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Overview 

• Introduction to the issue 

• Neural pathways affected by long-term 
cannabis exposure 

• Effects of intrauterine cannabis exposure 

• Neuroimaging studies 

• Summary 
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Marijuana/Cannabis / Cannabinoids 

 

  

 

 

Over 100 compounds ; over 70 phytocannabinoids 

Delta-9 THC prominent psychoactive constituent 

 Dose related effects:  

- High, euphoria, relaxation 

- Cognitive impairment (memory, learning, 

attention, time perspective) 

- Anxiety, Panic, Hallucinations, Psychosis? 

- Abuse/Dependence 
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Marijuana 
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Legalization of Cannabis 
• Recreational use is 

now legal in two 
states 
 

• Other states now 
debating the 
legalization of 
recreational use and 
considering legislation 
 

• Estimated that > 3 
billion dollars could 
be generated in taxes 
if all states legalized 
cannabis today  

 



Cannabis: is it really THAT bad? 

Boffey (2014, July). What science says 
about marijuana. New York Times.  

“An independent scientific committee in Britain 
compared 20 drugs in 2010 for the harms they caused to 
individual users and to society as a whole through crime, 
family breakdown, absenteeism, and other social ills. 
Adding up all the damage, the panel estimated that 
alcohol was the most harmful drug, followed by heroin 
and crack cocaine. Marijuana ranked eighth, having 
slightly more than one-fourth the harm of alcohol.” 



Is there any reason for concern? 





Hall, 2015 



“Regular (particularly daily) adolescent 
cannabis use is associated consistently 
with anxiety… in adolescence and late 
young adulthood, even among regular 
users who then cease using the drug.”  
 
“It is possible that early cannabis 
exposure causes enduring mental 
health risks in the general cannabis-
using adolescent population.” 



Neurobiology  

Endogenous Cannabinoid System 

– Receptors:  CB1 and CB2 

– Location: where the action is  

• Hippocampus 

• Basal ganglia 

• Cerebellum 

- Endogenous cannabinoid:  e.g., Anandamide 
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Cannabinoid System  
Receptor Location and Function 

• Cerebellum - movement/coordination 

• Hippocampus  - learning, memory 

• Cerebral Cortex  -  executive function 

• Nucleus Accumbens  -  reward (dopamine system) 

• Basal Ganglia  - movement 

• Hypothalamus  - body regulation 

• Amygdala -  emotional responses 

• Spinal Cord  - sensation (pain) 

• Brain Stem  - sleep, arousal, motor 

• Central Gray Matter  - analgesia 

• Nucleus solitary tract - visceral sensation, nausea/vomiting 
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Addiction? 

Is it cannabis / marijuana addictive? 

 

Factors impacting its addictive potential? 

 

Persons with mental illnesses? 

 

 -  What do we mean by self-medication? 
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ADDICTION / ADDICTIVE POTENTIAL 

 

=  Pharmacology (only one part)  

=  Availability 

=  Cost 

=  Genetics 

=  Intrapersonal Factors (emotional/behavioral) 

=  Environmental Factors / Alternatives 

=  Societal Norms and Attitudes 
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Clinical Consequences 
Dose Dependent / Frequency / Acute vs. Chronic 
 
Medical / physical 
 - respiratory, cardiac, reproductive system  
 
Behavioral / cognitive 
 - memory, attention, executive function, judgment/decision-
making, driving, sleep, brain structure/function,  
  - addiction/excessive use and its functional consequences 
 - difficult to treat (stop); same types of problems as other 
 substance use disorders 
 
Psychiatric / mental illness 
 - anxiety, depression, SMI (bipolar, schizophrenia)? 
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Impact on Mental Illness 

• Psychotic Disorders 

• Affective Disorders 

• Anxiety Disorders / PTSD 

• ADHD 

 

• Causal Factor  and/or Impact on Existing Illness 
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Cannabis and Psychosis 

Acute effects 

 

Chronic Effects  

 

Causal Influences 

 

Impact on existing illness and its course 

 

The data… 
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Cannabis Use Doubles the risk of psychosis   
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Swedish Army Study of 

