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What Do We Really Know?
Research Confounds



My Agenda

 Look at data and its limitations
 Let data lead us wherever it takes us

 Much is opined, published, and defended, but …
 We know less than most people acknowledge!

 Ronald Reagan:  Trust, but verify!



Marijuana Research Confounds

 Correlation does not prove causation!



Marijuana Research Confounds

 Usage
 Dose, frequency, duration of 

use
 Duration of abstinence
 Routes of administration 

(i.e., smoking, oral 
ingestion)

 First age of use and 
regular/heavy use

 Concurrent confounds
 Use of alcohol, tobacco, and 

other drugs
 Psychiatric or other illnesses

 Genetic and environmental 
factors

 Self-report and 
retrospective data

 Measuring THC in blood 
and urine

 Human vs. animal studies



Marijuana Research Confounds

 The potency problem
 Older studies do not reflect current 

high potencies

 Federal limitations on marijuana 
potency used for research



Epidemiology



National College Student Marijuana Data
Monitoring the Future 2014

 Annual Use:  34.4%
 30 Day Use:  20.8%  (highest since 1991)
 Daily Use:  5.9%  (highest since 1991)



National College Student Marijuana Data

Reported Number of Times College Students Used 
Marijuana - 2014 ACHA NCHA

Total %

Never Used in Last 30 Days 61.0

Used, But Not in Last  30 Days 20.7

Used 1-9 Days 11.7
Used 10-29 Days 4.1
Used all 30 Days 2.6

Any Use Within Last 30 Days 18.4



Impact of Colorado Amendment 64



Impact of Marijuana Legalization in 
Colorado

 In 2014, when retail MJ businesses began operating:  
 Medical

 29% increase in the number of MJ-related ER visits in only 1 year
 38% increase in the number of MJ-related hospitalizations in only 1 

year
 Children’s Hospital Colorado reported 16 MJ ingestions among 

children < 12 yo compared with 2 in 2009
 Impaired Driving

 32% increase in MJ-related traffic deaths in only 1 year
 MJ-related traffic deaths were ~20% of all traffic deaths compared 

to half that (10%) just 5 years ago
 THC results for primarily driving under the influence have 

increased 45% in just 1 year
 Drug-related suspensions/expulsions increased 40% from school years 

2008/9 to 2013/14, and the vast majority were for MJ violations



Legalization of MJ in Colorado
The Impact – Volume 3, September 2015



Legalization of MJ in Colorado
The Impact – Volume 3, September 2015



The Absolute Minimum You Need to 
Know about Marijuana Pharmacology



Pharmacology
Three Phases of Marijuana Effects

 Acute
 Getting “high”

 Residual
 No further consumption but …

• Because THC is fat-soluble it is stored 
in fat after repeated use, with slow 
release into bloodstream

 Long-term
 Effects that persist after marijuana and 

metabolites no longer in body
 Most commonly in heavy, persistent users, 

including those addicted to marijuana



Pharmacology

 Edible Pharmacology
Slower onset of effects (which may 

increase danger) with potentially very high 
THC concentrations
 “Marijuana edibles linked to two deaths, 

increased ER visits in Colorado”
 “Student’s death in Colorado raises 

questions on pot and health”



Marijuana Potency Changes Over Time



Marijuana Potency: THC Content

 McLaren, Swift, et al. Cannabis potency and 
contamination: a review of the literature, 
Addiction 103, 1100-1109, 2008
Evidence suggests doubling of marijuana 

potency in U.S.
“Claims made in the public domain about a 

20- to 30-fold increase in cannabis potency 
… are not supported by the current 
evidence.”

 More recent evidence is more disturbing!



Marijuana Potency:
Then and Now

 In 2013, average THC level = 12.55%, 16.7X that in 1975
 Washington State potency testing:

 2.5% above 28% THC with some samples in the > 30-40%
 Boulder, CO dispensary

 Smokable MJ with THC concentrations of 25%



Marijuana Potency
The Bad News: High Potency Preparations

 Marijuana
 Dried flowering tops and 

leaves of the plant
 THC content 0.5%-10% 

(but up to 25% in Boulder)
 Hashish

 Dried and compressed resin 
secreted from plant

 THC content 2%-20%
 Hash oil

 Oil-based extract of hashish
 THC content 15%-50%
 Now often used in vaping



Marijuana Potency
The Bad News: High Potency Preparations

 Hash Oil Extracts/Concentrates
 THC extracted from marijuana plant 

matter by butane (butane hash oil or 
BHO) or CO2

 THC content 50%-75% or more
 Wax (or Earwax) 

 Like hash oil but with a waxy (“golden 
goop”) consistency

 Shatter 
 Semi-transparent, yellow or amber, thin 

cake which “shatters” when a piece is 
broken off

 THC content up to 90%



Marijuana Effects on the Human Brain:
The Endocannabinoid System



The Endocannabinoid System

 Cannabinoid CB1 receptors widely distributed in 
human brain regions involved in
 Cognition, memory, pain perception, motor 

coordination
 Reward

 Abundant receptors in brain’s “reward pathways” 
that are believed to be part of neurophysiology of 
addiction: rewarding properties of drugs, drug-
seeking behavior, and craving/relapse

