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Key Points
• The Cannabis of Today

• Rising THC content in commercial products increases harm
• The landscape of hemp-derived intoxicating cannabinoid products

• Adolescent Brain Development
• Adolescent Brain Development Teens (<19yrs) and Young Adults (19-25yrs)

o New data shows adolescence until 32yo
• The role of the endocannabinoid system in brain development

• Adolescent Cannabis Use is Particularly Risky
• The adolescent brain is especially vulnerable to cannabis/THC use.
• Cannabis use can affect a young person’s health and development.
• The negative mental health effects linked to cannabis use, are especially 

concerning for young people.



Cannabis 
Sativa

• The Cannabis Plant contains ~550 
chemical components

• Delta 9 Tetrahydrocannabinol (d9THC) 
and Cannabidiol (CBD) are the two 
most studied cannabinoid 
components

• d9THC is a partial agonist at CB1 
receptors in the brain, and is 
psychoactive (producing a high)

• CBD produces more of a calming 
effect, with limited activity at CB1 
receptors

The Cannabis Plant

Adapted from: https://www.everycrsreport.com/reports/R46189.html

Extracts

THC
•Vapes
•Dabs
•Edibles

Flower



Hemp-derived Intoxicating Cannabinoids



Potency: Today’s High THC Products Are 
Driving Cannabis-related Harm
• Potency as a term in pharmacology, reflects the drug's 

biological activity which is distinct from efficacy (the 
maximum effect a drug can produce) and strength (the 
amount in a dosage form).

• d9THC Potency: most often this is referring to the 
strength of a cannabis product, THC content, amount 
of THC in a cannabis product.

• Often given as %THC, meaning %d9THC 
weight/dry weight of product.

• Generally, products containing >10% THC 
(100mg/gram) are considered high potency 

• A 10mg dose can be considered a high single 
dose.
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REC COMMERCIALIZATION 
IN FIRST LEGAL STATES

“MEDICAL” LEGALIZED IN 
FIRST STATES (CA: 1996)

Commercialization=
• Greater high
• More tolerance
• More people use
• More addictionToday’s THC 

Extracts Can be 
30x More Potent 
than 1970-1990 
Weed

~3-5%

Estimated THC Content Over Time



• Then (1970-1990): There used to be ~0.333g (333mg) 3% THC flower in a standard joint = ~10mg THC 
shared by several people; 

• Now (2020s): 0.333g (333mg) 30% THC joint = ~100mg THC. Many pre-rolls available at licensed 
dispensaries contain 0.5g or 1g of 30% flower = ~150mg or 300mg THC, sometimes with added 
concentrate crystals for higher amounts of THC.

Could be as 
powerful as

1 joint 
today

≥10 joints in 
1970-1990

100mg THC in 0.333g 
joint (30%THC)

10x 10mg THC in 
0.333g joint (3%THC)



Could be as 
powerful as

1 vape 
cart 
today

≥90 joints in 
1970-1990

903mg THC in 
1g vape cart

90x 10mg THC 
in joints of 1990



National Institute on Drug Abuse (NIDA) & Federal 
Drug Administration (FDA)- Defined THC Dosing

NIDA Notice Issued May 7, 2021: 

The purpose of this Notice is to inform 
research applicants of a new 
requirement to measure and report 
results using a standard THC unit in 
all applicable human subjects 
research, beginning May 7, 2021. 

 A standard THC unit is defined as 
any formulation of cannabis plant 
material or extract that contains 5 
milligrams of THC.

o FDA-approved dronabinol (Marinol) = lab-made d9 THC 
o Approved to treat chemotherapy-related nausea and 

vomiting and for appetite stimulation in patients with 
advanced HIV.

o 2.5mg, 5mg, 10mg tabs
o 30mg max dose for 150lb person  (after 2 week titration) 

to avoid AEs including THC-induced psychosis and 
cannabinoid hyperemesis syndrome (CHS)



Could be 
equivalent to

5g of 90% 
THC 
concentrate

450 joints in 
1990

x4.5

(= 900x 5mg NIDA-defined dose units)



Could be 
equivalent to 

2oz of 30% 
THC flower

1,680 joints 
in 1990

x16.8

(= 3,360x 5mg NIDA-defined dose units)



And from the creators of JUUL:   PAX Labs

• In 2017, JUUL (nicotine) split off from parent company PAX Labs (cannabis).

