
Marijuana 

and  the 

Adolescent  Brain

CHARLES J VELLA, PHD

NOVEMBER 7, 2016

THANKS TO: 

NORA D. VOLKOW, MD; SION KIM HARRIS, PHD; 

DARRYL INABA, PHARM.D., EVELYN MICCIO, PSYD



Bio: Charles J. Vella, PhD

 Neuropsychologist

 34 years, Kaiser San Francisco, 1975-2009

 Chief Psychologist/Manager

 Director, Neuropsychology Service

 Neuropsychology Lecturer

 Download this talk at:

 www.charlesjvellaphd.com

 Go to Neuropsych Seminar (Login: Kaiser; Password: Kaiser)

 charlesvella@comcast.net

 415-939-6175



Neuropsychological Bias

 All behavioral experiences lead to physiological change of brain, 

not just psychological change

 Substance abuse leads to physiological changes in brain 

functioning, cognitive, behavioral, and emotional ability

 Ignore these facts at the risk of not truly understanding your patient 

& failure as a therapist



Today: California Proposition 64

 Proposition 64 would legalize the recreational use of marijuana for 

adults aged 21 years or older. 

 Smoking MJ would be permitted in a private home or at a business 

licensed for on-site marijuana consumption. 

 It would remain illegal while driving a vehicle, anywhere smoking 

tobacco is illegal, and in all public places. 

 Possession on the grounds of a school, day care center, or youth 

center while children are present would remain illegal





Current concerns about MJ

 Legalization of marijuana in variety of states: 

50% favor MJ legalization

25 states & District of Columbia currently have laws legalizing marijuana 
for medical use (epilepsy, pain, appetite stimulation)

AL, OR, CO, WA & DC have legalized marijuana for recreational use.

5 states vote today: CA, MA, ME, AZ, NV (bringing it to 25% of states)

MJ is still federally illegal (MJ is still cash only business)

 Where legalization for recreational use occurs:

 increased use/abuse by adolescents

 increased # of babies born with detectable THC

high concentration (7x greater) of THC in breast milk



Current concerns about MJ

 Ever increasing potency of marijuana

 Decreased perception of harm of MJ: if used medically, must be safe

 Increasing knowledge about brain effects of marijuana, esp. impact on 

developing brain of adolescents

 Reality of MJ addiction: Currently the #1 reason adolescents enter 

drug treatment programs 



& World



Epidemiology

• More than 34% (75 million) of Americans 12 years or older have tried 
it at least once & almost 19 million have used it in the past year 

• Average age of 1st use has been declining:

- 12-17 year olds – 14 years

- 18-25 year olds – 16 years

• Most discontinue marijuana by their mid-20’s 

• Subset maintain daily, long-term use



Peak:

Age 20



MJ use has started to increase again



Adolescent use of MJ

 Cannabis is the second most used drug after legal alcohol, with 23 % 

of high-school seniors and 20 % of college students using in the past 

month

 36 percent of high-school seniors have used cannabis in the past 

year.

 7 % smoked cannabis daily, up from 2 % in 1993; 

 1 in every 15 seniors report using daily

Lisdahl, et al., 2014



• 12 -18 yo: 39% tried, 20% current, 3% daily 

• 18 -25 yo: 48% tried, 5-7% daily use of pot

• Other Drugs by US high school seniors:

Alcohol: 88% tried, 5% heavy use

Nicotine: 27% tried, 17% daily use

Methamphetamine/cocaine: ~8% tried, <1%

Ecstasy (MDMA): 10% tried, < 0.1 daily use

Incidence & Perspective

(Johnson Monitoring the Future; DAWN; PATS, NSDUH et al.)



• Three Species:

• Cannabis sativa 

•   Cannabis indica 

•   Cannabis ruderalis 

• Sinsemilla (seedless, high potency) and growth manipulations

• Infinite varieties/hybrids/strains 

• MJ contains some 480 chemicals

• 66 are cannabinoids, 80-100 of which are psychoactive

• Δ9THC (delta-9-tetrahydrocannabinol): THC is considered to be responsible 

for most of physiological effects 

•

Types of Marijuana







Available legally over the counter in Colorado



Medicinal Marijuana Websites

 1. Harborside Health Center (Oakland, CA)

This site offers free delivery to residents in the San Francisco Bay Area
but only accepts cash, money orders and cashier's checks. Drivers only 
accept exact amounts of money. 

 2. Speed Weed (Los Angeles, CA)

 3. Crown Collective (Forestville, CA)

 4. Weed Store USA (Atlanta, GA)

Claiming to be the "world's largest herbal smoke shop," this site sells 100 
percent natural buds online along with vaporizers and other cannabis 
products. Strains include Big Bud, Mr. Nice, Blackberry Kush, Super 
Lemon Haze, Hawaiian Indica, Girl Scout Cookies and Jack Herer. Rush 
delivery orders are available within the United States.

 5. Real Scientific Hemp Oil (Poway, CA)









Synthetic MJ (K2) Street Names

 BLISS

 BLACK MAMBA

 BOMBAY BLUE

 FAKE WEED

 GENIE

 SPICE



















MJ Candy





Legal Federal Research MJ



Why people use MJ: Acute Intoxication Effects

• alteration of conscious perception

• euphoria, 

• feelings of well-being, 

• relaxation or stress reduction,

• increased appreciation of the arts, including humor and music

• joviality

• introspection

• enhanced recollection

• increased sensuality & libido

• increased awareness of sensation

• Anxiety is the most commonly reported negative side effect of smoking 

marijuana; 20- 30 percent of recreational users experience intense anxiety 

and/or panic attacks after smoking cannabis





• Cannabinoids that occur naturally in the cannabis plant.

