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Abstract 

Schizophrenia is a complex mental disorder depicted through positive and negative symptoms that interfere with daily 

functioning. Schizophrenia is characterized by an insidious loss in brain function in the dorsal lateral prefrontal cortex, a region 

which precipitates interference of perceptions, thought processes, and emotional affect. This proposed study aims to investigate 

the longitudinal effects of high potency cannabis use and the development of schizophrenia symptoms over a period of 5 years. 

Utilizing a cross-sequential approach, adolescent participants n = 200, ages 13-19 will be recruited from the community and 

self-report strains of cannabis consumed, frequency of usage, and fluctuations in mood and perceptions. Assessments will be 

conducted at baseline and after 5 years using standardized measures including the Positive and Negative Syndrome Scale 

(PANNS), Brief Negative Symptom Scale (BNSS), and Addenbrooke’s Cognitive Examination-III (ACE-III). Anticipated 

results include a dose-dependent relationship, with higher levels of psychosis reported in the high potency cannabis group. 

Additionally, participants in the high potency group are expected to demonstrate higher scores on the psychometric tests used 

for assessing schizophrenia symptoms, as well as show signs of cognitive decline when compared to the low dose and control 

groups. These findings will contribute to the understanding of the long-term effects of cannabis use in adolescents and inform 

prevention strategies for the prodromal period of schizophrenia. 
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Introduction 

Adolescent cannabis use has been identified as a potential 

risk factor for heightened susceptibility of psychosis in young 

adulthood [1, 2]. A large body of research shows individuals 

that initiate cannabis use earlier in adolescence are more likely 

to develop a psychotic disorder compared to those that 

commence later in life [3, 4, 5]. Genomic research suggests 

while genetic predisposition has long been established as a 

pivotal element in the etiology of schizophrenia, heightened 

risk is also attributed to prenatal conditions, exposure to 

adversity, and interactions with the environment [6]. Because 

of this, the cannabis flower is customarily juxtaposed as an 

environmental agonist in schizophrenia research [6]. Cannabis 

use among individuals with a genetic predisposition for 

schizophrenia purportedly elicits a biological response, 

precipitating the onset of first psychotic episodes [7]. This 

precise sensitivity in pathophysiology and the association 

between the development of schizophrenia with high-potency 

cannabis usage continues to elude comprehensive exploration. 

 

Neurobiology 

The cannabis sativa plant produces a psychoactive 

chemical substance called Δ-9-tetrahydrocannabinol (D9-

THC) [6, 7, 8]. The potent sinsemilla/skunk variant of 

marijuana traditionally contained 4% THC in the 1990s, 

albeit has been rumored to circulate in the Netherlands and 

England with concentrations ranging up to 20% [3, 7]. 

According to Casadio and colleagues3, it is suspected that 

there is a relationship between the overstimulation of the 

CB1 receptor, a prominent endocannabinoid system receptor 

type and psychotic episodes induced by THC. 

Endocannabinoids are naturally occurring lipid 

neurotransmitters within the human body that bind to the 

cannabinoid receptors, CB1 and CB2 [3]. Casadio and partners3 

explain these compounds are complicit in the regulation of 

cognitive functions in regions such as the cerebral cortex, the 

amygdala, and within memory neurons of the hippocampus. In 

the peripheral and central nervous system, endocannabinoids 

play a mediating role in motor activity, especially in regions 

with high densities of CB1 receptors. 

THC is a cannabinoid agonist that is known to disrupt the 

balance of the endocannabinoid system via overstimulation of 

the CB1 receptors [3]. Modern advancements in the 

unregulated fabrication of synthetic cannabinoids reportedly 

produce strains that are 10-200 times more potent than THC, 

instituting serious concern for unpredictable intoxication, onset 

of psychosis after exposure, and persistent psychosis found in 

schizophrenia [7]. 
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The role of CB1 receptors is complex and not fully 

understood in schizophrenia. CB1 receptors are conceptualized 

as modulators of important neurotransmitters such as dopamine, 

gamma aminobutyric acid (GABA), and glutamate [6]. 

