat. Rev. Gastroenterol. Hepatol.
2022, 19, 565-584. [CrossRef]

lizumi, T.; Battaglia, T.; Ruiz, V.; Perez Perez, G.I. Gut microbiome and antibiotics. Arch. Med. Res. 2017, 48, 727-734. [CrossRef]
[PubMed]

Madison, A.; Kiecolt-Glaser, ].K. Stress, depression, diet, and the gut microbiota: Human-bacteria interactions at the core of
psychoneuroimmunology and nutrition. Curr. Opin. Behav. Sci. 2019, 28, 105-110. [CrossRef]

Rothschild, D.; Weissbrod, O.; Barkan, E.; Kurilshikov, A.; Korem, T.; Zeevi, D.; Costea, PI1.; Godneva, A.; Kalka, ILN.; Bar, N.; et al.
Environment dominates over host genetics in shaping human gut microbiota. Nature 2018, 555, 210-215. [CrossRef]

Sandhu, K.V,; Sherwin, E.; Schellekens, H.; Stanton, C.; Dinan, T.G.; Cryan, J.F. Feeding the microbiota-gut-brain axis: Diet,
microbiome, and neuropsychiatry. Transl. Res. 2017, 179, 223-244. [CrossRef]

Das, B.; Nair, G.B. Homeostasis and dysbiosis of the gut microbiome in health and disease. J. Biosci. 2019, 44, 117. [CrossRef]
Petersen, C.; Round, J.L. Defining dysbiosis and its influence on host immunity and disease. Cell. Microbiol. 2014, 16, 1024-1033.
[CrossRef]

Belizario, J.E.; Faintuch, J. Microbiome and gut dysbiosis. Exp. Suppl. 2018, 109, 459-476. [CrossRef]

Hrncir, T. Gut microbiota dysbiosis: Triggers, consequences, diagnostic and therapeutic options. Microorganisms 2022, 10, 578.
[CrossRef]

Cluny, N.L.; Keenan, C.M.; Reimer, R.A.; Le Foll, B.; Sharkey, K.A. Prevention of diet-induced obesity effects on body weight and
gut microbiota in mice treated chronically with A9-tetrahydrocannabinol. PLoS ONE 2015, 10, e0144270. [CrossRef] [PubMed]
Castonguay-Paradis, S.; Lacroix, S.; Rochefort, G.; Parent, L.; Perron, J.; Martin, C.; Lamarche, B.; Raymond, F; Flamand, N.; Di
Marzo, V.; et al. Dietary fatty acid intake and gut microbiota determine circulating endocannabinoidome signaling beyond the
effect of body fat. Sci. Rep. 2020, 10, 15975. [CrossRef] [PubMed]

Fulcher, J.A.; Hussain, S.K.; Cook, R.; Li, F; Tobin, N.H.; Ragsdale, A.; Shoptaw, S.; Gorbach, PM.; Aldrovandi, G.M. Effects
of substance use and sex practices on the intestinal microbiome during HIV-1 infection. J. Infect. Dis. 2018, 218, 1560-1570.
[CrossRef] [PubMed]

Panee, J.; Gerschenson, M.; Chang, L. Associations between microbiota, mitochondrial function, and cognition in chronic
marijuana users. . Neuroimmune Pharm. 2018, 13, 113-122. [CrossRef]

Vijay, A.; Kouraki, A.; Gohir, S.; Turnbull, J.; Kelly, A.; Chapman, V.; Barrett, D.A.; Bulsiewicz, W.J.; Valdes, A.M. The anti-
inflammatory effect of bacterial short chain fatty acids is partially mediated by endocannabinoids. Gut Microbes 2021, 13, 1997559.
[CrossRef] [PubMed]

Zhuang, X.; Xiong, L.; Li, L.; Li, M.; Chen, M. Alterations of gut microbiota in patients with irritable bowel syndrome: A
systematic review and meta-analysis. J. Gastroenterol. Hepatol. 2017, 32, 28-38. [CrossRef] [PubMed]

Al-Ghezi, Z.Z.; Busbee, PB.; Alghetaa, H., Nagarkatti, PS.; Nagarkatti, M. Combination of cannabinoids, delta-9-
tetrahydrocannabinol (THC) and cannabidiol (CBD), mitigates experimental autoimmune encephalomyelitis (EAE) by
altering the gut microbiome. Brain Behav. Immun. 2019, 82, 25-35. [CrossRef]

Mehrpouya-Bahrami, P.; Chitrala, K.N.; Ganewatta, M.S.; Tang, C.; Murphy, E.A.; Enos, R.T.; Velazquez, K.T.; McCellan, J.;
Nagarkatti, M.; Nagarkatti, P. Blockade of CB1 cannabinoid receptor alters gut microbiota and attenuates inflammation and
diet-induced obesity. Sci. Rep. 2017, 7, 15645. [CrossRef] [PubMed]

Mohammed, A.; Alghetaa, HK.; Zhou, J.; Chatterjee, S.; Nagarkatti, P; Nagarkatti, M. Protective effects of A(9)-
tetrahydrocannabinol against enterotoxin-induced acute respiratory distress syndrome are mediated by modulation of
microbiota. Br. J. Pharmacol. 2020, 177, 5078-5095. [CrossRef]

Dalile, B.; Van Oudenhove, L.; Vervliet, B.; Verbeke, K. The role of short-chain fatty acids in microbiota-gut-brain communication.
Nat. Rev. Gastroenterol. Hepatol. 2019, 16, 461-478. [CrossRef]

Schirmer, M.; Smeekens, S.P.; Vlamakis, H.; Jaeger, M.; Oosting, M.; Franzosa, E.A.; Ter Horst, R.; Jansen, T.; Jacobs, L.; Bonder,
M.].; et al. Linking the human gut microbiome to inflammatory cytokine production capacity. Cell 2016, 167, 1125-1136.€8.
[CrossRef]