• Three most considered in medical pot: 

• THC (Delta-9-tetrahydrocannabinol): Main psychoactive chemical, anti-

emetic, appetite stimulant, analgesia; neuroprotective antioxidant

• CBD (cannabidiol): much less psychoactive, anti-seizure, -spasmodic, -

emetic, -inflammatory, analgesia, sedating, neuroprotective

• CBN (cannabinol): anti-seizure, -inflammatory, sedative effects 

Main Phytocannabinoids (480 chemicals in pot, ~66 are psychoactive) 



Important Brain Locations



THC & CBD have opposing effects in different brain location



Physical reaction to MJ

• Fast, good absorption if smoked or vaporized 

 The psychoactive effects of cannabis are experienced immediately

after smoking, with peak levels of intoxication within 30 minutes and 

lasting several hours

 Slower effect if orally ingested: ingested MJ takes longer to activate 

within the body (sometimes as long as two hours), but produce a 

longer-lasting effect (up to eight hours)



• THC is fat soluble (esp. adipose fat) and, therefore, easily stored and released 

into the bloodstream.  

• Because it is fat soluble, THC has a long half-life and can be detected in urine 

anywhere from one to ten days. long-term users can produce positive tests for 

two to three months after ceasing cannabis use 

• Elimination is slow: days to weeks, 20-35% found in urine; 65-80% found in 

feces

• Can be detected in breast milk 

Clinical Pharmacology of Cannabis 



THC Potency



Highest tested sample ever tested between 1975 and 2009 had 37% THC







Endocannabinoid System: Why MJ works in the human brain

Human brain and body have Cannabinoid receptors & neurotransmitters 

Anandamide: 

neurotransmitter

involved in:

feeding behavior, 

reward, motivation,

& pleasure.



Why do we have Cannabanoid receptors in our brains?

 The human brain is sensitive to marijuana because we are all born with  
“cannabinoid” receptors on our brain cells to which THC binds.

 Cannabinoid receptors are one of the most common types of  receptors in 
the brain. Two main types of cannabinoid  receptors: 

CB1 receptors are located primarily in the brain, but they also are found in  
blood vessels and heart cells

CB2 receptors are primarily located outside of the  brain, in the peripheral 
nervous system and glands; esp. in immune system

 Marijuana can have a widespread effect  on the brain, heart, cardiovascular 
system, nervous system, reproductive system, and  immune system.





Endocannabinoid Receptors in the Brain





Brain’s Endocannabinoid System

 The endocannabinoid system acts like the brain cell’s volume control dial. 
If the  volume or signal coming from one neuron gets too loud, the receiving 
neuron sends anandamide backwards through the synapse to turn the  
volume down on overactive neuron.

regulates (monitor and control) how active neurons are 

controls how much neurotransmitter gets released, including  
neurotransmitters that affect pleasure, mood, pain, appetite, motivation, 
memory,  muscle activity, etc. (e.g., dopamine, serotonin, endorphins). 

helps to keep brain cell activity in BALANCE, not underactive (like in 
depression or ADHD) or overactive (like in epilepsy or post-traumatic stress  
disorder).



Trojan Horse: THC can substitute for neurotransmitter Anandamide in 
Cannabanoid receptors (but sledgehammer effect not surgeon’s knife)



THC vs. Anandamide

 Both THC and anandamide dial down neuron activity, thereby changing the  
amount of neurotransmitters released.

 When THC binds to our cannabinoid receptors, it has a much stronger and 
longer effect on brain cell activity than anandamide. 

 By occupying those cannabinoid receptors, THC interferes with anandamide’s 
ability  to naturally protect and balance cell activity.



Brain’s Endocannabinoid System 2

 This system helps shape brain development.

 Helps guide neuron growth in the fetus

Because it helps to control neuron activity, it plays a major role in brain wiring –
that is, how brain cells grow new synapses and connections to  other neurons. 

Plays a role in the myelinization of  axons. 

Proper endocannabinoid system function is important for neuron growth, activity, 
and  connectivity

Galve-Roperh, L. et al., 2009



Myelin: speed of processing in the brain

Neuron communicates 3000x faster once myelinated



Continued THC exposure

 With repeated THC exposure, brain cells start to adapt.

 Brain cells that get overstimulated by the effects of  THC start to compensate 
by scaling back the number of receptors (this is why you get  “tolerance” after 
repeated use of a substance, and this happens with all types of  substance use).

 Repeated THC exposure continually dampens down the activity of many brain 
cells, causing there to be over inhibition.

 Eventually chronic neuronal inhibition has a negative rebound causing 
increased excitation of neurons to compensate.



Brain still under construction

“It’s sort of unfair to expect (teens)

to have adult levels of organizational

skills or decision making before their 

brains are finished being built.

-- Jay Giedd, MD, NIH, 2002





Normal sculpting the adolescent brain

 Cortical gray matter volume follows an inverted U- shaped 
development in adolescence, with cortical volume peaking around 
ages 12-14.

 Cortical gray matter reduction related to synaptic pruning, beginning 
in dorsal parietal cortices, then the sensorimotor areas, then frontal 
cortex, then posterior brain. There are volume declines in medial 
parietal, temporal, frontal and cerebellar areas.

 White matter characterized by volume increases, esp. in frontal & 
corpus callosum (resulting in greater connectivity and speed of 
processing). 



Normal sculpting the adolescent brain

 Adolescence is a critical neurodevelopmental period and therefore 

vulnerable to any neurotoxins.

 During the period of adolescent neurodevelopment (12-18), the brain 

is thought to be particularly sensitive to damage from drug exposure, 

esp. the frontal cortex.



Teen Brain: age 5 to 21

Lose 50% of all synaptic connections; 

Motor areas first, frontal last to develop 





Prefrontal based Executive Functioning (judgment and planning)



The Great Pruning: A leaner brain is a better brain

Intellectually challenged have significantly more synaptic connections

than gifted do; as do autistic; but schizophrenia, ADHD = too much pruning



Adolescence Brain 

 More vulnerable to neurotoxic events because brain is in last major developmental 
period

 Arrested Development: Substance use can impair normal brain development

 Period of maturation of frontal and limbic regions

 Increase in myelinization (15x faster), particularly in frontal region: increase in impulse 
control

 Dopamine distribution changes (risk taking↑↑, reward seeking); adolescents  are 
hypersensitive to reward, which leads to risker behavior





Myelin Sheets on Axons Mature Slowly in Frontal Lobes; 

may increase into 30s. 