 CB2 receptors present mainly in immune tissues and 
cells (e.g., lymph nodes, spleen) but also apparently 
present in brain



The Endocannabinoid System

 The endocannibinoid system
Responds to naturally occurring 

(endogenous) ligands—anandamide and 
2-AG (2-arachidonylglycerol)—which 
produce effects similar to THC but are 
less potent and shorter acting

Endocannibinoids and CB receptors make 
up an endogenous endocannabinoid
signaling system in the human brain



The Endocannabinoid System

 Endocannabinoid system appears to have 
modulatory functions
 Inhibits release of neurotransmitters
 Involved in brain development during 

adolescence
Activates or suppresses other 

developing neurotransmitter systems



Marijuana Effects in Puberty or 
Adolescence



Marijuana Effects in Puberty/Adolescence

 Puberty is an important and vulnerable 
time—a critical developmental window—
in neurological development
Neuronal/synaptic pruning, dendritic 

plasticity, and myelination
Maturation of neurotransmitter (e.g., 

dopaminergic, cannabinoid, and 
glutamatergic) systems and receptors



Marijuana Effects in Puberty/Adolescence

 Endocannabinoids involved in brain 
development during adolescence

 Endocannabinoid system activity (both 
receptor binding and endogenous 
cannabinoid neurotransmitter levels) 
highest around onset of puberty



Marijuana Effects in Puberty/Adolescence

 Heavy marijuana use in puberty and mid-
adolescence may have effects on brain structure 
and function that are different, more significant, 
and longer lasting than does use in adulthood
Cognitive deficiencies
Development of neuropsychiatric disorders
Likelihood of other substance use/abuse
Likelihood of cannabis dependence



Marijuana Effects in Puberty/Adolescence
Animal Studies

 Pubertal/periadolescent rats treated 
chronically with cannabinoid receptor 
agonist WIN
Causes persistent impairment in memory, 

sensorimotor gating, locomotion, mood, 
and social behavior

Comparable treatment in prepubertal or 
adult rats induces no or only minor 
impairments



Marijuana Effects in Puberty/Adolescence
Animal Studies - Priming for Illicit Drugs

 Subchronic treatment of male rats of varying ages 
with synthetic cannabinoid agonist WIN induces 
long-lasting tolerance to cannabis in dopamine 
neurons
 If treated during puberty, there is additional 

cross-tolerance to morphine, amphetamine, and 
cocaine

 If treated as adults, no cross-tolerance to other 
drugs

 Chronic THC administration during early puberty 
of male rats enhanced heroin self-administration 
in adulthood



Marijuana Effects in Puberty/Adolescence
Animal Studies - Priming for Illicit Drugs

 However, not all research findings are in 
agreement with idea of age-dependent 
persistent effects of cannabis exposure



Marijuana Effects in Puberty/Adolescence
Priming for Illicit Drugs

 Animal studies and other data suggest 
pubertal cannabis exposure specifically 
and persistently alters hedonic processing -
“priming” or sensitizing human brain to 
the euphoric effect of other drugs, resulting 
in drug-seeking and drug-taking behavior



Marijuana Effects on the Human Brain
Summary

 The human brain has a “natural” endocannabinoid
system that includes neuroreceptors for cannabinoids

 Endocannabinoids are intimately involved in normal 
brain development, especially during the critical 
developmental period in puberty and early 
adolescence when the brain is undergoing synaptic 
pruning and myelination

 Marijuana exposure may alter normal brain 
development (affecting cognition, personality, etc.) 
in ways that may persist throughout life



Associated Adverse Physical Effects and 
Health Outcomes



Marijuana
Adverse Effects

 Long-term effects of marijuana may 
vary depending on many factors:
Age and particulars of first 

exposure and first regular use
Dose and frequency of use
Duration of use
Recency of use
Potency



Chronic Adolescent Marijuana Use as a Risk Factor for 
Physical and Mental Health Problems in Young Adult Men

 Design: prospective longitudinal study of 506 7th

grade boys to age 36
 Findings: 4 adolescent use trajectories

Early onset chronic users, late increasing users, 
adolescence-limited users, and low/nonusers

The 4 marijuana use trajectory groups were not 
significantly different in terms of their physical 
and mental health problems assessed in the mid-
30s

Bechtold J, Simpson T, White HR, and Pardini D: 
Chronic adolescent marijuana use as a risk factor for 
physical and mental health problems in young adult 
men. Psychology of Addictive Behaviors. 2015



Chronic Adolescent Marijuana Use as a Risk Factor for 
Physical and Mental Health Problems in Young Adult Men

