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Impact of Retail Cannabis 
Implications for Addiction, Teen Brain Development,  

and Community and Roadway Safety   
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National Epidemiologic Survey on Alcohol and Related Conditions, 2003 
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Peak First Onset Cannabis, Nicotine, and 
Alcohol Use Disorder Is Age 16-19 

Presenter
Presentation Notes
Addiction usually begins in adolescence, thus early prevention is critical.  This slide illustrates the age at which drug dependence is first diagnosed, which for tobacco, alcohol and marijuana, is typically in adolescence or early adulthood.  Much of the research supported by NIDA is aimed at preventing drug use from ever starting. This research ranges from highly complex molecular and imaging studies to devising effective messages that “speak” to young people.  



Youth use rates in states that have legalized marijuana 
outstrip those that have not 

• Source:  NSDUH (2014-2015) 
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Utah 4.5%
Alabama 5.2%

Nebraska 5.3%
Mississippi 5.3%

Iowa 5.3%
Louisiana 5.3%
Oklahoma 5.4%

Virginia 5.4%
Tennessee 5.9%

North Carolina 6.0%
Ohio 6.1%

West Virginia 6.1%
Hawaii 6.2%

North Dakota 6.2%
Minnesota 6.2%

Kentucky 6.4%
South Dakota 6.4%

Kansas 6.4%
Arkansas 6.5%

Idaho 6.5%
Illinois 6.6%

Missouri 6.6%
South Carolina 6.6%

Wyoming 6.6%
Florida 6.8%

New Jersey 6.8%
Texas 6.9%

Georgia 6.9%
Pennsylvania 7.0%

Nevada 7.4%
Delaware 7.4%
New York 7.6%

Wisconsin 7.6%
Arizona 7.7%

Michigan 8.1%
Indiana 8.1%

California 8.3%
Connecticut 8.3%
New Mexico 8.5%

Montana 8.7%
District of Columbia 8.9%

Washington 9.2%
Maryland 9.2%

Massachusetts 9.2%
Oregon 9.4%

New Hampshire 9.4%
Maine 10.0%

Rhode Island 10.2%
Alaska 10.6%

Vermont 10.9%
Colorado 11.1%

Legend: 
= “Recreational” use legalized as of 2015  

= “Medical” use legalized as of 2015 

= Neither “medical” nor “recreational” use legalized as 
of 2015 

Last-month use, ages 12-17 (2014 - 2015) 



Since legalization, MJ use in kids and young adults in Colorado 
has climbed faster than the national average 

• Source: NSDUH state estimates 
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Marketing to kids… 
CAN YOU TELL THE DIFFERENCE? 

Jolly Gems Jolly Ranchers 



Billboards Coupons 

Event sponsorships 



Marijuana Sodas 

Copyright SAM 7 
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High THC Potency Nutella Marketed to Kids 
Nugtella is a chocolate hazelnut spread  

with hash oil (320 mg THC per cup)  
available in CA with a medical marijuana card L.A. Times 



Retail Display of Marijuana Candies, Mints, 
Lollipops, Chocolates, Beers, Vodka, Etc 

 



THC Potency Increased Over Ten-Fold 

Biol Psychiatry. 2016 Apr 1;79(7):613-9. doi: 
10.1016/j.biopsych.2016.01.004.  

Dabs and Oils Contain Over 80% THC 

Presenter
Presentation Notes
If you smoked some pot in college and think you understand what is available today, you don’t.The Marijuana 



Marijuana Available Where it is Legal is 
More Potent and, Well, More Available 

11 

Average potency of Mexican‘brick marijuana’ is 4% 
Average potency of American indoor grown marijuana is 10-20% 
Washington State: Avg potency is 15% 



THC Oil in a JUUL Pod 



JUUL: THE NEW CIGARETTE? 