Yakovlev & Lecours 1967

Amount of white matter (axon interconnections) distinguishes us from primates, not size of prefrontal lobes. 

Creates “greater bandwidth” and processing speed. Einstein had more white matter, not neurons.



All Drugs Attack the  Prefrontal Cortex

 Drug Dependence Consequences are related to dysfunctions in the 

Prefrontal Cortex

 Unfortunately the Prefrontal Cortex is Critical for:  

Decision-making

Weighing of risks vs. rewards

Assigning emotional valence to stimuli

Suppressing limbic impulses

Goal-directed behaviors



MJ accounts for more teens in substance abuse treatment
than any of the other substances combined.



Negative consequences of MJ

 The potential harms associated with MJ use depend on two major 

factors: 

 1 -Age of onset of use of MJ: particularly if it’s before 18. Using 

cannabis during key stages of brain development can impact on 

synaptic pruning and the development of white matter.



 2 - Patterns of use: the frequency, dose and duration, particularly if 

you’re using at least weekly. The bigger or more potent the dose, the 

more THC you are ingesting. 



Adolescent Brain Changes

 These brain changes are relevant to 

adolescent behavior

Prefrontal cortex (PFC - Judgment) is 

being pruned; not fully developed until 

mid-20’s

 Limbic reward region: Amygdala (and 

Nucleus accumbens) show less pruning 

and tend to dominate the PFC

amygdala



Risk factors for developing an addiction

 Greater activation of the brain's reward circuit accompanied by 

blunted  executive control systems

 Greater impulsivity, poor affect regulation, and poor executive 

function

 Antisocial tendencies

 Early adversity (higher ACEs)

 Genetics (e.g., family history, genotypes)

Jacobus & Tapert, 2013, Annual Review of Clinical Psychology, 9, 703‐721.

LovalloWR, 2013, International Journal of Psychophysiology, 90, 8‐16.

PeetersM, 2014, Alcohol and Alcoholism, 49, 182‐186.



Addictive Drugs in the brain

 All drugs are Trojan horses in the brain

 All addictive chemicals are mimics which look and act like an existing brain 
neurotransmitter, esp. dopamine (anticipation & reward chemical) & 
anandamide (endocannabinoid)

 Increases available amount of dopamine which produces a high; brain 
responds by reducing dopamine receptors; MJ reduces cannabanoid receptors

 Drugs capture reward pathways in the brain which control motivation & 
compulsion

 About 15% of anyone trying a drug will become addicted



Routine increase of dopamine in Nucleus Accumbens triggers Addiction

THC increase dopamine release in the “reward” or pleasure  circuit of the brain, 
just like every other addictive drug. 



Neurobiology of Risk in Adolescence:

A Tale of Two Systems

 Adolescent risk taking related to two systems:

 a) earlier maturation of subcortical limbic region (amygdala, NA)

 b) later maturation of top-down prefrontal control region, 

 c) & context.

 Improved cognitive & behavioral  control with maturation of prefrontal 
cortex.

 Context of behavior increases in importance (presence of other teens, 
alcohol & drugs, sex, etc.)

 Larger dopamine release in adolescence leads to hypersensitivity to 
reward which leads to risker behavior (despite knowing better)

A. Galvan, 2011



Drug Use starts early and peaks in Adolescence

67%          26%



Age at tobacco, at alcohol and at cannabis dependence
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MJ leads the pack of first time use (61%) of any illicit drug



• Not a gateway drug per se: 

• but it is often the first illicit drug used 

• & those who use it are much more likely to become cocaine or heroin addicted. 

• Marijuana is an addictive drug 

• Use of marijuana by a recovering alcoholic or a drug addict is correlated with a 

greater incidence of slips and relapses 

Marijuana Interactions with Addictive Substances 







Marijuana Tolerance 

• Rapid development to most marijuana effects 

Tissue Dependence 

• Seen with daily use of 2-3 “joints” over several weeks (500mg ave. X 

15% = 75 mg) 

• 3 C’s: Classic loss of control, compulsive use, cravings and 

continued use despite development of negative consequences 

• Abstinence induces physical withdrawal syndrome 

Tolerance and Tissue Dependence



Relation Between Marijuana & other Drug Use

• Early age of onset is a major predictor both of continued frequent marijuana use & 

of likelihood of using other drugs

• The increased potency of marijuana may make the brain less responsive to 

endogenous cannabinoids.  

• Combination of earlier onset & stronger potency may increase anxiety & apathy in 

teens & make other drug use more attractive

• Twin studies found early marijuana users had increased rates of other drug use 

and problems later on; odds of other drug use ranged from 2.1-5.2 times higher

(Denenhardt, et al. 2001, Lynsky, et al. 2003)



46% of adolescents now think MJ is less harmful



2013: 61% of HS Seniors don’t view MJ as harmful



Statistics

• Teenagers and young adults are now using MJ more frequently than 

smoking cigarettes

• 1 in 6 (17%) teenagers who regularly smoke the drug become 

dependent

• It doubles risk of developing psychotic disorders, including 

schizophrenia

• Cannabis users do worse academically. 

• Heavy use in adolescence appears to create long term NP deficits.



Statistics 2

• Driving after smoking cannabis doubles risk of having a car crash

• Smoking it while pregnant reduces the baby's birth weight

• MJ is addictive: heavy users experience a withdrawal syndrome as 

with alcohol and heroin. 

•

• Rates of recovery among those seeking treatment are similar to those 

for alcohol (50%)



Negative consequences of heavy MJ use







Increasing Fatal MJ Drugged while Driving



Cannabis – most prevalent illicit drug 

identified in impaired drivers

 Risk of involvement in a motor vehicle accident (MVA) increases 2-fold after 

cannabis smoking.

