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• Describe the risks and potential benefits of 
cannabis in the general and vulnerable 

populations, across the age spectrum.

• Describe how two novel approaches (e.g. 

brain stimulation, contingent reinforcement) 
can be used to parse mechanisms that link 

cannabis to mental illness; and

• Apply this knowledge in the successful 

treatment of co-occurring cannabis addiction 

in people with mental illness.
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Objectives



Cannabis

• Prevalence of  cannabis 
use disorder (CUD) is 
~2.9% in U.S. general 
population, ~4.0% in 
Canada, and higher in 
psychiatric samples (15-
30%)

• Rates of  lifetime use 
~45%

• Derived from Cannabis 
Sativa/Indica plants

FIGURE 1. Lifetime use of mood-altering drugs

Hill, K.P (2015). Marijuana: The Unbiased Truth About the World’s Most Popular Drug, Hazelton Press. 

Cannabis Facts - 1



Contains over 400 compounds; 60+ 
cannabinoids
• Delta-9-Tetrahydrocannabidiol (THC), Cannabidiol (CBD)

THC Pharmacology
• Acts at cannabinoid 1 receptors (CB1R)

Highly Lipophilic: Fat-soluble
• Long half-life

• Deposits in adipose tissue and re-released into blood

• Recurrent use can lead to cannabinoid accumulation (Ashton 
1999)

• Metabolized into long-acting metabolites11-OH-THC and 
THC-COOH

• Complete elimination may take up to one-month (Huestis, 2015; 
Rabin et al., 2017)

Cannabis Facts - 2 



• There is a clear dependence and withdrawal 
syndrome (Vandrey et al., 2004; Sorkhou et al, 2021)

• Intoxication – cognitive impairment, 
psychomotor impairment, conjunctival 
injection, severe anxiety.

• Withdrawal – irritability, decreased 
appetite/weight loss, restlessness, difficulty 
falling asleep, depressed mood, abdominal 
pain sweating (peak within 4-7 days)

Cannabis Intoxication and 

Withdrawal



Is Cannabis Addictive?



Substance

Cumulative 

Occurrence of  

Drug Use (%)

Cumulative 

Occurrence of  

Drug Dependence 

(%)

% Capture Rate

Tobacco 75.6 24.1 31.9

Cocaine 16.2 2.7 16.7

Heroin 1.5 0.4 23.1

Alcohol 91.5 14.1 15.4

Cannabis 46.3 4.2 9.1

Anthony, J.C. et al. (1994). Exp. Clin. Psychopharmacol. 2: 244-268.

Monitoring the Future Study (MFS) 

Results



From: Monitoring the Future Study (MFS); reviewed in Volkow et al., 2014. NEJM



• In 1975: THC, 3%; CBD, 3%

Hasin, D.S. (2018). Neuropsychopharmacology. 43: 195-212.

Sorkhou, M. et al. (2021). Front. Psychiatry. 12: 630247

• In 2025: THC, 25-45%; CBD <0.1%

THC versus CBD Content: 

1975 and 2025



Smoked Vaporized Ingested

Joint

Blunt

Bong

Vape Pen

Vaporizer

Candy

Artisanal

Baked Goods

Different Routes of Cannabis Use



Oh, Canada!



• Legal access 19 years and above (Alberta is 18 and Quebec is 21 

years)

• 30 grams personal possession dried cannabis

• 4 plants per household

• Clear Labeling of  THC and CBD content

• Vaporizers and Edibles

• Strict regulation on commercial production with quality 

control.

• Progressive penalties for violations

• Legalization began October 17, 2018 

    (Bill C-45, the Canadian Cannabis Act)

Recommendations of Canada’s Cannabis Legalization 

Working Group (Ware et al., 2017)



Since the legalization of 
recreational cannabis use 
in October 2018, rates of 
cannabis use have 
increased(Statistics Canada, 2020).

This increase in use may 
be of concern to 
vulnerable populations, 
including youth, and 
people with Mood and 
Anxiety Disorders, and 
Psychosis. 

