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Overview

1. Does cannabis use affect the adolescent brain?

2. The largest US study of brain maturation (ABCD)

3. Emerging substance use patterns (TOCAN)
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Larger left brain volume at age 12-15 
predicted classification as lifetime 
cannabis user by age 22



More 
lifetime 

cannabis 
use = 

decreased 
inhibitory 
control  
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Neural differences 
emerge before or 
after use?

Chicken vs. egg question 
prevents us from having firm 
evidence of what substances 
do to the developing brain

9

What is the journey?
When & how = better prevention/intervention



Adapted from: Heitzeg, MM and Casey, BJ: Brain Development and the Risk for Substance Abuse. 
Neurobiology of Mental Illness, 5th edition, Eric Nestler and Dennis Charney (Eds.) Oxford University 
Press, New York, NY, In Press.



A longitudinal study of  11,875 children from ages 9-10 through 
early adulthood to assess factors that influence individual brain 

development trajectories and functional outcomes 





Research Objectives
• Identification of individual developmental trajectories (e.g., brain, 

cognitive, emotional, academic)
• Development of national standards of normal brain development 
• The role of genetic vs. environmental factors on development, 

enriched by comparisons of twin participants (800 pairs). 
• The effects of physical activity, sleep, screen time, as well as 

sports and other injuries on brain development and outcomes.
• The onset and progression of mental disorders, factors that 

influence their course or severity, and the relationship between 
mental disorders and substance use. 

• How exposure to different substances like alcohol, marijuana, 
nicotine, caffeine, and others, individually or in combination, affect 
various developmental outcomes and vice versa. 



Design and Recruitment Protocol

• Begin by engaging schools for their support.
• Schools do initial mailshot to families of 9/10 year olds.
• Interested families contacted by site.
• Screen with parent/guardian.
• Screen for inclusion/exclusion criteria 

• very inclusive

Twin Cohort (1727 twins)
• Four sites:

• Colorado, Minnesota, Missouri, Virginia

• Birth registry records



ABCD Enrollment 2016-2018



Population-based Demographically Diverse Sample  
N=11,875

Population-based Demographically Diverse Sample
N=11,875





• Externalizing behavioral problems
• Negative mood 
• Smoking at home

>50% of the ABCD Sample is “Higher Risk”



1, 2, and 3-Year Protocols In-Progress! 







ABCD Study Design



Baseline Time 2: 2-year follow-up



Assessment Areas

1. Substance Use

2. Neurocognition

3. Mental Health & Health

4. Culture & Environment

5. Biospecimens

6. Mobile Technologies

11/27/19 24ABCD Protocol



Assessment Protocols





Budder

Wax

Shatter

Bubble hash







Heard Of (n=11,857)…
• The vast majority of youth in the sample endorsed having 

heard of alcohol (96.3%), cigarettes (93.4%), caffeine (95.3%); 
• Majority heard of cannabis (55.6%)
• Fewer youth had heard of prescription drug misuse (36.6%) and 

(25.6%) inhalants 
• Minority heard of any other illicit drug

• Cocaine/crack (5.4%); Heroin, opium (1.8%), meth (1.3%)

Alcohol

Heard of Alcohol Never Heard of Alcohol

Cannabis

Heard of Never heard of

Cigarettes

Heard of Never heard of



Substance Use? 
• Vast majority have not tried ANY substance (74%)
• 22.5% reporting sipping alcohol

• Boys (24.3%) > Girls (20.5%) had a sip (p<.05)
• 0.7% puffed a cigarette, pipe, ENDS, or hookah (n=81)

• 0.4% BOTH sipped and puffed nicotine (n=48)
• 0.1% puffed cannabis (n=12); n=5 had more than a puff

• Majority who used cannabis also sipped alc (n=11, 92%)
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Better cognitive abilities associated with 
less report of 

• Stress
• Externalizing symptoms
• Internalizing symptoms



§ Cognition skills were best among children who 
got between 

§ 9-11 hours sleep, 
§ <2 hours recreational screen time 
§ At least an hour’s exercise daily.



Some screen media activity associated brain structures are related to poorer cognitive 
performance, others are related to better cognitive performance. 

“This diversity of findings provides an important public health message, i.e. screen media 
activity is not simply “bad for the brain” or “bad for brain related functioning”. Instead, 
future investigations will need to examine how various forms of screen media activity 
influence specific psychopathology and cognitive functions, and how this influences changes 
throughout development”



• Family history of 
depression linked 
to different brain 
architecture

• Family history of 
depression linked 
to more 
depressive 
symptomatology

• Maternal
• Paternal 

• Cannabis 
exposure after, 
but not before,  
knowledge of 
pregnancy may 
increase in 
psychosis 
proneness

• Prenatal cannabis 
exposure may 
increase offspring 
psychosis risk



Coming Soon… 

• Perceived Risk = 
• Substance-naïve children with a family history 

of substance use disorder may show different 
neural activation patterns 

• Prenatal exposure linked to different brain 
architecture patterns

Curiosity about Use 



Cannabis + Nicotine 
and Tobacco-

Related Products

• TOCAN Study
• Ages 16-22
• Goal N=300 by 2021
• Focused on 

simultaneous use & 
brain integrity



TOCAN STUDY



TOCAN STUDY



TOCAN STUDY



TOCAN STUDY



Thanks!

Questions?