Andréasson et al 1987 
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  Risk of being a Psychotic Case  
(OR adjusted for gender, age, ethnicity, Stimulants, level of Ed) 

Frequent Use of High-Potency Cannabis, Drives the Increased Probability  
of Psychosis in Cannabis Users  (Di Forti et al., 2014) Alan Budney PHD  Giesel School Of 

Medicine, Dartmouth 



Daily Use, Especially of High-Potency Cannabis, Drives the 
Earlier Onset of Psychosis in Cannabis Users  (Di Forti et al., 2014) 
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Males at higher risk, but doesn’t account for potency and  
frequency effects (Di Forti et al., 2014) 
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Findings provide support 

that genetic variation at 

rs2494732 of AKT1 

influences the risk of 

developing a psychotic 

disorder in cannabis users 
 
DiForti et al. (2012) 
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Causality 

• Biological Plausibility 

• Dose-response 

• Strength of the association 

• Direction of the effect  

• Temporality 

• Specificity 

• Experimental Evidence 

• Consistency  
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Summary:  Cannabis  Psychotic Disorder   

• Dose and Frequency Important Factors 

– Age of onset (maybe onset) , use of high potency 

• Gender influence on early onset is offset by 

cannabis use 
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Cannabis and Depression (and BiPolar?) 

• Co-morbidity is high   

• Positive associations between marijuana use and 
depression in adolescent (suicide rates?) 

• Data on cannabis use causing depression is not 
strong 

• No data suggesting that cannabis is helpful for 
depression 
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Estimated associations between frequency of cannabis use and mean 

depression scores at selected ages (15, 20, 25, 30 years) after 

adjustment for fixed sources of confounding. 

Horwood , et al., 2012:    An integrative data analysis of four Australasian cohorts 
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Cannabis Use and Anxiety 

• Co-morbidity is high   

• Positive associations between marijuana use and 

anxiety in adolescent  

• Data on cannabis use leading to anxiety is not 

equivocal, but is worrisome 

• Heavy cannabis use during adolescent predicts AD at 

29 yrs, even if stopped using 

• No data suggesting that cannabis is helpful for 

anxiety 
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What parts of the brain are most 
affected by cannabis? 



Cannabis and the Brain 

Amygdala 

Hippocampus 

Medial 

Orbitofrontal 

Cortex 

Lateral 

Orbitofrontal 

Cortex 

Cannabis affects 
brain regions 
that are 
strongly 
implicated in 
emotion 
regulation, 
memory, and 
impulse control 



Cannabis and the Brain 

Forceps 

Minor 

Uncinate 

Fasciculus 

Evidence 
suggests that 
cannabis affects 
the connections 
between these 
brain regions as 
well 



How does cannabis affect early brain 
development and behavior? 



Intrauterine Cannabis Exposure 



Intrauterine Cannabis Exposure 



Intrauterine Cannabis Exposure 



Neuroimaging Studies of Long-Term 
Cannabis Use 





Blue areas indicate 
areas of reduced 
volume in regular 
cannabis users 
compared to 
occasional users 





Earlier age of first use was associated with 
greater volumetric reductions in medial 
orbitofrontal cortex (mOFC) 





Marijuana users linked to 
reduced bilateral 
orbitofrontal cortex volume… 

And, marijuana users 
exhibited higher resting 
activity in the bilateral 
orbitofrontal cortex and 
anterior temporal regions. 



Continued marijuana use is associated with reduced microstructural 
integrity ( fractional anisotropy,  radial diffusivity) of white matter 
pathways connecting prefrontal areas.  



Reduced connectivity in the hippocampal 
commissure, posterior portion of the 
corpus callosum, and fimbria 



Substance Use Research at 

the Vermont Center for 

Children, Youth, and Families 



Brain Structural Correlates of Cannabis 
Use in Young, Healthy Ice Hockey Players 



Sample 

• Twenty-nine male subjects were recruited 
from preparatory school and collegiate ice 
hockey teams, and were between 14 and 23 
years of age (M = 17.8, SD = 2.2). 

 

• Of the 29 subjects that enrolled in the study, 
27 underwent both neuroimaging and 
cognitive testing (2 subjects were unable to 
complete cognitive testing).   



