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Brain Development – We used to think that brain development was all done by age 12.  
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Here is some background about this maturation.  

Although most of  the brain material and size is in place at the start of adolescence, several important developmental processes  continue. Three of them are noteworthy.
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Synaptic Refinement
At the start of adolescence, we have billions of brain cells, each with tens of thousands of connections to other brain cells.  Not all these connections are actually needed, and the unnecessary become eliminated.  This elimination process is shaped by the young person’s activities and experiences, and, as with myelination, it helps the brain work more efficiently. 

Sometimes we think of this as “pruning” the brain
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Mylenation
One process is myelination.  The structures or axons connecting brain cells across which electrical impulses travel continue to become ensheathed in a fatty substance called myelin.  This compound insulates axons and speeds the relay of electric impulses within the brain, helping thinking, decision-making, impulse control, and emotional regulation mature.
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Very important here:  we have brains that are not fully developed doing two critical things:  sheathing pathways of communication in the brain with myelin and performing synaptic refinement:  deciding what stays and what goes.

The compulsion and perseveration of the dopamine pathways is critical.  Lizard brain:  drink, have sex, find food.  You want to be obssessed with those thoughts in order to promote your survival
Humans have been on earth 200,000 years, maybe ancient versions of us are found 2 million years ago.
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Normal day – 50 U of dopamine.  Great day – Happy day = 100 U
Sex = 102 U  Great food = 90 U.  Terrible day – refuse to go to work day, hide under your blankets day = 30
Very few kids feel this way – especially adolescents
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Most people with depression, dysthymia are sitting at 30 U of dopamine every day
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How Cocaine Works
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Cocaine modifies the action of dopamine in the brain. The dopamine rich areas of the brain are the ventral tegmental area, the nucleus accumbens and the caudate nucleus – these areas are collectively known as the brain’s ‘reward pathway’. Cocaine binds to dopamine re-uptake transporters on the pre-synaptic membranes of dopaminergic neurones. This binding inhibits the removal of dopamine from the synaptic cleft and its subsequent degradation by monoamine oxidase in the nerve terminal. Dopamine remains in the synaptic cleft and is free to bind to its receptors on the post synaptic membrane, producing further nerve impulses. This increased activation of the dopaminergic reward pathway leads to the feelings of euphoria and the ‘high’ associated with cocaine use.
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Heroin modifies the action of dopamine in the nucleus accumbens and the ventral tegmental area of the brain – these areas form part of the brain’s ‘reward pathway’. Once crossing the blood-brain barrier, heroin is converted to morphine, which acts as a powerful agonist at the mu opioid receptors subtype. This binding inhibits the release of GABA from the nerve terminal, reducing the inhibitory effect of GABA on dopaminergic neurones. The increased activation of dopaminergic neurones and the release of dopamine into the synaptic results in sustained activation of the post-synaptic membrane. Continued activation of the dopaminergic reward pathway leads to the feelings of euphoria and the ‘high’ associated with heroin use. Morphine is a weak agonist at the opioid kappa and delta receptor subtypes and activation of these receptors has a weak activating effect on the dopaminergic reward pathway.
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Just as we turn down the volume on a radio that is too loud, the brain adjusts to the overwhelming surges in dopamine (and other neurotransmitters) by producing less dopamine or by reducing the number of receptors that can receive and transmit signals. As a result, dopamine's impact on the reward circuit of a drug abuser's brain can become abnormally low, and the ability to experience any pleasure is reduced. This is why the abuser eventually feels flat, lifeless, and depressed, and is unable to enjoy things that previously brought them pleasure. Now, they need to take drugs just to bring their dopamine function back up to normal. And, they must take larger amounts of the drug than they first did to create the dopamine high - an effect known as tolerance. �
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LAST TWO DECADES OF ALCOHOL, CIGARETTE, AND ILLICIT DRUG USE*

“Past-month use

AT i

Alcohol Cigarettes llicit drugs

) 35:3% OF 12THGRADERS (2 11.4% OF 12TH GRADERS ) 23.6% OF 12TH GRADERS
> () 21.5% OF 10TH GRADERS e 6.3% OF 10TH GRADERS @ 16.5% OF 10TH GRADERS
@ 9.7% OF 8TH GRADERS @ 3.6% OF 8TH GRADERS @ 8.1% OF 8TH GRADERS
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PAST-MONTH ALCOHOL USE CONTINUES STEADY DECLINE
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PAST-MONTH CIGARETTE USE CONTINUES STEADY DECLINE
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PRESCRIPTION/OVER-THE-COUNTER VS. ILLICIT DRUGS

