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Alexander Wallace, PhD

The Adolescent Brain, Behaviors, & 
Substance Use

Learning Objectives

• Understand how behavior changes throughout adolescence and how those 
changes are related to the brain

• Gain knowledge on adolescent substance use patterns including frequency of 
use and how use changes as adolescents get older

• Acquire an understanding of the bidirectional relationship between substance 
use and behaviors in adolescence
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Questions & Pre-Knowledge Check

• Do you regularly work with adolescents?

• How many adolescents would you estimate use substances?

• What factors lead from substance use experimentation to substance misuse?

• At what age does the brain meet peak maturation?

• What skills develop across adolescence that is different from childhood skill 
development?
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Outline

Adolescent Development

Substance Use

Substance Use & Brain Behavior 
Relationships

Vignettes
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Adolescent Development

Age of Adolescence
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Sawyer et al., 2018
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Age of Adolescence

• Late childhood
−Ages 9-12 years old

• Adolescence
−Ages 13-19 years old

• Young Adults/Emerging Adulthood
−Ages 19-25 years old
−Sometimes extending up to 29 

years old
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Brain Development
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Adolescence

Neurodevelopment
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Gogtay et al., 2004 Lebel et al., 2010
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Neurodevelopment

Gray & White Matter

• White matter = tracts of neurons

• Gray matter = 6 layers of neurons, unmyelinated fibers & glia

White et al., 2010, Brain & Cognition

• Dramatic increase in cortical surface area
−GI= ratio of external brain surface (turqoise line) with outer 

surface excluding sulci (red line)
−Prefrontal and temporal/parietal regions have higher GI

Local 3D Gyrification Index

Gyrification
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13

Intelligence & PFC Brain Development

• IQ can be measured as early as 8-9 months, generally stable by 13

• More pronounced PFC developmental changes in high IQ children/teens
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Shaw et al., 2006; Nature

14

Gray Matter Development

-45 children scanned twice. Ages 5-11.

-Cortical thinning in PFC and parietal regions associated with 
improvements in verbal ability

Sowell et al. 2004

Joan Stiles, The 
Fundamentals of Brain 

Development (2008)

• x

Planning
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•Matching

•Inhibition
•Problem solving
•Set-shifting
•Concept formation
•Abstract reasoning

• Self-monitoring

• Mental Flexibility

• Creativity

• Anticipation

• Goal setting

• Delaying gratification

Executive Functioning

Hot vs Cold Executive Functioning
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Salehinejad et al., 2021
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Salehinejad et al., 2021
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Neurodevelopment & Cognitive Control
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Casey et al., 2008 Casey & Caudal, 2013

Cognitive ControlBrain Development

Developmental Risk Taking
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Romer et al., 2017

Sensation Seeking
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Dotted line= DA receptors; Solid line= inhibitory GABA spines; 
Dashed line= excitatory glutamate spines

Yuan et al., 2015 Casey et al., 2008
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Immediate vs Delayed Rewards

• Immediate rewards: ventral striatum, medial OFC, medial PFC, posterior 
cingulate cortex and hippocampus more than delayed rewards

− Limbic and paralimbic cortical projection areas
− Teens may be MORE influenced by immediate rewards
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Casey et al., 2008; McClure et al., 2004 

Adolescent Behavior
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Casey & Jones, 2010

Adolescent Sensation Seeking
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Chein et al., 2014
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Substance Use

Adolescent Substance Use
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Monitoring the Future, 2023

Past Year Nicotine Vaping in 12th Graders
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Escalating Substance Use
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SAMHSA (2005) NSDUH Series H-27; SMA 05-4061.

Adolescent Brain Cognitive Development (ABCD) Study

• 11,878 children (including 2,100 twins and 30 triplets) aged 9-10. 

• Annual assessments (biennial MRI) for ten years.

• Data publicly available:

https://data-archive.nimh.nih.gov/abcd
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Prevalence of Tobacco/Cannabis Use at Baseline
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Lisdahl et al., 2021

Nicotine Cannabis
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Prevalence of Use at Follow-Up
Experimentation
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Sullivan et al., 2021

Substance Use Initiation

Any Substance Use

Substance Use Initiation
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Sullivan et al., 2021

Routes of Administration

Friday, October 20, 2023 33 │

Sullivan et al., 2021

Nicotine Cannabis
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Who is Using?

SU Initiation
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Sullivan et al., 2021

Who is Using?

