5/7/2021

©Marijuana: State of the Science

Bertha K Madras, pho
Professor
Harvard Medical School
McLean Hospital

2021: Drug Challenges

_ 3
S AN 5 : .
(., : i |

Opioid New

et Hallucinogens Psychoactive
crisis 5 p

Medicines? Substances

Past-Year Marijuana Use Has Risen Dramatically
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Rise primarily in adults of child-bearing, child-rearing ages,

Users

in millions
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Introduction
- Marijuana Biology

Teen Marijuana Use: Risks Consequences

ngh Frequency, High Potency Marijuana

- Can Marijuana Solve the Opioid Crisis?

Parents and Offspring

Marijuana Biology

Drugs are “Imposters” of
Brain Chemical Messages

SEROTONIN
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What is THC?

Made by the brain Made by marijuana

Anandamide

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

1§ Brain message

i CB1 Receptor

Transmitter Message Receiver
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Where Does THC Act?
Brain Distribution of CB1 Receptors, target of THC
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Teen Marijuana Use: Risks and Consequences




The Developing Adolescent Brain

Increases grey, white matter
Prunes some connections
Strengthens connections

Changes function regionally
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Endocannabinoids Regulation of Human Brain Development

Infancy Young adulls

Noural migration
[ Synaptogenesis ]

Programmed cell death
Increased brain growth

Synaptic pruning
Myalination
Low birth weight Ahered cognitive, Paranoia
Altered motor and sochal- social, and motor Psychosis
emotional Anxiety
Alterad sleep patterns Amotivational syndrome
Short-term memory impairment
Motor coordination impairment
Long-term impact on and adult Lo use

Hurd YL. Cannabis and the developing brain challenge risk perception. J Clin Invest. 2020 130(8):3947-3949.
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Endocannabinoids Shape Brain Function
Marijuana Affects these Brain Regions

* 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

evidence based revi g-term effects of cans e on executive cognitive functions. Journal of Addiction Medicine 20:
et cannabs use and cognitive d ature of the ass Drug Alcohol Depend. 2003 Apr 1;69(3):303-10.; Pope and Yurgelur
cHal
T
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Teen Brain and Marijuana: BAD-APS
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eficits
_ Cognition
ddiction
Short term motivation sychiatric
i . 1 B
Brain Higher for memory loss » disorders
1Q decline Higher school )
changes tesns drop-out Psychosis

Poor school

performance Depression

Suicidality

afety

Decreased reaction
time Impaired motor
coordination, Higher

rates of motor
vehicle crashes,
including fatalities
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Adolescent Marijuana Users:
Use of Other Substances Higher

Binge Alcohol Heavy Alcohol
= NO = YES

Preventive Medicine 113; 3 Grap! BK Madras] Past month u
month unad| ); data from Table 1

Adolescents Much More Vulnerable to Marijuana Use Disorder

1st year 2nd year 3rd year

H12-17y W 18-25y

Han B, Compton WM, Blanco C, Jones CM. Time since fir abis use and 12-month prevalence of cannabis
i 010 Anr-114(41-5

Illicit Drugs

4th year

sorder among youth and emerging




From 2016-2019
915,000 more with Marijuana Use Disorder
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300,000 more PAST YEAR, 2016:2019 NSDUH, 12+

115,000 more 20M  aom

500,000 more

SBAK ssrk gy

1217 18-25 26 or Older
=2016 = 2017 =2018 m2019

= Dfference between this estmate and the 2019 estimate is
e 05 evel
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Prevalence of Marijuana Use Disorder 15-19 y

P - 3 :
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O W0 #0 W0 IXD 1200 LM0 140 A0 100 100 240 160 180 Hall et al 2020
13:19 yaae.oidh in 2017 (caes per 100,000)
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Marijuana Use, Environment
Associated with Impact on Educational Achievement
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High School College
¢ more likely to delay enroliment

Occasional users
Grades lower
o drop out of education
More likely to drop out Frequent users
b « less likely to enroll
Less likely to enter college
N

Marijuana use disorder

¢ more likely to drop out of college
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Teen Marijuana Use Affects Adult Motivation

On Welfare
4 TUnemployed
==Bachelor's Degree
0

Never 001-099 100-199 200-299 300-399 400+
Number of times used marijuana as a teen