Dysregulation of these neurotransmitters is often associated 

with the cognitive deficits seen in schizophrenia, including 

psychosis [6, 7]. Moreover, preclinical trials in animals have 

shown that modulating the activity of these receptors can have 

therapeutic potential for regulating behaviors seen in 

schizophrenia [9, 10]. 

 

Preclinical Studies 

During adolescence, neuroanatomical changes such as 

synaptic remodeling in the prefrontal cortex can facilitate 

cognitive efficiency [11]. Murphy and co-authors11 examined 

the consequences of high potency THC administration in mice 

and its impact on prefrontal cortex (PFC) maturation. The 

administration of THC to adolescent male mice for three 

weeks resulted in persistent deficits in performance and 

repetitive behaviors, whereas these behaviors were only 

temporary in adult mice. Chronic administration of THC in 

adolescent mice led to object impairment/recognition, 

supporting the notion that adolescent exposure to potent THC 

can promote enduring cognitive deficiencies, a phenomenon 

absent in THC administration in adult mice. 

Upon reaching adulthood, adolescent rats exposed to 

cannabis exhibited diminished dendritic length, arborization, 

and impaired synaptic plasticity in the PFC as the result of 

damaged synapse pathways [12]. Impairments in long term 

potentiation from the hippocampus to the PFC, disruption in 

the uptake of glutamate at the synaptic cleft and receptors has 

been implicated in the altered neural plasticity observed in 

schizophrenia [12]. Therefore, it is crucial to understand 

potent D9-THC contains low levels of non-psychoactive 

cannabidiol (CBD). CBD has purportedly demonstrated its 

efficacious ability to restore cognitive function in mice and 

alleviate feelings of anxiousness or psychotic symptoms in 

humans when consumed in isolation [11, 12, 13]. Thus, it is 

essential to review the epidemiological studies that identify 

risk factors and disease occurrence associated with high 

potency cannabis use dosage and schizophrenia. 

 

Clinical Studies 

Preclinical research can provide valuable insight into the 

underlying biological mechanisms involved in cannabis use 

and schizophrenia-like symptoms, albeit clinical research 

must establish a causal relationship between cannabis and 

schizophrenia to support such a claim. 

In a cross-sectional investigation by Wainberg and 

colleagues [2], self-reported cannabis use exhibited a dose-

dependent relationship with psychosis among adults with a 

known polygenic risk for schizophrenia, with a high number 

of individuals reporting early onset psychotic experiences 

before the age of 18. Individuals that experience a single 

psychotic episode face a 47% chance of developing 

schizophrenia, with adolescents showing the most 

vulnerability to conversion [14]. The National Prodrome 

Study (NAPLS) was a notable longitudinal prodromal 

schizophrenia project that followed clinically high-risk 

individuals to assess the progression of negative and positive 

symptoms. Both positive and negative symptoms between the 

18- and 24-month marker did not show improvements [15]. 

Therefore, it is foreseen positive symptoms will emerge 

approximately around the two-year mark. 

There have been several inquiries into the relationship 

between high potency cannabis use and the development of 

schizophrenia-like symptomatology. Many studies have 

linked the endogenous neurotransmitter of the 

endocannabinoid system anandamide with schizophrenia 

[13]. One study of first-episode schizophrenia patients 

revealed anandamide levels in the cerebral spinal fluid was 8 

times higher than levels found in healthy controls, while 

another study demonstrated frequent cannabis use elevated 

anandamide levels in patients with schizophrenia compared 

to control groups [13, 16, 17]. 

An experimental investigation into the acute effects of 

D9-THC intravenous administration in humans showed a 

dose-dependent relationship between cannabis and injection-

induced symptoms of schizophrenia by systematically 

administering varying doses of THC to healthy participants 

[8]. Higher doses of THC were associated with a greater 

severity in psychotic symptoms [8]. Notwithstanding, a 

study using positron emission tomography demonstrated 

striatal dopamine is increased upon inhalation of D9-THC 

which has been alleged to sustain symptoms of psychosis 

[18]. When human hair was examined for cannabis traces, 

individuals with elevated D9-THC traces showed high levels 

of delusional thought and positive schizophrenia symptoms 

compared to others who were placed in a CBD group [18, 

19]. 