• In 2018, Altria, the parent company of Philip Morris, spent $billions for a stake in 
JUUL and a stake in a Canadian Cannabis company. As of 2024, Altria holds 40.9% 
share in Cronos.



Current U.S. Cannabis Market

• In the 2025–2026 U.S. cannabis market, 
flower remains the dominant product 
type with 40%–45% of retail sales, 
though its share is declining.

• Vape cartridges constitute 22%–28% of 
the market

• Concentrates hold about 12% 

• Pre-rolls are approximately 13% 
• Most often infused with concentrate

• Edibles account for 14%–18% 



Cannabis Products in MA



The 2018 Federal Farm Bill Created a Loophole for 
Intoxicating Hemp-derived Cannabinoids

• The statute broadly legalized hemp 
“derivatives /extracts / cannabinoids 
/isomers” but set the potency threshold 
based specifically on delta-9 THC 
(≤0.3% dry weight ≤ 3mg/gram)

• Market participants interpreted 
(exploited) this as allowing intoxicating 
hemp-derived products (e.g., delta-8 
THC products) so long as they stayed 
under the delta-9 THC limit. 



The Illicit Market Does Not Go Away With 
Legalization: Role of Organized Crime

• Illegal/unlicensed marijuana 
distributors “hide in plain sight”. 

• Legalization makes it easier for these 
illegal operators to grow and sell 
products appealing to young people.

• Illegal products available are driven by 
what legal products are available.

• Online access/availability to endless 
illicit products.

In legal states, hundreds of grow 
operations with ties to organized crime 
pop up in neighborhoods and rural 
areas.
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Adolescent Brain 
Development:

Training the Brain 



Soma (cell 
body of the 
neuron)

Myelinated Axon 
(communication 
channel)

Dendritic 
Tree

Axon 
Terminal

Brain Communication: Neuron



Synapses

Electrical 
Signal 

Electrical 
Signal 

Electrical 
Signal 

Brain Communication: Neuron-to-Neuron

Dendritic 
Tree

Axon 
Terminal



Brain Communication: Synapse

Image Credit: By Nrets Via Wikimedia Commons 

Pre-synaptic 
neurotransmitter 
receptors Post-synaptic 

neurotransmitter 
receptors



The reward system is 
particularly active in the 
teen brain.

The centers for logic 
and reasoning  
are still developing.

Adolescent brains are 
building super-highways 
for the pathways 
used regularly.

There are radical 
changes in neuronal 

connectivity going on 
inside the teen brain.



Adolescence: A time of vulnerability and amazing 
OPPORTUNITY!



Growth and Pruning During Adolescence

Huttenlocher PR., 1979



Prefrontal Cortex vs. Limbic Region Development 
*Mismatch Allows for Healthy Risk Taking*

Gogtay N et al. Dynamic mapping of human cortical development during childhood 
through early adulthood. Proc Natl Acad Sci U S A. 2004 May 25;101(21):8174-9. Giedd JA. The Amazing Teen Brain. Scientific American. May 1, 2016



Ventral 
Tegmental 
Area (VTA)

(Pleasure center)

Dopamine Alerts Adolescents to Pleasurable Experiences So 
They Can Repeat Them

(Control center)





New: Brain Changes Occur in Five Epochs

0-9yrs: 
Infancy -Childhood

66-83yrs
Early Aging

32-66yrs
Adulthood

9-32yrs
Adolescence

83-90yrs
Late Aging

Epoch 1 Epoch 4Epoch 3Epoch 2 Epoch 5

Mousley, A., Bethlehem, R.A.I., Yeh, FC. et al. Topological turning points across the human lifespan. Nat Commun 16, 
10055 (2025). https://doi.org/10.1038/s41467-025-65974-8



https://www.youtube.com/watch?v=EpfnDijz2d8
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The Endocannabinoid system

Image: Lopez, 2023Image: NIDA



Szutorisz H &  Hurd YL, 2016

Endogenous Cannabinoid (Endocannabinoid) System 
Modulates Other Neurotransmitter Systems

CB1 receptors are especially dense in the 
brain, especially:

• Prefrontal cortex
• Amygdala
• Nucleus accumbens
• Hippocampus
• Basal ganglia

 These are precisely the circuits that 
are reorganizing during adolescence.