Marijuana is not “just a plant” anymore – 
derivatives contain up to 98% THC  





IQ: The Dunedin Study (New Zealand) 
(N=1,037) 

 1                  2             3    4         5 

Assessment ages 

13 yrs 
(Pre-initiation) 18 yrs 21 yrs 32 yrs 38 yrs 

Source: Meier et al. PNAS, 2012 
Slide courtesy of Sion Harris 

Presenter
Presentation Notes
This study conducted in New Zealand followed almost 1000 participants from age 3 to 38. At age 13, before the vast majority had started marijuana use (only 7 had ever tried it by age 13), all participants completed a comprehensive neuropsychological assessment battery which included an IQ test, tests of executive functioning, memory, processing speed, and others. Participants completed this same battery when they were 38 years old. Marijuana use information was collected at all of the assessment timepoints. The authors were then able to determine how marijuana use affected neuropsych performance by comparing the change in individuals’ scores between ages 13 and 38 across different levels of marijuana use.



Change in IQ from 13-38 yrs old 

Never used 

MJ dependent 2 yrs 

MJ dependent 1 yr 

Used, never diagnosed 

MJ dependent 3+ yrs 

IQ change: 
 

•“Never used” 
• 99.8 to 100.6 

•“MJ dependent 3+ yrs” 
• 99.7 to 93.9  

Meier et al. PNAS, 
 

Presenter
Presentation Notes
Here is what they found. This chart shows the change in IQ scores as represented by the change in standard deviation units as a function of years of heavy marijuana use. Positive numbers represent an increase in IQ scores, while negative numbers indicate a decrease. The authors report finding a significant relationship between years of marijuana dependence and change in IQ scores between ages 13 and 38, from almost no change for participants who had never used marijuana, (from average IQ score 99.8 at 13 to 100.6 at 38), to a drop of nearly 6 points (99.7 to 93.9) among those who were marijuana dependent at 3 or more of the 5 assessment timepoints. They found this same pattern even after they controlled for potential confounding factors such as alcohol, tobacco, and other drug use, as well as mental illness, and years of education.Findings:The most persistent adolescent-onset MJ users had an average 8-point IQ decline from childhood to adulthood. No significant IQ decline in those who began MJ use later in life. In adolescent-onset MJ users, the IQ decline persisted even after they discontinued MJ use. “Findings are suggestive of a neurotoxic effect of cannabis on the adolescent brain and highlight the importance of prevention and policy efforts targeting adolescents” 



Dose-related Changes in Brain Structure 
Observed in Young Adults Who Use Marijuana 

y = 66 y = 64 

MJ > CON 

p = 0.002 p = 0.001 

Smoking Occasions per Day Joints per Occasion 

Gray Matter Density in Nucleus Accumbens Increases Proportional to Marijuana Dose 

2.5 

5.0 

y = 68 

Gilman, et al., J Neurosci 2014 

Presenter
Presentation Notes
Here we see in a study by Jodi Gilman at MGH, young adults who used MJ had a similar change in this same brain region, the nucleus accumbens. The areas shaded red and yellow had significantly greater gray matter density in young adults who used MJ than matched controls who did not use MJ.Participants ih this study did not have MJ use disorder, or problem use. As you can see, most did not use daily and used less than 1 joint per occasion.



Schuster et al., Neuropsychology 2016  

Early Onset MJ Use Associated with Learning Deficits 



Fontes et al., Br. J Psych. 2011 

• Matched for IQ, years of 
daily use, current MJ use, 
lifetime consumption, and 
length of abstinence 

 
• MJ users with use before age 

15, had significantly poorer 
sustained attention, impulse 
control, and executive 
functioning 
 

• Cross sectional 

Early onset: n=49, Late onset: n=55, Controls: n= 44 

Presenter
Presentation Notes
Treatment seeking cannabis users, no CNS active meds, no drug use other than nicotine. No dif in IQ, vocab, or block design. Abstinent for 4 days. Early onset group had more perseverative errors on the WCST, worse inhibition on the Stroop, worse scores on the Frontal Assessment Battery. In a thorough study targeting executive functioning, compared teenage (n=49) to adult (n=55) MUO matched for IQ, years of daily use, current MJ use, lifetime consumption, and length of abstinence. They found that early onset MJ users had significantly poorer sustained attention, cognitive inhibition, and abstract reasoning