Silva, Y.P.; Bernardi, A.; Frozza, R.L. The role of short-chain fatty acids from gut microbiota in gut-brain communication. Front.
Endocrinol. 2020, 11, 25. [CrossRef]

Stilling, R.M.; van de Wouw, M.; Clarke, G.; Stanton, C.; Dinan, T.G.; Cryan, J.F. The neuropharmacology of butyrate: The bread
and butter of the microbiota-gut-brain axis? Neurochem. Int. 2016, 99, 110-132. [CrossRef]


https://doi.org/10.20935/AcadBiol7423
https://doi.org/10.1016/j.exger.2024.112497
https://www.ncbi.nlm.nih.gov/pubmed/38909763
https://doi.org/10.1007/s10123-024-00518-6
https://www.ncbi.nlm.nih.gov/pubmed/38561477
https://doi.org/10.1038/s41575-022-00605-x
https://doi.org/10.1016/j.arcmed.2017.11.004
https://www.ncbi.nlm.nih.gov/pubmed/29221800
https://doi.org/10.1016/j.cobeha.2019.01.011
https://doi.org/10.1038/nature25973
https://doi.org/10.1016/j.trsl.2016.10.002
https://doi.org/10.1007/s12038-019-9926-y
https://doi.org/10.1111/cmi.12308
https://doi.org/10.1007/978-3-319-74932-7_13
https://doi.org/10.3390/microorganisms10030578
https://doi.org/10.1371/journal.pone.0144270
https://www.ncbi.nlm.nih.gov/pubmed/26633823
https://doi.org/10.1038/s41598-020-72861-3
https://www.ncbi.nlm.nih.gov/pubmed/32994521
https://doi.org/10.1093/infdis/jiy349
https://www.ncbi.nlm.nih.gov/pubmed/29982500
https://doi.org/10.1007/s11481-017-9767-0
https://doi.org/10.1080/19490976.2021.1997559
https://www.ncbi.nlm.nih.gov/pubmed/34787065
https://doi.org/10.1111/jgh.13471
https://www.ncbi.nlm.nih.gov/pubmed/27300149
https://doi.org/10.1016/j.bbi.2019.07.028
https://doi.org/10.1038/s41598-017-15154-6
https://www.ncbi.nlm.nih.gov/pubmed/29142285
https://doi.org/10.1111/bph.15226
https://doi.org/10.1038/s41575-019-0157-3
https://doi.org/10.1016/j.cell.2016.10.020
https://doi.org/10.3389/fendo.2020.00025
https://doi.org/10.1016/j.neuint.2016.06.011

Psychiatry Int. 2025, 6, 92 52 of 56

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.
292.

293.

294.

295.

Ahearn, O.C.; Watson, M.N.; Rawls, S.M. Chemokines, cytokines and substance use disorders. Drug Alcohol Depend. 2021, 220,
108511. [CrossRef]

Kim, C.H.; Park, ]J.; Kim, M. Gut microbiota-derived short-chain fatty acids, T cells, and inflammation. Immune Netw. 2014, 14,
277-288. [CrossRef] [PubMed]

Dong, Y.; Taylor, ].R.; Wolf, M.E.; Shaham, Y. Circuit and synaptic plasticity mechanisms of drug relapse. J. Neurosci. 2017, 37,
10867-10876. [CrossRef] [PubMed]

Calipari, E.S.; Godino, A.; Peck, E.G.; Salery, M.; Mervosh, N.L.; Landry, J.A.; Russo, S.J.; Hurd, Y.L.; Nestler, E.J.; Kiraly, D.D.
Granulocyte-colony stimulating factor controls neural and behavioral plasticity in response to cocaine. Nat. Commun. 2018, 9, 9.
[CrossRef]

de Timary, P; Starkel, P,; Delzenne, N.M.; Leclercq, S. A role for the peripheral immune system in the development of alcohol use
disorders? Neuropharmacology 2017, 122, 148-160. [CrossRef] [PubMed]

Hofford, R.S.; Russo, S.J.; Kiraly, D.D. Neuroimmune mechanisms of psychostimulant and opioid use disorders. Eur. ]. Neurosci.
2019, 50, 2562-2573. [CrossRef]

Borrego-Ruiz, A.; Borrego, J.J. Epigenetic mechanisms in aging: Extrinsic factors and gut microbiome. Genes 2024, 15, 1599.
[CrossRef]

Mews, P; Egervari, G.; Nativio, R.; Sidoli, S.; Donahue, G.; Lombroso, S.I.; Alexander, D.C.; Riesche, S.L.; Heller, E.A.; Nestler, E ] ;
et al. Alcohol metabolism contributes to brain histone acetylation. Nature 2019, 574, 717-721. [CrossRef]

Thomas, S.P.; Denu, ].M. Short-chain fatty acids activate acetyltransferase p300. eLife 2021, 10, €72171. [CrossRef]

Walker, D.M.; Nestler, E.]. Neuroepigenetics and addiction. Handb. Clin. Neurol. 2018, 148, 747-765. [CrossRef]

Colonna, M.; Butovsky, O. Microglia function in the central nervous system during health and neurodegeneration. Annu. Rev.
Immunol. 2017, 35, 441-468. [CrossRef]

Vilca, S.J.; Margetts, A.V.; Pollock, T.A.; Tuesta, L.M. Transcriptional and epigenetic regulation of microglia in substance use
disorders. Mol. Cell. Neurosci. 2023, 125, 103838. [CrossRef]

Dehhaghi, M.; Kazemi Shariat Panahi, H.; Guillemin, G.J. Microorganisms, tryptophan metabolism, and kynurenine pathway: A
complex interconnected loop influencing human health status. Int. ]. Tryptophan Res. 2019, 12, 1178646919852996. [CrossRef]
Leclercq, S.; Schwarz, M.; Delzenne, N.M.; Stirkel, P.; de Timary, P. Alterations of kynurenine pathway in alcohol use disorder
and abstinence: A link with gut microbiota, peripheral inflammation and psychological symptoms. Transl. Psychiatry 2021, 11,
503. [CrossRef] [PubMed]