Limbic 
structures



During adolescence, 
the endocannabinoid 

system is BUSY!

Regulates synaptic pruning
Modulates emotional learning
Calibrates reward sensitivity
Shapes executive function development
Integrates stress responses

 It modulates responses to rewards, fear, anxiety, 
and stress.

 It acts as a neurodevelopmental tuning system, 
helping the brain wire itself according to 
experiences.



Key Points
• The Cannabis of Today

• Rising THC content in commercial products increases harm
• The landscape of hemp-derived intoxicating cannabinoid products

• Adolescent Brain Development
• Adolescent Brain Development Teens (<19yrs) and Young Adults (19-25yrs)

o New data shows adolescence until 32yo
• The role of the endocannabinoid system in brain development

• Adolescent Cannabis Use is Particularly Risky
• The adolescent brain is especially vulnerable to cannabis/THC use.
• Cannabis use can affect a young person’s health and development.
• The negative mental health effects linked to cannabis use, are especially concerning for young 

people.



REMINDER: Cannabis/THC Products Today



Cannabis products deliver THC to the 
brain and body.

THC is lipophilic, meaning 
it sticks to fats/lipids.

THC rapidly redistributes 
from blood into fatty 
tissues (brain, adipose 
tissue, etc).

Alcohol/ethanol is hydrophilic, 
meaning it dissolves in water.

Alcohol distributes 
throughout the brain and 
body in a relatively 
predictable way.

THC can be released slowly 
from fatty tissues for days, 
weeks, months.

Alcohol is metabolized and 
cleared relatively quickly, 
typically within hours.Rapidly

Slowly



THC Interferes with Endocannabinoid System 
Modulation of Other Neurotransmitter Systems

Szutorisz H &  Hurd YL, 2016

THC

X
 THC binds brain CB1 receptors and has a STRONGER, LONGER 

effect than anandamide at these receptors

 Frequent exposure to high dose THC:

o Floods the brain with THC

o Obscures selective anandamide signals needed to guide 
brain development

 In the presence of THC, anandamide can’t do its job to protect 
and balance neuronal activity critical in development.
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THC Can Alter Responses to Rewards, Fear, Anxiety, 
and Stress

Zhang, 2021Maldonado, 2022



Adolescents Who Use Cannabis Are More Susceptible

ADDICTION

*Higher in 
teens

BRAIN 
CHANGES

*Functional
*Anatomical

*Cellular
*Molecular

COGNITIVE 
DEFICITS

*Learning 
*Memory

*Poor school 
performance
*IQ decline
*Executive 
functioning 

deficits

AMOTIVATION

*Higher school 
drop-out
*Lower 

educational 
attainment

*Lower 
employment

PSYCHIATRIC 
SYMPTOMS

*Psychosis
*Anxiety

*Depression
*Suicidality
*Disordered 

sleep
*Emotional 

dysregulation

CANNABINOID 
HYPEREMESIS 

SYNDROME 
(CHS)

*Abdominal 
pain

*Nausea
*Vomiting

FUNCTIONAL 
& HEALTH 
DEFICITS

*Impaired 
motor 

coordination/
driving

*Cardiovascular 
effects



New Hampshire, age-group–specific, past-year cannabis use prevalence 
estimates from National Survey on Drug Use & Health (2022–2023):
• 12–17yr: 11.09% (estimated 10,000)
• 18–25yr: 45.21% (estimated 61,000)
• 26+yr: 22.34% (estimated 222,000)
• 18+yr: 25.09%        (estimated 284,000)
• 12+yr: 24.02% (estimated 294,000)

 ~30% (3 in 10) U.S. past year cannabis users meet 
criteria for Cannabis Use Disorder (MUD/CUD). (CDC; 
Hasin, 2015)

 Risk is higher with earlier first use (adolescence) and 
more frequent/high-potency THC use. 