VICODIN® PRESCRIPTION/OTC

Amphetamines

Tranquilizers

Opioids other than Heroin

Cough Medicine

Sedatives

e ILLICIT DRUGS

~ Marijuana/Hash
2.9% :

Hallucinogens

Synthetic Marijuana

MDMA (Ecstasy)
2012 2013 2014 2015 2016 Cocaine (any form)

Past-year misuse of Vicodin® among 12th m

graders has dropped dramatically in the : Inhalants
past 5 years. So has misuse of all Rx

opioids among 12th graders despite high
opioid overdose rates among adults. Past-year use among 12th graders

STUDENTS REPORT LOWEST RATES SINCE START OF THE SURVEY

Across all grades, past-year use of inhalants, heroin, methamphetamine, alcohol, cigarettes,
and synthetic cannabinoids are at their lowest by many measures.

_/é mggmme DRUGABUSE.GOV
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In 2013, more high school seniors regularly used marijuana than cigarettes as 22.7% smoked pot in the last month, compared with16.3% who smoked cigarettes. (U.S. Department of Health and Human Services)
Sixty percent of 12th graders do not view regular marijuana use as harmful. (U.S. Department of Health and Human Services)
�
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Acute effects of using marijuana
(during intoxication)
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Remember that there are cannabinoid receptors in different parts of the brain that are responsible for different functions, so it’s not surprising that marijuana has a wide variety of effects. You’ll notice that some of these effects have a positive side, for example pain relief, or appetite stimulation for those who need it. 




Deficits in cognitive functioning
among active users

Many studies show that adolescents who
use marijuana heavily tend to score worse

than non-users on tests of:
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The chart shows results from one case control study that is pretty consistent with others, showing that marijuana users (who are not high at the time of the test) learn fewer words than non users, and after a 30 minute break, remember fewer words.

Source: Messinis, L. Neuropsychological deficits in long-term frequent cannabis users. Neurology. 2006 Mar 14;66(5):737-9.



Adult life outcomes affected by
marijuana use in adolescence
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Fergusson DM & Boden JM, Cannabis use and later life outcomes. Addiction. 2008 Jun; 103(6):969-76
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Many studies have shown lower academic achievement, lower graduation rates with increasing use of marijuana. This study shows results from a study that followed young people through their teens and then assessed how they were doing at 25. The more marijuana they had smoked between age 15 and 21, the less likely they were to have graduated from college, and the more likely they were to be unemployed. They were also less satisfied with their lives and relationships (as measured by multi-question scales)

The relationship between marijuana use and lower educational attainment is likely complex. The cognitive effects of marijuana may play a role in the relationship, along with environmental factors, peer influence – and school policies that exclude students caught using.


Fergusson DM & Boden JM, Cannabis use and later life outcomes. Addiction. 2008 Jun; 103(6):969-76.

This chart is from a longitudinal study of a birth cohort in New Zealand to age 25. It shows correlations between use of marijuana in adolescence and life outcomes in young adulthood, after adjustment for confounding factors such as socio-economic status, mental health and exposure to child abuse. 

A review of 48 relevant studies that found marijuana use to be associated with reduced educational attainment (i.e. reduced chances of graduating): Macleod J, Oakes R, Copello A, et al. Psychological and social sequelae of cannabis and other illicit drug use by young people: a systematic review of longitudinal, general population studies. Lancet. 2004;363(9421):1579-1588.






Loss of adult 1Q with marijuana
dependence in adolescence

Findings:
* Those who developed marijuana dependence
before age 18 showed 1Q decline in adulthood.

 The longer their dependence persisted, the greater
the decline, with a decline of 8 1Q points for the most
persistent users.

* Those who began using in adulthood did not show
IQ decline.

e Quitting in adulthood did not restore functioning in
those who began in adolescence.
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A loss of 8 IQ points means someone with an IQ of 100, which puts them at the 50th percentile, drops to the 29th percentile.