Cannabis Use in Canada



Odds Ratios for Increases in Daily Cannabis Use After 

Canadian Cannabis Legalization (2018-2020)

Sorkhou, M. et al. (2024). Cannabis. 7(3): 1-13.

SCZ/ Psychosis OR=5.99 (1.21-16.01)
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George, T.P. et al. (2018). Can. J. Psychiatry. 63: 447- 450.
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Evidence Rating Medical Disorders Psychiatric Disorders

Rating 3: Strong 

Evidence

Spasticity in Multiple Sclerosis, 

Chronic Pain (Back and Neck),

Neuropathic Pain 

NONE

Rating 2: Equivocal 

Evidence

Chemotherapy-Induced 

Nausea/Vomiting

HIV Wasting Syndrome

Major Depressive Disorder

Panic Disorder

Generalized Anxiety Disorder

PTSD

SUDs

Rating 1: Minimal 

Evidence
Glaucoma NONE

CLEAR HARMS --
Schizophrenia

Bipolar Disorders

Hill, K.P. (2015) JAMA.313: 2474-2483; Halah, M.P. et al. (2016). Curr. Addict. Rep. 3: 450-462; George, 

T.P. et al., 2018. Can. J. Psychiatry. 63: 447-450.

Therapeutic Effects of Cannabis



• Jessica is a 19 year old University of Toronto undergraduate 

student who was admitted to the Early Psychosis Unit at CAMH in 

an acutely psychotic and agitated state. She is in her sophomore 

year, and has become increasingly isolated and bizarre. She 

started smoking marijuana at age 17, and since entering college, 

her pot use has been daily.

• In the past month, her roommate observed that she would lock 

herself in their room, and the room smelled of pot. She has become 

increasingly suspicious of the other students in her dorm, and she 

told her Residence Assistant that she felt the other students were 

stealing from her and trying to poison her. The Dean of Students 

called her parents (who were vacationing in Tuscany) and the 

police were called and she was brought to the CAMH Emergency 

Department.

• She believes that her pot smoking is the “only thing keeping me 

sane”.

Case Review



Grewal, R. and George, T.P. (2017). Psychiatric Times, July, 2017



• Cannabis is the most commonly used illicit drug in 

people with schizophrenia and mood and anxiety 

disorders:
• ~25% cannabis use disorder (CUD) in SZ (Koskinen et al., 2010) 

versus general population (~3%; Hasin et al., 2015)

• ~35-45% CUD in Major Depression and Bipolar Disorder 
(Turna et al., 2017; Lucatch et al., 2018)

• More common among male SMI patients (Koskinen et al, 2010)

•  Negative impact on course of  the disorder (Murray et al., 

2017):
• Longer psychotic and mood episodes

• Role of  THC versus Cannabidiol (CBD)

• More relapses and re-hospitalizations

• Increased treatment needs  

Murray, R.M. et al. (2017). Neuropharmacol. 124: 89-104;  

Lowe, D.J.E. et al. (2019). Eur. Arch. Psychiat. Clin. Neurosci. 269: 107-120.

Cannabis and in Psychiatric Disorders

Darby Lowe

MSc: 2018-2020

PhD UC Berkeley: 2024-



Goodman, MS and George, TP (2015). From: Report on Cannabis and Youth, Canadian 

Centre on Substance Abuse (CCSA)

Age of Onset: Cannabis and Mental Illness



D’Souza, DC, DiForti, M, George, TP et al. (2022). World J. Biol. Psychiatry. 23: 719-742.

Cannabis and Psychosis: Relationship to Potency 

and Frequency of Use



Cannabis, COMT and Psychosis Risk
(Caspi et al., 2005. Biol. Psychiatry)



Rachel A. Rabin, Ph.D.
IMS Student: M.Sc. (2009-2011), Ph.D. (2012-2016)

Associate Professor of  Psychiatry,

McGill University

What are the effects of sustained cannabis 

abstinence in people with schizophrenia?
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Clinical and 

Substance Use 

Assessments

Cognitive Testing

Cannabis 

Abstinence Study 

Design

Cognitive Battery

Attention

Verbal Learning and Memory

Working Memory

Visuospatial Working Memory

Motor Function

Impulsivity and Decision-Making

Processing Speed

Executive Function

Clinical Measures

PANSS- psychotic symptoms 

(SCZ))