 

Potency 

THC potency or strength refers to the specific quantity 

that is administered over time [20, 21]. THC levels can vary 

based on cultivation methods, strain genetics, and processing 

procedures [21]. In a meta-analysis by Marconi and 

collaborators [22], it was found that high-potency cannabis 

users had a greater likelihood of developing psychotic 

symptoms compared to those who abstained. Furthermore, a 

detailed assessment of a large sample of distinct first-episode 

profiles and patterns of cannabis usage by Schoeler and team 

[23] showed the likelihood of experiencing another 

psychotic episode was greatly reduce when regular cannabis 

users discontinued cannabis. Individuals with the poorest 

outcomes were those who continued high-potency cannabis 

use, with an elevated risk for additional psychotic episodes. 

A multicentre case study by Di Forti and colleagues [24] 

examined the patterns of high potency and low potency 

cannabis use across 11 sites in Europe and Brazil, n= 901 

first episode psychosis admissions, in parallel comparing 

these patterns to a control group. Low potency was defined 

as THC content below 10%. The main findings from this 
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investigation revealed daily use of high potency cannabis 

increased an individuals’ likelihood of developing a 

psychotic illness by 4.8% CI [2.5, 6.3]. The strong point of 

this study is the transnational comparison of cannabis use. 

Moreover, one intriguing summation is that if high potency 

cannabis were no longer accessible, 12.2% of psychosis 

cases could be prevented. It was estimated 50% of psychosis 

cases in Amsterdam would be preventable, the world mecca 

for high potency cannabis with THC levels reaching a 

threshold of 60%. 

 

Vulnerability of the Adolescent Brain 

Di Forti and colleagues [24] concluded that adolescents 

who initiate cannabis use before the age of 15 have a 2.3 

higher risk of developing psychosis compared to youth who 

commence after the age of 15, making adolescents 

distinctively a vulnerable population for developing 

psychosis. Therefore, understanding the connection between 

high potency cannabis use and psychotic episodes is critical 

for optimizing efforts aimed at preserving cognitive and 

behavioral functionality in young adults experiencing the 

onset of schizophrenia. 

This study aims to examine the impact of frequent high-

potency cannabis usage during adolescence in the 

development of inaugural psychotic episodes seen in 

schizophrenia later in life. This can only be addressed by 

following adolescent cannabis users longitudinally to 

determine if high-potency cannabis use is a strong predictor 

for schizophrenia spectrum disorders. 

It is hypothesized that chronic high-potency cannabis 

use during adolescence is associated with an increased risk 

for developing schizophrenia. It is expected that the onset of 

psychosis and severity of schizophrenia symptoms will 

positively correlate with high-potency cannabis use, 

indicating a dose-dependent relationship between frequent 

high-potency cannabis consumption and the onset of 

schizophrenia in adolescence. 

 

Methods 

This study will use a cross-sequential research approach 

to examine the interaction of daily high-potency cannabis 

use and psychosis. This will be done through quantitative 

assessments and with qualitative interviews in multiple 

cohorts of human adolescents. A cohort with an equal gender 

distribution of n=200 adolescents between the ages of 13 and 

19 will be recruited and followed over the course of a five-

year period. 

To test the association between high potency cannabis 

use, age, and onset of first psychotic episode, a multiple 

linear regression will be conducted. A sample size of 200 

participants is considered sufficient for this investigation 

according to power calculations performed in (GPower 

3.1.9.7) [41] using an alpha probability = .05, and power = 

.80. A sample of n = 200 is required to detect a small to 

moderate effect. A cross sequential design captures both 

cohort effects and age-related changes [25]. This method 

aims to demonstrate the variability of the effects for low and 

high potency cannabis doses between age groups. An 

understanding of developmental trajectories and potential 

implications of early exposure to cannabis use provides a 

nuanced perspective on age-related changes, permitting a 

robust analysis with results that can be generalized to the 

broader population. In subsequent phases of the study, an age 

stratified analysis will be undertaken to investigate the 

impacts of early initiation of cannabis use versus late 

initiation. This will elucidate how the timing of cannabis 

initiation during adolescence may distinctly influence 

psychotic risk and identification of developmental windows, 

informing preventative interventions. 