Caveats: This is one study, and generally knowledge cumulates from many studies. And it leaves many questions. We don’t know exactly what patterns of use lead to IQ decline, we don’t know what causes the decline (the mechanisms). Do different strains have different effects? Are there genetic differences that matter?

(A recent prospective cohort study showed no association between teen marijuana use and IQ, after adjusting for various confounders, most notably cigarette smoking, but the study followed teens only to age 16. The authors note that their findings do not undermine the Dunedin findings – both could be true – but highlight the importance of controlling for concurrent use of other substances. Mokrysz, “Are IQ and educational outcomes in teenagers related to their cannibis use?” J Psychopharmacology. Jan 2016)
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The psychoactive affect varies with the concentration of THC in the marijuana. This chart shows how average THC content in marijuana (in samples of marijuana seized by federal, state and local governments) has increased over time – about four fold in the past two decades. In 2013, the average THC content was 12.5% nationally. Incidentally, in Colorado where recreational marijuana is legal, the average concentration was 17.1% in 2015. Studies are needed to assess whether high potency marijuana increases the risk of addiction, psychosis, or other health effects.

Source: Z Mehmedic et al, Potency Trends of D9 -THC and Other Cannabinoids in Confiscated Cannabis Preparations from 1993 to 2008, J Forensic Sci, September 2010, Vol. 55, No. 5


THC Concentrates
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Concentrates have gotten stronger as well. In the 1990s, hash oil ranged from 13% to 16% THC and in 2013, the average THC content in hash oil was 52%. Hash oil has been around for centuries, but now new advanced methods (e.g. including using highly flammable butane gas) are being used to obtain high-THC concentrates from marijuana. Potency of these concentrates can exceed 80 percent. 

Source: Potency Monitoring Program, Quarterly Report 124, cited in the DEA’s National Drug Threat Assessment Summary, 2014.
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THC level is one aspect of marijuana’s effect. CBD level matters as well, and there is some evidence that CBD may be protective and mitigate some of the negative effects of THC. It also matters how it’s consumed, with some delivery methods offering faster and more powerful effects than others. Accidental overconsumption is most likely with edibles because their effect is delayed.


ICAL CAN
EOTTON CAS



Presenter
Presentation Notes
For example, we’ll need to decide whether products like these, or packaging like this will be available…


Is Marijuana Addictive?

And 30%-50%
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daily use
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32% who develop dependence

And 17% for
those who start
in their teens

nicotine heroin cocaine alcohol marijuana


Presenter
Presentation Notes
Yes, though less so than other substances of abuse.



Big Marijuana — Lessons from Big Tobacco
Kimber P. Richter, Ph.D., M.P.H., and Sharon Levy, M.D., M.P.H.

he United States is divided clude protection of individual collection of tax revenue, and
over the legalization of mar- rights, elimination of criminal elimination of the black market.
jjuana. Arguments in favor in- sentencing for minor offenses, Counterarguments include the

M EMGL] MED I71;5 ME|M.ORC  JULY 31, 2014 3949

The New England Journal of Medicine

It took the medical and public History and current evidence
health communities 50 years, suggest that simply legalizing
millions of lives, and billions of marijuana, and giving free rein
dollars to identify the wake of to the resulting industry, is not
illness and death left by legal, in- the answer. To do so 1.!.?||::Iu11d be to

dustrialized cigarettes. The free- ) . .
ket E.PPI'UHE‘]] to  tobacco once again entrust PII\’EEE‘ lﬂd[l.'."r'

clearly failed to protect the pub- try with safeguarding the health
lic's welfare and the common of the public — a role that it is
good: in spite of recent federal not designed to handle.

regulation, tobacco use remains
the leading cause of death in the
United States.
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Genes Observation
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Addiction is a Developmental Pediatric Disease
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Source: NIAAA National Epidemiologic Survey on Alcohol and Related Conditions, 2003
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Adolescents are the healthiest cohort in the population in terms of organic disease but, at the same time, they experience relatively high rates of mortality and morbidity due to their behavior, including the use of alcohol.  Across many species including humans, adolescence is a time of heightened risk-taking and for many young people in our society, some of that risk-taking involves alcohol use.  Further, adolescence is a period of increasing socialization often involving alcohol.  For some, the increased social demands of adolescence may be accompanied by increased anxiety heightening the risk for alcohol use.  In this way, alcohol use has become intertwined with the normal developmental processes of adolescence.  And alcohol use both affects development and is affected by developmental processes. 


