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Objectives:

•What are E cigarettes?

•What are the important receptors and neurotransmitters associated with nicotine 
use?

•What are the neurodevelopmental changes in the brain from nicotine use?

•Effects of nicotine use on mental and physical health

•What is the addiction potential of vaping?



Disclosures

I Have No Actual or Potential Conflicts of 
Interest Relating to this Presentation.
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ASAM Definition of Addiction

“a treatable, chronic medical disease involving complex 
interactions among brain circuits, genetics, the 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”
- ASAM, Quality Care: Definition of Addiction. https://www.asam.org/quality-care/definition-of-addiction



INSTEAD OF… TRY PERSON-FIRST LANGUAGE

Drug Abuse Substance use disorder, addiction

Abuser, addict, junkie, alcoholic Person with a substance use disorder

Clean
Abstinent, not using
Negative test

Dirty
Actively using
Positive test

Addicted baby
Baby with Neonatal Abstinence (or Opioid Withdrawal) 
Syndrome

Medication-Assisted Treatment Medication or treatment for (substance) use disorder

Setting Some “Ground Rules”



Being Safe: Harm Reduction
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Harm reduction is an approach that emphasizes engaging directly with people 
who use drugs to prevent overdose and infectious disease transmission, 

improve the physical, mental, and social wellbeing of those served, and offer 
low-threshold options for accessing substance use disorder treatment and 

other health care services.

Harm reduction organizations incorporate a spectrum of strategies that meet 
people “where they are” on their own terms, and may serve as a pathway to 

additional prevention, treatment, and recovery services. 

Resources: 
- CDC (https://harmreductionhelp.cdc.gov/s/)
- SAHMSA (https://www.samhsa.gov/find-help/harm-reduction)
- National Harm Reduction Coalition (https://harmreduction.org/)

SAHMSA, “Harm Reduction”; https://www.samhsa.gov/find-help/harm-reduction

https://harmreductionhelp.cdc.gov/s/
https://www.samhsa.gov/find-help/harm-reduction


Risk Factors for Substance Use



Recognize Risk Factors

Parent or family substance use

Favorable parent substance-related attitudes

Limited parental monitoring

Trauma

Peer substance use

Mental health disorders

Poor school connectedness

Source: 
CDC & Kaiser Permanente

Whitesell M et al., J Addict 2013. Stone AL et al., Addictive Behaviors 2012. 



Recognize Risk Factors

9% of kids in the US live 
with someone with a 

substance use problem.1 

1.4M kids in the US live 
with a parent with opioid 

use disorder.2

Source: 
CDC & Kaiser Permanente

1. Sacks & Murphey, Child Trends, 2018. 
2. United Hospital Fund, “The Ripple Effect”, 2018. 

https://www.cdc.gov/violenceprevention/aces/
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4.7x

7.4x

12.2x

Source: vetoviolence.cdc.gov

ACEs Number & 
Risks of Adverse Health Outcomes



Brain Development

Crash Course



Brain Weight by Age
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Source: Dekaban, A.S. and Sadowsky, D. (1978). Annals of Neurology, 4:345-356.



Neuron Growth in Brain Development

Image retrieved from: http://etec.ctlt.ubc.ca/510wiki/Brain-based_Learning



Brain Maturation

Source: Copyright (2004) National Academy of Sciences, USA. Gogtay et al. PNAS 2004:101(21):8174-8179. Retrieved on February 17, 2015. Permission received from PNAS.



Emotion

Motivation

Prefrontal 

cortex

Nucleus 

accumbens

Amygdala

Physical 
coordination,

sensory 
processing

Planning, 
organizing, 

impulse 
control 

Source: Adapted from Ken Winters, PhD.

Toddler milestones: 

balance, walking, 

coordination

Preschool milestones: 

emotional regulation

School age 

milestones: 

achievement

Adolescent 

milestones: 

impulse control

Cerebellum



Cerebellum



Cerebellum



Amygdala



Amygdala
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Source: Casey BJ, et al., Development Reviews. 2008; 28: 62-77.
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Children, ages 7-11 Teens, ages 13-17 Adults, ages 23-29

Source: ©2006 by Society for Neuroscience – Reprinted with Permission . Adriana Galvan et al. J. Neurosci. 2006;26:6885-6892



marijuana

Image retrieved on February 17, 2015, from http://www.drugabuse.gov/publications/teaching -packets/neurobiology-drug-addiction/section-iv-action-cocaine/7-
summary-addictive-drugs-activate-reward



Adolescents are Developmentally Primed to Use Drugs



Most Drug Use Starts in Adolescence 

Source. The Monitoring the Future study, the University of Michigan.