This cohort group will be further subdivided into a 

control group CAN-NO n=100 and two experimental groups, 

CAN-HIGH n=50 and CAN-LOW n=50. Individuals in 

CAN-NO have no history of cannabis exposure or 

consumption and are expected to sustain this status for the 

entire duration of the experimental investigation. 

Information on regular cannabis usage will be collected 

from online questionnaires: adolescents are asked if they 

currently consume THC products (yes/no/edible/smoke/ 

concentrates/other/at least 1 per day). For this study, 

individuals in the CAN-HIGH have a history of consuming 

cannabis products with concentrations exceeding 15%. The 

CAN-LOW group have a history of consuming THC products 

with concentrations lower than 10%. If these products are 

edibles, low THC is < 5mg and high THC is > 20mg. All 

concentrates will be considered highly potent, as these solvent-

based products are documented as having extremely high 

levels of THC [26]. Frequent cannabis use is defined as daily 

or weekly usage with 10 or more instances of cannabis use per 

month. 

 

Clinical Assessment 

Adolescents will be selected from different geographical 

regions in Canada with varying degrees of family 

constellation. Exclusion criteria will consist of little to 

infrequent usage of other illicit substances, no previous 

diagnosis of schizophrenia, no neurodevelopmental 

disorders, and no first-time psychotic episodes reported. 

Cannabis use will be electronically self-reported every  

6 months. This will include disclosure of the cannabis strain 

name to verify potency, as well as route for consumption (e.g., 

inhalation, edibles, etc.). Follow-up assessments, flexible data 

collection at predetermined intervals, in addition to continuous 

monitoring of attrition rates will allow for adjustment of 

retention strategies. Additional questions related to seeking 

out medical treatment will be answered via this electronic 

survey over a period of 5 years, providing participants the 

opportunity to share sentiments about psychological 

functioning (e.g., paranoia, auditory/visual hallucinations, 

doctor visits/mental health concerns etc.). Nuanced responses 

and qualitative data captured via this format will provide 

insight into participant experiences. All participants will be 

compensated $15 for the completion of every survey. 
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Baseline assessments will consist of psychometrically 

sound measures to confirm eligibility and medical history. A 

neurological assessment will be performed by a trained 

clinician to assess mental status, sensory skills, and motor 

function. Individuals with any deficits in these areas will be 

excluded from the study. Participants will be screened before 

and after the five-year period using the Positive and Negative 

Syndrome (PANSS), and the Brief Negative Symptom Scale 

(BNSS). 

The Positive and Negative Syndrome Scale (PANSS) is 

a widely accessible schizophrenia 30-item rating scale that 

provides a comprehensive evaluation of the positive and 

negative symptoms associated with schizophrenia [27]. The 

total scores are generated from three subscales to provide 

clinicians with a reliable measurement tool for tracking 

changes in symptomatology over time. The inclusion of a 

third dimension was implemented to enhance inter-rater 

reliability [28]. Internal consistency is reported as (a = .77-

.89) [29, 30]. 

The Brief Negative Symptom Scale (BNSS) is a 

contemporary 13-item psychometric instrument used to 

measure negative symptomatology in schizophrenia such as 

anhedonia, asociality, and blunted affect [31]. According to 

Kirkpatrick and researchers31, the scale is suitable for large 

psychological studies and for tracking change in patients’ 

psychological health status. This scale has a strong construct 

validity and internal consistency, underscored by a 

Chronbach’s alpha of (a = .88 - .93). Administration of the 

BNSS typically takes approximately 15 minutes (PsycTests 

Database Record (c) 2021 APA, all rights reserved). 

An additional cognitive examination, the Addenbrooke’s 

Cognitive Examination (ACE – III), will be performed by a 

trained clinician before the five-year trial period and at the end 

of the study. ACE-III is a cognitive screening tool with 21 

questions that takes approximately 15 minutes to administer. 

Five domains of cognitive function are assessed: memory, 

attention, visuospatial function, verbal fluency, and language 

with a total score of 100 [32]. The ACE-III is highly sensitive 

and accurate for detection of patients who are at-risk of 

cognitive decline and mild cognitive impairments [32]. 

