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High Frequency, High Potency Marijuana

Marijuana Biology

Teen Marijuana Use: Risks Consequences

Introduction 

Can Marijuana Solve the Opioid Crisis?

Parents and Offspring

Marijuana Biology
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Made by the brain Made by marijuana

Models from BK Madras, W Mascarella:  Museum of Science, Boston Exhibit

Brain message

THC

Transmitter   Message     Receiver 

CB1 Receptor
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Brain Cannabinoids are Critical 
for Communication AND Brain Development

• Guide  formation of circuits

• Form connections between cells

• Throughout brain development and adulthood

Herkenham et al., 1991

Reward

Learning, memory
Motor coordination

Motor activity

Judgement, impulse control, cognition

Teen Marijuana Use: Risks and Consequences 
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The Developing Adolescent Brain
• Increases grey, white matter 

• Prunes some connections

• Strengthens connections

• Changes function regionally

Hurd YL. Cannabis and the developing brain challenge risk perception.  J Clin Invest. 2020 130(8):3947-3949.

Crean RD, Crane NA, Mason BJ. An evidence based review of acute and long-term effects of cannabis use on executive cognitive functions. Journal of Addiction Medicine 2011;5:1-8;Pope
HG Jr, et al. Early-onset cannabis use and cognitive deficits: what is the nature of the association? Drug Alcohol Depend. 2003 Apr 1;69(3):303-10.; (Pope and Yurgelun-Todd (1996)
Solowij et al. 2002, Fletcher et al., 1996,McHale and Hunt,2008; Porter, & Frampton, 2007 et al., 2002; Harvey et al, 2007; Solowij & Pesa, 2010 ; Novaes et al. 2008; Battisti et al., 2010 ;
Schweinsburg A. D., Brown S. A., Tapert S. F. The influence of marijuana use on neurocognitive functioning in adolescents. Curr Drug Abuse Rev 2008; 1: 99; Lisdahl K. M., Wright N. E.,
Medina-Kirchner C., Maple K. E., Shollenbarger S. Considering cannabis: the effects of regular cannabis use on neurocognition in adolescents and young adults. Curr Addict Rep 2014; 1: 144–
56. Manza P, Yuan K, Shokri-Kojori E, Tomasi D, Volkow ND. Brain structural changes in cannabis dependence: association with MAGL [published online ahead of print, 2019 Nov 6]. Mol
Psychiatry. 2019;10.1038/s41380-019-0577-z

Impaired learning, memory Impaired motor function Impaired decision making

• THC accumulates in brain

• Released into bloodstream 5 days to weeks  with heavy, regular use

• Neurodevelopmental effects can continue for weeks to months after use

• Marijuana affects development and maturation of circuits, grey white matter 

• Impairs brain function
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Brain
changes

Addiction

Higher for 
teens

Psychiatric 
disorders
Psychosis

Depression
Anxiety 

Suicidality

Deficits 
Cognition

Short term 
memory loss

IQ decline
Poor school 

performance

Safety

Decreased reaction 
time Impaired motor 
coordination, Higher 

rates of motor 
vehicle crashes, 

including fatalities 

Amotivation

Higher school 
drop-out
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Data from Dupont, Han, Shea, Madras. Preventive Medicine 113: 68-73, 2018. [Graph prepared by BK Madras] Past month use of alcohol, tobacco and illicit drugs, 
among youth aged 12-17, by marijuana status (past month unadjusted prevalence; n = 17,000; data from Table 1).  Y-axis: past month prevalence in %)

Han B, Compton WM, Blanco C, Jones CM. Time since first cannabis use and 12-month prevalence of cannabis use disorder among youth and emerging 
adults in the United States. Addiction. 2019 Apr;114(4):698-707
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5.6%                                 7.1%                                   9.9%                                   10.5%

Adolescents Much More Vulnerable to Marijuana Use Disorder 
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115,000 more

300,000 more

500,000 more

Hall et al 2020
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Grades lower

More likely to drop out

Less likely to enter college 

Occasional  users 
• more likely to delay enrollment
• drop out of education

Frequent users

• less likely to enroll

Marijuana use disorder
• more likely to drop out of college

High School College 
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Bachelor's Degree

Source: Fergusson and Boden , Addiction, 103, pp. 969-976, 2008.