Grade of Substance Use Initiation Reported by 12th Graders 



Adolescents are Developmentally Vulnerable to Develop 
Substance Use Disorders
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Summary So Far:

▪ Adolescent development primes teens for substance use.

▪ All psychoactive substance use triggers dopamine 
release.  Without the protection of the frontal cortices, 
adolescents are at greater risk for neurological changes 
associated with addiction.

▪ Substances each have unique impacts on other areas of 
the brain leading to the unique clinical picture resulting 
from long term use.



Vaping



Kluger, Richard.  (1996).   Ashes to Ashes.  New York:  Knopf; Ford, Barry.  (1994).  Smokescreen. Perth, Australia:  Halcyon

Flue curing 
makes tobacco 

inhalable

https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcTtSKYFmU1OwvwH97j9ap9PK8-6KBQ5GCLYXeFRxr6BxOo2W0jrEQ

1850’s                1880            1900                 1945        1950     1957         1970

<1% of 
tobacco 

consumed 
as smoked 
cigarettes

33% of 
tobacco 

users 
smoked 

cigarettes

45% of 
American 

adults 
smoked

Asbestos filter 
introduced

lung cancer 
becomes top 

cause of cancer 
deaths

First Surgeon 
General Report

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&ved=0CAcQjRw&url=http://www.buycigarettes.us/history-of-cigarettes.html&ei=sJj0VKDoCsGANunMgrAH&bvm=bv.87269000,d.eXY&psig=AFQjCNG4wOkgIXrH6b-gNVR5KAN_1RhioA&ust=1425402364964037


           1998      2000         2003

Master Tobacco 
Settlement Agreement

Chinese pharmacist Hon Lik 
develops the first 
commercially successful e-
cigarette



E-Cigarettes
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    2007

E-cigarettes 
introduced to 
American market



Adults: From Smoking to Vaping
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SWITCHED

Hajek P, Phillips-Waller A, Przulj D, Pesola F, Myers Smith K, Bisal N, Li J, Parrott S, Sasieni P, Dawkins 
L, Ross L, Goniewicz M, Wu Q, McRobbie HJ. A Randomized Trial of E-Cigarettes versus Nicotine-
Replacement Therapy. N Engl J Med. 2019 Feb 14;380(7):629-637. doi: 10.1056/NEJMoa1808779. 
Epub 2019 Jan 30. PMID: 30699054.





Adolescents: From Vaping to Smoking
and Beyond











5.8X

6.5X

3.0X

Teens that Vape Use More Alcohol, MJ and Other Drugs

Source: Curran KA, Burk T, Pitt PD, Middleman AB. Trends and Substance Use Associations With 
E-Cigarette Use in US Adolescents. 2015. Clinical Pediatrics.



Gateway to Opioid Misuse



Transition to Cigarettes

Cardenas et al., Int J Public Health, 2016. Park et al, Am J Public Health, 2016. 

Adjusted Odds Ratios of E-Cigarette Use Prediction Intention to 
Smoke: National Youth Tobacco Survey, United States, 2012

Youth who have vaped are 2-4 times more likely to start smoking cigarettes.

Transition to Cigarettes



Transition to Cigarettes

Tobaccofreekids.org

“It is important to know as much as possible about teenage 
smoking patterns and attitudes. Today’s teenager is tomorrow’s 

potential regular customer and the overwhelming majority of 
smokers first begin to smoke while in their teens. . . . The smoking 

patterns of teen-agers are particularly important to Philip 
Morris.”

- March 31, 1981 market research report on young smokers written by Philip Morris 

**Philip Morris manufactures Marlboro Cigarettes and is owned by Altria, 
the same company that owns Juul



E-Cigarettes and Vaping 



Vape Pen



2015 

JUUL is introduced



Pod Devices



Innovations to nicotine

Duell AK, Pankow JF, Peyton DHNicotine in tobacco product aerosols: ‘It's déjà vu all 
over again’Tobacco Control 2020;29:656-662.