Study Problems

 Restricted outcomes
 Physical: asthma, allergy, headaches, high blood 

pressure, limited in physical activities, physical 
injuries, concussions

 Mental: anxiety disorders, mood disorders, psychotic 
disorders

 Key outcomes not assessed:
 Cognitive and intellectual functioning, brain 

structure and function, academic/occupational 
failure, psychosocial adjustment, addiction, MVAs

Bechtold J, Simpson T, White HR, and Pardini D: Chronic 
adolescent marijuana use as a risk factor for physical and 
mental health problems in young adult men. Psychology of 
Addictive Behaviors. 2015



Chronic Adolescent Marijuana Use as a Risk Factor for 
Physical and Mental Health Problems in Young Adult Men

Study Problems
 Time of study

 Study began in 1987-8 with lower MJ potencies
 May have missed early adolescent window of use

 MJ usage
 Surveyed frequency (use per month) but not quantity (amount) or 

potency
 Analysis

 Insufficient statistical power to detect important health outcomes 
(e.g., heart attack or stroke) in young population

 No difference in outcomes whether or not data statistically 
corrected for covariates (e.g., SES, education, alcohol or other drug 
use, previous mental illness)

 Conflict with many other studies

Bechtold J, Simpson T, White HR, and Pardini D: Chronic adolescent 
marijuana use as a risk factor for physical and mental health problems in 
young adult men. Psychology of Addictive Behaviors. 2015



Marijuana
Long-Term Physical Effects

 Respiratory (like smokers)
 Cough
 Chronic bronchitis
 Lung infections
 Obstructed airways
 But note: acute use (within past 

hour) may result in immediate, 
short-term improvement in lung 
airflow

 Immune system abnormalities
 Decreased testosterone

 Testicular shrinkage
 Breast enlargement (“man boobs”)
 Loss of interest in sex
 Erectile dysfunction
 Loss of muscle mass

 Mental health (with 
chronic use)
 Anxiety, depression, 

suicidal thoughts, 
schizophrenia

 Not clear if marijuana 
causes, exacerbates, or 
used to self-medicate



Marijuana
Adverse Physical Effects

 Cancer
 Non-seminiferous germ cell (testicular cancer)
 Possibly head and neck, prostate, cervical, gliomas
 Respiratory cancers

• No clear increase in upper respiratory tract cancers, 
but may be associated with increased risk of lung 
cancer (studies often confounded by concomitant 
cigarette smoking)

• Cannabis smoke contains many of same carcinogens 
as tobacco smoke, with some in higher 
concentrations (3X compared to tobacco smoke)

– Mutagenic and carcinogenic in mouse skin test
– Chronic cannabis smokers show pathological 

changes in lung cells that precede development 
of lung cancer in tobacco smokers



Marijuana
Use in Pregnancy/Fetal Exposure

 Little evidence for increased risk of birth defects
 Some, but not all, studies have found in newborns:

 Low birth weight
 Higher rate of neonatal intensive care admissions
 Abnormal behaviors that may reflect toxicity or 

withdrawal (increased irritability, startle, crying)
 Long-term effects:

 Neurobehavioral and cognitive effects may include 
increased aggression, impulsivity, anxiety, and depression 
as well as long-term learning deficits/ADHD but …
 Effects appear to be “subtle” and may not appear until 

adolescence
 Studies often confounded by mother’s use of other 

drugs, poverty, etc.
 Bottom line:  discourage use of any drugs in pregnancy

 Use less if you must use



Marijuana
Cardiovascular/Cerebrovascular Effects

 Cardiovascular
 Increased angina (chest 

pain)
 Heart attack
 Coronary artery no-reflow
 Irregular heart beats
 Cardiomyopathy (weakened 

heart muscle)
 Cerebrovascular

 Transient ischemic attacks 
(mini-strokes)

 Stroke (odds ratio 1.76)
 Cerebral no-reflow or spasm

 Peripheral blood vessels
 Raynaud’s phenomenon
 Ischemic (poor blood flow) 

ulcers
 Digital necrosis (gangrene 

of fingers and toes)
 Angiitis (inflammation of 

arteries)

• Rezkalla S, Kloner RA: Recreational marijuana: is it 
safe for your patient? Journal of the American Health 
Association 3(2): e000904, 4/23/2014

• Jouanjus E, Lapeyre-Mestre, M, Micallef J: Cannabis 
use: signal of increasing risk of serious cardiovascular 
disorders.  Journal of the American Heart Association 
3(2): e000638, 4/23/2014



Marijuana
Cardiovascular/Cerebrovascular Effects

 Disturbing data
 These events are occurring in young persons with 

no other risk factors
 Heart attack rate increased 4.8X in first hour after 

marijuana use
 4.2X increase in mortality rate in marijuana users 

compared with nonusers following heart attack



Marijuana
Cardiovascular/Cerebrovascular Effects

 Possible causes:
 Reversible cerebral vasoconstriction syndrome 

(RCVS)
 No-reflow phenomenon, suggesting obstruction of 

small vessels and arterioles
 Marijuana use associated with hypertension, 

dyslipidemia, and higher caloric intake which all 
may increase incidence of coronary artery disease