Marijuana and Psychosis

Psychosis and Schizophrenia

Marijuana, Correlation or Causation?

Youth and Mental Health
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AGE 5 10 15 20 25 30 35 40

Schizophrenia 

Mood Disorders

Anxiety Disorders

Substance Use 
Disorders

Source: Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime prevalence and age of-onset distributions of DSM-IV disorders in the National Comorbidity Survey 
Replication. Archives of general psychiatry Jun;2005 62(6):593–602. Kessler RC, Wang PS. The descriptive epidemiology of commonly occurring mental disorders in the United States. 
Annual review of public health 2008;29:115–129.

Gobbi G, et al. Association of Cannabis Use in Adolescence and Risk of Depression, Anxiety, and Suicidality in Young Adulthood: A 
Systematic Review and Meta-analysis. JAMA Psychiatry. 2019 Feb 13.  [Epub ahead of print]; Roberts BA. Legalized Cannabis in Colorado 
Emergency Departments: A Cautionary Review of Negative Health and Safety Effects. West J Emerg Med. 2019 Jul;20(4):557-572. 
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Non-users Depression Suicidal ideas Suicide
attempt

Risk Ratio

Colorado: Suicides Positive for Marijuana

Bizarre thoughts (delusions)Bizarre thoughts (delusions)Suspiciousness (paranoia)Suspiciousness (paranoia)

Hallucinations: hear, see, feelHallucinations: hear, see, feelFragmented thoughts (disordered)Fragmented thoughts (disordered)
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London Amsterdam Paris

Never used Rare Use <10% Rare Use 10%
Use THC <10% >1x/week Use THC >10% 1 x/week Daily THC <10%
Daily use THC >10%

A “Tale” Of 3 Cities 
(Actually 11 Sites)

Di Forti et al
Lancet Psychiatry 2019 
May;6(5):427-436.

Dose-response:
• van Os J, et al 2002; 
• Henquet C, et al 2005; 
• Moore THM et al: 2007; 
• Haney and Evins, 2016; 
• Marconi et al 2016;

• larger the association, the more likely that it is causal• larger the association, the more likely that it is causalStrength of Association 

• Consistent findings different places, different samples• Consistent findings different places, different samplesConsistency 

• effect occurs after the cause• effect occurs after the causeTiming 
• Stronger dose, more frequent use, longer use, worse 

outcomes 
• Stronger dose, more frequent use, longer use, worse 

outcomes Dose-response 

• Specific population with no other likely explanation• Specific population with no other likely explanationSpecificity 
• A mechanism between cause-effect, if not limited 

presently
• A mechanism between cause-effect, if not limited 

presentlyBiological plausibility 

Criteria for Causation

Hill, Austin Bradford (1965). "The Environment and Disease: Association or Causation?". Proceedings of the Royal Society of Medicine. 58 (5): 295–300.

2. Consistency

3. Timing

4. Dose-response

5. Biological plausibility

1. Strength of Association
2-9 fold risk for psychosis, schizophrenia

Different places;  Different populations show similar outcomes

Marijuana use generally precedes psychosis, schizophrenia in prospective teen studies; 
Marijuana lowers age of onset of schizophrenia 

Heavier the use, more potency,  increases the risk 

• Marijuana users have an earlier age of onset of schizophrenia; often quit to avoid symptoms; 
• Marijuana/THC elicit psychotic symptoms in otherwise normal people 
• Marijuana exacerbates schizophrenia symptoms

6. Specificity
Users of other potent recreational drugs develop chronic psychosis less often 

28

29

30



5/7/2021

11

Triple threat

Blunts, Edibles, Drinks 

Quadruple threat

Potency 

Delivery

Vaping

Synthetics

Retail Marijuana not a Natural Plant 

1970’s       1980’s      1990’s    2000’s          2010-

5% 
THC

3-5%
THC

1-3% 
THC

8% 
THC

20-90% 
THC

Greater High
More tolerance
More Addiction

More Users

MORE PROFIT! 