Innovations to the base





Vaping Dictionary

▪ Nicked

▪ French inhale

▪ Ghosting

▪ Stacking

▪ Blinking

▪ Nic sick



Marketing



HS student use of tobacco products

Source: Gentzke AS, Creamer M, Cullen KA, et al. Vital Signs: Tobacco Product Use Among Middle and High School Students — United States, 
2011–2018. MMWR Morb Mortal Wkly Rep 2019;68:157–164. DOI: http://dx.doi.org/10.15585/mmwr.mm6806e1

http://dx.doi.org/10.15585/mmwr.mm6806e1


HS student use of tobacco products

Source: Gentzke AS, Creamer M, Cullen KA, et al. Vital Signs: Tobacco Product Use Among Middle and High School Students — United States, 
2011–2018. MMWR Morb Mortal Wkly Rep 2019;68:157–164. DOI: http://dx.doi.org/10.15585/mmwr.mm6806e1

http://dx.doi.org/10.15585/mmwr.mm6806e1


Source: http://www.monitoringthefuture.org/pubs/monographs/mtf-overview2018.pdf

Past 30 day vaping DOUBLED from 2017-2018

Trends in 30-Day Prevalence of Use of Various 

Drugs in Grades 8, 10, and 12

Vaping Nicotinebb 2016 2017 2018 2017 – 2018 change

8th Grade — 3.5 6.1 +2.6 sss

10th Grade — 8.2 16.1 +7.9 sss

12th Grade — 11.0 20.9 +10.0 sss



2017       2018 

700% increase in vaping in US 
teenagers and young adults 

FDA Commissioner Scott Gottlieb 
declares youth vaping an epidemic



Source: https://www.drugabuse.gov/related-topics/trends-statistics/infographics/monitoring-
future-2016-survey-results



Vaping





Reality: There are Risks of Vaping

CDC; https://www.cdc.gov/tobacco/basic_information/e-cigarettes/about-e-cigarettes.html 



Komura, M., Sato, T., Yoshikawa, H. et al. Propylene glycol, a component of electronic cigarette liquid, damages 
epithelial cells in human small airways. Respir Res 23, 216 (2022). https://doi.org/10.1186/s12931-022-02142-2



Layden et al., Pulmonary illness related to e-cigarette use in Illinois and 
Wisconsin – Final report. N Engl J Med. 2020.

E-Cigarette/Vaping Associated Lung Injury (EVALI)

97% respiratory 
symptoms: 
- Shortness of breath
- Chest pain
- Cough
- Coughing up blood

77% GI symptoms:
- Nausea
- Vomiting
- Diarrhea
- Abdominal Pain

100% generalized 
symptoms:
- Subjective fever
- Chills
- Weight loss
- Fatigue



For Context: Healthy Lungs

Radiopaedia.co
m



E-Cigarette/Vaping Associated 
Lung Injury

Kligerman et 
al., CHEST 2021



E-Cigarette and Mental Health

Depression
Suicidal Ideation
Suicidal Attempt
Anxiety
Impulse Control

Javed S, Usmani S, Sarfraz Z, Sarfraz A, Hanif A, Firoz A, Baig R, Sharath M, Walia N, Chérrez-Ojeda I, Ahmed S. A Scoping 
Review of Vaping, E-Cigarettes and Mental Health Impact: Depression and Suicidality. J Community Hosp Intern Med 
Perspect. 2022 May 2;12(3):33-39. doi: 10.55729/2000-9666.1053. PMID: 35711397; PMCID: PMC9195082.

Masaki K, Taketa RM, Nakama MK, Kawamoto CT, Pokhrel P. Relationships Between Depressive Symptoms, Anxiety, Impulsivity and Cigarette 
and E-cigarette Use Among Young Adults. Hawaii J Health Soc Welf. 2022 Mar;81(3):51-57. PMID: 35261985; PMCID: PMC8899082.
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Nicotine



Acetylcholine Nicotine



Source: https://www.drugabuse.gov/publications/brain-power/grades-6-9/legal-doesn't-mean-
harmless-module-2/background 

Nicotine Receptors in the CNS

https://www.drugabuse.gov/publications/brain-power/grades-6-9/legal-doesn't-mean-harmless-module-2/background
https://www.drugabuse.gov/publications/brain-power/grades-6-9/legal-doesn't-mean-harmless-module-2/background


Brody AL, et al. Cigarette Smoking Saturates Brain α4β2 Nicotinic Acetylcholine Receptors. Arch 
Gen Psychiatry. 2006;63(8):907–914. doi:10.1001/archpsyc.63.8.907

0            0.1        0.3        1.0         3.0



Source: www.nida.nih.gov/Teaching/largegifs/slide-9.gif

http://www.nida.nih.gov/Teaching/largegifs/slide-9.gif


Dopamines



Acetylcholines



Nicotine



Serotonin Serotonins



Glutamate and GABA 
Glutamate and GABAs



Endorphins Endorphinss



“When I first used I would get a buzz and my entire 
body would feel tingly.  My eyes would water up.  I 
would feel as if I had been spinning around and just 
stopped.  

