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Scale of the problem

Is cannabis addictive?

• 31% past year cannabis users meet criteria for cannabis 
use disorder: representative USA household study

• 22 million with a cannabis use disorder worldwide –
similar to number with opioid use disorder (27 million)

Hasan et al. (2015) JAMA Psychiatry; Degenhardt et al. (2016) Lancet Psychiatry



Lees et al. (2021) Psychological Medicine
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Addiction treatment in Europe

More first-time admissions for 
cannabis than any other drug

Scale of the problem



Scale of the problem

1-2 days                  4-6 days                 7-14 days

Withdrawal 
symptoms

Stop 
cannabis 

use
Recovery

• Cannabis withdrawal: similar time course and severity to tobacco
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Cannabinoids: THC and CBD

Cannabis plant produces at least 
144 “cannabinoids”  

THC (∆9-tetrahydrocannabinol)
CBD (Cannabidiol)



THC and CBD act on endocannabinoid system – found in all mammals

Includes cannabinoid receptors (e.g. CB1 and CB2), and 
endocannabinoids (e.g. anandamide, 2-AG) that bind to them

Cannabinoids: THC and CBD



THC (∆9-tetrahydrocannabinol)

• Intoxicating

• Impairs memory

• Addictive

CBD (cannabidiol)

• Non-intoxicating

• Pro-cognitive

• Anti-addictive

Curran et al. (2016) Nature Reviews Neuroscience

Cannabinoids: THC and CBD



More THC production = less CBD 
(and vice versa)

Taura et al. (2007) FEBS Letters

Cannabinoids: THC and CBD

THC and CBD 
produced in ‘trichomes’



de Meijer et al. (2003) Genetics

THC dominant 
Mixed 

THC/CBD

CBD dominant

THC and CBD

Recreational/
medicinal

Recreational/
medicinal

Medicinal/ wellness



THC and CBD: medicinal use

Freeman et al. (2019) BMJ



THC and CBD: recreational use



Changes in cannabis potency

Comparing today’s cannabis to the 60’s/70’s:

"It's like comparing the buckshot in a shotgun shell 
to a laser-guided missile - they're different"

Joe Biden



Changes in herbal cannabis

Freeman et al. (2020) Addiction

Concentration of THC 
in herbal cannabis rose 

by 0.29% each year, 
1970-2017
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Freeman et al. (2020) Addiction

Meta-analysis: THC in 
herbal cannabis rose 
by 0.29% each year 

from 1970-2017

0

1

2

3

4

5

6

7

8

9

10

1990 1995 2000 2005 2010 2015 2020

C
B

D
 c

on
ce

nt
ra

ti
on

 (
%

)

Year

Burgdorf (USA) All herbal cannabis

ElSohly (USA) All herbal cannabis

Chandra (USA) All herbal cannabis

Pijlman (NL) Traditional herbal cannabis

Pijlman (NL) Most popular sinsemilla

Niesink (NL) Traditional herbal cannabis

Niesink (NL) Most popular sinsemilla

Niesink (NL) Strongest sinsemilla

No evidence for changes in 
CBD in herbal cannabis

Changes in herbal cannabis
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Seeded herbal cannabis

Females fertilized by males, 
seeded, grown outdoors:

~6% THC

Sinsemilla

Females separated from males, 
indoor grown, UV light: 

~15% THC

Changes in herbal cannabis



Changes in cannabis resin

Freeman et al. (2020) Addiction

Concentration of THC 
in cannabis resin rose 
by 0.57% each year, 

1975-2017
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Pijlman (NL)
Imported resin
Pijlman (NL)
Nederhasj
Mehmedic (USA)

Niesink (NL)
Imported resin
Niesink (NL)
Nederhasj

Changes in cannabis resin

Freeman et al. (2020) Addiction

No evidence for changes in 
CBD in cannabis resin
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Cannabis material 
rubbed over 
screen

Trichome heads detach, 
fall through screen

Loose trichomes: 
“kief” Compressed 

into “resin” or 
“hashish”
~15% THC

Sieving

Changes in cannabis resin



Icy water (cold) 
and agitation 

removes trichomes Remove plant 
matter using
large sieve

Remove trichomes
using fine sieve

Resin:
~30% THC

Newer extraction 
methods

THC dominant 
plants introduced 

to Morocco

Changes in cannabis resin



Cannabis potency and addiction

UK (n=929)
High potency cannabis: 

greater severity of 
dependence

International (n=55,000)



ALSPAC, N=1087 

Cannabis potency and addiction

High versus low potency 
cannabis use

Adjusted for 
demographics, 

longitudinal mental 
health, frequency of use



Freeman et al. (2018) Psychological Medicine

Cannabis potency (THC)

Randomized sampling from 
‘coffee shops’ in the Netherlands, 

2000-2015

Cannabis treatment

All first-time clients presenting 
with cannabis problems to 
addiction services in the 
Netherlands, 2000-2015

Cannabis potency and addiction
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Pharmacotherapies
None recommended

Treatment for cannabis use disorders

THC preparations: abstinence 
no more likely compared to 
placebo (moderate‐quality 
evidence). 