Questionnaires centering cannabis use and strain analysis 

will be statistically analyzed to quantify the magnitude of 

differences in THC potency, as well as the reported symptom 

profiles for individuals who sought out medical treatment 

and emergence of schizophrenia-associated psychotic 

symptoms. 

 

Results 

Individuals in the experimental group CAN-HIGH will 

exhibit a higher incidence and severity of psychotic 

symptoms compared to the CAN-LOW and control group 

suggesting a potential link between high potency cannabis 

use and exacerbation of schizophrenia-related symptoms 

[33, 34]. 

The CAN-HIGH group and CAN-LOW group are 

expected to demonstrate diminished cognitive function over 

the five-year period, with the CAN-HIGH group showing the 

lowest scores on the ACE-III when contrasted with the 

scores from the control group [35, 36]. 

Lastly, it is anticipated individuals in the CAN-HIGH 

group with higher scores on the PANSS will report more 

frequent hospitalizations and a greater incidence of positive 

symptoms associated with schizophrenia after the 24-month 

marker [23, 42]. 

 

Discussion 

In keeping with prior studies, Di Forti and co-authors4 

found an onset of psychotic symptoms in individuals that 

consumed high-potency cannabis daily typically emerged 

around the sixth year period. It is estimated there is a sixfold 

risk for the development of schizophrenia and psychosis 

among cannabis users that consume high concentration (15-

30%) THC [33, 34]. The presence of severe psychotic 

symptoms in the CAN-HIGH cohort will affirm the 

hypothesis that high potency cannabis usage is a robust 

predictor for the development of schizophrenia. 

Regarding the relationship between THC and cognition, 

one study examining response latency among chronic 

cannabis users found both low and heavy THC dose groups 

were slower in decision-making and less apt to making 

accurate judgments compared to a placebo group [35]. Long-

term cannabis use is associated with a smaller hippocampal 

volume in middle adulthood, IQ decline, and attention 

problems, creating concern for the risk of developing dementia 

[36]. The Harvard medical school cautions the average 

amount of THC in smokable products available in dispensaries 

is now roughly in the 30% range, a sharp increase from 4% in 

the 1970’s [37]. A measurable decline in cognition indicated 

by lower ACE III scores would corroborate the theory that 

high potency usage precipitates both overt and covert 

cognitive dysfunction during the prodromal stage of 

schizophrenia that often go unnoticed. 

Points of considerable interest are increased 

hospitalizations and frequent psychotic relapses [38, 39], 

while Henquet and associates [40] found a dose-dependent 

relationship among youth who reported cannabis use at 

baseline and psychotic symptoms during follow up. For these 

reasons, the expectation of a dose-dependent relationship 

appearing after 24 months is grounded in the hypothesis that 

increased exposure to products with elevated levels of THC 

escalates the risk and severity of both positive and negative 

symptoms found in schizophrenia. Overall, this suggests that 

high-potency THC can exacerbate symptoms in individuals 

predisposed to schizophrenia. 

This study has several strengths. First, the sample groups 

are drawn from different socioeconomic backgrounds and 

races and are therefore representative of Canada’s diverse 

population. Second, this study illuminates the various 

cannabis strains that adolescents have access to, in addition to 

the initial negative and positive symptoms that manifest in the 

prodrome. Studying the onset of cognitive decline in 

schizophrenia also has the potential to reveal protective 
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factors, warranting further research into the relationship 

between cannabis use and schizophrenia. Notwithstanding, 

causal inference cannot be inferred as this study did not 

account for genetic risk factors. 

 

Conclusion 

This longitudinal analysis seeks to establish a dose 

response relationship between the development of 

schizophrenia and frequent usage of high potency cannabis 

in early adulthood. Considering earlier initiation of high 

potency cannabis is linked to increased associated risk for 

schizophrenia, this inquiry aspires to provide insights for 

campaigns aimed at reducing harm and enhancing the 

cognitive well-being of adolescents. As cannabis is 

becoming more accessible and legalized, it is important to 

provide education and support evidence-based research that 

addresses the complexities of cannabis use and its 

neuropsychiatric implications. 
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