 Vision, coordination, judgement, movement, memory are all  affected by THC. These are 
all, of course, important for driving.

 Cannabis smoking increases lane weaving and impaired cognitive function.

 Combining cannabis with alcohol enhances impairment, especially lane weaving.

Hartman RL, Huestis MA. Cannabis Effects on Driving Skills.  2013; 59(3): 478-492.



No field sobriety test for MJ



25 States and D.C with Medical MJ Laws 2014 

& 2 (CO, WA) permit Recreational Use as of 2013

 Residents of Medical MJ States have:

Higher rates of MJ Use

Higher rates of MJ abuse/dependence

Much Lower Adolescent Perception of MJ being Harmful

Much Higher Adolescent Average MJ Use



Curiously, the Colorado Department of Education also saw a steep increase in the number of drug-related school
suspensions and expulsions starting between 2009 and 2010, right when the dispensary system started.



MJ and greater Neuropsychological deficits

 Increasing evidence that adolescent cannabis use onset results in 

greater neurocognitive deficits compared with adult onset, especially 

very early onset

 Regular exposure to exogenous cannabinoids may disrupt healthy 

neurodevelopment, especially in the PFC and parietal cortices, which 

underlie higher-order cognitive functioning. This early initiation during 

the sensitive period of adolescence may place individuals at risk

 Weekly cannabis use before age 18 has been linked with deficits  

neuropsychological tasks. 



Importance of Neuropsychological Deficits to TX

 Neuropsychological Deficits interfere with Treatment:

 Memory limitations

 Executive  Functional Deficits 

 Psychogenic or Neurogenic Interpretation:

 Psychological lack of motivation vs. neurological impairment:

 Nature of denial/lack of awareness: anosognosia

 MJ users, esp. early onset types, with significant PFC 
deficits will exhibit neurogenic denial of deficits 
(anosognosia) – they truly do not know they have a 
problem



Modal Neuropsychological Findings in all SA

Big 4 Major Neuropsychological Deficits: 

Executive Functioning

Explicit Memory, esp. nonverbal

Visual Spatial 

Motor Ability

Deficits are mild to severe



Negative Neuropsychological effects of MJ use

 Marijuana use has been shown to impair functions such as attention, memory, 
learning and decision-making. Those effects can last for days to years after the 
high wears off. 

 Heavy marijuana use in adolescence or early adulthood has been associated with 
a dismal set of life outcomes including:

 poor school performance & lower educational attainment, 

 increased truancy & higher dropout rates,

 amotivational behavior

 increased welfare dependence, 

 greater unemployment

 and lower life satisfaction.

 Is MJ to blame?: Causal agent in these outcomes, or is it part of a number of 
vulnerability factors?



Note of caution about NP research

 Correlation is not causation.

 MJ use does not occur in a vacuum: less stable background (higher ACEs), 
behavioral issues, school issues, etc.

 Deficit cognitive performance of cannabis users may result from other 
factors associated with cannabis use, rather than cannabis use itself. 

 Teenagers who use cannabis are much more likely to use cigarettes, 
alcohol and other illicit drugs, which have own NP deficits 

 It's a classic chicken-egg question.



Adverse Childhood Experiences Are Common

Substance abuse 27%

Parental sep/divorce              23%

Mental illness 17%

Battered mother 13%

Criminal behavior                     6%

Household dysfunction:

Abuse:

Psychological                          11%

Physical 28%

Sexual 21%

Neglect:

Emotional                                  15%

Physical                                     10%

V. Felletti
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Neuropsychological Testing Performance

Neuropsychological testing performance outcome in

MJ users is highly multifactorial in nature

MJ use is not the only cause of deficits.



B. Neuropsychiatric Risk Factors:

Systemic illnesses and general health

Head injury

Psychiatric comorbidity

Use of other drugs

D. MJ History:

Amount per occasion

Duration of MJ use

Pattern over lifetime

Recent amount/duration

Length of abstinence 

Brain

Structure

&

Function

Neuropsychological

Performance

C. SES &

Education

F. Motivation &

Expectancies

A. Age

Gender

Family History

Temperament

E. Test

Characteristics

& Subject Sample

MJ cognitive results

are multifactorial



ADHD and Chemical Dependency

 Compared with controls, adults with ADHD have a:

 3 to 4-fold higher rate of marijuana and cocaine use

 3-fold higher rate of alcohol abuse

 utilize tobacco 40% more

 ADHD Treatment with stimulants reduces CD relapses



The 2012 Controversial Study



2012 Meier study that set off alarm bells: 6% IQ drop



MJ and IQ decline

 In the largest prospective, longitudinal study to date, Meier and colleagues, 2012, followed 
a sample of 1,037 from birth to age 38 and found that 153 participants met criteria for 
cannabis-use disorders (CUD) at least once during the follow-up and individuals with more 
persistent cannabis use demonstrated the greatest reduction in IQ. Used self report of use.

 2012 Dunedin, New Zealand, study (Meier): significant declines in IQ between ages 13 and 
38 in heavy users compared with those who used marijuana occasionally before age 18 or 
not at all. Decline in Verbal IQ and Digit Symbol. Deficits persisted after 1 y cessation.

 Many dxed with MJ addiction. Study failed to rule out other potential explanations for the 
decline in IQ, such as a teen’s family environment, whether they dropped out of school. Did 
not occur solely because cannabis users completed fewer years of education. 

 They also found specific deficits in executive functioning, sustained attention, verbal list 
learning, and psychomotor speed associated with persistent cannabis dependency



Other research shows no IQ decline

 But then…

 2016 twin study, 789 twins: analyzed long-term marijuana use in 

teens, comparing IQ changes (Vocabulary & Information) in twin 

siblings who either used or abstained from marijuana for 10 years. 

 While MJ users showed greater decline than nonusers, no 

measurable link between marijuana use and lower IQ. Both groups 

lost 4 IQ pts. 