Morales-Puerto, N.; Giménez-Gémez, P.; Pérez-Herndndez, M.; Abuin-Martinez, C.; Gil de Biedma-Elduayen, L.; Vidal, R,;
Gutiérrez-Lépez, M.D.; O’Shea, E.; Colado, M.I. Addiction and the kynurenine pathway: A new dancing couple? Pharmacol.
Therapeut. 2021, 223, 107807. [CrossRef] [PubMed]

Ramirez-Pérez, O.; Cruz-Ramoén, V.; Chinchilla-Lépez, P.; Méndez-Sanchez, N. The role of the gut microbiota in bile acid
metabolism. Ann. Hepatol. 2017, 16, s15-s20. [CrossRef]

Pavlovi¢, N.; Golo¢orbin-Kon, S.; Pani¢, M.; Stanimirov, B.; Al-Salami, H.; Stankov, K.; Mikov, M. Bile acids and their derivatives
as potential modifiers of drug release and pharmacokinetic profiles. Front. Pharmacol. 2018, 9, 1283. [CrossRef]

Ridlon, J.M.; Kang, D.J.; Hylemon, P.B.; Bajaj, J.S. Bile acids and the gut microbiome. Curr. Opin. Gastroenterol. 2014, 30, 332-338.
[CrossRef]

Minakata, K.; Yamagishi, I.; Nozawa, H.; Hasegawa, K.; Suzuki, M.; Gonmori, K.; Suzuki, O.; Watanabe, K. Sensitive identification
and quantitation of parent forms of six synthetic cannabinoids in urine samples of human cadavers by liquid chromatography—
tandem mass spectrometry. Forensic Toxicol. 2017, 35, 275-283. [CrossRef]

Hamamah, S.; Aghazarian, A.; Nazaryan, A.; Hajnal, A.; Covasa, M. Role of microbiota-gut-brain axis in regulating dopaminergic
signaling. Biomedicines 2022, 10, 436. [CrossRef]

Mittal, R.; Debs, L.H.; Patel, A.P; Nguyen, D.; Patel, K.; O’Connor, G.; Grati, M.; Mittal, J.; Yan, D.; Eshraghi, A.A_; et al.
Neurotransmitters: The critical modulators regulating gut-brain axis. J. Cell. Physiol. 2017, 232, 2359-2372. [CrossRef]

Simpson, S.; Mclellan, R.; Wellmeyer, E.; Matalon, F.; George, O. Drugs and bugs: The gut-brain axis and substance use disorders.
J. Neuroimmune Pharmacol. 2022, 17, 33—-61. [CrossRef]

Dinan, T.G.; Cryan, J.F. The microbiome-gut-brain axis in health and disease. Gastroenterol. Clin. N. Am. 2017, 46, 77-89. [CrossRef]
Ciccocioppo, R. The role of serotonin in craving: From basic research to human studies. Alcohol Alcohol. 1999, 34, 244-253.
[CrossRef]

Miiller, C.P.; Homberg, J.R. The role of serotonin in drug use and addiction. Behav. Brain Res. 2015, 277, 146-192. [CrossRef]
[PubMed]

Volkow, N.D.; Michaelides, M.; Baler, R. The neuroscience of drug reward and addiction. Physiol. Rev. 2019, 99, 2115-2140.
[CrossRef] [PubMed]

Zimmermann, M.; Zimmermann-Kogadeeva, M.; Wegmann, R.; Goodman, A.L. Mapping human microbiome drug metabolism
by gut bacteria and their genes. Nature 2019, 570, 462-467. [CrossRef]


https://doi.org/10.1016/j.drugalcdep.2021.108511
https://doi.org/10.4110/in.2014.14.6.277
https://www.ncbi.nlm.nih.gov/pubmed/25550694
https://doi.org/10.1523/JNEUROSCI.1821-17.2017
https://www.ncbi.nlm.nih.gov/pubmed/29118216
https://doi.org/10.1038/s41467-017-01881-x
https://doi.org/10.1016/j.neuropharm.2017.04.013
https://www.ncbi.nlm.nih.gov/pubmed/28400259
https://doi.org/10.1111/ejn.14143
https://doi.org/10.3390/genes15121599
https://doi.org/10.1038/s41586-019-1700-7
https://doi.org/10.7554/eLife.72171
https://doi.org/10.1016/B978-0-444-64076-5.00048-X
https://doi.org/10.1146/annurev-immunol-051116-052358
https://doi.org/10.1016/j.mcn.2023.103838
https://doi.org/10.1177/1178646919852996
https://doi.org/10.1038/s41398-021-01610-5
https://www.ncbi.nlm.nih.gov/pubmed/34599147
https://doi.org/10.1016/j.pharmthera.2021.107807
https://www.ncbi.nlm.nih.gov/pubmed/33476641
https://doi.org/10.5604/01.3001.0010.5672
https://doi.org/10.3389/fphar.2018.01283
https://doi.org/10.1097/MOG.0000000000000057
https://doi.org/10.1007/s11419-017-0354-0
https://doi.org/10.3390/biomedicines10020436
https://doi.org/10.1002/jcp.25518
https://doi.org/10.1007/s11481-021-10022-7
https://doi.org/10.1016/j.gtc.2016.09.007
https://doi.org/10.1093/alcalc/34.2.244
https://doi.org/10.1016/j.bbr.2014.04.007
https://www.ncbi.nlm.nih.gov/pubmed/24769172
https://doi.org/10.1152/physrev.00014.2018
https://www.ncbi.nlm.nih.gov/pubmed/31507244
https://doi.org/10.1038/s41586-019-1291-3

Psychiatry Int. 2025, 6, 92 53 of 56

296.

297.

298.

299.

300.

301.

302.

303.
304.