 ~38% of those with CUD also had a moderate or severe 
mental illness (MI) in 2022-23. (Choi, 2024)

Estimated number of people with 
CUD, in NH:

• 12–17yr:  3,000

• 18–25yr: 18,300* 

• 26+yr: 66,600

• 12+yr:  88,200*
*likely underestimated because does not 
account for out of state college student 
population

2022-23 (based on above data)

Estimated number of people with 
CUD + mod/sev MI, in NH:

• 12–17yr:  1,140

• 18–25yr: 6,954* 

• 26+yr: 25,308

• 12+yr:  33,516*
*likely underestimated because does 
not account for out of state college 
student population; 

2022-23 (based on above data)

North America Leads The World 
in Youth Cannabis Use 



Prevalence of AUD & CUD Among U.S. Adolescents 
Who Reported Past-Year Use, NSDUH 2022

Figure 4. from Adams et al, 2025

ALCOHOL
n = 27,858,838 (weighted)

CANNABIS
n = 16,240,632 (weighted)

~41-50%
~16-24%
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Acute Cannabis-induced Psychosis Acute Cannabis-induced Psychosis 
(CIP) Dx

Products with >10% THC = higher psychosis 
risk
• >10% THC is higher risk because more 

potent products deliver more THC
• Many THC concentrates/carts exceed 60–

90%+ THC
• Flower now ~30%+ THC

Clinician diagnostic codes for cannabis-induced 
psychosis (DSM-5/ICD-10-CM) :
• DSM-5 diagnosis: Cannabis-Induced Psychotic Disorder (with code 

assignment using ICD-10-CM; icd10data.com).

With “cannabis abuse” (legacy term; maps to mild use disorder):
• F12.150 – with delusions • F12.151 – with hallucinations • F12.159 –
unspecified. 

With “ cannabis dependence” (maps to moderate/severe use disorder): • 
F12.250 – with delusions • F12.251 – with hallucinations • F12.259 –
unspecified. 

With use, unspecified (no cannabis use-disorder diagnosis coded):
• F12.950 – with delusions • F12.951 – with hallucinations • F12.959 –
unspecified. 

Prevalence of CIP Rises Steeply With Increased Cannabis Use
 Core symptoms of CIP at presentation are typically paranoid, persecutory delusions and hallucinations (auditory ±

visual), often with marked anxiety, agitation, and mood lability.

 Among cannabis users, the proportion ever experiencing psychotic symptoms associated with cannabis 
use/withdrawal increased from ~12.4% in cannabis users with no CUD diagnosis to ~80.0% among those with severe 
cannabis dependence. (Smith, 2009)

 CIP is most common among young adult men who use THC frequently, but scientific findings indicate that CIP can 
happen to males and females at any age, and to those with or without a family history of mental illness.

Prevalence of CIP Rises Steeply With Increased Cannabis Use
 Core symptoms of CIP at presentation are typically paranoid, persecutory delusions and hallucinations (auditory ±

visual), often with marked anxiety, agitation, and mood lability.

 Among cannabis users, the proportion ever experiencing psychotic symptoms associated with cannabis 
use/withdrawal increased from ~12.4% in cannabis users with no CUD diagnosis to ~80.0% among those with severe 
cannabis dependence. (Smith, 2009)

 CIP is most common among young adult men who use THC frequently, but scientific findings indicate that CIP can 
happen to males and females at any age, and to those with or without a family history of mental illness.



Regulated & Approved THC Drugs Have Safety Warnings for 
Serious Psychiatric Events

Sativex® (nabiximols)
• Approved in EU & Australia; Phase III clinical trials in US
• Cannabis sativa extract 
• 2.7mg THC & 2.5mg CBD per spray

• Requires boxed WARNING in AUS
• Prescribing information includes risk of “toxic psychosis”
• Maximum recommended dose: 12 sprays/day = 32mg THC

Parents of adolescents (10-24yrs) with CUD often report 
their loved one is using >100mg THC/day. 



THC Can Cause Acute Psychosis & Increases Conversion to Serious Mental 
Illness (SMI): Increased Risk with Frequent Use of High THC Products

• Cannabis-induced psychosis (CIP) has the highest conversion rate to 
chronic SMI, among substance-induced psychoses. 