 Attributable to familial factors that underlie both marijuana initiation 

and low intellectual attainment. 

 But flaw is that they did not measure quantity of use and 2 subtests 

are best hold tests in brain damage

Jackson, et al., 2015



MJ and IQ 

 3rd Study, 2016: 2235 British adolescents of pre-15 age users (2 year follow up, only 3% had 50x 
of use; these used in last 3 days before age 15 testing): 

 cannabis users had lower teenage IQ scores and poorer educational performance than 
teenagers who had never used cannabis

 higher rates of childhood behavioral problems, childhood depressive symptoms, other 
substance use (including use of cigarettes and alcohol) and maternal use of cannabis during 
pregnancy.

 No IQ decline: teenage cannabis use alone does not appear to predict worse IQ outcomes in 
adolescents; 

 cigarettes more important for IQ and education outcome; Brits smoke MJ with tobacco

 Does not proves that marijuana—particularly heavy, or chronic use—is safe for teenagers. Need 
studies of duration, frequency, and dose affect on the brain. All prior studies use self report of use.

 Impossible to tell which came first: drug use or poor cognitive performance. It's a classic chicken-
egg scenario.

C Mokrysz, et al. 2016



MJ and Cognitive deficits

 Evidence is building to suggest that regular cannabis use during the 

teenage or emerging adult years (typically ages 15–25 years) is 

associated with cognitive deficits. 

 Two longitudinal studies that followed adolescents with substance use 

disorders over 8 years found that increased cannabis use during the 

follow-up period significantly predicted poorer attention and verbal 

memory.

 Early-onset cannabis users exhibit poorer cognitive performance than 

late-onset users or control subjects



Cannabis / Marijuana/ THC

 Intoxication: widespread Cognitive ↓

 Acute Deficits (24 hours):

Attention, Executive, immediate recall, RT, time underestimation

 Long Term Deficits, Chronic Use:

 subtle working memory↓, Digit Symbol ↓, EF ↓,

 amotivational syndrome?

 Dependence: Memory, sustained attention, EF, RT ↓

Schwartz, 1991; I. Grant, 1978



Acute Effects of MJ            

 Produces sedation, mood elevation & occasionally hallucinations.

 There is no dispute that cannabis produces cognitive impairment during acute 

intoxication; effects can be shown using driving or flight simulators; esp. memory 

& learning

 Primary immediate cognitive effect: adverse effects on learning & memory, etc.

 Primary adverse effect of acute marijuana use is diminished psychomotor 

performance: marijuana has been found to play a significant role in car accidents 

with 33 percent of drivers arrested at the scene of the accident being positive for 

marijuana



Temporary Residual Effects (1996-2003): Definite Negative NP effects

Pope & Yurgelun-Todd (1996) Yes (24 hrs)

Fletcher et al. (1996) Yes (72 hrs)

Pope et al., 2001,2002, 2003 Yes (7 days)

Solowij et al., 1998, 2002 Yes (17 hrs)

Grant et al. (meta-analysis, 2003) No, overall



Long-term Residual Effects (1998-2003): Mixed results

Lyketsos et al., 1999 No (10-yr follow-up)

Pope et al., 2001,2002, 2003 No (28 days)

Solowij et al., 1998, 2002 Yes (Up to 2 years)

Bolla et al., 2002 Yes (25 days)

Grant et al. (2003) No, overall

Korver et al. (2010) Yes

Shrivastava (2011) No, overall

Lishadl, et al. (2014) Yes



Latest studies

 2014 Lisdahl Review: 

 Grey matter abnormalities

Both smaller and larger hippocampal & other area volumes - these structural 

alterations in gray matter were associated with increased executive 

dysfunction, mood symptoms, poor verbal memory, and novelty seeking 

suggesting that these structural abnormalities were not advantageous

abnormalities in gray matter architecture, including reduced cortical 

gyrification complexity, increased volume that may reflect disrupted healthy 

gray matter pruning, and decreased structure that may reflect reduced 

dendritic branching or neuronal atrophy

 White matter abnormalities: Less white matter integrity

 reductions in white matter

 reduced white matter quality in several PFC, limbic, parietal and cerebellar 

tracts
Krista Lisdahl, et al., 2014



2014 Lisdahl Review

 Other:

 Increased network connectivity with increased task complexity 

 neuronal and microglia toxicity

 Changes in multiple neurotransmitter functioning

 Adolescent cannabis use onset results in greater neurocognitive deficits compared with adult onset

& greater structural and functional brain abnormalities 





Latest studies 

 Abnormalities in gray matter have been found in 16- to 19-year-olds 

who increased their marijuana use in the past year.

 Recent 2015 study: Marijuana use may be major predictor of bipolar 

cycling in at risk bipolar individuals



Chronic cannabis users, by their own admission, are 

not happy campers

What effect has marijuana had on your…

Positive     Neutral Negative

Social Life? 5% 25% 70%

Physical Health? 0 19% 81%

Mental Health? 24% 16% 60%



Unhappy campers 2

What effect has marijuana had on your…

Positive     Neutral Negative

Cognition? 2% 8% 91%

Memory? 0 8% 91%

Career? 0 21% 79%



Marijuana Effects

 Dose relationship with negative effects.

 Reduced memory efficiency, at least during THC use

 Subtle chronic effects even with adolescent users



MJ and Cognitive deficit

 Cross-sectional studies in cannabis-using youth without psychiatric 

comorbidities report: 

 Cannabis-related cognitive deficits in:

processing speed, 

complex attention, 

verbal memory, 

executive functioning 

 risky sexual behavior 



2002: Dose-related neurocognitive effects of marijuana use

 Study of 28-day abstinent heavy marijuana abusers.

 Persistent, negative dose-related effects are found on tests measuring 
verbal and visual memory, executive functioning, visuoperception, 
psychomotor speed, and manual dexterity. 

 There was also an association between increasing marijuana use and 
decreasing executive cognitive functioning. Performance was not clinically 
abnormal. 