CDSS- depression (SCZ)

HAM-D- depression

Marijuana Withdrawal Checklist

Marijuana Craving Questionnaire



Total 

N=39
Abstainers

Non-

Abstainers
Abstinence Rate

SZ 

(n=19) 8/19 11/19 42.1%

CTL 

(n=20) 11/20 9/19 55.0%

There was no statistical  difference in rates of  abstinence between 

patients and controls 

χ2=0.648 (df=1), p=0.527

Rabin, R.A. et al. (2018). Schizophr. Res. 194: 47-54.

Cannabis Abstinence Rates at Day 28 



F(4, 68) =1.430, p=0.234                         F(4, 68) =0.882, p=0.480 

F(4, 68) =1.229, p=0.307                F(4, 68) =1.112, p=0.358 
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Rabin, RA et al. (2018). Schizophr. Res. 194: 55-61.

Psychotic Symptoms
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Rabin, RA et al. (2017). Neuropsychopharmacology. 42: 2259-2271.

Verbal Learning and Memory



Cannabis Use in Major Depressive 
Disorder (MDD)
• Cannabis use and cannabis use disorder (CUD) are higher in those with MDD than those 

without.

• From 2006 to 2016, cannabis use among those with depression increased:

• Any use: odds rose from 46% to 130% higher than non-depressed peers.

• Daily use: odds rose from 37% to 216% higher than non-depressed peers.

Gorfinkel et al. 
2020 JAMA 
Netw. Open



Cannabis & Mood Disorders

Sorkhou, Dent and George (2024). Front Public Health. 12: 1346207



Lucatch, A.M. et al. (2020). Can. J. Addict. 11: 33-41.

Cannabis Abstinence and Major Depression
MS

Aliya Lucatch

IMS 2017-2019



Cannabis Abstinence and Visuopatial Working 

Memory (VSWM; SDR 30 Sec Delay) in Major Depression

Sorkhou, M., Rabin, R.A., Rabin, J.S. et al. (2022). Am. J. Addict. 31: 454-462.

F(2,18) = 11.1, p < 0.01; Cohen’s d = 1.66 



Sorkhou, M., Blyth, L.G. et al. (2025)

F=6.62, df=4, p<0.01

F=0.15, df=4, p=0.88

Effects of Extended Cannabis Abstinence on 

Anxiety and Sleep



Blyth, L.G. et al. (2025).

Curr. Addict. Rep. 12: 35

The Complex Relationship Between 

Cannabis and Anxiety



Linear Mixed-Effects Model Findings
•Fixed Effects:

• Intercept: 37.40, p = 0.001 (significant).
• Time: -0.16, p < 0.001 (significant decrease 

over time).

• Abstinence × Time Interaction: -0.10, p = 
0.028 (significant reduction in abstainers).

Cannabis Abstinence and PTSD Symptoms

Rodas, Sorkhou, Kloiber, George and Hassan (2025). Under Review



• Behavioral:

• Motivational interviewing (MI)

• Cognitive-Behavioural therapy (CBT)

• Contingency management (CM)

• Medications: None are FDA approved

• Agonist Substitution – Sativex (THC/CBD, 1:1, e.g. Allsop et al., 2016; 

Trigo et al., 2018), Marinol (Dronabinol), Cesamet (Nabilone) - ?? 

Antagonists (e.g. rimonabant)

• N-Acetylcysteine (NAC) – Gray et al (2012). Am. J. Psychiatry.

• Antidepressants (bupropion, nefazadone)/Mood Stabilizers 

(valproate)

• FAAH Inhibitors (D’Souza et al., 2019. Lancet Psychiatry)

• Signaling Specific CB1R Inhibition (AEF0117; Haney et al., 2023. Nat. Med.)