Teen Alcohol Use Wires The
Brain For Addiction
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Grant, BF and Dawson, DA. Journal of Substance Abuse 9:103-110. 1997

* Photo courtesy of NIAAA and MADD

40% of kids who begin
drinking at age 15 will
become alcoholics.

Only 7% of those
who begin drinking
at age 21 become
alcoholics.




Adverse Childhood Experiences
Emotional Neglect

Abuse
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Research Article

Relationship of Childhood Abuse and
Household Dysfunction to Many of the
Leading Causes of Death in Adults

The Adverse Childhood Experiences (ACE) Study

Vincent . Felitii, MD, FACP, Robert F. Anda, MD, M5, Dale Nordenberg, MD, David F. Williamson, MS, PhD,
Alison M. Spitz, MS, MPH, Valerie Edwards, BA, Mary P. Koss, PhD, James 5. Marks, MD, MPH

Background: The relationship of health risk behavior and disease in adulthood to the breadth of
exposure to childhood emotional, physical, or sexual abuse, and household dysfunction
during childhood has not previously been described.

Methods: A questionnaire about adverse childhood experiences was mailed to 13,494 adulis who had
completed a standardized medical evaluation at a large HMO; 9,508 (70.5%) responded.
Seven categories of adverse childhood experiences were studied: psychological, physical, or
sexual abuse: violence against mother; or living with household members who were
substance abusers, mentally ill or suicidal, or ever imprisoned. The number of categories
of these adverse childhood experiences was then compared to measures of adult risk
behavior, health status, and disease. Logistic regression was used to adjust for effects of
demographic factors on the association between the cumulative number of categories of
childhood exposures (range: 0=7) and risk factors for the leading causes of death in adult
life.

Results: More than half of respondents reported at least one, and one-fourth reported =2
categories of childhood exposures. We found a graded relationship between the number
of categories of childhood exposure and each of the adult health risk behaviors and
diseases that were studied (F << .001). Persons who had experienced four or more
categories of childhood exposure, compared to those who had experienced none, had 4-
to 12-fold increased health risks for alcoholism, drug abuse, depression, and suicide
attempt; a 2- to 4-fold increase in smoking, poor self-rated health, =50 sexual intercourse
partners, and sexually transmitted disease; and a 1.4= to LG-fold increase in physical
inactivity and severe obesity. The number of categories of adverse childhood exposures
showed a graded relnuoni.hlp to the presence of adult diseases including ischemic heart
disease, cancer, chronic lung disease, skeletal fractures, and liver disease. The seven
categories of adverse childhood experiences were strongly interrelated and persons with
mu]nple categories of childhood exposure were likely to have multiple health risk factors
later in life.

Conclusions: We found a strong graded relationship between the breadth of exposure to abuse or
household dysfunction during childhood and multiple risk factors for several of the
leading causes of death in adulis.

Medical Subject Headings (MeSH): child abuse, sexual, domestic violence, spouse abuse,
children of impaired parents, substance abuse, alcoholism, smoking, obesity, physical
activity, depression, suicide, sexual behavior, sexually transmitted diseases, chronic obstruc-
tive pulmonary disease, ischemic heart disease. (Am | Prev Med 1998;14:245-258) © 1998
American Journal of Preventive Medicine




Finding Your ACE Score

While you were growing up, during your first 18 years of life:

1. Did a parent or other adult in the household often or very often. ..
Swear at you, insult you, put you down, or humiliate you?

or
Act in a way that made you afraid that you might be physically hurt?
Yes No If yes enter 1

2. Did a parent or other adult in the household often or very often...
Push, grab, slap, or throw something at you?
or
Ever hit you so hard that you had marks or were injured?
Yes No If yes enter 1

3. Did an adult or person at least 5 years older than you ever...
Touch or fondle you or have you touch their body in a sexual way?

or
Attempt or actually have oral, anal, or vaginal intercourse with you?
Yes No If yes enter 1

4. Did you often or very often feel that ...
Mo one in your family loved you or thought you were important or special?

or
Your family didn't look out for each other, feel close to each other, or support each other?
Yes No If yes enter 1

5. Did you often or very often feel that ...
You didn't have enough to eat, had to wear dirty clothes, and had no one to protect you?

or
Your parents were too drunk or high to take care of you or take you to the doctor if you needed
it?