 The hippocampus, prefrontal cortex, and cerebellum play a major role in 
these functions. All of these regions are dense with cannibinoid receptors, 
and these results are biologically plausible because THC has been shown 
to cause deleterious effects on these brain regions

K.I. Bolla, et al., 2002



Age of Onset of MJ use and Cognitive Dysfunction 

 Severity of the effects of cannabis use on cognitive development is 

dependent on the age when cannabis use begins. 

 From a more biological perspective, however, use of cannabis during 

critical developmental periods in the still maturing brain may induce 

persistent alterations in brain structure and brain function. 

 Most commonly and consistently reported are response time, 

prolongation of word viewing time, basic oculomotor deficit, residual 

verbal memory and executive functioning

Korver N, et al., 2010



Acute and Long-Term Effects of Cannabis Use on 

Executive Cognitive Functions

 These deficits differ in severity depending on the quantity, recency, 

age of onset and duration of marijuana use. 

 Individuals with cannabis-related impairment in executive functions 

have been found to have trouble learning and applying the skills 

required for successful recovery, putting them at increased risk for 

relapse to cannabis use

Rebecca D. Crean, et al., 2011



Earlier Age of onset: more EF deficits

 Earlier published reports using traditional neuropsychological assessment 

methods typically show a resolution of deficits by 28 days of abstinence. 

 Newer neuroimaging research: subtle, long-term effects of cannabis on cognition 

and brain functioning

 Deficits change as a function of the quantity of cannabis consumed and duration 

of use .

 Starting between 14–22 years old and stopped by age 22: significantly more 

cognitive problems at age 27 than their non-using peers

 Users who began smoking before the age of 17 had significant impairments in 

measures of executive functioning, including abstract reasoning, verbal fluency, 

and verbal learning and memory

Bolla et al., 2005; Solowij et al., 1995; 2002; Grant et al., 2003; Brook et al., 2008; Pope et al., 2003



MJ and EF: acute effects

 Acute Effects of MJ on EF (0 to 6 hours after use): 

 Disruptions in

 Attention/concentration ↓↓ in light users

Sustained attention ↓↓

 Learning and memory functions ↓↓

 information processing speed ↓↓

 planning and decision making ↓↓ 

 inhibition ↓↓ 

 working memory ↓↓ ↓↓ 

Rebecca D. Crean, et al., 2011



MJ and EF: long term effects

 Long-term effects of MJ on EF (3 weeks or longer since last use):

Normal attention or concentration (28 days to 1 y) vs impaired

 Impaired decision-making and risk-taking

 Impulsivity & inhibition: Normal Stroop, Impaired WCST - intact set 

shifting and maintenance but impairment in concept formation, 

planning and sequencing

Normal Working Memory

 Impaired Verbal Fluency in onset pre-17

Rebecca D. Crean, et al., 2011



Rebecca D. Crean, et al., 2011: Meta-analysis



MJ and Brains: Prefrontal Working Harder

 Brains of teens that use marijuana are working harder than the 
brains of their peers who abstain from the drug

 Heavy marijuana use during adolescence is associated with:

poorer performance on thinking tasks,

 including slower psychomotor speed 

poorer complex attention, verbal memory and planning ability.

 Adolescent marijuana users are using more of their frontal and 
parietal cortices to complete cognitive tasks

Medina, 2008



MJ & Cognition Conclusions 

 There is no clear consensus on whether cannabis produces long-

term IQ decline.

 Regular cannabis use (several times a week) is associated with 

impaired NP functioning – both by objective measures and by the 

admissions of users themselves

 MJ use, esp. chronic and early onset, appears to predict long-term 

NP deficits; leaning toward negative consequences but more 

research needed



Tips about cognitive functioning in your patient

 Need to know:

Age of onset of MJ use

Duration of use

Quantity of use

Recency of use

 Check for Executive Functioning: do a MoCA or refer for NP testing

 EF deficits have a negative impact on self basement and treatment 

success



Clinical Recommendations

 If MJ user had early onset and heavy usage:

Need to do some brief cognitive assessment early

MoCA: Montreal Cognitive Assessment

 http://www.mocatest.org/

 If significant deficit, may need formal NP testing.

http://www.mocatest.org/


Neuroimaging  Research



Overconnectivity is negative



Chronic MJ use reduces size of hippocampus and amygdala



MJ and Memory: Odd shaped hippocampus

 Memory and MJ: Study of 97 people in their early 20s who used the drug daily for 

three years in their teens: found they had an odd-shaped hippocampus, which is 

vital to memory.

 They performed 18 per cent worse in long-term memory tests compared to those 

who had never smoked the drug.

 Longer the participants were abusing marijuana, the greater the differences in 

hippocampus shape.





Hippocampus

• The hippocampus is critical for memory formation and retrieval

• particularly sensitive to THC; 

• lots of cannabanoid receptors; 

• CBD receptors involved in neurogenesis

• THC dampens down the activity of hippocampal neurons, below the level  needed 
to trigger the formation of a memory.

• Brain imaging studies have found that regular marijuana users actually have, on  
average, smaller hippocampi, and poorer memory performance



Meta-analysis of neuroimaging studies

 2013 meta-analysis of 43 studies of chronic MJ use: consistent evidence of 
both structural brain abnormalities and altered neural activity in marijuana 
users.