Treatment of Cannabis Use Disorder



A Summary of Neuromodulation for Treatment of Substance 

Use Disorders
[N = 4,036 Participants; 94 Studies]

Substance Use 

Disorder

Neuromodulation Method

rTMS

[Total N = 2406; 51 Studies]

tDCS

[Total N = 1582; 36 Studies]

DBS

[Total N = 48; 7 Studies]

Population

Studies with Positive 
Outcomes

(Effect Size – Active vs. 
Control)

Population

Studies with Positive 
Outcomes

(Effect Size – Active vs. 
Control)

Population

Studies with Positive 

Outcome

(Effect Size – Post vs. Pre.)

Alcohol

[N=1369; 34 

Studies]

n = 607

(16 Studies)

7/16 (44%)
Hedge’s g = -1.01, 95% CI [-1.62, -

0.40]

n = 734

(14 Studies)

9/14 (64%)
Hedge’s g = -0.31, 95% CI [-0.62, 

0.002]

n = 28

(4 Studies)

4/4 (100%)
Hedge’s g = -2.36, 95% CI [-3.31, -

1.41]

Tobacco

[N=1239; 28 

Studies]

n = 781

(16 Studies)

14/16 (88%)
Hedge’s g = -1.36, 95% CI [-2.09, -

0.63]

n = 448

(11 Studies)

7/11 (64%)
Hedge’s g = -0.50, 95% CI [-0.87, -

0.13]

n = 10

(1 Study)

1/1 (100%)
Hedge’s g = -0.40, 95% CI [-1.28 – 

0.49]

Cannabis

[N=33; 2 Studies]

n = 33

(2 Studies)

1/2 (50%)
Hedge’s g = 0.04, 95% CI [-0.49, 

0.57]

n = 0

(0 Studies)
NA

n = 0

(0 Studies)
NA

Cocaine

[N=321; 9 

Studies]

n = 227

(6 Studies)

3/6 (50%)
Hedge’s g = -0.73, 95% CI [-1.57, 

0.11]

n = 94

(3 Studies)

1/3 (33%)
Hedge’s g = -0.19, 95% CI [-0.27, -

0.11]

n = 0

(0 Studies)
NA

Methamphetam

ine

[N=714; 13 

Studies]

n = 519

(8 Studies)

7/8 (88%)
Hedge’s g = -1.45, 95% CI [-3.22, 

0.32]

n = 195

(5 Studies)

5/5 (100%)
Hedge’s g = -0.33, 95% CI [-0.89, 

0.23]

n = 0

(0 Studies)
NA

Opioid

[N=360; 9 

Studies]

n = 239

(4 Studies)

3/4 (75%)
Hedge’s g = -0.99, 95% CI [-2.25, 

0.27]

n = 111

(3 Studies)

3/3 (100%)
Hedge's g = -1.85, 95% CI [-2.47, -

1.23]

n = 10

(2 Studies)

2/2 (100%)
Hedge’s g = -5.75, 95% CI [-7.97 – 

-3.53]

Mehta, D.D. et al. (2024). NPP. 49: 649-680.



Repetitive Transcranial 
Magnetic Stimulation (rTMS)

● rTMS uses weak magnetic pulses to alter neuronal firing 

of inhibitory/excitatory pathways in the brain.

● Both low and high frequency rTMS procedures directed 

to DLPFC have shown therapeutic promise/tolerability in 

preliminary studies:

➢ Schizophrenia

➢ rTMS enhances hypoactive DLPFC function = ↑ 

cognitive control (Barr et al., 2013)

➢ Substance Use Disorders (e.g., CUD)

➢ rTMS to DLPFC normalizes hyperactive 
subcortical regions (NAcc, VTA) = normalized 

reward processing (Coles et al., 2018; Mehta 

et al., 2024)

 ↓ NAcc

↑ DLPFC

↓ VTA

Magnetic Field

rTMS coil

Electric Current



To determine the effects of 4-

weeks of active (20-Hz) vs. sham 
rTMS treatment directed bilaterally 

to the DLPFC on cannabis use 
outcomes in outpatients with 

comorbid schizophrenia and CUD.

Objective: CANSTIMulate Study



Karolina Kozak, Ph.D.