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

Wallace, B.D.; Roberts, A.B.; Pollet, RM.; Ingle, ].D.; Biernat, K.A.; Pellock, S.J.; Venkatesh, M.K.; Guthrie, L.; O'Neal, S.K,;
Robinson, S.J.; et al. Structure and inhibition of microbiome p-glucuronidases essential to the alleviation of cancer drug toxicity.
Chem. Biol. 2015, 22, 1238-1249. [CrossRef]

Jasirwan, C.O.M.; Lesmana, C.R.A.; Hasan, I.; Sulaiman, A.S.; Gani, R.A. The role of gut microbiota in non-alcoholic fatty liver
disease: Pathways of mechanisms. Biosci. Microbiota Food Health 2019, 38, 81-88. [CrossRef]

Al-Khazaleh, AK; Jaye, K.; Chang, D.; Miinch, G.W.; Bhuyan, D.]J. Buds and bugs: A fascinating tale of gut microbiota and
cannabis in the fight against cancer. Int. . Mol. Sci. 2024, 25, 872. [CrossRef] [PubMed]

Sarkar, A.; Lehto, S.M.; Harty, S.; Dinan, T.G.; Cryan, J.F.; Burnet, PW.]. Psychobiotics and the manipulation of bacteria-gut-brain
signals. Trends Neurosci. 2016, 39, 763-781. [CrossRef] [PubMed]

Bonaz, B.; Bazin, T.; Pellissier, S. The vagus nerve at the interface of the microbiota-gut-brain axis. Front. Neurosci. 2018, 12, 49.
[CrossRef] [PubMed]

Mansuy-Aubert, V.; Ravussin, Y. Short chain fatty acids: The messengers from down below. Front. Neurosci. 2013, 17, 1197759.
[CrossRef]

Raybould, H.E. Gut chemosensing: Interactions between gut endocrine cells and visceral afferents. Auton. Neurosci. Basic Clin.
2010, 153, 41-46. [CrossRef]

Sharkey, K.A.; Mawe, G.M. The enteric nervous system. Physiol. Rev. 2023, 103, 1487-1564. [CrossRef]

Dowling, L.R.; Strazzari, M.R,; Keely, S.; Kaiko, G.E. Enteric nervous system and intestinal epithelial regulation of the gut-brain
axis. J. Allergy Clin. Immunol. 2022, 150, 513-522. [CrossRef] [PubMed]

Margolis, K.G.; Cryan, J.F; Mayer, E.A. The microbiota-gut-brain axis: From motility to mood. Gastroenterology 2021, 160,
1486-1501. [CrossRef] [PubMed]

Herlihy, B.; Roy, S. Gut-microbiome implications in opioid use disorder and related behaviors. Adv. Drug Alcohol Res. 2022, 2,
10311. [CrossRef]

Aguzzi, A.; Barres, B.A.; Bennett, M.L. Microglia: Scapegoat, saboteur, or something else? Science 2013, 339, 156-161. [CrossRef]
Miguel-Hidalgo, J.J. The role of glial cells in drug abuse. Curr. Drug Abus. Rev. 2009, 2, 76-82. [CrossRef]

Wang, F; Meng, J.; Zhang, L.; Johnson, T.; Chen, C.; Roy, S. Morphine induces changes in the gut microbiome and metabolome in
a morphine dependence model. Sci. Rep. 2018, 8, 3596. [CrossRef]

Zhou, R;; Qian, S.; Cho, W.C.S,; Zhou, | ; Jin, C.; Zhong, Y.; Wang, J.; Zhang, X.; Xu, Z.; Tian, M.; et al. Microbiota-microglia
connections in age-related cognition decline. Aging Cell 2022, 21, €13599. [CrossRef]

Antoine, D.; Venigalla, G.; Truitt, B.; Roy, S. Linking the gut microbiome to microglial activation in opioid use disorder. Front.
Neurosci. 2022, 16, 1050661. [CrossRef] [PubMed]

Bruewer, M.; Luegering, A.; Kucharzik, T.; Parkos, C.A.; Madara, J.L.; Hopkins, A.M.; Nusrat, A. Proinflammatory cytokines
disrupt epithelial barrier function by apoptosis-independent mechanisms. J. Immunol. 2003, 171, 6164-6172. [CrossRef] [PubMed]
Subedi, L.; Huang, H.; Pant, A.; Westgate, PM.; Bada, H.S.; Bauer, ]J.A.; Giannone, PJ.; Sithisarn, T. Plasma brain-derived
neurotrophicfactor levels in newborn infants with neonatal abstinence syndrome. Front. Pediatr. 2017, 5, 238. [CrossRef]
Palma-Alvarez, R.F; Ros-Cucurull, E.; Amaro-Hosey, K.; Rodriguez-Cintas, L.; Grau-L6pez, L.; Corominas-Roso, M.; Sdnchez-
Mora, C.; Roncero, C. Peripheral levels of BDNF and opiate-use disorder: Literature review and update. Rev. Neurosci. 2017, 28,
499-508. [CrossRef]

Hinds, J.A.; Sanchez, E.R. The role of the hypothalamus-pituitary-adrenal (HPA) axis in test-induced anxiety: Assessments,
physiological responses, and molecular details. Stresses 2022, 2, 146-155. [CrossRef]

Rusch, J.A.; Layden, B.T.; Dugas, L.R. Signalling cognition: The gut microbiota and hypothalamic-pituitary-adrenal axis. Front.
Endocrinol. 2023, 14, 1130689. [CrossRef]

Borrego-Ruiz, A. Motivacién intrinseca y consumo de drogas: Una revisién de estudios sobre los motivos de curiosidad y de
expansion [Intrinsic motivation and drug consumption: A review of studies on curiosity and expansion motives]. Health Addict.
2024, 24, 47-67. [CrossRef]

Vandrey, R.G.; Budney, A.].; Hughes, ].R.; Liguori, A. A within-subject comparison of withdrawal symptoms during abstinence
from cannabis, tobacco, and both substances. Drug Alcohol Depend. 2008, 92, 48-54. [CrossRef]

American Psychiatric Association, DSM-5 Task Force. Diagnostic and Statistical Manual of Mental Disorders: DSM-5™, 5th ed.;
American Psychiatric Publishing, Inc.: Washington, DC, USA, 2013.