14 year old boy describing nicotine effects



“When I first used I would get a buzz and my entire 
body would feel tingly.  My eyes would water up.  I 
would feel as if I had been spinning around and just 
stopped.  It felt great. 

14 year old boy describing nicotine effects



“When I first used I would get a buzz and my entire 
body would feel tingly.  My eyes would water up.  I 
would feel as if I had been spinning around and just 
stopped.  I “I don't feel those things anymore.”

14 year old boy describing nicotine effects
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Nicotine Addiction

• Nicotine addiction: Nicotine is a highly addictive substance, possibly more so than 
cannabis, alcohol and cocaine 

• Nicotine dependence: Increased tolerance and withdrawal symptoms
1/5 of weekly teen smokers: symptoms of dependence
Cravings can emerge only 3-4 months after the first cigarette/e-cigarette, sometimes 
less
18 months after the first cigarette, 25% of young smokers lose confidence in their 
ability to quit

Youth: less severe withdrawal symptoms, but can appear after only a few cigarettes
Obstacle for early cessation

Nutt, D et al. (2007) Development of a rational scale to assess the harm of drugs of potential misuse, Lancet 369(9566):1047-1053



Stomach pain Dizziness

Headaches Decreased Concentration

Nicotine Toxicity



▪ ADA has adopted policies relating to products that contain nicotine, including e-
cigarettes. 

▪ Our policies call for dentists to be fully aware of the health risks that come with 
tobacco use, including:

▪  higher rates of tooth decay, gum disease, bone damage, tooth loss and more. 

▪ Dentists are encouraged to screen patients for nicotine use — including tobacco 
and non-tobacco products — and provide counseling to help people quit.

▪ In light of recent reports of vaping-related injuries and deaths, the ADA wishes to 
express its opposition to any use of oral tobacco, including vaping nicotine from e-
cigarettes, and urges people using any type of tobacco product to quit. 

https://www.ada.org/en/about/press-releases/2019-archives/american-dental-association-statement-on-vaping

88



Effects of Vaping on Teeth

https://jada.ada.org/article/S0002-8177(21)00245-2/fulltext

https://www.ada.org/en/about/press-releases/2019-archives/american-dental-association-statement-on-vaping
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How Do I Know I Have a Problem?



Diagnosis of Tobacco Use disorder
91

Biological Response
Withdrawal
Tolerance
Cravings

Social Impairment 
Failure to fulfill school, home, work 

obligations
Recurrent interpersonal problems

Give up important activities

Risky Use
Use in physically dangerous situations

Continue use despite knowledge of 
physical/psychological problem

Loss of control
Using more or for longer periods of time

Lot of time spent obtaining, using, recovering 
from substances

Repeated failed attempts to decrease use



What If I Have a Problem?



Treating Adolescent Substance Use

Slide courtesy of Sharon Levy, MD

Brief
Intervention

Drug testing for 
monitoring

Medications to 
prevent cravings

Medications to 
treat withdrawal

Advice for 
parents

Education and 
follow up

Behavioral 
contracting

Counseling and Support



Substance Use Treatment

Medications Behavioral Interventions

Marijuana use: n-acetylcysteine (off-
label)

Nicotine use: nicotine replacement, 
varenicline (17+), bupropion

Cognitive Behavioral Therapy

Motivational Enhancement Therapy

Dialectical Behavioral Therapy

Contingency Management



Vaping Resources



Vaping Resources

▪ For Health Providers:
▪ http://www.childrenshospital.org/conditions-and-

treatments/conditions/v/vaping
▪ https://www.drugabuse.gov/publications/drugfacts/marijuana 
▪ https://www.cdc.gov/marijuana/health-effects.htm 
▪ https://www.aap.org/en-us/about-the-aap/Committees-Councils-