• ~47% of CIP cases later received schizophrenia or bipolar diagnoses in 
Danish registry data (median follow-up 20 years). (Starzer, 2018)

• In cities where high-THC products are widespread, a large fraction of 
new psychosis cases (FEP) appears attributable to cannabis use.  
*Amsterdam: 50.3%  *London: 30.3% (DiForti, 2019)

• In Ontario, Canada, the proportion of incident cases of schizophrenia 
associated with CUD almost tripled after legalization. (Myran, 2025)

• PARF of CUD for schizophrenia rose from 1.6–3.7% pre-legalization to ~10% 
after legalization/commercialization; among males 19–24, PARF reached 
~19% by 2022. 

• This means that almost 20% of SCZ cases were associated with CUD, 
among 19-24yo males.

• Similar pattern has been seen in Portugal (Gonçalves-Pinho, 2020)

47%



THC Potency Over Time

Slide credit: Bertha Madras, PhD



+

 Dr. Emily Kline (Boston Medical Center) stated in 2021 
testimony, “I treat many patients who have developed  
psychosis after using high potency THC products… Earlier 
age of first use, frequent use, and  higher THC concentration 
are well known risk factors for developing psychosis. While 
some of  my patients are "lucky" in that they are able to stop 
using THC and eventually recover from their  psychotic 
episode, most are not so lucky. For some, the psychosis does 
not go away even  though they stop using marijuana (i.e. the 
harm to their brain is irreversible). For others, they are  
addicted to THC and cannot abstain from using, and thus 
cannot recover from their psychosis.  Such histories are 
typical of a larger and larger proportion of our schizophrenia 
patients. A growing body of research demonstrates that these 
individuals are NOT necessarily people who would have 
developed schizophrenia without using marijuana.” 

 To be clear, she is  talking about PREVENTABLE cases of 
schizophrenia!

Rising THC Potency 
Increases Harm



Adolescent Cannabis Use Associated with Doubling 
of Risk of Psychotic Disorders by Age 26

Young-Wolf et al, 2026



Massachusetts Cannabis-Psychosis Data Massachusetts Cannabis-Psychosis Data 

Teens frequently report psychotic-like symptoms during/after THC use. (2019)
 In a Boston Children’s Hospital survey of 146 adolescent cannabis users, ~43% reported at least one 

acute psychotic-like symptom (paranoia/anxiety or hallucinations) in the prior year; risk was higher with 
more-frequent use and with cannabis use disorder (CUD). 

 “Our findings suggest that experience of marijuana-related acute psychotic symptoms may be 
considerable.”

After recreational legalization, cannabis use rose among people with psychosis. 
(2025) 
 A recent multi-state study (including Massachusetts) found current cannabis use increased by 10 

percentage points, among individuals with psychosis following legalization/commercialization—
highlighting a particularly high-risk subgroup. 

 “Cannabis can negatively affect illness course and health service utilization in individuals with psychosis, 
these results should be considered by regulators designing policies around taxation, potency, advertising, 
and health warnings.”

In a study of BMC ED psychosis visits, THC+ screens signaled greater psychosis 
severity. (2023)
 A Boston Medical Center study of 2,134 ED visits for acute psychosis (2019–2021) reported that THC+ 

screens were linked to greater acuity (severity) including higher odds of physical restraint and 
parenteral antipsychotic/benzodiazepine use) versus THC-negative or not-screened visits.

 “Cannabis use is associated with increased severity of psychotic symptoms and the risk of acute agitation 
and aggressive behavior in inpatient (IP) and outpatient settings.”



Canada’s Cannabis Health WarningsCanada’s Cannabis Health Warnings







THANK YOU FOR ALL YOU DO! 

WE ALL HAVE A SHARED 
RESPONSIBILITY TO SUPPORT 

POSITIVE YOUTH DEVELOPMENT 



Thank you!

• Acknowledgments: Dr. Bertha Madras PhD; Dr. Eden Evins, 
MD MPH; Dr. Ruth Potee, MD; Dr. Safdar Medina MD, FAAP 

“IF WE WANT HEALTH, WE MUST PROMOTE HEALTH” 
–Dr. Jeff Linkenbach

Amy.Turncliff@RockfernScientific.com


