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Public health relevance of cannabis use is intensifying

• Understanding cannabis’ effects is critical

– Cannabis use disorder (CUD)
• prevalence especially high in US and Canada

• peaking during ‘emerging adulthood’

– Changes in motivation

– Understand underlying neurobiology 

Degenhardt et al., 2004; 2013; UNODC, 2015



“Heavy” cannabis 
use causes 
“lethargy” 
“apathy” “Inactivity” 
and “loss of goal-
directed behaviour” 



Motivation Studies with Cannabis 
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Limitations in Studies of Motivation 

El-Sohly, 2014

• Small sample sizes
• Cross-sectional
• Heterogeneity of users sampled
• Escalation of THC over time

• Motivation tasks may not adequately capture the affected 
behaviour



Lawn et al., 2016 Psychopharmacology

• Chronic effects of cannabis on reward learning

• CUD group did not develop a 
response bias



Limitations in Studies of Motivation 

El-Sohly, 2014

• Small sample sizes
• Cross-sectional
• Heterogeneity of users sampled
• Escalation of THC over time

• Motivation tasks may not adequately capture the affected 
behaviour

• Heterogeneity in the active cannabis concentrations and 
compounds 



Lawn et al., 2016 Psychopharmacology

• Acute effects of THC and cannabidiol (CBD) on 
effort-related decision-making

• Reduced mean number of high-effort choices
• Cann-CBD increased sensitivity to expected 

value



Silins et al., 2014 Lancet Psychiatry 1:286-93

• Integrated 3 longitudinal studies (N=~3000)
• Max frequency of cannabis <17
• Developmental outcomes
• Assessed up to age 30

• High School Completion
• University degree attainment
• Cannabis dependence
• Use of other illicit drugs
• Suicide attempt
• Depression
• Welfare Dependence 



Silins et al., 2014 Lancet Psychiatry 1:286-93
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• Support for causal relationship

• Consistent frequency  adverse outcomes

• Dose-response characteristics 
» strongest effects for daily users

• Resilient associations
» Even when controlling for confounding factors

• Mechanisms?

Silins et al., 2014 Lancet Psychiatry 1:286-93



Reward Processing in the Brain

• Advances in neuroscience permit parsing 
reward into specific psychological components
– Reward Learning (explicit & implicit knowledge)
– Affect or emotion
– Motivation



Neurobiology of Motivation

• Amotivation may reflect that cannabis itself is a 
huge motivator

• Measure valuation of cannabis cues



Neurobiology of Motivation



Neurobiology of Motivation

Marijuana Craving 
Scores

THC/creatinine ng/ml 
(abstinent state)

Marijuana Withdrawal 
Scores



Neurobiology of Motivation

• Emerging theoretical and empirical sophistication 
in understanding the cognitive components of 
addiction neurobiology

• Advances in neuroscience show dissociable 
neural systems mediate specific psychological 
components of reward



Anticipation Outcometime

Reward Processing



• Separates motivational from hedonic stages of reward processing

• Probabilistic reward delivery increases anticipatory signaling

• Can gauge neural sensitivities to reward anticipation and receipt

Monetary Incentive Delay Task

From Balodis et al., 
2012, Biol Psychiat



Neurobiology of Motivation



Neurobiology of Motivation

• Longitudinal study to prospectively examine 
striatal changes following cannabis use

• N=108 young adults
• Scanned:

• 20 (T1)
• 22 (T2)
• 24 (T3)

• Focus on striatum during reward 
anticipation



Neurobiology of Motivation



Neurobiology of Motivation

• Blunted striatal response was only present with 
escalating drug use

» Suggests cannabis is triggering these 
changes

• Supports the incentive sensitization model of addiction



5 Research Priorities



Research Priorities

1. Longitudinal studies in cannabis use
2. Studies in the context of other substances and 

behaviours
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Research Priorities

1. Longitudinal studies in cannabis use
2. Studies in the context of other substances and 

behaviours
3. Studies directly comparing different types of 

reinforcers and their motivational effects
4. How do changes in THC concentrations and 

other cannabinoids affect motivation?
5. How does the brain recover?



Neuropsychopharmacology, 2016

p<0.001, FWE
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