 Only 8 studies focused on adolescents; these suggested that both 
structural and functional brain changes emerge soon after adolescents start 
using the drug. Those changes may still be evident after a month of 
abstaining from the drug

 Most consistently reported:

brain alteration was reduced hippocampal volume, which was shown to 
persist even after several months of abstinence; related to the amount of 
cannabis use 

amygdala, the cerebellum and the frontal cortex reductions

Alteration of WM integrity: DTI studies found differences in connectivity 
of corpus callosum and the frontal white matter fiber tracts

Rocío Martín-Santos, et al., 2013



Meta-analysis 2

 In adolescents, structural change effects of chronic cannabis use

may appear soon after starting the drug use, 

persist after a month of abstinence 

moderated by gender (female cannabis users may be at increased 
risk for cannabis-induced morphological effects)

 Evidence of neuropsychological impairments in chronic cannabis 
users, such as in attention and working memory, decision making, and 
psychomotor speed

 Brain seems able to achieve some degree of reorganization, 
activating brain regions (esp. frontal) not usually needed to perform 
the cognitive task in response to an impaired ability of the normally 
engaged task network





Early MJ onset impairs White Matter and increases impulsivity



Young adult males  who smoked marijuana daily
(and started at an average age of 15 yrs): 

thinner  corpus callosum fibers 







3 studies that indicate premorbid brain status may lead to MJ use vulnerability







Major future ABCD study

 In hopes of painting a clearer picture of marijuana's potential risks to 

youth, NIDA plans to launch the Adolescent Brain and Cognitive 

Development (ABCD) study later this year. 

 The prospective longitudinal study will follow 10,000 individuals across 

the United States over a decade, starting when they're 9 or 10.



Negative Impacts of Marijuana on Health

 Behavioral: “Amotivational syndrome”

 Cognitive: impaired memory, attention, EF

 Psychiatric: rare but real permanent psychosis (likely “flips” those 
genetically predisposed)

 Respiratory: cancer, COPD

 Cardiovascular: HTN, tachycardia, MI (↑ Heart rate in 20%-100% and 
persists for 3 hrs; ↑ risk of heart attack 5 fold in first hour of use)

 Decreased Immunity (decrease T cells & viral resistance)

 Teratogenicity: unknown extent of fetal neurotoxicity

 Reproductive: decreased testosterone, sperm count/motility; inhibits 
prolactin, LH, GH





MJ and Psychiatric conditions

 There is a growing body of 
evidence suggesting that 
marijuana may  increase risk 
for mental illness.

 The two reports shown on 
this slide summarize the  
results of over three 
decades of research studies 
showing this link between 
marijuana  and later mental
illness.



Chronic MJ use comes with comorbid Psych issues



2004: Marijuana and Anxiety Disorder:

• 14 yr olds using occasionally, weekly, or daily over 15 yrs are 

2.5 x as likely to have anxiety disorder at age 29.

• If non-using at age 29, they are still 2 x as likely to have 

anxiety disorder 

Depression and Suicidality 

• Discordant Twin with early marijuana use (<17) was 3.5 times 

more likely to attempt suicide than their non early use twin 

Linskey, MT, et al. (2004), Arch. Gen. Psych. 61(10):1026 



2014 Meta-analysis: MJ and depression

 14 studies, (total number of subjects = 76058).

 Cannabis use, and particularly heavy cannabis use, may be 

associated with an increased risk for developing depressive 

disorders; using cannabis placed an individual at moderate risk of 

developing depression. 

 Could not determine if cannabis use was causing depression or if 

the relationship instead reflects the association between cannabis 

use and social problems

S. Lev-Ran, et al., 2015 



2016 study: MJ not associated with Anxiety

 3-year prospective study

 Results indicate that cannabis use was not associated with increased 
incidence of any anxiety disorder 

 Any baseline anxiety disorder was not associated with future initiation of 
cannabis use or onset of a CUD, yet individuals with baseline panic disorder 
were more prone to initiate cannabis use at follow-up possibly as a means 
of self-medication. 

 Concluded that cannabis use and CUDs are not associated with increased 
incidence of most anxiety disorders and inversely, most anxiety disorders 
are not associated with increased incidence of cannabis use or CUDs.

Daniel Feingold, et al., 2016



Risk of Adult Psychosis



Longitudinal studies:

• An increased risk of developing  schizophrenia or mood disorders 

(depression, anxiety) in adulthood if individuals regularly smoked 

marijuana during adolescence. 

• Especially if any family history of mental illness (i.e., “genetics 

provided the loaded  gun and marijuana pulled the trigger”). Also, 

mental illness, among those at risk,  tended to show up earlier with 

marijuana use.

• Regular MJ use during adolescence found to increase risk 2 to 5 x of 

developing psychosis, schizophrenia, anxiety & depression in 

adulthood.

Malone DT et al., 2010



Schizophrenia

 In contrast, the relationship between cannabis use and risk of developing 
symptoms of psychosis has been well established

 Early and frequent cannabis use is a cause of psychosis, which interacts 
with other risk factors such as family history of psychosis, history of 
childhood abuse and expression of the COMT and AKT1 genes. 

 THC effects neurodevelopment via immune processes; schizophrenia is 
know suspected of being due to immune driven synaptic over-pruning 

 There is a strong resemblance between the acute and transient effects of 
cannabis use and symptoms of psychosis, including impaired memory, 
cognition and processing of external stimuli. 

Moore TH, et al., 2007; Matthew Large, et al., 2011





DiForti, M, et al. (2013) – 6 year earlier onset of psychosis

if daily use started age 15 or  less



Increased frequency of use                                   Early use onset



 “Skunk” (16% THC) Marijuana and Risk of Psychosis 

 2015 British Study: English “Skunk” pot is high potency pot ~ 16% 

THC, low CBD 

 N = 410 first episode psychosis, 370 controls Di Forti, M et al. (2015) 

The Lancet On-line 

 Occasional or weekend use increased psychosis risk 3X more than 

non users 

 Daily use increased risk is 5X more than non users 

 Welch, KA, et al (2010) – increased ventricular volume associated 

with marijuana use in 16-25 yo 

“Skunk & Psychosis



Schizophrenia

 We also know that cannabis use by people with established psychotic 

disorder can exacerbate symptoms. 

 Overall, the evidence suggests cannabis use will bring forward 

diagnosis of psychosis by an average of 2.7 years. 

 The risk of developing schizophrenia increases with the duration and 

dose of cannabis use. Regular cannabis users have double the risk of 

non-users. Those who have used cannabis at some point in their life 

have a 40% increased risk compared with non-users. 