Connor, J.P; Stjepanovi¢, D.; Budney, A.J.; Le Foll, B.; Hall, W.D. Clinical management of cannabis withdrawal. Addiction 2022,
117,2075-2095. [CrossRef] [PubMed]

Budney, A.J.; Moore, B.A.; Vandrey, R. Health consequences of marijuana use. In Handbook of the Medical Consequences of Alcohol
and Drug Abuse; Brick, ]., Ed.; Haworth Press: Philadelphia, PA, USA, 2004; pp. 171-217.

Allsop, D.J.; Copeland, J.; Norberg, M.M.; Fu, S.; Molnar, A.; Lewis, J.; Budney, A.J. Quantifying the clinical significance of
cannabis withdrawal. PLoS ONE 2012, 7, e44864. [CrossRef]


https://doi.org/10.1016/j.chembiol.2015.08.005
https://doi.org/10.12938/bmfh.18-032
https://doi.org/10.3390/ijms25020872
https://www.ncbi.nlm.nih.gov/pubmed/38255944
https://doi.org/10.1016/j.tins.2016.09.002
https://www.ncbi.nlm.nih.gov/pubmed/27793434
https://doi.org/10.3389/fnins.2018.00049
https://www.ncbi.nlm.nih.gov/pubmed/29467611
https://doi.org/10.3389/fnins.2023.1197759
https://doi.org/10.1016/j.autneu.2009.07.007
https://doi.org/10.1152/physrev.00018.2022
https://doi.org/10.1016/j.jaci.2022.07.015
https://www.ncbi.nlm.nih.gov/pubmed/36075637
https://doi.org/10.1053/j.gastro.2020.10.066
https://www.ncbi.nlm.nih.gov/pubmed/33493503
https://doi.org/10.3389/adar.2022.10311
https://doi.org/10.1126/science.1227901
https://doi.org/10.2174/1874473710902010076
https://doi.org/10.1038/s41598-018-21915-8
https://doi.org/10.1111/acel.13599
https://doi.org/10.3389/fnins.2022.1050661
https://www.ncbi.nlm.nih.gov/pubmed/36590299
https://doi.org/10.4049/jimmunol.171.11.6164
https://www.ncbi.nlm.nih.gov/pubmed/14634132
https://doi.org/10.3389/fped.2017.00238
https://doi.org/10.1515/revneuro-2016-0078
https://doi.org/10.3390/stresses2010011
https://doi.org/10.3389/fendo.2023.1130689
https://doi.org/10.21134/904
https://doi.org/10.1016/j.drugalcdep.2007.06.010
https://doi.org/10.1111/add.15743
https://www.ncbi.nlm.nih.gov/pubmed/34791767
https://doi.org/10.1371/journal.pone.0044864

Psychiatry Int. 2025, 6, 92 54 of 56

323.

324.

325.

326.
327.

328.
329.

330.

331.

332.

333.
334.

335.

336.

337.

338.

339.

340.

341.

342.

343.

344.

345.

346.

Davis, J.P.; Smith, D.C.; Morphew, ].W.; Lei, X.; Zhang, S. Cannabis withdrawal, posttreatment abstinence, and days to first
cannabis use among emerging adults in substance use treatment: A prospective study. J. Drug Issues 2016, 46, 64-83. [CrossRef]
[PubMed]

Haney, M. The marijuana withdrawal syndrome: Diagnosis and treatment. Curr. Psychiatry Rep. 2005, 7, 360-366. [CrossRef]
[PubMed]

Hasin, D.S. US epidemiology of cannabis use and associated problems. Neuropsychopharmacology 2018, 43, 195-212. [CrossRef]
[PubMed]

Balodis, I.; MacKillop, J. Cannabis Use Disorder; IntechOpen: London, UK, 2019.

Compton, WM.; Han, B.; Jones, C.M.; Blanco, C.; Hughes, A. Marijuana use and use disorders in adults in the USA, 2002-2014:
Analysis of annual cross-sectional surveys. Lancet Psychiatry 2016, 3, 954-964. [CrossRef]

Rotermann, M.; Langlois, K. Prevalence and correlates of marijuana use in Canada, 2012. Health Rep. 2015, 26, 10-15.
Rotermann, M.; Macdonald, R. Analysis of trends in the prevalence of cannabis use in Canada, 1985 to 2015. Health Rep. 2018, 29,
10-20.

Shah, K.; Farwa, U.E.; Vanaparti, A.; Patel, S.; Kanumuri, M.; Vashishth, O.; Hossain, N.; Dahiya, R.; Banala, M.; Enamorado,
F.R.P; et al. Global epidemiology of cannabis use disorders and its trend from 1990 to 2019: Benchmarking analysis of the global
burden of disease study. J. Fam. Med. Prim. Care 2024, 13, 881-889. [CrossRef] [PubMed]

Farmer, R.E,; Kosty, D.B.; Seeley, ].R.; Duncan, S.C.; Lynskey, M.T.; Rohde, P; Klein, D.N.; Lewinsohn, P.M. Natural course of
cannabis use disorders. Psychol. Med. 2015, 45, 63-72. [CrossRef]

Hasin, D.S.; Kerridge, B.T.; Saha, T.D.; Huang, B.; Pickering, R.; Smith, S.M.; Jung, J.; Zhang, H.; Grant, B.F. Prevalence and
correlates of DSM-5 cannabis use disorder, 2012-2013: Findings from the National Epidemiologic Survey on Alcohol and Related
Conditions-III. Am. J. Psychiatry 2016, 173, 588-599. [CrossRef]

UNODC. World Drug Report 2015; United Nations Office on Drugs and Crime: Geneva, Switzerland, 2015.