Any Use
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Sullivan et al., 2021

Hair Toxicology
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• Benefits:
− 3 month SU window (~1 cm hair = 1 

month)
− Non-invasive
− Gives specific drug analytes

• Cons:
− Can’t collect from all (e.g., short hair)
− Expensive to assay
− Teasing out environmental 

contamination requires lab to wash 
sample
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Hair Toxicology
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• 7% of low-risk randomly 
selected participants were 
positive for 1-2 drugs: 
cannabis, alcohol, nicotine, 
and cocaine

• Additional hair samples (for low 
and high risk) screened 
positive but were unable to be 
confirmed due to insufficient 
quantity of hair

• Not included in these 
numbers

% of Sample 
Tested
6.1%Cannabinoids
2.0%THCCOOH-only

1.9%Alcohol

1.9%
Amphetamines 
(non-Rx)

1.7%Cocaine
0.9%Nicotine
<1%Opiates
<1%Fentanyl

--Benzodiazepines

--PCP

10.4%
Any Positive 
ResultWade et al., 2021

Hair Toxicology
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Wade et al., 2021

Polysubstance Use
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Conway et al., 2013
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Predictors of Polysubstance Use
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Wallace et al., Under Review

COVID-19 Pandemic
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Pelham III et al., 2021

• Alcohol Decreased

• Nicotine and Prescription Drugs 
increased

• Other forms of Substance use 
remained stable

COVID-19 Pandemic
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Pelham III et al., 2021
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COVID-19 Pandemic
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Pelham III et al., 2021

Harmful Drinking

• Recommended Alcohol 
Amounts
−Men: 2 Drinks or less a day
−Women: 1 Drink or less a 

day

• Heavy Drinking
−Men

• More than 4 drinks on any day 
• More than 14 drinks per week

−Women
• More than 3 drinks on any day 
• More than 7 drinks per week
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NIAAA, 2023

Small Group Discussions

1) How do these rates compare to what you would expect/see 
in your own clinical practice?

2) Are there any findings that are surprising to you?

3) What substances are you currently hearing teenagers 
talking about?

4) How do you think this use related to adolescent brain 
development?
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Substance Use Brain 
Changes

Adolescence & Substance Use
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Brain Development & Substance Use
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Adolescence
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Dual Process Theory
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Shulman et al., 2015

Dual Process Theory
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Shulman et al., 2015

Substance Use and Rewards
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Yuan et al., 2015 NIAAA, 2004
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Premorbid Brain Markers
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Lee et al., 2021

Neurocircuitry of Addiction
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Koob & Volkow, 2010

Drugs of Abuse
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NIDA, 2020
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Adult Substance Use Brain Changes
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Healthy Control Alcoholism

Brain Activation in Young Women
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Light Drinker

Female, Age 20

Alcohol-dependent

Female, Age 20 Activation

Under-
activation

Tapert et al., 2001

Nicotine and White Matter Integrity
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Wirtz, Sullivan, & Lisdahl, In Prep
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Changes to Behavior

• Continued substance use lead to 
longstanding cognitive changes

−Learning & memory
−Cognitive flexibility
−Abstract reasoning
−Visuospatial skills
−Motor skills (balance, speed)
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(Brandt et al., 1983; Butters et al., 1980; Goldman et al., 1983; Parsons, 1998; Rosenbloom et al., 2004; Rourke & Grant, 1999; Sullivan et al., 2002)

Substance Use & Behavior
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Fernandez-Serrano et al., 2010

Adolescent Substance Use & Behavior
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Fontes et al., 2018
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Trajectories of Disinhibition
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Hicks et al., 2011

Substance Use Abstinence
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Abstinence & Cognition
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Wallace et al., 2020Hanson et al., 2010
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Adolescent Vulnerability

• Teens have more limbic activity and immature PFC

• Exposure to drugs sensitizes the reward circuitry, and they are already prone to 
over-react to rewards and under-react to punishment

• Teen onset is associated with increased risk for dependence

• Teen use is associated with greater decrements in neurocognition

• There is hope with abstinence
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Substance Use 
Screening

Assessment

• All patients in psychological/medical 
settings need to be evaluated for 
alcohol/substance use

• Quantity and frequency used must be 
assessed
− How much is in a drink??