Inclusion Criteria Exclusion Criteria

1. Male; Female; 
2. Age 18-55;

3. Meet DSM-5 criteria 

for schizophrenia  
and cannabis use 

disorder (cannabis 
use ≥1 g/day; CUDIT 

score ≥12);

4. Urinary baseline THC 
positive;

5. Full scale IQ ≥ 80;
6. Non-smokers OR 

cigarette smoker;

7. Treatment-seeking 
for CUD (MCL≥7; 

intention to quit <30 
days).

1. DSM-5 diagnoses of 
alcohol or substance 

use disorder in the 

past 6 months (other 
than cannabis, 

caffeine or nicotine);
2. Head injury resulting 

in loss of 

consciousness >5 
minutes or 

hospitalization;
3. Major neurological or 

medical illness 

including seizure 
disorder of first-

degree relative with 
history of seizures;

4. Metallic implants;

5. History of rTMS 
treatment;

6. Pregnancy.

Darby Lowe, M.Sc., 
Ph.D.(Cand.)

Alex Coles, M.Sc. Julia Sasiadek, M.Sc.



Randomized, Double-Blind, Sham-Controlled Trial in 

SZ Outpatients with Comorbid CUD
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Collection
• Payment

Screen (Day -15)

• Consent
• SCID

• Substance Use

• Clinical

Cognitive Training

Day (Day -14)
• Cognitive

Baseline (Day 0)

Quit cannabis
12-hrs prior

to Day 1

• Substance Use
• Clinical

• Cognitive

Day 28

• Substance Use
• Clinical

• Cognitive 

• Urine 
Collection

Day 56 (Follow-Up)

• Substance Use
• Clinical

• HVLT-R

• Urine Collection

SHAM rTMS TREATMENT GROUP

Week 1A Week 1B Week 2A Week 2B Week 3A Week 3B Week 4A Week 4B

• Substance Use

• Clinical
• Behavioural 

Support

• Urine Collection

• Urine 

Collection
• Payment

• Substance Use

• Clinical
• Behavioural 

Support

• Urine Collection

• Urine 

Collection
• Payment

• Substance Use

• Clinical
• Behavioural 

Support

• Urine Collection

• Urine 

Collection
• Payment

• Substance Use

• Clinical
• Behavioural 

Support

• Urine Collection

• Urine 

Collection
• Payment

Substance Use Assessments Clinical Assessments Cognitive Assessments Urine Collection

• MCQ-SV

• MWC
• TLFB

• CO

• PANSS

• CDSS
• SAFTEE

• Impulsivity (BART, KDDT)

• Verbal memory, learning, retrieval and recognition 
(HVLT-R)

• Working memory (SDR, Digit Span Backward)

• Attention (CPT, TMTA, Digit Span Forward/Total)
• Executive Function (TMTB, TOL, WCST)

• Motor Function (Grooved Pegboard)
• Sensory Memory and Undirected Attention (MMN)

Narcocheck

THC-COOH Toxicology

CONTINGENCY MANAGEMENT



Treatment Retention in Active and Sham 

rTMS Groups 
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Kozak, K., Lowe, D.J.E. et al. (2022). Schizophrenia. 8:2



Change in Cannabis Use in Active 

versus Sham rTMS Groups
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Key Takeaway: ↓ in cannabis use observed over time, with greater 

reductions in the active versus sham rTMS group.

Kozak-Bidzinski, K., Lowe, D.J.E. et al. (2022). 

Schizophrenia. 8:2.



Proposed Mechanism of Action of rTMS 

for Treating Schizophrenia and CUD

 ↓ NAcc

↓ VTA

↓ Cannabis Use

↓ Cannabis Craving

↓Positive Symptoms

↑Attention

↓ Tobacco Use

+↑ DLPFC

Kozak-Bidzinski, K., Lowe, D.J.E. et al. (2022). Schizophrenia. 8:2.



•  Cannabis use disorder is common in people with

           psychiatric disorders, and should be of clinical    
concern to psychiatrists.

• Novel treatment approaches based on a     
biopsychosocial understand of potential 

mechanisms relevant to  cannabis and mental 

    illness are needed. CM and brain stimulation 
may be two such approaches.

CONCLUSIONS
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Thank you!
Funding Support: 
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