Degenhardt, L.; Ferrari, A.J.; Calabria, B.; Hall, W.D.; Norman, R.E.; McGrath, J.; Flaxman, A.D.; Engell, RE.; Freedman, G.D.;
Whiteford, H.A.; et al. The global epidemiology and contribution of cannabis use and dependence to the global burden of disease:
Results from the GBD 2010 study. PLoS ONE 2013, 8, e76635. [CrossRef]

Rubio, ].M.; Olfson, M.; Villegas, L.; Pérez-Fuentes, G.; Wang, S.; Blanco, C. Quality of life following remission of mental disorders:
Findings from the National Epidemiologic Survey on alcohol and related conditions. J. Clin. Psychiatry 2013, 74, e445—e450.
[CrossRef]

Solmi, M.; De Toffol, M.; Kim, J.Y.; Choi, M.].; Stubbs, B.; Thompson, T.; Firth, J.; Miola, A.; Croatto, G.; Baggio, F.; et al. Balancing
risks and benefits of cannabis use: Umbrella review of meta-analyses of randomised controlled trials and observational studies.
BM]J 2023, 382, e072348. [CrossRef]

Hayley, A.C.; Stough, C.; Downey, L.A. DSM-5 cannabis use disorder, substance use and DSM-5 specific substance-use disorders:
Evaluating comorbidity in a population-based sample. Eur. Neuropsychopharmacol. 2017, 27, 732-743. [CrossRef]

Silins, E.; Horwood, L.J.; Patton, G.C.; Fergusson, D.M.; Olsson, C.A.; Hutchinson, D.M.; Spry, E.; Toumbourou, ].W.; Degenhardt,
L.; Swift, W.; et al. Young adult sequelae of adolescent cannabis use: An integrative analysis. Lancet Psychiatry 2014, 1, 286-293.
[CrossRef]

Ranganathan, M.; Skosnik, P.D.; D’Souza, D.C. Marijuana and madness: Associations between cannabinoids and psychosis. Biol.
Psychiatry 2016, 79, 511-513. [CrossRef] [PubMed]

Sherif, M.; Radhakrishnan, R.; D’Souza, D.C.; Ranganathan, M. Human laboratory studies on cannabinoids and psychosis. Biol.
Psychiatry 2016, 79, 526-538. [CrossRef]

Gage, S.H.; Hickman, M.; Zammit, S. Association between cannabis and psychosis: Epidemiologic evidence. Biol. Psychiatry 2016,
79, 549-556. [CrossRef] [PubMed]

Bhardwaj, A.K.; Mills, L.; Doyle, M.; Sahid, A.; Montebello, M.; Monds, L.; Arunogiri, S.; Haber, P.; Lorenzetti, V.; Lubman, D.I;
et al. A phase III multisite randomised controlled trial to compare the efficacy of cannabidiol to placebo in the treatment of
cannabis use disorder: The CBD-CUD study protocol. BMIC Psychiatry 2024, 24, 175. [CrossRef] [PubMed]

Chatters, R.; Cooper, K.; Day, E.; Knight, M.; Lagundoye, O.; Wong, R.; Kaltenthaler, E. Psychological and psychosocial
interventions for cannabis cessation in adults: A systematic review. Addict. Res. Theory 2016, 24, 93-110. [CrossRef]

Gates, PJ.; Sabioni, P.; Copeland, J.; Le Foll, B.; Gowing, L. Psychosocial interventions for cannabis use disorder. Cochrane Database
Syst. Rev. 2016, 2016, CD005336. [CrossRef]

Davis, M.L.; Powers, M.B.; Handelsman, P.; Medina, J.L.; Zvolensky, M.; Smits, ].A. Behavioral therapies for treatment-seeking
cannabis users: A meta-analysis of randomized controlled trials. Eval. Health Prof. 2015, 38, 94-114. [CrossRef]

Budney, AJ.; Stanger, C.; Tilford, ] M.; Scherer, E.B.; Brown, P.C.; Li, Z.; Li, Z.; Walker, D.D. Computer-assisted behavioral therapy
and contingency management for cannabis use disorder. Psychol. Addict. Behav. 2015, 29, 501-511. [CrossRef] [PubMed]


https://doi.org/10.1177/0022042615616431
https://www.ncbi.nlm.nih.gov/pubmed/26877548
https://doi.org/10.1007/s11920-005-0036-1
https://www.ncbi.nlm.nih.gov/pubmed/16216154
https://doi.org/10.1038/npp.2017.198
https://www.ncbi.nlm.nih.gov/pubmed/28853439
https://doi.org/10.1016/S2215-0366(16)30208-5
https://doi.org/10.4103/jfmpc.jfmpc_824_23
https://www.ncbi.nlm.nih.gov/pubmed/38736814
https://doi.org/10.1017/S003329171400107X
https://doi.org/10.1176/appi.ajp.2015.15070907
https://doi.org/10.1371/journal.pone.0076635
https://doi.org/10.4088/JCP.12m08269
https://doi.org/10.1136/bmj-2022-072348
https://doi.org/10.1016/j.euroneuro.2017.06.004
https://doi.org/10.1016/S2215-0366(14)70307-4
https://doi.org/10.1016/j.biopsych.2016.02.007
https://www.ncbi.nlm.nih.gov/pubmed/26970361
https://doi.org/10.1016/j.biopsych.2016.01.011
https://doi.org/10.1016/j.biopsych.2015.08.001
https://www.ncbi.nlm.nih.gov/pubmed/26386480
https://doi.org/10.1186/s12888-024-05616-3
https://www.ncbi.nlm.nih.gov/pubmed/38433233
https://doi.org/10.3109/16066359.2015.1073719
https://doi.org/10.1002/14651858.CD005336.pub4
https://doi.org/10.1177/0163278714529970
https://doi.org/10.1037/adb0000078
https://www.ncbi.nlm.nih.gov/pubmed/25938629

Psychiatry Int. 2025, 6, 92 55 of 56

347.

348.

349.

350.

351.

352.

353.

354.
355.

356.

357.

358.

359.

360.

361.

362.

363.

364.

365.

366.

367.
368.

369.

370.

371.