• Many screening tools for alcohol related 
problems are available

Friday, October 20, 2023 66 │

ScreenScreen

DiagnoseDiagnose

Treat or ReferTreat or Refer

MonitorMonitor
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Do’s & Dont’s to Enhance Accuracy
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• DON’T

−Confront
−Use Yes/No
−Use jargon
−Ask about ‘alcohol’
−Accept ‘social, 

occasional, or rarely’
−Accept ‘no’ to ‘drugs’

• DO

−Be open/ non-judgmental
−Use open ended questions’s
−Be specific: beer, wine, mixed 

drinks, LIST the drugs
−Ask how often 
−Ask how much
−Ask how long 
−Ask about specific problems 

due to use
−Corroborate the data

”On the fly” screening

• So, you said you drink/use 5 times a week, about 10 drinks/occasion? (increase 
20%)

• How many times would you have had a DUI in your life, if you were caught?

• Who complains about your drinking/drug use?

• Have you found you’ve been drinking/using more but enjoying it less?

• What prescriptions, or OTCs, have you taken that seem to be more needed than 
useful?
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Alcohol Use Disorders Identification Test 
(AUDIT)
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• Format: 
− Oral Administration or Self-Report
− 10 items

• Cost: Free! 

• Time: ~2 minutes

• Scoring:
− Scores for each question range from 0-

4
− Cut off 8 for harmful drinking

Babor, Higgins-Biddle, Saunders, Monteiro, 1989
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Drug Use Disorders Identification Test 
(DUDIT)
• Format: 

− Self-Report
− 11 items

• Cost: Free! 

• Time: ~2 minutes

• Scoring:
− Scores for each question range from 

0-4
− Male: 6 or higher
− Women 2 or higher
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Timeline Followback (TLFB)

• Format:
− Interview
− Self-Report

• Cost: Free 

• Time:
− 90 days = 15 minutes
− 360 days = 30 minutes

• Scoring:
− Computer: Self-scored
− Quantitative estimates of use
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Sobel & Sobel, 1992

CRAFFT

 Very fast screening questions for youth <21 (yes/no, use alcohol, MJ or other drugs to get high- if 
yes, then ask below)

 C - Have you ever ridden in a CAR driven by someone (including yourself) who was "high" or 
had been using alcohol or drugs? 

 R - Do you ever use alcohol or drugs to RELAX, feel better about yourself, or fit in? 

 A - Do you ever use alcohol/drugs while you are by yourself, ALONE? 

 F - Do you ever FORGET things you did while using alcohol or drugs? 

 F - Do your family or FRIENDS ever tell you that you should cut down on your drinking or drug 
use? 

 T - Have you gotten into TROUBLE while you were using alcohol or drugs? 
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https://crafft.org/
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Structured Clinical Interview for the DSM-V (SCID-5)

• Format:
− Structure interview

• Cost: $144
− Discounted rate for APA: $115

• Time: 
− Whole: 45-120 minutes
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First, Williams, Karg, & Spitzer, 2016

Small Group Discussions

1) How often do you screen for substance use when talking with 
adolescents?

2) Do you have any concerns talking about substances with 
teenagers?

3) What barriers exist that prevent you from discussing substance use 
with teenagers?

4) Do you think you’ll use any of these screening tools in the future?
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Resources
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Resources

• National Institute on Alcohol Abuse and Alcoholism (NIAAA; niaaa.nih.gov)
− Rethinking Drinking

• https://rethinkingdrinking.niaaa.nih.gov/

− Helping Patients with Alcohol Related Problems
• https://www.niaaa.nih.gov/health-professionals-communities/core-resource-on-alcohol

• National Institute on Drug Abuse (NIDA; nida.nih.gov)
− Screening Tools and Prevention

• https://nida.nih.gov/nidamed-medical-health-professionals/screening-tools-prevention

− Health Professional Education
• https://nida.nih.gov/nidamed-medical-health-professionals/health-professions-education
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Vignette
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Vignette #1

A 19 year old female comes in for a referral for Attention 
Deficit-Hyperactivity Disorder (ADHD). During the visit, she 
reports that she uses cannabis about once a month and 
drinks about two bottles of wine a week, usually going through 
a bottle in one sitting. 

What concerns, if any, would you have about her substance 
use? What feedback would you give her about her use?
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Vignette #2

A 16 year old male reports that he currently vapes nicotine 
everyday with occasional alcohol use on the weekends. This 
youth reports that he would like to cut down on his nicotine 
use but does not know how. 

What recommendations/resources would you give to this 
youth? What considerations around the teenagers potential 
executive functioning skills would you make in providing 
recommendations?
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Questions
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