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B Introduction

292 million people worldwide used illicit drugs in 2022,
which has risen by 20% since 2012. Cannabis remains the most
widely used drug across all ages, making up 78% of global illicit
drug use, with 228 million users in 2022."* While cannabis us-
age rates appear stable in American adolescents (25.8% in 12
graders in 2024, tetrahydrocannabinol (THC) potency has
increased from 4% in 1995 to 15-20% today,* increasing the
exposure for adolescents. Additionally, recreational cannabis
use is now legalized in multiple areas, including Canada, Uru-
guay, and 27 jurisdictions in the US.? Daily cannabis users are
now more common in the USA than daily alcohol users, and
while the median drinker uses alcohol on 4-5 days per month,
the median cannabis consumer uses the drug on 15-16 days
per month.’

This widespread use is of particular concern for adolescents,
who face unique neurodevelopmental vulnerabilities during a
critical period of brain maturation. Illicit substance use may
have longitudinal effects, including psychosis, defined as the
presence of delusions, which are fixed false beliefs, and® halluci-
nations, which are sensory perceptions that occur in the absence
of an actual external stimulus.” Substance-induced psychosis

(SIP) is when substances such as cannabis, stimulants, or alco-
hol contribute to the onset of these psychotic symptoms.’

Cannabis intoxication behaves in a dose-responsive manner,
meaning greater consumption results in greater intoxication
and the potential for greater long-term side effects.® As shown
in Figure 1, earlier initiation of cannabis is linked to a greater
likelihood of developing psychosis; the cumulative incidence of
psychotic disorders was eight times higher among adolescents
who used cannabis than those who had not. Comparatively,
Figure 1 displays a smaller difference in cumulative psychotic
disorder incidence between young adults who had used canna-
bis and those who did not.” This age-dependent vulnerability
demonstrates the significance of focusing on the adolescent
demographic, as CU during this time period is a far stronger
predictor of psychotic disorders for them than for adults. Early
diagnosis and intervention are necessary to prevent disruption
of the endocannabinoid system and subsequent long-term cog-
nitive symptoms and psychiatric disease.

Cannabis use, however, is not the sole cause of SIP, as sub-
stances like alcohol and psychostimulants can also cause this.
Social impacts of SIP include reduced educational attainment
and employment acquisition. This review article analyzes the
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current academic literature on SIP, the biological influences on
the brain, and long-term social implications with a particular
focus on CU. In addition, this article provides a critical analysis
of the current difficulties in the field of diagnosing SIP, the
impacts of different substances on SIP severity, and treatment
and intervention.
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Figure 1: Comparative longitudinal study displaying that CU at adolescence
is associated with a greater risk of developing psychotic disorders.” 15-20-year-
olds using cannabis were associated with increased cumulative psychotic
incidence than those not using it. This difference was less significant in
20-32-year-olds.

Biological Influences of THC on the Adolescent Brain:

To understand why adolescents show this increased vulner-
ability to psychosis, we must understand the normal function
of the endocannabinoid system (ECS) and how THC disrupts
this. The ECS plays a key role in memory, learning, reward,
and pain pathways in the brain and consists of cannabinoid re-
ceptors and endocannabinoids (eCBs). There are two subtypes
of cannabinoid receptors known as cannabinoid receptor type
1 (CB1R) and cannabinoid receptor type 2 (CB2R). CB1Rs
are the most abundant G-protein-coupled receptors in the
brain, with their highest density found in the hippocampus,

basal ganglia, cerebellum, and neocortex.'® Their expression
peaks between ages 14-17, an age also associated with in-
tensive synaptic pruning, a key neurodevelopmental process
which removes weak synaptic connections. This “use it or lose
it” process peaks between 16 and 20, especially in prefrontal
brain regions associated with executive function and emotion-
al regulation, which show up to a 40% reduction in synaptic
density. THC exposure during this period leads to excessive
pruning via overactivation of the ECS, potentially explaining
the long-term cognitive effects of adolescent CU.*