372.

Carroll, K.M.; Nich, C.; Lapaglia, D.M.; Peters, E.N.; Easton, C.J.; Petry, N.M. Combining cognitive behavioral therapy and
contingency management to enhance their effects in treating cannabis dependence: Less can be more, more or less. Addiction
2012, 107, 1650-1659. [CrossRef] [PubMed]

Rains, L.S,; Steare, T.; Mason, O.; Johnson, S. Improving substance misuse outcomes in contingency management treatment with
adjunctive formal psychotherapy: A systematic review and meta-analysis. BM] Open 2020, 10, e034735. [CrossRef] [PubMed]
Sabioni, P.; Le Foll, B. Psychosocial and pharmacological interventions for the treatment of cannabis use disorder. F1000Research
2018, 7, 173. [CrossRef] [PubMed]

Brezing, C.A.; Levin, ER. The current state of pharmacological treatments for cannabis use disorder and withdrawal. Neuropsy-
chopharmacology 2018, 43, 173-194. [CrossRef] [PubMed]

Zhand, N.; Milin, R. What do we know about the pharmacotheraputic management of insomnia in cannabis withdrawal: A
systematic review. Am. |. Addict. 2018, 27, 453-464. [CrossRef] [PubMed]

Bahji, A.; Meyyappan, A.C.; Hawken, E.R.; Tibbo, P.G. Pharmacotherapies for cannabis use disorder: A systematic review and
network meta-analysis. Int. . Drug Policy 2021, 97, 103295. [CrossRef]

Nielsen, S.; Sabioni, P.; Gowing, L.; Le Foll, B. Pharmacotherapies for cannabis use disorders: Clinical challenges and promising
therapeutic agents. Handb. Exp. Pharmacol. 2020, 258, 355-372. [CrossRef]

Vandrey, R.; Haney, M. Pharmacotherapy for cannabis dependence: How close are we? CNS Drugs 2009, 23, 543-553. [CrossRef]
Pinapati, K.K,; Vidya, S.; Khan, M.E; Mandal, D.; Banerjee, S. Gut bacteria, endocannabinoid system, and marijuana addiction:
Novel therapeutic implications. Health Sci. Rev. 2024, 10, 100144. [CrossRef]

Gindin, S.; Karia, E.; Petrushkevich, A.; Sadeghian, S. Facilitating the bloom of intestinal flora: Observing the influence of
tetrahydrocannabinol (THC) on beneficial bacteria inhabiting the intestinal microbiota. Undergrad. Res. Nat. Clin. Sci. Technol. .
2020, 4, 1-4. [CrossRef]

Wu, E; Guo, X.; Zhang, M.; Ou, Z.; Wu, D.; Deng, L.; Lu, Z.; Zhang, |J.; Deng, G.; Chen, S.; et al. An Akkermansia muciniphila
subtype alleviates high-fat diet-induced metabolic disorders and inhibits the neurodegenerative process in mice. Anaerobe 2020,
61,102138. [CrossRef]

Cruz-Lebrén, A.; Johnson, R.; Mazahery, C.; Troyer, Z.; Joussef-Pifia, S.; Quifiones-Mateu, M.E.; Strauch, C.M.; Hazen, S.L.; Levine,
A.D. Chronic opioid use modulates human enteric microbiota and intestinal barrier integrity. Gut Microbes 2021, 13, 1946368.
[CrossRef]

Buckner, J.D. College cannabis use: The unique roles of social norms, motives, and expectancies. J. Stud. Alcohol Drugs 2013, 74,
720-726. [CrossRef]

Roditis, M.L.; Delucchi, K.; Chang, A.; Halpern-Felsher, B. Perceptions of social norms and exposure to pro-marijuana messages
are associated with adolescent marijuana use. Prev. Med. 2016, 93, 171-176. [CrossRef] [PubMed]

Khademi, S.; Hallinan, C.M.; Conway, M.; Bonomo, Y. Using social media data to investigate public perceptions of cannabis as a
medicine: Narrative review. . Med. Internet Res. 2023, 25, e36667. [CrossRef]

Spackman, E.; Haines-Saah, R.; Danthurebandara, V.M.; Dowsett, L.E.; Noseworthy, T.; Clement, EM. Marijuana use and
perceptions of risk and harm: A survey among Canadians in 2016. Healthc. Policy 2017, 13, 17-27. [CrossRef] [PubMed]

Hurd, Y.L.; Manzoni, O.].; Pletnikov, M.V.; Lee, ES.; Bhattacharyya, S.; Melis, M. Cannabis and the developing brain: Insights into
its long-lasting effects. . Neurosci. 2019, 39, 8250-8258. [CrossRef]

Henquet, C.; Di Forti, M.; Morrison, P.; Kuepper, R.; Murray, R.M. Gene-environment interplay between cannabis and psychosis.
Schizophr. Bull. 2008, 34, 1111-1121. [CrossRef]

Farrelly, K.N.; Wardell, ].D.; Marsden, E.; Scarfe, M.L.; Najdzionek, P.; Turna, J.; MacKillop, J. The impact of recreational cannabis
legalization on cannabis use and associated outcomes: A systematic review. Subst. Abus. 2023, 17, 11782218231172054. [CrossRef]
[PubMed]

Wilkinson, S.T.; Yarnell, S.; Radhakrishnan, R.; Ball, S.A.; D’Souza, D.C. Marijuana legalization: Impact on physicians and public
health. Annu. Rev. Med. 2016, 67, 453-466. [CrossRef]

Borrego-Ruiz, A. A holistic review of fentanyl use and its impact on public health. Curr. Addict. Res. 2024, 8, 23-33. [CrossRef]
Edinoff, A.N.; Nix, C.A.; Hollier, J.; Sagrera, C.E.; Delacroix, B.M.; Abubakar, T.; Cornett, EM.; Kaye, A.M.; Kaye, A.D.
Benzodiazepines: Uses, dangers, and clinical considerations. Neurol. Int. 2021, 13, 594-607. [CrossRef] [PubMed]