More MJ than cigarette smoking in 12th graders

Smoking tobacco and cannabis are both carcinogens



Marijuana Health Effects



Marijuana smokers are actually exposed to more of these chemicals per puff than  tobacco 
smokers because tobacco cigarettes typically have filters through which  smokers inhale, 
whereas marijuana joints do not. Also, marijuana smokers tend to  inhale and hold the 
smoke in their lungs longer than cigarette smokers.



Regular marijuana smokers report more of a  range of common respiratory health issues, and 
more days sick than non-users, regardless of whether they smoked cigarettes.



Immune System suppression



• 7.6-9% of U.S. used marijuana in past 30d 

• 3-16% of pregnant women used in past 30d 

• Compared to nicotine and alcohol, MJ use is least likely to be reduced 

during pregnancy 

• THC half-life is 25-57 hours and can be detected in body for 1 to several 

months 

Marijuana (THC) & Pregnancy 



Prenatal MJ exposure

 There were significant negative effects of prenatal marijuana exposure 

on the performance of 3-year-old children on the Stanford-Binet 

Intelligence Scale. 

 Slower motor development

 The effects were associated with exposure during the first and second 

trimesters of pregnancy. 

N.L. Day, et al., 1994





Marijuana Effects on Pregnancy Controversy

 Research difficulty: Controlled human studies impossible and most 

use alcohol or other drugs along with MJ 

 Lower birth weight and gestational period 

 Neonate abnormal response to light or visual stimulus, “startles”, 

tremulousness, drug withdrawal high pitch cry 

 Attention, concentration, judgment, and problem solving difficulties; 

increased ADHD; some link with stillbirths & SID 



Genetics of MJ

 Three genetic variants that were linked with symptoms of marijuana 

dependence.

 1 Gene related to calcium signaling

 2 Gene called CSMD1, involved in the growth of the central nervous 

system. Genetic variants within CSMD1 have also been linked with 

schizophrenia risk

 Findings suggest that marijuana dependence, depression and 

schizophrenia might share some underlying genetic factors, 

Sherva R, et al., 2016



• THC and its metabolites take 2-4 hours after smoking to be detectable 

in urine 

• They can persist in levels above the usual 50 ng/ml cut-off 

concentrations for up to 30 days (lower levels up to 6 months 

detectable in brain tissues)

• 1-3 days detectable from infrequent use 

• 7-10 days regular use (several times/week) 

• 30 days heavy/daily use (if 50 ng/ml, longer if lower cut-off) 

Urine Analysis (UA) Complications from Rewood Toxicology Lab 
Information Sheet 





Clinical Recommendations

Dissociation:

Knowledge or ability to describe appropriate behavior 
does not equal ability to do it appropriately

 Implications:  Don’t depend on verbal insight

Neurologically challenged/impaired, not unmotivated

Do a MoCA!



Clinical Recommendations

 Caution: when making inferences about motivation based on 
observed behaviors.

 Non-compliance may not arise from lack of motivation or 
resistance.

 Unawareness of deficits can be due to executive dysfunction and 
may not always be due to psychological denial.



2015



DSM-5: Substance/Medication-Induced Mild Neurocognitive 

Disorder

 A. Criteria met for major or mild NCD

 B. Neurocognitive impairments do not occur during course of a delirium and 

persist beyond usual duration of intoxication and acute withdrawal

 C. Involved substance or medication & duration and extent of use are capable of 

producing neurocognitive impairment.

 D. Temporal course of the neurocognitive deficits is consistent with the timing of 

substance or medication use & abstinence

 E. Not due to another mental disorder.

 Specify if: Persistent (NCD continues to be significant after extended abstinence)



Diagnostic Statistical Manual of Mental Disorder 5th Edition (DSM-5): 

• Cannabis Use Disorder 

• Cannabis Intoxication 

• Cannabis Withdrawal 

• Other Cannabis-induced Disorders 

• Unspecified Cannabis-Related Disorders 

DSM-5: Cannabis-Related Disorders Tolerance, Dependence, 

Withdrawal 



1. Larger amounts and longer than intended 

2. Inability to decrease or control use 

3. Excessive time to get, use, and recover 

4. Cravings or urge to use 

5. Failure to fulfill work, school, home roles 

6. Continued despite negative consequences 

7. Important activities ceased or reduced 

8. Continued in physically hazardous situations

9. Continued despite physical/psychological problems 

10.Tolerance: ↑ amount needed to get desired effects or decreased 

effects from same amount of cannabis consumed 

11. Occurrence of withdrawal or use to relieve or avoid withdrawal 

Mild = 2-3 of symptoms of criteria; Moderate = 4-5; Severe = 6 or more 

Cannabis Use Disorder Diagnostic Criteria DSM-5 



Symptoms occur within 8 hours of abstinence but can be delayed up 

to 72 hours. Usually peak in severity on day 10 and may last for up 

to 45 days or longer. 

Symptoms: irritability, anger, anxiety, restlessness, nightmares/sleep 

disturbances (REM rebound), headaches, depressed mood, craving, 

decreased appetite, sweating, chills, pain, mild tremors (“cold dog 

shakes”) 

Marijuana Withdrawal Syndrome 



 Cognitive Impairment (30-80%) 

 Endogenous Craving 

 Environmental Triggers or Cues 

 Post Acute Withdrawal Symptoms 

 Unaddressed Mental Health Issues 

Challenges to Maintenance of Continued Abstinence 







 National Registry of Evidence-Based Program and Practices: 

SAMHSA & State 

 Cognitive Behavioral Therapies: Motivational Interview/Enhancement, 

DBT coping skills, Contingency Management (CM) & relapse 

prevention tools 

 Levels of Change 

 Marijuana Anonymous or other 12-Step group involvement 

Clinical Interventions 



Good websites:

• www.nida.nih.gov

, www.thecoolspot. gov

, www.drugfreeamerica.org

, www.Teen-Safe.org





 Download this talk at:

 www.charlesjvellaphd.com
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