Potency:
__%THC weight__

dry weight

Why Does THC Potency Matter?
Higher potency, more drug effects, tolerance, addictive potential, others
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• +70% THC    (21% of all sales in some states) Sale of extracts rise

• preference of daily users (who account for most sales) High potency

• to reduce incentive, but no US state has adopted policyCap %THC or tax %THC

• likely to increase frequency of use Increased access to potent 
marijuana at low price

• Goal is to increase demand, users, frequent useProfit-seeking legal 
industry

Hines LA, Freeman TP, Gage SH, et al. Association of High-Potency Cannabis Use With Mental Health and Substance Use in 
Adolescence [published online ahead of print, 2020 May 27]. JAMA Psychiatry. 2020;e201035.
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drugs
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dependence

AUD

High potency Low potency

High potency vs low potency

• More regular marijuana use

• More use problems

• More use of other drugs

• More tobacco dependence

• More alcohol use disorder  

• Psychiatric symptoms associated use of 
combustible, edible, vaporized marijuana

• Psychiatric symptoms  higher  in poly-
product use

Leventhal AM, Bae D, Kechter A, Barrington-Trimis JL. Psychiatric comorbidity in adolescent use and poly-use of 
combustible, vaporized, and edible cannabis products. J Psychiatr Res. 2020;124:91-98.
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BHO User

Problems Associated with Use of Butane Hash Oil 
(~ 50-60% THC) Among College Students

before adjusted OR

Use frequency Edibles Binge drinking Smoking

Other drugs Physical dependence Impaired control Academic problems

Meier MH. Associations between butane hash oil use and cannabis-related problems. Drug Alcohol Depend. 2017 Oct 
1;179:25-31.

OR 

Psychosis, anxiety

Lower age of schizophrenia

Impaired brain function, driving

Use of other drugs, other effects

More use, higher risk for addiction

High THC Potency Associated With Higher Risk for 

Opioids, Overdoses, and Cannabis: Is Marijuana An Effective 
Therapeutic Response to the Opioid Abuse Epidemic?

PAUL J. LARKIN, JR. & BERTHA K. MADRAS, PHD
Georgetown Journal of Law and Public Policy, 2019

*
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Marijuana before 18

Mental illness

Drug seller encounter

Age

Health

Easy access

Income

Education

Employment

Alcohol before 18

Race

Obesity

Disability

Gender

Risk of trying heroin

Probation

Risk of weekly heroin

Parole

Adway S. Wadekar. Understanding Opioid Use Disorder (OUD) using tree-based classifiers Drug and Alcohol Dependence 208 (2020) 107839

Marijuana use before Age 18 is 
Highest Risk for Opioid Use Disorder

Degenhardt et al, 2015, Caputi et al, 2018, Olfson et al, 2017, Hasin et al 2020 

USERS                                                                             Non-USERS

•Use more opioids than non-users                         less likely to use opioids

• Misuse prescription opioids more  than non-users         less likely to misuse Rx opioids

• More likely to develop Rx opioid use disorder                 less likely to develop Rx OUD

• More likely to develop CUD                                                  less likely

• No high-quality evidence:
any form of marijuana in chronic pain

• Adverse events  may limit usefulness:  
sedation, confusion, psychosis

• At best, a few people with neuropathic 
pain will benefit from long-term use

Shover CL, Vest NA, Chen D, et al. Association of State Policies Allowing Medical Cannabis for Opioid Use Disorder With Dispensary Marketing 
for This Indication. JAMA Netw Open. 2020;3(7):e2010001. Mücke M, Phillips T, Radbruch L, Petzke F, Häuser W. Cannabis-based medicines for 
chronic neuropathic pain in adults. Cochrane Database Syst Rev. 2018;3(3):CD012182. Published 2018 Mar 7.