 Increased platelet coagulability (often combined 
with smoking tobacco and use of other illicit drugs)

 Cardiac arrhythmias with embolism



Cannabinoid Hyperemesis Syndrome

 Typically occurs in young adults with long 
history of daily (often > 3-5X/day) cannabis use

 Almost always a delay of several years (16.3 years 
in one study) between chronic marijuana abuse and 
onset of symptoms, but some cases of less than 3 
years
 Average number of ER visits prior to diagnosis = 7.1

 Symptoms:
 Recurrent episodes of nausea, vomiting, and 

dehydration with frequent ER visits
– Galli JA, Sawaya RA, Friedenberg FK: Cannabinoid 

hyperemesis syndrome. Current Drug Abuse Reviews 4(4): 
241-249, 2011



Cannabinoid Hyperemesis Syndrome

 Phases
 Pre-emetic or prodromal phase

 Early morning nausea, fear of vomiting, and abdominal discomfort
 May last for months or years

 Hyperemetic phase (usually 24-48 hrs)
 Paroxysms of intense, persistent nausea and vomiting, commonly described as 

overwhelming and incapacitating
 Profuse vomiting, often without warning, up to 5X/hr
 Diffuse but relatively mild abdominal pain
 70% report marked weight loss of at least 5 kg
 Stereotypically take numerous hot showers during the day

• Learned behavior used repeatedly as only alleviating measure to control symptoms

 Recovery phase
 Lasts for days, weeks, or months
 Weight regained and bathing returns to regular frequency

– Galli JA, Sawaya RA, Friedenberg FK: Cannabinoid hyperemesis syndrome. Current 
Drug Abuse Reviews 4(4): 241-249, 2011



Marijuana
Associated Adverse Health Outcomes

 Chronic marijuana use/abuse is associated with:
 Tobacco use
 Alcohol use and abuse
 Illicit drug abuse
 Other risk taking behaviors

 Drunk driving
 Sexual activity

 Difficult to separate out cause and effect
 Marijuana use may not cause other adverse health behaviors 

but, instead, be part of a larger, risk-taking, behavioral lifestyle
 Nonetheless, marijuana use may be a marker for other 

behaviors of concern



Marijuana
Associated Adverse Outcomes

 Study of Australians/New Zealanders from age 13 years to age 
30 years, looking at associations between maximum frequency 
of cannabis use before age 17 and 7 developmental outcomes
 Daily users before age 17 years had significant 

 Reduction in odds of
• High school completion
• University degree attainment

 Increase in odds of 
• Later cannabis dependence
• Use of other illicit drugs
• Suicide attempt

 Clear dose-response relationship
 No association with depression or welfare dependence

– Silins E, Horwood LJ, Patton GC, et al. Young adult sequelae of adolescent cannabis use: an integrative 
approach. Lancet Psychiatry 1: 286-293, 2014



Marijuana
Associated Adverse Outcomes
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Marijuana
Associated Adverse Outcomes
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Marijuana
Structural Brain Abnormalities

 Brain mapping and MRIs of young, cannabis-using adults 
compared to peers without use
 Cannabis users had:

 Different subcortical (thalamus, striatum, globus
pallidus) shapes, suggesting volume loss in thalamus

 Decreased working memory
 Cannabis use shape deformities correlated with more severe 

working memory deficits and earlier age of cannabis use 
onset

– Smith MJ, Cobia DJ, et al.: Cannabis-related working memory deficits and associated subcortical morphological 
differences in healthy individuals and schizophrenia subjects. Schizophrenia Bulletin 40(2): 287-299, 2014



Marijuana
Structural Brain Abnormalities

 MRI brain mapping of cannabis-using adults compared to peers without cannabis use and those 
of schizophrenics with and without cannabis use
 Age at time of study ≈ 25 yrs for non-schizophrenics and ≈ 25-27 yrs for schizophrenics

 Participants took a “narrative memory test” in which they listened to a series of 1-minute 
stories and then asked to recall as much content as possible 20-30 minute later

 Findings
 Cannabis users had distinct hippocampal shape differences that were associated with poorer 

(18% - 26%) episodic memory performance
 Among schizophrenics but not non-schizophrenics, greater duration of chronic marijuana 

use and shorter duration of abstinence were correlated with greater abnormalities in the 
shape of the hippocampus

– Smith MJ, Cobia DJ, et al.: Cannabis-related episodic memory deficits and hippocampal morphological differences in 
healthy individuals and schizophrenia subjects. Hippocampus 00:1-10, 2015

Cannabis Users: Non-Schizophrenics Schizophrenics

% with DSM-IV CUD 60.0% 66.7%

Frequency of use (% daily use) 80.0% 92.3%

CUD age of onset (yrs) 16.7 17.2

CUD duration (yrs) 2.9 2.4

Duration of CUD abstinence (yrs) 2.2 2.6



Marijuana
Structural Brain Abnormalities

 Brain diffusion tensor imaging (DTI) of young adult males who began 
marijuana use before age 15 and smoked daily for at least 2 years compared to 
peers without use
 Cannabis users had:

 Small but significant changes in corpus callosum white matter 
structural integrity

• Corpus callosum is principle vehicle for information transfer 
between the two cerebral hemispheres

 Non-statistically significant positive trend towards duration of cannabis 
use and degree of abnormalities, suggesting cumulative effect of 
cannabis over time and younger age of onset may predispose to brain 
structural changes

– Arnone D, Barrick TR, Chengappa S, et al.: Corpus callosum damage in heavy marijuana use: preliminary evidence from diffusion tensor 
tractography and tract-based spatial analysis. Neuroimage 41(3): 1067-1074, 2008



Marijuana
Structural Brain Abnormalities

 High resolution MRI brain scanning of 29 marijuana daily 
using and 26 non-using adolescents and adults, closely 
matched for alcohol use and also carefully controlled for 
gender, age, and other variables (e.g., depression, anxiety, 
tobacco, education)
 Daily users vs. non-users compared to maximize 

likelihood of finding differences
 Closely controlled for alcohol use

 No statistically significant differences found on volume 
or shape in various brain structures: nucleus accumbens, 
amygdala, hippocampus, and cerebellum

– Weiland BJ, Thayer RE, Depue BE, Sabbineni A, Bryan AD, Hutchison DE: Daily marijuana 
use is not associated with brain morphometric measures in adolescents or adults. Journal of 
Neuroscience 35(4): 1505-1512, 2015



Marijuana Effects on Learning



Acute Effects on Learning

 Retrieval-based memory problems, but only for 
material presented when participants are 
intoxicated
 Immediate and delayed recall of word lists, 

prose, and nonverbal stimuli when information 
is presented to acutely intoxicated 
individuals—with no differences in recall for 
information learned prior to intoxication

 Memory impairment may persist for at least 7 
days after last use



Effects on Learning
Cerebral Blood Flow, PET, EEG Studies

 After 26 hours of abstinence, regular users have 
lower resting rCBF in prefrontal cortex and 
cerebellum than controls

 Functional imaging studies show less activity in 
brain regions involved in memory and attention in 
chronic cannabis users than in non-users, even after 
28 days of abstinence

 Reduced volumes of hippocampus and amygdala in 
long-term users who had smoked 5 or more joints a 
day for 10 years or more



Long-Term Effects on Learning

 “Residual cannabis effect” (primarily on 
learning, memory, and forgetting) that is 
statistically significant but of small magnitude
Cannabis users’ neuropsychological 

performance is about one-fifth of a standard 
deviation worse than controls

 Other studies found that memory deficits 
dissipate after ~1 month
 These studies suggest that impairments 

observed soon after abstinence reflect a 
withdrawal or residual effect



Effects on Learning
Summary

 Marijuana intoxication interferes with memory for 
materials presented while intoxicated
 Students who go to class high are not getting their 

money’s worth
 Adverse impact on learning and memory can last for 

days or weeks after acute effects wear off
 Unclear if memory deficits may persist after months 

of abstinence
 Daily marijuana use may result in suboptimal 

intellectual functioning all of the time
 Regular/heavy users cannot stop marijuana 1-2 days 

before exams and expect to have normal memory



The Recent Bad News on 
Neuropsychological Development



Effects on Neuropsychological 
Development

 Meier MH, Caspi A, et al.  Persistent cannabis 
users show neuropsychological decline from 
childhood to midlife. PNAS, 2012
Prospective study of 1,037 New Zealanders 

followed from birth to age 38 years
Neuropsychological testing obtained at 

ages 13 years and 38 years



Effects on Neuropsychological 
Development

Study attempted to account for 
Prior neuropsychological deficits
Acute or residual cannabis intoxication
Alcohol, tobacco, and illicit drug use
Schizophrenia
Education

But … alcohol use and IQ may not have 
been adequately controlled



Effects on Neuropsychological 
Development

 Persistent adolescent-onset cannabis use associated with 8 
point decline in IQ from childhood to adulthood
 IQ loss from 100 to 92 represents drop from 50th to 29th

percentile
 Adult-onset users did not experience neuropsychological 

decline
 Executive function, memory, processing speed, perceptual 

reasoning, and verbal comprehension all affected
 “Daily life” functioning affected with informants reporting 

more attention and memory problems in those with more 
persistent cannabis use

 Reduction or cessation of cannabis use in adulthood did 
not fully restore earlier neuropsychological function



Effects on Neuropsychological 
Development

 Study does not prove cause and effect, nor 
does it reveal underlying mechanisms of 
cannabis effect on psychological function

 Hypothesis: cannabis neurotoxicity 
sensitive period of brain development
Neuronal maturation and rearrangement 

processes (e.g., myelination, synaptic 
pruning, dendritic plasticity) and 
maturation of neurotransmitter systems