Percent with Outcome
N w » @ @
S S S 3 3

o
)

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

and Mental Health

\
\

Psychosis and Schizophrenia
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Many Brain Disorders Start During Adolescence
Impulse Control
Substance Use
Disorders
Anxiety Disorders

1wen
[
[

Schizophrenia

Adolescent Marijuana Use: Association With Increased
Risk of Depression, Suicidal Behavior Later in Life

Colorado: Suicides Positive for Marijuana

Risk Ratio

Pareart of sutckdon wih rrfumna presen]
susazFESE

ees————— -1 H H H 1
Y

Non-users Depression  Suicidal ideas Suicide
—— Putartage o suces poatee br reyare attempt

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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Psychosis and Schizophrenia

Suspiciousness (paranoia) Bizarre thoughts (delusions)

Fragmented thoughts (disordered) Hallucinations: hear, see, feel




% THC, Frequency of Use Higher Risk for Psychotic Disorders

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

Di Forti etal

Lancet Psychiatry 2019

May;6(5):427-436.

Dose-response:
van 0s), etal 2002;
Henquet € t 1 2005;
Moore THi et af: 2007;
Haney and Evins, 2016; = Never used = Rare Use <10% Rare Use 10%
Marconietal 2016; Use THC <10% >1x/week = Use THC >10% 1 x/week = Daily THC <10%

Daily use THC >10%

London Amsterdam Paris

Criteria for Causation

* larger the association, the more likely that it is causal
* Consistent findings different places, different samples
o effect occurs after the cause

. z:';:r;g"e‘; sd’ose, more frequent use, longer use, worse
* Specific population with no other likely explanation

. ;\r:'nsee;t;?;ism between cause-effect, if not limited

Hill, Austin Bradford (1965). "The Enviranment and Disease: Association or Causation?”. Proceedings of the Roval Saciety of Medicine. 58 (5): 295-300.
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/. CAUSALITY OR ASSOCIATION?

é L R
Users of other potent recreational drugs develop chronic psychosis less often

5. Biological plausibilit

juana users have an earlier age of onset of schi ia; often quit to avoid
+ Marijuana/THC elicit psychotic symptoms in otherwise normal people

e == + Marijuana exacerbates schizophrenia symptoms
onse
e Heavier the use, more potency, increases the risk

Marijuana use generally precedes psychosis, schizophrenia in prospective teen studies;

Marijuana lowers age of onset of schizophrenia

2. Consistency

- J Different places; Different populations show similar outcomes
Q 1. Strength of Association
- 2-9 fold risk for psychosis, schizophrenia

30
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What is New Marijuana?

5/7/2021

Retail Marijuana not a Natural Plant
Blunts, Edibles, Drinks
Triple threat

Quadruple threat

00¢
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1970’s  1980’s 1990’s 2000’s 2010-

Potency: eater High
%THC weight, ‘ More tolerance
dry weight \Vére Addiction

8
More Users

>~ 1
g o MORE PROFIT!
" THC

32

Why Does THC Potency Matter?

Higher potency, more drug effects, tolerance, addictive potential, others

11



The Reality
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Sale of extracts rise * +70% THC (21% of all sales in some states)

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

Cap %THC or tax %THC * to reduce incentive, but no US state has adopted policy

Increased access to potent

" . o likely to increase frequency of use
marijuana at low price

Profit-seeking legal L
g leg * Goal is to increase demand, users, frequent use

34

High vs Low Potency Adolescent Marijuana Use

High potency vs low potency
* More regular mai

More use problems

More use of other drugs

More tobacco dependence

Regular Mj Use Problems Other illicit  Tobacco More alcohol use disorder
Use drugs  dependence

High potency 1 Low potency

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;201035

Edibles and Vaporized Marijuana

* Psychiatric symptoms associated use of

combustible, edible, vaporized marijuana
* Psychiatric symptoms higher in poly-
product use

Conduct  Depressive  Anhedonia  Sensation
problems  symptoms seeking

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

35

25

OR
15

0.5

BHO User
m Use frequency m Edibles Binge drinking m Smoking
m Other drugs Physical dependence  mImpaired control m Academic problems
Meier MH. Associations between butane hash oil use and cannabis-related problems. Drug Alcohol Depend. 2017 Oct
1;179:25-31.