40

41

42



5/7/2021

15

High Potency Marijuana
Poses greater risk

• Evidence is weak that Mj reduces opioid use
• States put opioid users at risk by endorsing MJ

Marijuana and Opioids

• no evidence it is necessary
• associated with more brain changes
• addiction, psychosis, hospitalizations

• THC unsafe for fetus, adolescent, young adult,  
especially potent marijuana

Brain is maturing 
until mid-20s to 30

Parents and their Offspring

Prenatal Exposure to 
Marijuana:  ABCD Study

9-11 y;   n=11,489; 22 sites; 2016-2018; 5.7% (655) exposed prenatally

Prenatal Exposure to 
Marijuana:  ABCD Study

9-11 y;   n=11,489; 22 sites; 2016-2018; 5.7% (655) exposed prenatally

Paul SE, Hatoum A,. Fine, JD Johnson EC, Hansen I, Karcher NR, Moreau Al, Bondy E, Qu Y, Carter EB, Rogers CE, Agrawal A, BarchDM, 
Bogdan R: Prenatal cannabis exposure and childhood outcomes: Results from the Adolescent Brain and Cognitive Development Study ABCD
The author/funder has granted medRxiv a license to display the preprint in perpetuity; Dec. 19, 2019 ; doi: 
http://dx.doi.org/10.1101/2019.12.18.19015164 

43

44

45



5/7/2021

16

Jeremy D. Fine et al.,   Association of Prenatal marijuana Exposure With Psychosis Proneness Among Children in the Adolescent Brain Cognitive 
Development (ABCD) Study  J. JAMA Psychiatry Published online March 27, 2019

• Psychotic-like 
experiences

• internalizing, 
externalizing 

• Reduced

• White and grey  

Matter Volume

• Attentional
• Thought
• Social 
• Reduced cognition
• Social problems

Prenatal Cannabis Exposure Increases Risk For Psychopathology, 
Reduced Cognition in Middle Childhood  (11 489, 9.9 y, 5.7% exposed to cannabis) 

• With increasing cannabis use among pregnant women,
• former U.S. Surgeon General Adams issued an advisory

• against marijuana use during pregnancy Aug 29th, 2019

Paul SE, et al., Associations Between Prenatal Cannabis Exposure and Childhood Outcomes: Results From the ABCD Study. JAMA Psychiatry. 2020 
Sep 23:e202902. doi: 10.1001/jamapsychiatry.2020.2902.
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Offspring 12-17 y More Likely to Use

46

47

48



5/7/2021

17

0

5

10

15

20

25

30

35

Marijuana Cigarettes

Parents strongly
disapprove

Parents no strong
opinion

%
 Y

ou
th

 U
si

ng

Source: NSDUH, 2010 published Sept 2011; http://www.samhsa.gov/data/NSDUH/2k10NSDUH/2k10Results.htm

Role of Parents

ADHD Personality
Psychiatric

disorder

First degree 
relative with 
alcoholism

First degree 
relative with 

drug 
addiction

Poor grades 
at school

Abused at home

Fights at home; neglect

Parents give mixed messages 

Parents use drugs

Unlimited access social net-working 

In states with medical marijuana, legalization 
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• Neglect school work
• Lose interest in extracurricular
• Change friends, groups, clothes, behavior
• Change sleep patterns, reduce sleep 
• Increase in health issues, personal hygiene
• Decline in family relations
• Reduce openness and honesty 

What You 
Can Do!

Promote 
Prevention

What You Can Do! Promote Prevention
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In Defense of our Brains
The Repository of our Humanity

Bertha K Madras
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