Effects on Neuropsychological 
Development, BUT …

 Study confounds:
 Alcohol use and IQ may not have been adequately 

controlled
 Alcohol use vs. dependence

• 50% of New Zealand men aged 18-24 had 6 or 
more drinks at least once weekly; 33% of 
women had at least 4 drinks once weekly

• > 40% of male drinkers and 33% of female 
drinkers aged 18-19 drank enough to feel drunk 
at least weekly

 Lower IQ (̴ 5 points) in cannabis users at baseline
• Study participants served as own controls, but 

still concerning



Marijuana Effects on Driving



Challenges in Determining How Drugs 
Affect Driving (NTSA 2015)

 Poor correlation between effects on 
psychomotor, behavioral, and/or 
executive functions and blood or 
plasma drug concentrations
 Peak effects do not necessarily 

correspond to peak blood levels
 Detectable blood levels may persist 

beyond the impairing effects, or 
impairing effects may occur when 
the drug cannot be detected

 “At this time, specific drug 
concentration levels cannot be 
reliably equated with a specific 
degree of driver impairment”

 Sensitivity and tolerance to 
impairing effects of a drug with 
repeated exposure

 Individual differences in 
metabolism, distribution, action, 
and metabolism

 Accumulation: drug levels may 
accumulate with repeated 
administration if the time-course of 
elimination is insufficient to reduce 
or remove the drug before the next 
dose is administered

 Acute vs. chronic administration 
(e.g., greater impairment during 
initial administration than when the 
drug is administered over a long 
period of time)



Effect on Driving

 Driving studies confounded by numerous 
methodological difficulties:
Frequent concomitant use of alcohol 

and/or other drugs
Accident responsibility assignments
Demographic and other risk factor 

differences
Appropriate controls
THC vs. carboxy-THC measurement



Effect on Driving

 Dose related impairment in reaction time, 
information processing, perceptual-motor 
coordination, motor performance, attention, 
and tracking behavior
These effects could increase risk of 

automobile accidents



Effect on Driving

 Early studies showed that cannabis causes 
more modest impairments in driving than 
intoxicating doses of alcohol because 
cannabis-affected people drive more slowly 
and take fewer risks
Drivers aware of being observed or tested, 

raising question of validity of findings



Effect on Pilot Performance

 10 experienced licensed private pilots trained for 
8 hours on a flight simulator landing task

 Each smoked a THC cigarette (19 mg)
 24 hours later mean performance on flight task 

showed trends toward impairment in all variables 
with some tasks showing significant impairment
One pilot missed the runway altogether on 

landing
 Despite the deficits, pilots reported no awareness 

of impaired performance
– Yesavage JA, Leirer VO, Denari M, Hollister LE:  Carry-over effects of marijuana intoxication on aircraft pilot 

performance. American Journal of Psychiatry 142(11): 1325-1329, 1985



Effect on Driving
2012 Asbridge Meta-Analysis

 2012 meta-analysis of studies concluded that 
acute cannabis consumption significantly 
increases risk of motor vehicle accidents 
(odds ratio 1.92)

Asbridge M, Hayden JA, Cartwright JL. Acute 
cannabis consumption and motor vehicle collision risk: 
systematic review of observational studies and meta-
analysis.  BMJ, February 9, 2012



Effect on Driving
2013-14 NTSA “Crash Risk” Study

 Largest and most comprehensive study to address 
alcohol and drug crash risk in US, through a case-control 
study, that employed a rigorous design involving a 
precise match of cases and controls 
 Collected information from crash-involved and non-

crash involved drivers for 20 months in Virginia 
Beach, VA

 One week after driver involved in a crash provided 
data for the study, control drivers were selected at the 
same location, day of week, time of day, and direction 
of travel as the original crash

 Drivers tested for THC



Effect on Driving
2013-14 NTSA “Crash Risk” Study

 THC detected in 7.6% of crash-involved 
drivers and 6.1% of control drivers

 Statistically significant increased crash risk 
(unadjusted odds ratio = 1.25) associated 
with THC, BUT …

 No significant increased crash risk of  
(adjusted odds ratio = 1.05) associated THC 
after adjustment for demographic variables 
of age, gender, and race/ethnicity



Effect on Driving
NTSA 2013-14 National Roadside Survey

 Voluntary, anonymous roadside surveys 
across US and at different times of day and 
night
Participants asked for breath test, oral fluid 

sample, and blood sample
 The drug with the largest increase in 

weekend nighttime prevalence was THC, 
increasing from 8.6% in 2007 to 12.6% in 
2013-14, a 48% increase.