The main role of the ECS is the regulation of neuro-
transmission via retrograde transmission at the synapse;
this function is impaired by THC exposure. Figure 2 shows
how, in normal ECS functioning, eCBs regulate the release
of GABA and glutamate neurotransmitters, fine-tuning the
activity of their synapses and consequently the balance of ex-
citation and inhibition within the brain. Figure 3 shows how
THC acts as a partial agonist of CB1R, subsequently leading
to chronic downregulation of CB1R and significant disrup-
tion to the ECS.? This disruption reduces sensitivity to stress
and reward®, and also the release of GABA and glutamate.
Glutamate is an excitatory neurotransmitter, meaning it makes
neurons more likely to fire. GABA is an inhibitory neurotrans-
mitter, meaning it causes neurons to be less likely to fire.
Overstimulation of the ECS by THC creates an imbalance of
excitatory-inhibitory neurotransmission in the brain by reduc-
ing inhibition more than excitation.'

Rodent studies have shown that this excitatory-inhibitory
imbalance increases psychosis-like behaviours.’? As shown in
Table 1, CU in adolescence has numerous neurological effects.
Reduced GABA release due to THC disinhibits dopaminer-
gic neurons, as the neurons that would normally suppress their
activity become less active. This reduces the amount of cortisol
released in response to tension, which heightens feelings of
bliss.”® The disruption of these dopamine pathways (Figure 4)
increases susceptibility to addiction and psychosis.'? Early ex-
posure to THC in adolescence results in a reduced release of
dopamine in adulthood in response to stress and psychostim-
ulants™, showing the lifelong impact on brain function, CU in
adolescence can cause this. Crucially, while the ECS normally
functions at a synapse level over a timeframe of minutes, THC
activates the ECS across the whole brain for hours at a time,
preventing it from performing its normal role.

Table 1: Summary of the impact of adolescent THC exposure. Various

neurotransmitter systems are affected during THC exposure, which increases

the risk of psychosis.

Neurotransmitter Consequences of adolescent THC exposure

Glutamate (excitatory) Reduced executive function and increased risk of psychosis.

GABA (inhibitory) Anxiety

Dopamine Decreased cortisol, heightened feelings of bliss, increased

susceptibility to addiction and psychosis

Endocannabinoids Reduced sensitivity to stress and reward
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Figure 2: Normal Synaptic Transmission.” In the absence of cannabis,
normal functioning of the ECS occurs. ¢CBs regulate the release of GABA
and glutamate neurotransmitters, which create an excitatory-inhibitory
balance in neurotransmission.
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Figure 3: Effects of adolescent CU.»2 THC acts as a partial agonist of CB1R,
downregulates CB1R, and reduces the release of GABA and glutamate. THC
overstimulates the ECS, causing an excitatory-inhibitory imbalance.
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Figure 4: Dopamine pathways in the brain. THC exposure during
adolescence disrupts dopamine pathways in the brain, which increases the risk
of addiction and psychosis.

Long-term social implications:

Adolescent cannabis users are likely to suffer from poor
cognitive function, showing problems with memory, atten-
tion, educational attainment, and,">'® impulsive behaviours."
A meta-analysis showed that CU in adolescence increased
the relative risk of depression (37%), suicidal ideation (50%).
In addition, the risk of suicide attempts was 3.46 times high-
er.”® Regular CU in adolescence can also cause anhedonia and
anxiety.'® Persistent CU can result in increased criminal and
risk-taking behaviors among adolescents.” Adolescents aged
14-15 display more evident increases than adults, proving that
CU has a greater effect on younger demographics. Howev-
er, in countries where cannabis remains illegal, this increased
likelihood of criminal behavior may be due to regular users be-
coming connected to the illegal drug market and drug traders
through their attempts to get access to cannabis. The user may
then be influenced by people in the market who encourage
participation in violent crimes."”

