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Faculty Disclosure Information

1

• In the past 12 months, I have had no relevant financial relationships with the 

manufacturer(s) of any commercial product(s) and/or provider(s) of 

commercial service(s) discussed in this CME activity.

• Funding Sources: National Institutes of Health, Health Resources and 

Services Administration, Substance Abuse and Mental Health Services 

Administration.

• I do not intend to discuss an unapproved/ investigative use of a commercial 

product/ device in my presentation.



Session Objectives
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1. List 3 ways the brain changes during adolescence

2. Describe the current evidence around the impact of substances 

on the neurobiology of the adolescent brain and development of 

addiction

3. Apply strategies for discussing neurobiology when counseling 

teens and parents about substance use.



Adolescence 
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Derived from the Latin term

“adolescere”

National Academies of Sciences, Engineering, and Medicine 2019. The Promise of Adolescence: Realizing Opportunity for 
All Youth. Washington, DC: The National Academies Press. https://doi.org/10.17226/25388.

To grow up or grow into maturity



Marked by changes in 

• Brain structure

• Function

• Connectivity

Adolescence
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Gogtay et al. Dynamic mapping of human cortical development during childhood through early adulthood. 

Proceedings of the National Academy of Sciences May 2004, 101 (21) 8174-8179
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Source: Stanford Cannabis Awareness and Prevention Toolkit
Image Credit: Pixabay.com
Reference: http://www.drugfree.org/why-do-teens-act-this-way/adolescent-brain-and-behavior



Teen Mid-20s

Synaptic 
Pruning

Source: Stanford Cannabis Awareness and Prevention Toolkit

Change 1: 
Synaptic Pruning & Myelination

Myelination



Change 2:
Improved connectivity between 

the pre-frontal cortex and limbic 

regions
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From: NASEM 2019. The Promise of Adolescence: Realizing Opportunity for All Youth. 
Image source: Microsoft Stock Image



Asynchronous development
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Adolescence

Casey BJ et al. The adolescent brain. Ann N Y Acad Sci. 2008 
Mar;1124:111-26. doi: 10.1196/annals.1440.010. 

Later maturation of 
innervation between the 
dopaminergic regions 
and prefrontal cortex.

Early maturation 
of dopaminergic 
systems in the 
limbic regions
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Asynchronous 
development leads to:

A unique sensitivity to drug 
initiation

The Journal of Physiology. Volume 593, Issue 16, pages 3397-3412, 23 JUN 
2015 DOI: 10.1113/JP270492

http://onlinelibrary.wiley.com/doi/10.1113/tjp.2015.593.issue-16/issuetoc


• Propensity to explore 

new things and take 

risks

• The development of the 

cognitive, social, and 

emotional skills for 

adulthood

Asynchronous development leads to:

From: NASEM 2019. The Promise of Adolescence: Realizing Opportunity for All Youth . 



Changes in Cognition•Complex problem-solving 

skills

•Creativity

•Deep Learning
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Change 3: 
Neuroplasticity
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“The ability of the nervous 

system to change its 

activity in response to 

stimuli by reorganizing its 

structure, functions, or 

connections.”

Puderbaugh M, Emmady PD. Neuroplasticity. 2022 May 8. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2022 Jan–. PMID: 32491743.



13

The Adolescent 

Brain is Designed to 

Adapt to the 

Environment



Epigenetics - The environment influences how genes are 
expressed
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Epigenetics – 

The environment 

influences how genes 

are expressed

across the life course



Session Objectives

16

1. List 3 ways the brain changes during adolescence
1. Synaptic Pruning & Myelination

2. Connectivity

3. Neuroplasticity and Epigenetics

2. Describe the current evidence around the impact of substances 

on the neurobiology of the adolescent brain and development of 

addiction

3. Apply strategies for discussing neurobiology when counseling 

teens and parents about substance use.



Positron emission tomography (PET) 

scan

• Measures brain activity by measuring Glucose 

utilization

• Red= high glucose utilization

• Yellow= Medium

• Blue=Low



Cocaine Exposed Brain



Substance Use Disorders: diseases of 
neuroplasticity

Executive Function

Limbic Function

Brain Regions 
Affected by Drug Exposure

Slide courtesy of Gretchen Hermes, MD



SUBSTANCE USE DISORDERS: 
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Limbic Function

Executive Function

Disease of Neuroplasticity

Slide courtesy of Gretchen Hermes, MD



Stages of addiction cycle

• Intoxication 

• The brain’s reward regions (in blue) release 

large amounts of dopamine

• Withdrawal

• Activation of brain regions involved in 

emotions (in pink) results in negative mood 

and enhanced sensitivity to stress. 

• Preoccupation

• Decreased function of the prefrontal cortex 

leads to an inability to balance the strong 

desire for the drug with the will to abstain. 

Slide courtesy of Gretchen Hermes, MD



Neurobiology of 
preoccupation/relapse

Drug exposure can: 

• Down-regulate dopamine signaling

• Change the function of the prefrontal 

cortical regions 

• Seriously impair executive processes

• Self-regulation, 

• Decision making, 

• Flexibility in the selection and 

initiation of action.

• Explains why people can be sincere in 

their desire and intention to stop and 

simultaneously impulsive and unable to 

stop. 