Effect on Driving

 In Colorado, since mid-2009 when medical marijuana 
became commercially available and prevalent, the 
proportion of marijuana-impaired drivers involved in 
fatal motor vehicle accidents has increased, unlike in 
non-medical marijuana states
 During the same time period in Colorado, there was 

no significant change in the proportion of alcohol-
impaired drivers involved in fatal motor vehicle 
crashes

 But … study used only qualitative positive or 
negative test for marijuana, and THC+ drivers may 
not have been “impaired”

– Salomonsen-Sautel S, Min S, Sakal JT, Thurstone C, & Hopfer C: Trends in fatal motor vehicle 
crashes before and after marijuana commercialization in Colorado. Drug and Alcohol 
Dependence 140: 137-144, 2014



Legalization of MJ in Colorado
The Impact – Volume 3, September 2015



Effect on Driving
Summary

 Marijuana use in itself may raise the risk of MVAs, 
but the data are unclear
 Careful driving may or may not compensate for all 

deficits
 Combination of alcohol and marijuana definitely 

raises risk of MVAs
 Many college students use alcohol and marijuana 

simultaneously
 Marijuana users should not drive for 3-4 hours after 

intoxication – Canadian Task Force recommendation



Marijuana and Mental Illness



Marijuana and Psychosis

 May cause transient psychotic symptoms 
(e.g., anxiety, paranoia, hallucinations, and 
delusions) in occasional new users or with 
high potency

 Increasing concern that high potency 
marijuana may precipitate psychosis even 
in those without predisposing factors



Marijuana and Psychosis

 Risk of first episode psychosis
 Individuals who mostly used low potency 

cannabis (with virtually no CBD) occasionally, 
on weekends, or daily had no increased risk of 
psychosis compared with non-users

 Individuals who used high potency cannabis 
(with virtually no CBD) were at increased risk 
for psychosis:
 2X risk if used less than once per week
 3X risk if used on weekends
 5X risk if daily users

– DiForti M, Marconi A, Carra, E, et al.: Proportion of patients in 
south London with first-episode psychosis attributable to use of high 
potency cannabis: a case-control study. The LancetPsych, published 
online February 18, 2015



Marijuana and Psychosis

 Schizophrenia
 May precipitate, but not necessarily “cause,” serious 

and/or long-term psychosis including schizophrenia
 One study estimated that 13% of schizophrenia 

cases could be averted if marijuana use was 
prevented

 Risk factors
 Predisposed individuals with a family or personal 

history of psychotic symptoms or psychosis
 Early cannabis use (e.g., by age 15) entails 

greater risk than later use (e.g., age 18 or older)
 Increased dose/frequency/regularity of use



Marijuana and Other Mental Illness

 Regular, and in particular, heavy cannabis use may be 
linked to depression, anxiety, and other mood disorders
 Manic symptoms

 Cannabis may exacerbate manic symptoms in 
those with bipolar disorder

 Cannabis use associated with 3-fold increased 
risk for new onset of manic symptoms

– Gibbs M, Wisper C, Marwaha S, Gilbert E, Broome M, Singh SP: Cannabis use 
and mania symptoms: a systematic review and meta-analysis. Journal of 
Affective Disorders 171:39-47, 2015



Marijuana Withdrawal Syndrome



Marijuana Withdrawal Syndrome

 Common Symptoms
 Anxiety/nervousness and 

restlessness
 Irritability, anger, 

aggression
 Decreased appetite and 

weight loss
 Sleep difficulties 

including strange dreams
 Cannabis craving

 Less Common Symptoms
 Chills or sweating
 Shakiness
 Stomach pain/physical 

discomfort
 Depressed mood



Marijuana Withdrawal Syndrome

 Symptoms typically:
Begin within 1-3 days of abstinence
Peak within 2-6 days (most symptoms 

peak at day 4)
Return to baseline within 2 weeks, but 

sleep difficulties and strange dreams 
may persist for 45 days or longer



Marijuana Withdrawal Syndrome

 The type and severity of cannabis withdrawal 
symptoms are comparable to those of tobacco 
withdrawal
Primarily emotional and behavioral
Do not typically cause significant physical, 

medical, or psychiatric disorders
 But this does not mean cannabis withdrawal 

is clinically unimportant



Marijuana Withdrawal Syndrome

 Animal studies suggest that emotional and 
behavioral symptoms of abstinence (e.g., for 
nicotine and cocaine) are the core symptoms 
of abstinence-related CNS effects and may 
be more important in precipitating 
dependence than physical symptoms



Marijuana Addiction



Dependence/Addiction

 After alcohol and tobacco, cannabis is the 
most common type of drug dependence in 
USA, Canada, and Australia
1-2% of adults in past year and 4.8% 

during their lifetime



What are the most addictive substances?