Studies show that CU lowers IQ_and the ability for sus-
tained focus.' This inhibition affects school performance and
educational attainment. Adolescents who use cannabis tend to
also be high-school dropouts and have lower attainment rates
in their careers and education.” This highlights the need to
reduce CU in adolescents through effective early diagnosis and
intervention. The earlier the intervention, the lower the risk of
experiencing significant adverse financial, health, and educa-
tion outcomes.

Difficulty Diagnosing:

Given the significant neurobiological influence of CU in ad-
olescence and its long-term social implications, accurate and
early diagnosis of SIP is crucial. However, there are some lim-
itations in diagnostic criteria and the overlap between SIP and
schizophrenia, which can make diagnosis challenging. There
are only minor changes between the current Diagnostic and
Statistical Manual of Mental Disorders (DSM)-V criteria for
SIP and the previous DSM-IV criteria for SIP. The DSM-V
criteria now specify that individuals must have one or both
of the following symptoms: delusions and/or hallucinations. It
also now stipulates that the disturbance present in the individ-
ual must cause clinically significant distress or impairment in
social, occupational, or other important areas of functioning.”
Due to the DSM-V criteria being more recent, the literature
exploring its limitations is sparse. For this article, the DSM-
IV criteria will be evaluated instead, which are relevant to the
DSM-V as well.

The DSM-1V requires four criteria for an SIP diagnosis, as
shown in Table 2. Diagnosing SIP can be uncertain, partly due
to the current discrepancies in the DSM-IV criteria.

DOI: 10.36838/v7110.99
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Table 2: DSM-1V criteria for STIP? The DSM-IV criteria require clinicians
to assess whether hallucinations or delusions were present near or during a
period of cannabis intoxication before diagnosing SIP. An SIP diagnosis also
requires symptoms to persist in the absence of delirium, and these symptoms
should not be better explained by a non-substance-induced psychotic disorder.

Criterion | Description

A Prominent hallucinations or delusions (patients must lack the insight that substances
cause their hallucinations).

B i) symptoms from criterion A occurred during or within a month of intoxication or
withdrawal
ii) The disturbance is not caused by using medication

C A non-substance-induced psychotic disorder cannot better explain the disturbance.
Evidence of a non-substance-induced psychosis may include symptoms which
manifest before the onset of substance use (or medication use), remain for a
significant amount of time after acute withdrawal or severe intoxication has stopped
or having symptoms over what would be predicted given the type, amount or duration
of substance use. In addition, evidence such as a history of multiple
non-substance-related episodes could rule out SIP.

D The disturbance occurs not only during delirium.

Problems with diagnostic criteria:

In criterion A, the term ‘prominent’ is ambiguous, as there
is no description of what severity or duration of symptoms
would be considered ‘prominent.” Criterion A’s lack of infor-
mation about other psychotic symptoms, including negative
symptoms and disorganized speech, is an issue, as negative
symptoms are common in SIP patients.?

Criterion A only lists hallucinations and delusions narrows
the range of symptoms present in SIP and thus fails to account
for the frequent discovery of many other symptoms in SIP.
Criterion B’s failure to focus on the criterion of withdrawal
and intoxication also causes confusion. Psychotic episodes
linked to SUD are not included in the SIP criteria if there is
no intoxication. This disregards tolerance that is built by per-
sistent substance use, which means individuals have a lower
likelihood of being intoxicated. All these issues contribute to
the underreporting of SIP, highlighting the need for improved
criteria for increased accuracy in diagnosing.?

In emergency departments, when there is uncertainty, psy-
chotic disorders tend to be reported as primary psychotic
disorder (PPD) rather than SIP* highlighting that a large
proportion of patients fail to be diagnosed with SIP at the start
of hospitalization as a result of the imprecision of DSM IV. As
SIP is underreported, clinicians fail to identify and treat many
adolescents with SIP, which may contribute to continuing
CU into adulthood due to their increased dependence. Fur-
thermore, failure to receive treatment correlates with poorer
clinical and educational outcomes as cannabis use in adoles-
cents interferes with the ECS during peak brain maturation.