Yes No If yes enter 1

6. Were your parents ever separated or divorced?
Yes No If yes enter 1

7. Was your mother or stepmother:
Often or very often pushed, grabbed, slapped, or had something thrown at her?
or
Sometimes, often, or very often kicked, bitten, hit with a fist, or hit with something hard?
or
Ever repeatedly hit at least a few minutes or threatened with a gun or knife?
Yes No If yes enter 1

8. Did you live with anyone who was a problem drinker or alcoholic or who used street drugs?
Yes No If yes enter 1

9. Was a household member depressed or mentally ill, or did a household member attempt suicide?
Yes No If yes enter 1

10. Did a household member go to prison?
Yes No If yes enter 1

Now add up your “Yes"” answers: This is your ACE Score.



The three types of ACEs include
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If you were to screen all or your chronic pain pts, pts with addiction, and many other chronic diseases, I think you would find very high ACE scores.  The body under threat – full sympathetic response, pealing warning bells – those are the pathways that we need to quiet.  We should not just fill opioid receptors in the brain.  
We are going to come back to this.  I worry that I am all no opioids when I speak.  I am not.  I want us to recognize that 20% - 30% of your pts on chronic opioids have developed an addiciton to those drugs and let’s address that disease.


“I was really messed up, drinking, using drugs. My parents
weren't helping the situation. It took a long time, I ran away
from home, got suspended from school but the Student
Assistance Counselor at my school didn’t give up on me
and finally convinced me to get treatment. It took a few

times going to different programs but I am clean and sober
today. I don’t think I would have made it without her help.”

_ Jason, former student, age 26



* wwwenuow exdcuy why, but 1 teel better after I talk to
you. I am not so mad....” - Melissa, age 13

"My Student Assistance Counselor helped me through

the toughest years of my life. She taught me how
to cope with the alcohol abuse in my family. I still
visit her to this day because she helped me so much.”
- Mallory, former student, age 24

“My Student Assistance Counselor is really funny, and sassy
and helps me with my problems which I have a lot of.”

- Jola, age 12
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ACEs = Adverse Childhood Experiences

HOME ACES SCIENCE 101 GOT YOUR ACE SCORE? ACES IN ACTION ACES CONNECTION RESEARCH RESOURCES ABOUT

AC E C 1 FOLLOW BLOG VIA EMAIL
S O nne Cth n Enter your email address to follow this blog and

receive notifications of new posts by email.
If you're working to lower ACE scores in your personal, work, play, faith-based or community life — and this Join 12,699 other followers
includes any endeavor, from art to politics — please consider joining ACEs Connection. It’s the companion
social network to ACEsTooHigh.com.

Follow
ACEsConnection.com is for people who are implementing
— or thinking about implementing — trauma-informed Ac Es .
and resilience-building practices based on ACEs research. co n n ectlon %
As of October 2014, more than 3,000 people had joined. ACEs = Adverse Childhood Experience
TWEETS

If you join, you automatically receive a daily digest with summaries and links to the latest news, research and
reports about ACEs research and implementation, plus a weekly roundup of activity within the network. Did you know?? #Legislation addressing #trauma
to be introduced soon in US House and Senate

ACEsConnection members post blogs, photos, videos, and events; they can find, message and chat with i o )
acesconnection.com/blog/legislati... 31 minutes ago

others who are working on similar projects. They participate in groups. There are topic-based groups....for

RT @heal WRITEnow: Those of us with high ACE
scores are not traumatized by this knowledge. We
are traumatized by
trauma.https://t.co/OU9QQjqg... 1 week ago

pediatricians, educators, people in criminal justice, for the faith-based community. There are geographic-

based groups....for cities, counties and states.

To join, just head to ACEsConnection.com and sign up!

RT @HealthFedMARC: MARC networks “move
the needle” on policies to reduce #ACEs & build
Share this: #resilience bit.ly/2mwfFKG @HEARTSris
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FIGUREZ] High school ACL injury rates

High school anterior cruciate ligament (ACL) injury rates per
100,000 athlete exposures (AEs) by sport and sex. (An athlete
exposure is 1 athlete participating in 1 practice or competition.)
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Adapted from Comstock RD, et al.?
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