Drug-Related School Suspensions/ 
Expulsions in Colorado, 2002-2012 

Slide courtesy of Sharon Levy, MD MPH, Boston Children’s Hospital and Harvard Medical School 
Source: http://www.cde.state.co.us/cdereval/rv2011sdiincidents.htm 

Dispensaries 
Opened 

Presenter
Presentation Notes
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. While it is difficult to determine cause and effect since the increase may be influenced by other factors, such as other drug use trends or stricter enforcement, there are other indications that greater availability of marijuana through the dispensary system is impacting teen behavior and attitudes. 





Why is early MJ use worse? 
• Adolescence: a developmentally vulnerable period when the 

brain is undergoing global cortical development, 
strengthening circuits that are used, pruning those not used 

• Myelination continues through age 25 - back to front pattern 

Presenter
Presentation Notes
We now know that myelination, and therefore brain maturation, is not complete until the mid-20’s. This chart shows 3-D reconstructed MRI images of the human brain across different ages (age 5 on the far left to age 20 on the far right). The more BLUE or PURPLE the brain is, the more the “gray matter” in the brain (unmyelinated neurons) has been taken over by “white matter” (myelinated neurons). As you can see, myelination occurs throughout adolescence, particularly in the front and side of the brain. So, proper endocannabinoid system function is important for neuron growth, activity, and connectivity, and therefore, for developing a brain that is efficient, balanced, and integrated.



• Marijuana products deliver THC to 
the brain and body. 
– Rapidly when inhaled 
– Slowly in food or drink. 

• THC acts on brain cannabinoid 
(CB1) receptors, normally activated 
by anandamide. 
– The CB1 receptor activation 

plays a critical role in normal 
adolescent brain development.  

– This may be why adolescents 
have particular vulnerability to 
cognitive and addictive effects 
of MJ. 
 

THC's chemical structure is 
similar to the 

endocannabinoid 
neurotransmitter, 

anandamide.  

MJ Impacts the Adolescent Brain in Particular 



THE ENDOCANNABINOID SYSTEM 

Shapes adolescent brain development by… 

-Guiding neurons to grow to the right places 
in the brain for correct function 

-Controlling neuronal activity, thereby affecting 
brain wiring (“neurons that fire together, 
wire together”) 

-Supporting myelin growth on neurons 



ANANDAMIDE VS. THC 

• Frequent exposure to high dose THC obscures anandamide selective 
signaling  
• Floods the system 
• 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. 
 
Galve-Roperh I, et al., Eur Arch Psychiatry Clin Neurosci. 2009;259:371-382. 

 

THC binds brain CB1 receptors and has a STRONGER, LONGER effect 
than anandamide at CB1 receptors 

 



Amygdala is Deformed in Young MJ Users vs. 
Controls Associated with Frequency and 

Heaviness of Use 

p = 0.02 

Smoking Occasions 
per Day 

Joints per 
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Per Week 
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p = 0.007 p < 0.0001 p = 0.0006 p = 0.0004 

Gilman, et al., J Neurosci 2014 

Presenter
Presentation Notes
The most severe expression of problem drug use, addiction, is associated with changes in the basal ganglia, extended amygdala, and prefrontal cortex, which collectively affect pleasure (the reward system), learning, stress, decision making, and self-control. These changes help explain why individuals with addiction are unable to stop using drugs despite the negative effects on their health and well-being and why the risk of relapse persists for so long after discontinuation of drug use.