There are currently different definitions for substance-in-
duced psychosis across DSM-V and the International
Classification of Diseases (ICD). A key difference between
DSM 5 and ICD 10/11 is that DSM-V requires only the pres-
ence of psychotic symptoms after substance use for diagnosis,
whereas ICD 10 and ICD 11 believe the sole presence of psy-
chotic symptoms is not enough for a diagnosis. In ICD-10 and
ICD-11, the symptoms should be significantly more severe
than what is expected in the intoxication or withdrawal of the

particular substance and dosage used.?? These inconsistencies
across criteria may cause underdiagnosis or misdiagnosis of

SIP, highlighting the need for a standardized definition.

Owverlap with schizophrenia:

When diagnosing SIP, we must consider not only the di-
agnostic requirements but also the similarities between SIP
and schizophrenia. Schizophrenia is defined as “a heritable,
complex, multi-dimensional syndrome with varying degrees

of psychotic, negative, cognitive, mood, and motor manifesta-

tions,” specifically two or more of the following symptoms:

hallucinations, disorganized speech, delusions, and grossly dis-
organized or catatonic behavior for at least 6 months. At least
one of the symptoms present must be delusions, hallucinations,
or disorganized speech.” Symptoms that overlap between
schizophrenia and substance-induced psychosis are ideas of
reference, persecutory delusions, and auditory hallucinations.**
Cannabis-induced psychosis (CIP) and schizophrenia possess
overlapping genetic risk factors,” so accurate diagnosis cannot
be made solely by looking at the individual’s genes. Herita-
bility estimates reveal 11% of the variance in lifetime CU is
explained by measured genetic variants.” This overlap is prob-
lematic because the similarities between schizophrenia and
CIP often make a differentiated diagnosis difficult. Individuals
with schizophrenia may use illicit substances as well, thus fur-
ther blurring the lines between schizophrenia and CIP.

Studies show that in emergency departments, 25% of peo-
ple diagnosed with PPD had substance-induced psychosis.”
The dangers of misdiagnosing SIP as PPD include the add-
ed burden of stigma, a low chance of clinicians correcting
the diagnosis in the future,®® with only 15% of misdiagnoses
corrected within 6 months,” unmerited hospitalizations, and
incorrect medication being prescribed. The misdiagnosis can
lead to the use of antipsychotic medication and increase the
risk of developing side effects like tardive dyskinesia, neurolep-
tic malignant syndrome, and diabetes.”

Treatments for adolescents with SIP, who are incorrectly
diagnosed with schizophrenia, would focus on alleviating psy-
chotic symptoms rather than specific treatments that address
the root cause of their psychosis, that is, their substance use.
Ineffective treatments stemming from an inaccurate diagno-
sis are particularly harmful for adolescents whose positive life
outcomes depend on early detection and treatment. To max-
imise treatment impacts, it is important to identify the drug
of choice. Common culprits of SIP are cannabis, alcohol, and
psychostimulants, especially as these substances are known to
impair critical neurological developments occurring during
adolescence. The specific psychotic trajectories of CU, psycho-
stimulants, and alcohol can also be compared to gain a better
understanding of their impact and treatment.

Comparison with other illicit substances:

Persistent cannabis use disorder (CUD) is correlated with
positive and negative symptoms, which worsen over time.
CUD is the only substance use disorder in which symptom-
atic and functional decline occurs from year 1 to year 2 in a

2-year follow-up, compared with alcohol use disorder (AUD)
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and psychostimulant use disorder. Even cannabis users who
comply with medication have a greater likelihood of having
a poor symptomatic outcome than other substance misusers.
Continuing to use cannabis after the development of first-epi-
sode psychosis (FEP) can cause symptom levels to increase. In
addition, there is a dose-dependent relation between psychot-
ic symptoms and CU, meaning that the greater the amount
consumed, the more severe the psychotic symptoms will be.
The gradual decline in the condition of cannabis misusers may
stem from intense, persistent CU and low compliance with
medication at the beginning of the psychotic disorder.® This
worsening trajectory highlights the significance of early inter-
ventions for cannabis users.