High THC Potency Associated With Higher Risk for

Psychosis, anxiety
Lower age of schizophrenia
Impaired brain function, driving

Use of other drugs, other effects
More use, higher risk for addiction

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
Marijuana use before Age 18 is = Mentalliness
Highest Risk for Opioid Use Disorder :Z;g sellerencounter
W Health
m Easy access
Income
Education
Employment
Alcohol before 18
Race
Obesity
™ Disability
™ Gender

A
3
H
°
2
S
&
g
e
s
5
g

m Risk of trying heroin
m Probation
' Risk of weekly heroin
m Parole

3

Adway S. Wadekar. Understanding Opioid Use Disorder (OUD) using tree-hased.ﬂassiﬁersDrug and Alcohol Depen
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Do Marijuana Users +/- Pain Use Opioids Less?

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

Degenhardt et al, 2015, Caputi et al, 2018, Olfson et al, 2017, Hasin et al 2020
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A Chasm Between Evidence and Beliefs

* 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, IA, 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):¢2010001. Miicke M, Phillips T, Radbruch L, Petzke F, Hauser W. Cannabis-based medicines for
chronic neuropathic pain in adults. Cochrane Database Syst Rev. 2018;3(3):CD012182. Published 2018 Mar 7.
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Summary

Brain is maturing

* THC unsafe for fetus, adolescent, young adult,
until mid-20s to 30 especially potent marijuana

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

High Potency Marijuana
Poses greater risk

Mariiuana and O . ¢ Evidence is weak that Mj reduces opioid use
| . ¥ ¢ States put opioid users at risk by endorsing MJ
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Parents and their Offspring

44

Prenatal Exposure to
Marijuana: ABCD Study

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

on EC, Hansen 1, Karcher NR, Moreau Al Bondy E. Qu Y, Carfer EB,
and childhood outcomes: Results from the Adolescent Brain and Cognitive D
medRxiv a license fo display the preprint in perpetuity; Dec. 19, 2019 ;
18.19015164
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Prenatal Marijuana Exposure Associated With
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Psychosis Proneness During Childhood?

Al

Total Score)

-

 1O)

3

Unexposed (n=4298 Expased (n=63)
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
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Prenatal Cannabis Exposure Increases Risk For Psychopathol
R ed Cognition in Middle Childhood (11 489, 9.9 y, 5.7% exposed to cann al

PN
* With increasing cannabis use among pregnant women,

* former U.S. Surgeon General Adams issued an advisory
* against marijuana use during pregnancy Aug 29th, 2019

N i
* Psychotic-like * Attentional

experiences - Whiteand grey E:?ﬂm

* internalizing, Matter Volume  Reduced cognition
externalizing © Social problems

 etal., Associations Between Prenatal Cannabis Exposure and Childhood Outcomes: Results From the ABCD Study. JAMA Psychiatry: 2020
€202902. doi: 10.1001/iamasvchiatrv.2020.2902.

Youth at Risk of High Potency Marijuana

If Mothers or Fathers Use Marijuana
Offspring 12-17 y More Likely to Use

B Mother

Father
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Never used Lifetime (NPY) <52 days >52 days
FREQUENCY OF PARENT MARLUANA USE
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Role of Parents

Parents strongly
disapprove

Parents no strong
opinion

% Youth Using

W ELITELE] Cigarettes

Source: NSDUH, 2010 published Sept 2011; ht
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Learn risks: Higher For Drug Use, if Youth Have

) First degree | poor grades
Personality | Fjist gegree | relative with |  at school
drug

Psychiatric | relative with
addiction

disorder alcoholism

Ul

0

Environmental Risks for Child’s Drug Use, if:

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

17
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Learn Signs of Youth Drug Use

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!

Prevent multi-generational use

Promote
Prevention

53

What You Can Do! Promote Prevention

* Prevent Use Of All Drugs During Adolescence

* Challenge the Myth of New Marijuana as a “natural plant”

* Prevent Drug Use During Pregnancy

* Protect Safe Home Environment For Children

* Foster Parental Disapproval of Youth Marijuana

* Defend FDA Process For Drug Approval

18



In Defense of our Brains

The Repositzi‘ry of our Humanity

rtha K Madras

5/7/2021

56

19