Sections/substance-use/Pages/marijuana.aspx 
▪ https://www.colorado.gov/pacific/cdphe/marijuana-clinical-

guidelines 

▪ For Teens and Families:
▪ https://teens.drugabuse.gov/drug-facts/marijuana 
▪ https://www.healthychildren.org/English/ages-

stages/teen/substance-abuse/Pages/Marijuana-Cannabis.aspx

96

http://www.childrenshospital.org/conditions-and-treatments/conditions/v/vaping
http://www.childrenshospital.org/conditions-and-treatments/conditions/v/vaping
https://www.drugabuse.gov/publications/drugfacts/marijuana
https://www.cdc.gov/marijuana/health-effects.htm
https://www.aap.org/en-us/about-the-aap/Committees-Councils-Sections/substance-use/Pages/marijuana.aspx
https://www.aap.org/en-us/about-the-aap/Committees-Councils-Sections/substance-use/Pages/marijuana.aspx
https://www.colorado.gov/pacific/cdphe/marijuana-clinical-guidelines
https://www.colorado.gov/pacific/cdphe/marijuana-clinical-guidelines
https://teens.drugabuse.gov/drug-facts/marijuana
https://www.healthychildren.org/English/ages-stages/teen/substance-abuse/Pages/Marijuana-Cannabis.aspx
https://www.healthychildren.org/English/ages-stages/teen/substance-abuse/Pages/Marijuana-Cannabis.aspx


Toolkit for Pediatric PCPs
1. Screening & Brief Intervention: Updates and Guidance

2. Brief Brief Interventions: Common Answers and Suggested Responses

3. Nicotine: Managing Nicotine Use Disorders in Pediatrics

4. Cannabis: Helping Kids Quit THC/Cannabis

5. Cannabis: Managing Cannabis Hyperemesis Syndrome

6. CBD: Frequently Asked Questions about CBD Products 

7. Alcohol: Managing Alcohol Use in Pediatric Primary Care

8. Naltrexone for Opioid Use Disorder

9. Buprenorphine: Induction and Triage Protocols 

10. Drug Testing: Drug Testing in Pediatric Primary Care

11. Coping with Cravings

12. Tips to Prepare for a Quit Date

13. Behavioral Contracts

14. Parent/Caregiver Guidance

15. Co-occurring Mental Health Disorders

16. Co-occurring Medical Disorders

17. Referrals: Referrals to Higher Levels of Care

18. Communication: Guidelines and Tips for Caregivers 



Tobacco Use Treatment 

Family Support Community Support

Advice & support for parents

Working with family to establish goals & 
expectations

Family-based therapies: 
- Community Reinforcement & Family 

Training
- Multidimensional Family Therapy
- Functional Family Therapy
- Brief Strategic Family Therapy
- Multisystemic Therapy

Groups: NA, AA, SMART Recovery, 
Young People in Recovery

Peer mentors

Addiction medicine specialists
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Pragmatic and Specific Ways to Monitor Youth
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How Can We Prevent Substance Use & 
Related Problems?



Recognize risk factors

1. Parent substance use

2. Adverse childhood 
experiences (ACEs)

3. Trauma

4. Peer substance use

5. Mood disorders

6. Favorable substance-
related attitudes &  
expectancies 

9% of kids in the US live with someone 
with problematic substance use.1 

1.4M kids in the US live with a parent 
with opioid use disorder.2 

Source: 
CDC & Kaiser Permanente

1. Sacks & Murphey, Child Trends, 2018. 

2. United Hospital Fund, “The Ripple Effect”, 2018. 

Whitesell M et al., J Addict 2013. Stone AL et al., Addictive 

Behaviors 2012. 
https://www.cdc.gov/violenceprevention/aces/



Promote protective factors

1. Engagement in school, 
hobbies, 
extracurriculars

2. Academic 
achievement

3. Family bonding

4. Parental monitoring

102

https://youth.gov/youth-topics/substance-abuse



Address Substance Use Early



What if I’m Worried About 
 A Friend? 

https://choices.scholastic.com/issues/2017-18/040118/a-
prescription-for-addiction.html



Resources

• ADA.org/tobacco. 

• NIDA for Teens: https://teens.drugabuse.gov/

• Partnership to End Addiction: drugfree.org

• Frontiers for Young Minds: “What is Vaping?”

• http://www.staytruetoyou.org/

• https://truthinitiative.org/

• https://teen.smokefree.gov/

• Young People in Recovery: youngpeopleinrecovery.org

• SMART Recovery Young Adults: https://www.smartrecovery.org/young-

adults/

https://www.ada.org/tobacco
https://teens.drugabuse.gov/
http://www.staytruetoyou.org/
https://truthinitiative.org/
https://teen.smokefree.gov/
https://www.smartrecovery.org/young-adults/
https://www.smartrecovery.org/young-adults/
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Thank You
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