Psychostimulants can also induce SIP, and their addictive
properties may make cessation difficult. In the prospective
longitudinal cohort study by Plamondon, there was a high-
er rate of addiction in the 24th month among cocaine and
amphetamine users when compared to cannabis and alcohol
users. These findings indicate that stopping psychostimulant
use may be more challenging than cessation of alcohol or can-
nabis. In this study, participation selection bias was reduced as
it ensured that all consenting and qualified individuals within
established catchment areas were able to take part. However,
a limitation of this study is that it did not possess objective
methods of assessing substance use, such as urine tests.®

Psychostimulant misusers with FEP tend to have higher
rates of unemployment than FEP patients who use cannabis.?®
It is clear that psychostimulants have harmful effects on in-
dividuals and should receive intervention as early as possible.
The impact of stimulant use on psychotic symptoms was less
dose-dependent than cannabis, and it possessed differing tra-
jectories for occasional and persistent use. Even though both
cannabis and stimulant use affect dopaminergic transmission,
which dysregulates and influences psychotic symptoms and
psychotic relapse, CU appears to be involved to a lesser degree
than stimulant use. Due to the direct effect on dopaminergic
transmission, even the occasional use of stimulants is enough
to aggravate the psychotic symptoms and psychotic relapse.
The severity of psychotic symptoms achieved by occasional
use of psychostimulants can only be matched by CU if it is
frequent.”® By focusing on alcohol use in comparison to CU,
we can discern that different substances have trends and tra-
jectories and better understand the need for stricter cannabis
regulation.

Alcohol vs Cannabis:

Cannabis induces over-activation of the endocannabi-
noid system by cannabinoid receptor type 1 agonists such as
THC. Chronic over-activation of endocannabinoids during
adolescence changes brain maturation and can have a lasting
impact on the adult brain.? Alcohol consumption increases
the sensitivity of the mesocorticolimbic dopamine network,
which consists of the mesolimbic and mesocortical dopamine
pathways in the brain. This may lead to an increase in positive
symptoms.*’

CIP and alcohol-induced psychosis display differences in

clinical characteristics in adolescents. These fundamental dif-

terences underlie distinct clinical trajectories. CU is correlated
with more severe positive psychotic symptoms compared to
alcohol, which has a greater association with anxiety.*! CIP
displays a higher conversion rate to schizophrenia than
alcohol-induced psychosis.*>* A Scottish register-based co-
hort study of 3486 patients diagnosed with SIP in Scottish
hospitals found CIP had a 21.4% risk of conversion to schizo-
phrenia compared to alcohol-induced psychotic disorders with
a 10.4% risk.** However, the data did not contain drug screen-
ing confirmation, and the data were collected from 1997 to
2012, meaning it may not be an accurate reflection of current
substance use trends and treatment approaches.

In a Finnish register-based cohort study of 18,478 SIP cases,
the risk of conversion to schizophrenia was significantly high-
er for CIP(46%) than for alcohol-induced psychosis(5%).*
While both studies show a higher transition rate from CIP to
schizophrenia, they are retrospective and therefore are more
susceptible to bias than prospective studies. In the Finnish
study, only 0.7% of 18,478 cases were diagnosed with CIP
compared to 85.4% diagnosed with alcohol-induced psycho-
sis. Cannabis is illegal in both Finland and Scotland. The
large difference between alcohol-induced psychosis and CIP
suggests the results are confounded by underreporting out of
fear of facing legal repercussions. This selection bias from ille-
gal cannabis status would artificially inflate relative risk ratios
while underestimating absolute CIP prevalence. Prospective
studies with biological verification remain urgently needed.