.05 .05 .00001 .00001 

Cortical Thinning Associated with Lifetime  

Cannabis Use 

N = 27 
*Controlling for age, ICV,  

alcohol use,  
and concussion history 



Cannabis Use and the 

Reward Pathway 



Cannabis and the Reward 

Pathway 

Nucleus 

Accumbens 





More frequent cannabis use 
was associated with larger 
nucleus accumbens 
volumes—an area that has 
been termed the “pleasure 
center” of the brain and 
strongly tied to addictive 
behaviors  





Decrease of BOLD response in the right superior parietal cortex and in the dorsolateral prefrontal 
cortex indicates the involvement of the Control Executive network. Furthermore, cannabis 
increases activity in the rostral anterior cingulate cortex and ventromedial prefrontal cortices, 
suggesting an increase in self-oriented mental activity. Subjects are more attracted by 
intrapersonal stimuli (‘‘self’’) and fail to attend to task performance, leading to an insufficient 
allocation of task-oriented resources and to sub-optimal performance. 





Review Findings 
• In terms of structural findings, the most consistently reported brain alteration was 

reduced hippocampal volume among adult cannabis users—which was shown to 
persist even after several months of abstinence in one study and also to be related 
to amount of cannabis use (Ashtari et al., 2011; Cousijn et al., 2012; Matochik et 
al., 2005; Yücel et al., 2008).  

 

• Diffusion imaging studies found differences in the mean diffusivity or fractional 
anisotropy in the corpus callosum and the frontal white matter (Barrick et al., 
2008; Gruber et al., 2011) 

 

Cousijn et al., 2012 



Functional imaging studies of chronic cannabis users have demonstrated altered 
patterns of brain activity during a range of cognitive tasks—including tasks of 
attention, memory, and behavioral control.  
 
• During a visual-attention task, both active and abstinent chronic cannabis users 

demonstrated decreased activation in the right prefrontal, medial and dorsal 
parietal cortices (Chang et al., 2006)  
 

• Early age of onset and estimated cumulative cannabis lifetime exposure were both 
associated with reduced activation in the right prefrontal cortex (Chang et al., 
2006) 
 

• Block et al. (2002) found that cannabis users performed verbal memory tasks more 
poorly than controls, and their poorer performance was associated with reduced 
activation in the prefrontal cortex and greater activation in the posterior 
cerebellum 
 

• Jager et al. (2007) described attenuated activity in the right dorsolateral 
prefrontal cortex and bilateral parahippocampal gyri in cannabis users despite 
normal performance in an associative memory task  

 



Summary 



Summary 

Epidemiology studies indicate that cannabis use increases the risk of 
accidents and can produce dependence, and that there are consistent 
associations between regular cannabis use and poor psychosocial outcomes 
and mental health in adulthood 

 

Structural neuroimaging studies of long-term cannabis use consistently reveal 
volumetric reductions in key emotion regulatory regions of the brain—which 
may account for associations between anxiety and cannabis use. 

 

Structural neuroimaging studies of long-term cannabis use also consistently 
reveal volumetric reductions in the hippocampus—a region of the brain 
strongly implicated in learning and memory.  Such findings may explain 
epidemiological reports of cannabis use being associated with cognitive 
impairment and lower educational attainment.   



Summary (continued) 

Functional imaging studies of chronic cannabis users have demonstrated 
altered patterns of brain activity during a range of cognitive tasks—including 
tasks of attention, memory, and behavioral control.  



Summary 

• Cannabis use is associated with increased levels of mental illness; 
this relationship appears to be moderated by frequency of use and 
potency of the substance. 

 

• Growing evidence that cannabis use may have causal impact on 
lowering of the age of onset of Psychotic Disorders; related to age of 
onset of cannabis use, frequency and potency.   
- Probability of occurrence is “low” in low risk samples 

 

• Cannabis use can probably be considered a risk factor for poor 
outcomes in functioning across mental illnesses.    

 

• Data do not support the use of cannabis to treat any type of mental 
illness 
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ncpic.org.au 

http://www.drugabuse.gov/drugs-abuse/marijuana 
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