Control 

Marijuana User 

Lower Baseline Cerebellar Glucose Metabolism in 
Marijuana Users May Result in Motor Deficits  
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p < 0.01 

Volkow et al., Psychiatry Research: Neuroimaging, 67, pp. 29-38 (1996) 

Presenter
Presentation Notes
Marijuana decreases cerebellar activity in humans.Since glucose is the main fuel in the brain, brain glucose metabolism patterns are good markers of regional brain activity. In this 1996 study, brain glucose metabolism  was measured using positron emission tomography (PET) in the presence or absence of THC (the main psychoactive component in marijuana) in eight normal volunteers and in eight chronic marijuana abusers.  Marijuana abusers showed lower baseline activity in the cerebellum compared to non-users, which could account for the motor deficits previously reported in these subjects. When THC was administered (not shown), cerebellar metabolism increased in all subjects, but only abusers showed increases in cortical (orbitofrontal cortex, prefrontal cortex) and subcortical (basal ganglia) regions. Cerebellar metabolism during THC intoxication was significantly correlated with the subjective sense of intoxication. In addition, the activation of orbitofrontal cortex and basal ganglia by THC in the abusers but not in the control subjects could underlie one of the mechanisms leading to the drive and the compulsion to take the drug that is observed in addicted individuals.



Sources: Hall, 2015; Ligouri, Gatto, and Jarrett, 2002; Messnis, Kypriandou, Malefaki, and Papathanasopoulos, 2006; Weinstein 
et al., 2008;  

Anderson, Rizzo, Block, Pearlson, and O’Leary, 2010; Downey et al., 2013; Hartman and Huestis, 2013; Lenne et al., 2010 

States with legalized recreational use are seeing 
increase in accidents, overdoses and hospital 
admissions 



MJ intoxication 
doubles the risk 
of motor vehicle 

accidents 
 

More than 
doubles the risk 
of fatal motor 

vehicle accidents 

Asbridge, et al., 2012. Acute cannabis consumption and motor vehicle collision risk: systematic review of observational 
studies and meta-analysis. BMJ: British Medical Journal. 
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Proportion of MJ-Positive Fatal Crash Drivers   
In Colorado  

vs. 
34 States Without Medical MJ, 1994-2011 

Salomonsen-Sautel S et al., Drug and Alcohol Dependence 2014. 

Year 

Date of widespread 
Medical MJ 
implementation in 
Colorado (2009) 

31 



MJ use forcing CO employers to hire out-of-
state employees instead of CO citizens 

• Source:  The Gazette, March 24, 2015 (http://gazette.com/drug-use-a-problem-for-employers/article/1548427) 

• “Jim Johnson [construction 
company GE Johnson’s 
CEO]...said his company 
has encountered so many 
job candidates who have 
failed pre-employment 
drug tests because of 
their THC use that it is 
actively recruiting 
construction workers 
from other states.” 

http://gazette.com/drug-use-a-problem-for-employers/article/1548427


The Colorado Experience: 
Property crime around marijuana stores 

• Source :Freisthler, B., Gaidus, A., Tam, C. et al. J Primary Prevent (2017). doi:10.1007/s10935-017-0472-9 

- Legal marijuana shops are linked to higher levels of property 
crime in nearby areas, according to a nearly three-year study 
in Denver. 

- Adjacent areas saw about 84 more property crimes per year 
than neighborhoods without a nearby marijuana store. 

- It is the number and density of outlets that is important, not 
whether they are medical or recreational 

- “There are definitely negative public health consequences, 
including increased crime,” the study author concluded 
 



What Retail Marijuana Looks Like in the US Today 

• Source:  Marijuana Business Journal; other media.  Icons: Marianna Nardella; Anton Gajosik; Petra Prgomet; Joey Golaw; Creative Stall; Luis Prado; Aha-Soft     



Revenue streams already 
disappoint 





Alcohol and tobacco are money-
drainers, not money-makers 

• Source:  CDC, American Lung Association, Tax Policy Center 
Note:  Total revenues are state and federal combined from 2012.  They are compared with costs that were adjusted for 
inflation and are stated in 2012 values. 
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Juvenile Arrest Rate Before and 
After Legalization: Colorado 

• Source:  Colorado Department of Public Safety (March 2016) 

8% 29% 58% 

Whites Hispanics Blacks 
Overall Juvenile 

Arrests 

5% 



 
 

Presenter
Presentation Notes
According to the Los Angeles Times, Nugtella is a chocolate hazelnut spread with hash oil equivalent to 320 mg THC per cup available to people in California with a medical marijuana card
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