Those who misuse alcohol have a lower risk of showing
symptoms found in schizophrenia, such as paranoia, hallu-
cinations, and negative symptoms, than cannabis-induced
psychotic disorder. Cannabis misusers have an earlier age
of onset of psychosis and a shorter period of experiencing
illness,* but their symptoms deteriorate over time®. In con-
trast, alcohol misusers usually have a later age of onset with
higher anxiety levels and,** higher hospitalization rates.* De-
spite this, they have better social functioning than cannabis
users.’ These dissimilarities highlight the importance of sub-
stance-specific approaches in the treatment and interventions
of SIP in adolescents.

Treatment, Early Detection, and Intervention:

The difficulty in diagnosing CIP, along with the detrimen-
tal effects of substance use at the peak of brain maturation in
adolescents, creates a call to action to reduce CUD rates. Psy-
chological interventions combined with social interventions
have shown promise for adolescents with CUDs. Adoles-
cent CU often manifests as a social behavior encouraged by
peers, and therefore, interventions such as MI, CM with re-
wards for not using cannabis would be effective. Combining
motivational enhancement therapy (MET) and CBT with a
rewards program led to longer periods of cannabis abstinence
in adolescents. Familial involvement in treatments also proved
beneficial for adolescents. Interventions for young adults
should involve building resilience to pain, protective circles of
peers, and training for better coping skills.*

A-CRA is another effective method for reducing CU in ad-

olescents by providing cannabis users with problem-solving,
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communication, anger management, and relapse prevention
skills through 19 procedures. An added benefit of A-CRA is
that it is more cost-effective than CBT and MET.% In ad-
dition, having brief check-up sessions improved abstinence
rates, highlighting the importance of follow-up meetings over
many years. Clinicians should design interventions so that they
capture the interest of the age group they are targeting. For
example, using computerized or mobile programs appeals to
young adults to strengthen motivation and allow self-monitor-
ing.* CUD interventions should be designed and selected for
each demographic to address the different challenges each age
group faces when attempting abstinence.

When considering pharmacological interventions, there
are no FDA-approved medications for CUD, and off-label
psychotropic medications have had minimal benefits, such as
mitigating withdrawal symptoms. However, medications to
ease prolonged withdrawal symptoms when utilized in com-
bination with counselling and social support have proved to
be beneficial.* Furthermore, early detections and interventions
are extremely beneficial for adolescents as this improves clini-
cal and functional outcomes.

Prevention - Canada and solutions:

There are solutions to the problem of increasing CUDs
that do not involve banning cannabis entirely. Cannabis-re-
lated ED visits declined in Canada following the legalization
of recreational cannabis with tight retail regulations. However,
it increased at the time of cannabis commercialisation.*® This
suggests that to minimize the increase in cannabis use follow-
ing the legalization, cannabis marketing should be banned, and
the expansion of retail stores selling cannabis should be pre-
vented.

Additionally, increasing the price of cannabis could deter
people from purchasing cannabis regularly, which reduces its
accessibility by making it unaffordable for many. Studies have
proved this by the high tax on cigarettes, which serves to de-
crease cigarette purchases and use. Adolescents are two to three
times more reactive to changes in the pricing of cigarettes than
the overall population.” This suggests that raising the price
of illicit substances has the most significant impact on adoles-
cents, as they are likely to have low-paid or part-time jobs. In
Canada, the legal age for purchasing cannabis is 18; therefore
by raising the legal age to 21, will prevent many adolescents
from being able to purchase cannabis. By increasing the age of
initiation of cannabis, neurological developments will not be
affected as much, which could improve educational outcomes
for many adolescents.