SSRIs, mixed action 
antidepressants, 
anticonvulsants and mood 
stabilisers, buspirone and 
N‐acetylcysteine: abstinence no 
more likely compared to placebo
(low‐ to very low‐quality evidence).



Dose

Effect

Doses ranging from 200mg -
800mg CBD?

Cannabidiol as a novel treatment for CUD



2) Clinical – Evaluating interventions using RCTs

Placebo

CBD 200mg

CBD 400mg

CBD 800mg

4 weeks

DSM-5 
Cannabis Use 

Disorder,
want to quit

24 week 
follow up

Adaptive Bayesian trial
Eliminate ineffective doses/retain effective doses

Cannabidiol as a novel treatment for CUD



2) Clinical – Evaluating interventions using RCTs

Placebo (n=12)

CBD 200mg (n=12)

CBD 400mg (n=12)

CBD 800mg (n=12)

4 weeks

DSM-5 
Cannabis Use 

Disorder,
want to quit

24 week 
follow up

Interim analysis

Adaptive Bayesian trial
Eliminate ineffective doses/retain effective doses



2) Clinical – Evaluating interventions using RCTs

Placebo (n=23)

CBD 400mg (n=24)

CBD 800mg (n=23)

4 weeks

DSM-5 
Cannabis Use 

Disorder,
want to quit

24 week 
follow up

Final analysis

Eliminate ineffective doses/retain effective doses

Adaptive Bayesian trial



2) Clinical – Evaluating interventions using RCTs

Frequentist statistics: probability of observed data given null 
hypothesis being true

Bayesian statistics: probability of hypothesis being true
given the observed data

Upper/lower thresholds: 0.9 (effective); 0.1 (ineffective)

Primary endpoints: reduced cannabis use 
1. Biological (THC metabolites in urine) 

2. Self-report (days abstinent from cannabis)

Cannabidiol as a novel treatment for CUD



Probability 400mg CBD more 
effective than placebo given the data 

= 0.9995

−94·21 ng/ml (−161·83 to −35·56)

Probability 800mg CBD more 
effective than placebo given the data 

= 0.9965

−72·02ng/ml (−135·47 to −19·52)

Pu = 0.9 (effective), Pl = 0.1 (ineffective)

Primary endpoint 1: urinary THC

Expected THC-COOH/creatinine (ng/ml)

Freeman et al. (2020) Lancet Psychiatry

Expected THC-COOH/creatinine (ng/ml)



Probability 400mg CBD more 
effective than placebo given the data 

= 0.9966

0·48 (0·15 to 0·82)

Probability 800mg CBD more 
effective than placebo given the data 

= 0.9247

0·27 (−0·09 to 0·64)

Pu = 0.9 (effective), Pl = 0.1 (ineffective)

Primary endpoint 2: days abstinent

Freeman et al. (2020) Lancet Psychiatry
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Harm reduction

Fischer et al. (2017) American Journal of Public Health

No recommendations based on quantity of use



Lower risk alcohol use: core recommendations 
based on quantity of use

Finland: 1 standard drink (dose) = 12g alcohol

Harm reduction



Freeman & Lorenzetti (2019) Addiction

Standard THC Units = 
milligrams of THC

(similar to grams of 
alcohol)

1. Should reflect quantity of key pharmacological constituent (THC)

2. Should apply to all cannabis products

Standard THC units



Standard THC Units

How many milligrams of THC should form one standard unit?

Risk of adverse effects from a single dose
Poor acceptability among frequent users

Too low Too high
2

mg

Experimental studies:
Intoxicating yet minimal 
risk of adverse effects

3
mg

4
mg

5
mg

6
mg

7
mg

8
mg

Typical dose

Freeman & Lorenzetti (2019) Addiction



Standard THC Units

How many milligrams of THC should form one standard unit?

Risk of adverse effects from a single dose
Poor acceptability among frequent users

Too low Too high
2

mg

Experimental studies:
Intoxicating yet minimal 
risk of adverse effects

3
mg

4
mg

5
mg

6
mg

7
mg

8
mg

5mg compatible with existing 
legislation in Canada and USA 

(limits of 5mg or 10mg per serving)

Typical dose

Freeman & Lorenzetti (2019) Addiction



Standard THC Units

Nora Volkow 
National Institute on Drug Abuse



Package of cannabis flower containing 54mg THC
“This package contains 10.8 standard doses of THC”

Pre-rolled joints, 25mg THC
“Each joint contains 5.0 standard 

doses of THC”

Standard THC Units



Conclusions

• THC and CBD: contrasting effects

• THC increased in cannabis over time, CBD stable

• High THC products = greater severity of cannabis use 
disorder; increased incidence of treatment

• Novel treatment: CBD more efficacious than placebo at 
daily doses of 400mg and 800mg

• Novel harm reduction approach: Standard THC unit -
improve understanding of dose; guidelines for safer use



2) Clinical – Evaluating interventions using RCTs
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