Borrego-Ruiz, A. A current overview on adolescent alcohol misuse and its potential negative impacts. Alcohol. Drug Addict.
Alkohol. I Narkom. 2025, 37, 205-231. [CrossRef]

Dorotheo, E.U.; Arora, M.; Banerjee, A.; Bianco, E.; Cheah, N.P; Dalmau, R.; Eissenberg, T.; Hasegawa, K.; Naidoo, P.; Nazir, N.T.;
et al. Nicotine and cardiovascular health: When poison is addictive—A WHEF policy brief. Glob. Heart 2024, 19, 14. [CrossRef]
Kondo, T.; Nakano, Y.; Adachi, S.; Murohara, T. Effects of tobacco smoking on cardiovascular disease. Circ. J. 2019, 83, 1980-1985.
[CrossRef]

Rehm, J. The risks associated with alcohol use and alcoholism. Alcohol Res. Health 2011, 34, 135-143.


https://doi.org/10.1111/j.1360-0443.2012.03877.x
https://www.ncbi.nlm.nih.gov/pubmed/22404223
https://doi.org/10.1136/bmjopen-2019-034735
https://www.ncbi.nlm.nih.gov/pubmed/33033080
https://doi.org/10.12688/f1000research.11191.1
https://www.ncbi.nlm.nih.gov/pubmed/29497498
https://doi.org/10.1038/npp.2017.212
https://www.ncbi.nlm.nih.gov/pubmed/28875989
https://doi.org/10.1111/ajad.12783
https://www.ncbi.nlm.nih.gov/pubmed/30113101
https://doi.org/10.1016/j.drugpo.2021.103295
https://doi.org/10.1007/164_2019_258
https://doi.org/10.2165/00023210-200923070-00001
https://doi.org/10.1016/j.hsr.2023.100144
https://doi.org/10.26685/urncst.171
https://doi.org/10.1016/j.anaerobe.2019.102138
https://doi.org/10.1080/19490976.2021.1946368
https://doi.org/10.15288/jsad.2013.74.720
https://doi.org/10.1016/j.ypmed.2016.10.013
https://www.ncbi.nlm.nih.gov/pubmed/27746339
https://doi.org/10.2196/36667
https://doi.org/10.12927/hcpol.2017.25194
https://www.ncbi.nlm.nih.gov/pubmed/28906233
https://doi.org/10.1523/JNEUROSCI.1165-19.2019
https://doi.org/10.1093/schbul/sbn108
https://doi.org/10.1177/11782218231172054
https://www.ncbi.nlm.nih.gov/pubmed/37187466
https://doi.org/10.1146/annurev-med-050214-013454
https://doi.org/10.32739/car.2024.8.2.229
https://doi.org/10.3390/neurolint13040059
https://www.ncbi.nlm.nih.gov/pubmed/34842811
https://doi.org/10.5114/ain.2024.149307
https://doi.org/10.5334/gh.1292
https://doi.org/10.1253/circj.CJ-19-0323

Psychiatry Int. 2025, 6, 92 56 of 56

373.

374.

375.

376.

377.

Varghese, ].; Dakhode, S. Effects of alcohol consumption on various systems of the human body: A systematic review. Cureus
2022, 14, €30057. [CrossRef] [PubMed]

Borrego-Ruiz, A.; Borrego, ]J.J. Pharmacogenomic and pharmacomicrobiomic aspects of drugs of abuse. Genes 2025, 16, 403.
[CrossRef] [PubMed]

Borrego-Ruiz, A.; Borrego, J.J. The bidirectional interplay between substances of abuse and gut microbiome homeostasis. Life
2025, 15, 834. [CrossRef] [PubMed]

Romm, K.F,; Cohn, A.M.; Beebe, L.A.; Berg, C.]. Disparities in cannabis use outcomes, perceived risks and social norms across
sexual orientation groups of US young adult women and men. Health Educ. Res. 2023, 38, 513-526. [CrossRef] [PubMed]

Dyar, C. A review of disparities in cannabis use and cannabis use disorder affecting sexual and gender minority populations and
evidence for contributing factors. Curr. Addict. Rep. 2022, 9, 589-597. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.7759/cureus.30057
https://www.ncbi.nlm.nih.gov/pubmed/36381944
https://doi.org/10.3390/genes16040403
https://www.ncbi.nlm.nih.gov/pubmed/40282363
https://doi.org/10.3390/life15060834
https://www.ncbi.nlm.nih.gov/pubmed/40566488
https://doi.org/10.1093/her/cyad038
https://www.ncbi.nlm.nih.gov/pubmed/37756620
https://doi.org/10.1007/s40429-022-00452-5

	Introduction 
	Method 
	Historical Context of Cannabis 
	Basic Aspects of Cannabis 
	Cannabinoid Constituents of Cannabis 
	Routes of Consumption 

	Pharmacological Effects of Cannabis 
	Negative Impacts of Cannabis on Physiological and Mental Health 
	Cannabis Use and Physiological Outcomes 
	Cannabis Use and Mental Health Outcomes 

	Cannabinoid Drugs in the Treatment of Mental Health Disorders 
	Epilepsy and Related Syndromes 
	Neurodegenerative Diseases 
	Neurodevelopmental Disorders 
	Bipolar Disorder 
	Anxiety Disorders and Post-Traumatic Stress Disorder 
	Sleep Disturbances 
	Chronic Pain 
	Fibromyalgia 
	Migraine 
	Schizophrenia 

	Gut Microbiome and Cannabinoids: The Role of Microbial Products 
	Cannabis Use and Gut Microbiome Dysbiosis 
	Intermediate Bacterial Metabolites 
	Signaling Molecules 
	Neural Pathways 

	Cannabis Use Disorder and Its Treatment 
	Prevalence of Cannabis Use Disorder 
	Common Comorbidities 
	Treatment 

	Social Perspectives on the Legalization of Cannabis 
	Discussion 
	Conclusions 
	References