Support for Adolescents with CUD:

Adolescents struggling with drug addiction can get help
through rehabilitation centers. There is a range of different
rehabilitation centers, each targeted at dealing with a specific
substance. These rehabilitation centers could create a sheltered,
supportive environment in which adolescents with CUDs un-
dergo a cannabis “detox” while participating in counselling,
yoga, and meditation. A recent study from Andra Pradesh has
displayed an increase in cognitive function among young adults

with CUDs after they participated in non-pharmacological
rehabilitation such as meditation, group counselling, physical
activities, and yoga during periods of cannabis abstinence.*

Online programs targeting CUDs are increasingly present in
Austria, Belgium, the Czech Republic, Spain, the UK, Sweden,
Germany, the Netherlands, and Estonia. Examples of these pro-
grams include VALIC, CANreduce, and SIBRT. In addition,
Belgium, Romania, and the UK now have cannabis-specific
clinics which offer clinical assessments, detoxification, short-
term and long-term rehabilitation to improve treatment
outcomes such as cannabis abstinence and increase the likeli-
hood of psychosis remission. They also aim to lower levels of
CU and increase contentment with life. However, there are few
cannabis-specific clinics targeted at adolescents, and in-person
clinics have limited coverage as they only offer face-to-face
treatments in some cities.*!

Barriers that prevent participation in treatments for CUDs
include fear of stigma, believing these treatments are not need-
ed, feeling unmotivated to attempt abstinence, and poor mental
health. Other reported barriers include finding it hard to admit
they need support, limited treatment availability, worries about
confidentiality, cynicism about the treatment’s effectiveness,
and a desire to be self-sufficient.* To further support adoles-
cents, we must encourage them to seek help for their CU. By
displaying posters with contact information for rehabilitation
programs in public places that adolescents frequent, such as
schools, gyms, and shopping centers, we can ensure that they
know help is available. Individual schools should ensure that
students struggling with drug addiction have a non-judgmen-
tal, trusted adult they can look to for support, such as a guidance
counsellor. Increasing the support available for substance use in
primary care settings would allow for earlier detection and in-
terventions.*

B Discussion

This review has demonstrated the mechanistic pathways
linking adolescent CU to psychosis, with 25-46%" of patients
with SIP from cannabis showing conversion to schizophrenia,
far over other substances. While previous work has focused on
adult populations, this review explains some of the unique vul-
nerabilities in adolescents that heighten their risk in a manner
qualitatively different from adults. The significant biological
influence of adolescent CU on the brain through the binding of
THC to CB1Rs in the ECS. This binding dysregulates neuro-
transmission and lowers stress and reward sensitivity. Because
CB1R expression peaks during adolescence, THC has a greater
impact on adolescents than on other age groups. Specifically,
THC lowers ¢CB levels in the ECS and reduces the release
of GABA and glutamate, creating an excitatory-inhibitory
imbalance which increases the risk of developing psychosis.
Dopamine pathways are also disrupted, increasing vulnerabil-
ity to addiction. These effects have long-term ramifications,
including poorer cognitive function, educational attainment,
and increased risk of depression, which can negatively impact
the life outcomes of adolescent cannabis users.
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The DSM-1V criteria have limitations that make diagnosing
CIP challenging. Its limitations include its dismissal of psy-
chotic symptoms when the individual has insight and a lack
of information about negative symptoms, withdrawal, and in-
toxication. SIP has overlapping symptoms with schizophrenia,
such as ideas of reference, persecutory delusions, and auditory
hallucinations. These facts make it difficult to differentiate be-
tween the disorders and provide accurate diagnoses.