Dependence/Addiction
Lifetime Risk among Users

 Nicotine - 32%
 Heroin - 23%
 Cocaine - 17%
 Alcohol - 15%
 Stimulants 11%

 Cannabis - 9%
 17% for those who initiate 

in adolescence
 More frequent cannabis use 

results in greater risk of 
dependence
 20%-30% among those who 

have used at least 5 times
 25%-50% among those who 

report near daily or daily use
– Anthony JC, Warner LA, Kessler RC.  Comparative epidemiology 

of dependence on tobacco, alcohol, controlled substances and 
inhalants: basic findings from the National Comorbidity Survey.  
Experimental and Clinical Psychopharmacology 2: 244-268, 1994



Dependence/Addiction Treatment
Efficacy

 Treatment efficacy – not all that great!
Magnitude of treatment response similar to that 

for other substance dependence disorders
Only 20%-40% of cannabis-dependent patients 

achieve abstinence during treatment
Relapse rates similar to those for other drugs

• ~30% of individuals who achieve 2 or more 
weeks of abstinence relapse to pretreatment 
levels of use during the 6 months following 
treatment



Synthetic Marijuana



Synthetic Cannabinoids: Spice/K2

 A diverse family of herbal mixtures that contain:
Dried, shredded plant material, and
 Synthetic cannabinoids

Bind to same CB1 receptors as THC, but up 
to 10X more potent

• JWH-018 developed in 1990s by 
researcher John W. Huffman at Clemson

Different mixtures may contain different 
synthetics with very different effects

Typically used by smoking but sometimes 
consumed as an “herbal” drink

Undetectable in typical drug screening protocols



Synthetic Cannabinoids: Spice

 Sold as a “herbal mixture” or “incense” 
under variety of names of which “Spice” 
and “K2” are the most common

 Available in head shops, gas stations, and 
via the internet

 Cost is $30-$40 per gram bag, comparable 
to cost of marijuana

 Often labeled “not for human consumption”



Synthetic Cannabinoids: Spice
Mistaken Beliefs

 Legal
 Readily available
 “Safe”
 Cost
 Undetected by routine drug screening



Synthetic Cannabinoids: Spice
Legal Status

 Worldwide
 Banned in many European countries

 US
 DEA has placed numerous synthetic cannabinoids 

in Schedule I under the Controlled Substance Act, 
making possession and sale illegal

 Many states have enacted similar bans
 But the problem remains

 Constant reformulation of chemical structure
 Availability over the internet and other sources



Synthetic Cannabinoids
Spice vs. THC

 May have powerful, unpredictable, 
and dangerous effects
Stronger binding to CB1 receptors
Full CB receptor agonists unlike 

THC which acts as a partial agonist



Synthetic Cannabinoids
Other Product Dangers

 Combustion may create toxic substances
 “Lacing” with other psychoactive compounds
 Unknown adulterants



Synthetic Cannabinoids: Spice
Effects and Adverse Reactions

 Experiences similar to those produced by marijuana
 Adverse physical effects

 Vomiting, palpitations, hypertension, seizures, irregular 
heart beats, heart attacks (in otherwise healthy teenagers), 
stroke, acute kidney injury (AKI), and death

 Adverse psychiatric effects
 Confusion, agitation, aggression, panic attacks, paranoia, 

and psychosis (including delusions, hallucinations, and 
disordered thinking)
 Some reported cases required hospitalizations > 2 

weeks for resolution of psychotic symptoms
 Addiction

 Tolerance and withdrawal symptoms that may be more 
severe than those with THC



Synthetic Cannabinoids: Spice
Prevalence (%) – Monitoring the Future 

2011 2012 2013 2014
12th Graders

Annual 11.4 11.3 7.9 5.8
College Students

Annual 8.5 5.3 2.3 0.9



Prevention/Intervention



Prevention/Intervention
What We’re Up Against

 “It’s just pot!” – implications of medical 
marijuana and decriminalization
Decreased risk

Less dangerous than alcohol
Entirely benign

 Increased peer approval
Decreased parental disapproval

 Marijuana industry



Prevention/Intervention

 What do we know?
Much more data on ATOD efforts in 

general than on marijuana specifically
Little evidence of strong efficacy in 

efforts to prevent marijuana use or 
intervene early



Prevention/Intervention
Recommendations

 Harm reduction
Later initiation of use
Lower amount and frequency

Address regular, frequent, daily, heavy use
 “Scare” tactics vs. legitimate education

No “Reefer Madness”
But there are real risks and significant adverse 

repercussions
 Opportunistic interventions

SBIRT and similar “real-time” interventions



Prevention/Intervention
Recommendations

 Risk education (targeted)
 Those at risk for serious 

adverse repercussions
 Early, frequent, heavy use
 Psychosis and other 

psychiatric disorders
 Risk education (general)

 Driving
 Learning and 

neuropsychological 
impairment

 Addiction
 Especially with early, 

frequent, and/or heavy 
use

 Social norms
 Debate over efficacy, especially 

as percentage of users increases
 15.7% in college in last 30 

days
 Parent-based interventions

 Rob Turrisi work
 High school parent disapproval 

data
 Parents still matter in college

 Prosocial engagement and active 
mentoring
 “Idle hands (and minds) are the 

work of the devil!”
 Screening

 Marker/red flag to be used for 
screening for other adverse 
AOD and risk behaviors



Prevention/Intervention
Recommendations

 Is this the person you want to be?
 Is this the type of person you want to be with?
 What kind of community do you want?
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