ASAM Definition of Addiction

A treatable, chronic medical disease 

involving complex interactions among 

brain circuits, genetics, environment, 

and an individual’s life experiences. 

People with addiction use substances 

or engage in behaviors that become 

compulsive and often continue despite 

harmful consequences.
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asam's-2019-definition-of-addiction-(1).pdf

https://www.asam.org/docs/default-source/quality-science/asam's-2019-definition-of-addiction-(1).pdf?sfvrsn=b8b64fc2_2


ASAM Definition of Addiction

A treatable, chronic medical disease 

involving complex interactions among 

brain circuits, genetics, environment, 

and an individual’s life experiences. 

People with addiction use substances 

or engage in behaviors that become 

compulsive and often continue despite 

harmful consequences.
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asam's-2019-definition-of-addiction-(1).pdf

https://www.asam.org/docs/default-source/quality-science/asam's-2019-definition-of-addiction-(1).pdf?sfvrsn=b8b64fc2_2


Spectrum of Addiction



No Use

Starting to 
Use

Pre-
addiction

SUD as a 
chronic 
disease



27Pediatrics. 2020;146(6). doi:10.1542/peds.2020-007187

No Use



No Use

Starting 
to Use

Pre-addiction

SUD as a chronic disease



Patterns of Mean Age at Drug Use Initiation 

Among Adolescents Aged 12-21 

JAMA Pediatr. 2020;174(7):725-727. doi:10.1001/jamapediatrics.2019.6235

Starting 

To Use



Earlier age of initiation and risk of progressing to 
tobacco dependence

Spencer B. Age of initiation and transition times to tobacco dependence: Early onset and rapid escalated use increase risk fo r dependence severity,
Drug and Alcohol Dependence, Volume 202, 2019, Pages 104-110. https://doi.org/10.1016/j.drugalcdep.2019.04.027.
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SUD as a chronic disease



“Among those who 

initiate alcohol or 

other drug use, most 

do not develop 

addiction, but some 

develop pre- 

addiction.

No Use

Starting to Use

Pre-
addiction

SUD as a chronic disease



Diabetes Substance Use 

Disorder

Preventable Yes Yes

Disease progression dependent on 

behaviors

Yes- Physical Activity 

and diet choices

Yes- Use of 

substances

Both environment and genetics 

affects disease expression

Yes Yes

Treatment includes behavioral 

changes and medications

Yes Yes

Can be "cured" No-always risk of 

returning

No-always risk of 

returning

34



Pre-addiction

"The criteria defining mild to 

moderate SUD are one 

reasonable starting point for 

operationally defining pre-

addiction until more objective 

measures are developed."
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From: Longitudinal Analysis of Substance Use Disorder Symptom Severity at Age 18 
Years and Substance Use Disorder in Adulthood. JAMA Netw Open. 
2022;5(4):e225324. doi:10.1001/jamanetworkopen.2022.5324

Prevalence of Pre-Addiction (1975-84)
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Pre-addiction

Addiction



From: Longitudinal Analysis of Substance Use Disorder Symptom Severity at Age 18 Years and Substance Use Disorder in Adulthoo d. JAMA Netw Open. 
2022;5(4):e225324. doi:10.1001/jamanetworkopen.2022.5324

27.9

38.8

54
60 61.6

0

20

40

60

80

100

0 symptoms 1 2-3 (mild) 4-5 (moderate) 6+ (severe)

% with 2+ SUD symptoms at ages 35-50

Pre-addiction

Addiction

P
e

rc
e

n
t



Session Objectives
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1. List 3 ways the brain changes during adolescence

2. Describe the current evidence around the impact of substances 

on the neurobiology of the adolescent brain and development of 

addiction
• Down-regulates dopamine signaling

• Changes the function of the prefrontal cortical regions

• Seriously impairs executive processes

3. Apply strategies for discussing neurobiology when counseling 

teens and parents about substance use.



Session Objectives
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1. List 3 brain changes that occur during adolescence

2. Describe how substances can impact neurobiology and brain 

development

• Down-regulates dopamine signaling

• Changes the function of the prefrontal cortical regions 

• Seriously impairs executive processes

3. Explain concepts of neurobiology to adolescents



Myelination and Synaptogenesis

At this time in your life, 
your brain is growing to 
become FASTER and more 
EFFICIENT. 

[Marijuana] affects how 
FAST and EFFICIENT it 
can be.



Asynchronous Development of 
Limbic and Prefrontal Systems

When you vape….

Your brain is wired to 
act differently than an 
older person’s brain. 

You have to be very 
careful, because, during 
adolescence, the brain is 
wired to develop an 
addiction very quickly.



Neuroplasticity

When you are around 
positive things, your 
brain can start to rewire 
and heal itself.



What are signs of Addiction

These are signs that your brain 

wiring might be changing and 

you may start developing an 

addiction

• Cravings

• Withdrawal when not Using

• Tolerance- Needing more 

cannabis to get the same 

effect

• Anger, depression, irritability

• Sleep Disturbance

• Pain

• Spending a lot of time using 

[cannabis]



Summary

• Adolescence is a period of 

learning, exploration and growth

• Substances can adversely impact 

the brain’s ability to grow, learn, 

and explore…

• But the adolescent brain has a 

profound ability to change and 

adapt



Thank you!

Deepa.Camenga@yale.edu
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