By comparison with alcohol, this review identifies that CU
has a more detrimental effect on clinical and functional out-
comes, while alcohol use has a clearer link to anxiety. Psychotic
symptoms associated with CUD get worse over time,and CUD
had the greatest severity of positive symptoms, while AUD had
the least. Cannabis users tended to have an earlier age of on-
set of psychosis than alcohol users, although they experienced
shorter periods of illness and fewer hospitalisations. CIP was
more likely to convert to schizophrenia than alcohol induced
psychosis. Despite these findings from Finnish and Scottish
cohort studies being significant, the studies are retrospective, so
the data is more vulnerable to bias than if they were prospec-
tive. The studies found many fewer CIP than alcohol-induced
psychosis diagnoses, which may be due to underreporting out
of fear of legal repercussions, as cannabis is illegal in both
countries. Different substances have different trends and tra-
jectories. Cannabis users have a poorer symptomatic outcome
than other substance users, although psychostimulant use has
lower rates of abstinence than cannabis. However, the study
that identified this finding is limited by its lack of objective
methods to measure substance use. Cannabis users’ exacer-
bation of psychotic symptoms over time can be attributed to
persistent, severe CU and non-compliance with medication at
the start of psychosis.

Different demographics benefit from different treatments
and interventions to promote abstinence from cannabis use.
Off-label psychotropic medications do not have significant
benefits, and there is no FDA-approved medication for CUD.
A combination of MET, CBT, and a rewards program, as
well as familial involvement in treatment, proved to be most
effective for adolescents. Computerized programs that allow
self-monitoring also appealed to this group. Abstinence rates
improved when follow-up check-up sessions were incorporat-
ed into treatment. The legalisation of cannabis in Canada with
tight regulations was not associated with large increases in CU,
yet cannabis commercialisation was. Increasing the legal age of
cannabis purchase from 18 to 21 in Canada would reduce the
number of adolescents who use cannabis and increase the age
of initiation for many.

This review has numerous limitations that should be ac-
knowledged. Firstly, the rapidly evolving landscape of cannabis
product development and its use and regulation creates a mov-
ing target. Studies performed on adolescent CU even 5-10
years ago may have limited relevance to an adolescent pop-
ulation now using cannabis concentrates of 60-90% THC.
Geographical variation in legality and regulation also creates
different exposure contexts that may not be comparable. Stud-
ies linking substance use to psychosis have mostly focused on
adult populations who have differing neurobiology from ado-

lescents, meaning findings may not be directly applicable. The
heterogeneity of cannabis products encompassing diverse can-
nabinoid compounds, consumption methods, and usage habits
complicates the interpretation of studies that typically specify
cannabis use only. Finally, the absence (for ethical reasons) of
any causal studies or trials of CU makes untangling premorbid
vulnerability from the effects of cannabis difficult. In addi-
tion, cannabis users often use other psychoactive drugs, which
analysts struggle to control for. Future research utilizing tech-
niques such as Mendelian randomization may overcome some
of these causal limitations, though it should also be noted that
the Bradford Hill criteria for causation are largely met.

® Conclusion

Adolescent CU has significant neurobiological effects,
causing long-term social implications and increased risk of psy-
chosis. By focusing on early detection and intervention, clinical
and functional outcomes can be significantly improved. CB1R
expression peaks in adolescence, making CU during this period
particularly harmful, partly due to excessive synaptic pruning as
well as negative cognitive effects that persist into adulthood.

Many critical research questions are outstanding, ranging
from causality to biomarker development to the lack of specific
treatment offered to affected adolescents. The unique vulnera-
bility of adolescents to the increased potency of THC and the
trend towards reduced regulation of their sale to adolescents
represents a potential health crisis. Immediate action through
information campaigns, adolescent access restriction, and in-
vestment in treatment infrastructure and research should be
prioritized.

Future research should aim to perform longitudinal studies
on the treatment outcomes of adolescents with CIP to iden-
tify interventions to maintain long-term cannabis abstinence.
In addition, there should be more cannabis-specific rehabili-
tation clinics tailored to the adolescent population. Countries
offering face-to-face support should increase their national
coverage to maximise their impact on adolescents by making
treatment easily accessible. Policymakers should aim to regu-
late CU by limiting retail expansion of recreational cannabis,
banning cannabis marketing, raising the legal age of purchase,
and increasing its price in countries where it is legal.
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