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What is Addiction?

• commonly associated with a chronic, relapsing 
course

• Drug addiction is a chronically relapsing disorder that 
has been characterized by 
– (1) compulsion to seek and take the drug, 
– (2) loss of control in limiting intake, and 
– (3) emergence of a negative emotional state (eg, 

dysphoria, anxiety, irritability) reflecting a 
motivational withdrawal syndrome when access 
to the drug is prevented 
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How Common is Addiction?
• Alcohol: 17 million Americans (11% of the population) are 

addicted (steady for the past few decades)

• Nicotine: 55 million Americans (21% of the population) are 
addicted (decreasing... For now... E-cigarettes may change 
this)

• CANNABIS: ~9 million (6% of the population) Americans are 
addicted (increasing- increases occurred across gender, 
region, educational level, and employment status)

• VAPING: nicotine or cannabis or both: 37 percent of 12th 
graders report vaping (dramatic increase- nearly doubling)

• 5.4 million (3% of the population): addiction to illicit 
drugs/non-prescribed drugs (increasing due to opiates)
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Drug overdose is now the leading 
cause of accidental death in the U.S.

The death toll has doubled in the last decade, now 
claiming a life every 14 minutes, making it the 
number one cause of preventable deaths.
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Addiction Involves Multiple Factors
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Addiction is Like Other Diseases…
Ø It is preventable
Ø It is treatable
Ø It changes biology
Ø If untreated, it can last a lifetime

Healthy Brain Diseased Heart

Decreased Heart Metabolism in 
Heart Disease Patient

Decreased Brain Metabolism 
in Cocaine-addiction Patient

Diseased Brain/
Cocaine Abuse

Healthy Heart

High

Low
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Advances in science have 
revolutionized our fundamental 

views of drug abuse and addiction.
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Your Brain on Drugs in the 1980’s
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Today’s Talk

• Who gets Addicted?
• The Addiction Cycle
–Role of Dopamine/Reward in Addiction
–Role of Impaired Inhibition in Addiction

• Changes in the Brain that Occur
• Treatment and Recovery



www.mghcme.org

Why do some people 
become addicted to drugs 

while others do not?

Vulnerability
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Individual Variability

• Inhibitory control abnormalities? Reward 
Responsivness/Anhedonia? Stress sensitivity 
Resilience? 

• Mood, anxiety, psychotic disorders are clear risk factors
• Those with schizophrenia have cognitive impairments 

such as diminished prefrontal cortical control over 
behavior and increased limbic drive similar to those 
with addictions, perhaps conferring dual risk

• 40-60%  of the  risk for addiction attributed to genetic 
factors.

• Genetic factors also present in treatment response
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Who is Predisposed to Addiction?

• The Marshmallow Test: Behavioral and Neural 
Correlates of Ability to Delay Gratification: 40 
Years Later

• 4 year-olds who were able to resist eating one 
marshmallow in exchange for two 
marshmallows 15 minutes later showed lower 
rates of substance use 40 years later. 
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high

low

High DA 
receptor

Low DA 
receptor

Individual Differences in Response to Drugs: 
DA Receptors influence drug liking 

As a group, subjects with low receptor levels found MP pleasant while those 
with high levels found MP unpleasant

Adapted from Volkow et al., Am. J. Psychiatry, 1999.



www.mghcme.orgNational Epidemiologic Survey on Alcohol and Related Conditions, 2003.

Age

0.0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1.6%

1.8%

5 10 15 21 25 30 35 40 45 50 55 60 65

%
 in

 e
ac

h 
ag

e 
gr

ou
p 

w
ho

 
de

ve
lo

p 
fir

st
-t

im
e 

de
pe

nd
en

ce
 

CANNABIS
ALCOHOL

TOBACCO

Addiction is a Developmental Disease 
that starts in adolescence and childhood

Age at tobacco, alcohol, and cannabis dependence per DSM IV
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What Other Biological Factors Contribute to Addiction--
Comorbidity

Prevalence of Drug Disorders

Pe
rc

en
t

Prevalence of 
Nicotine Addiction

Gen
era

l p
ublic

Sch
izo

phren
ia

0

20

40

60

80

Dep
res

sio
n

Pe
rc

en
t

Gen
era

l p
ublic

Any M
oo

d Diso
rd

er

Any A
nxie

ty 
Diso

rd
er

Dep
res

sio
n

Man
ia

Pan
ic w

/ A
go

rap
hob

ia

Pan
ic w

/ou
t A

go
rap

hob
ia

Soci
al 

Phob
ia

Gen
era

liz
ed

 Anxie
ty

0

5

10

15

20

25

30

35

40



www.mghcme.org

Why do Mental Illnesses and Substance Abuse 
Co-occur?

• Self-medication
– substance abuse begins as an 

attempt to alleviate symptoms of 
mental illness

• Causal effects 
– Substance abuse may increase 

vulnerability to mental illness
• Common or correlated causes 
– the risk factors that give rise to 

mental illness and substance 
abuse may be related or overlap
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• Nonmedical Use      

Source: Anthony et al. Exp. Clin. Psychopharmacol.  2(3), pp 244-268 (1994)  
**
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US STATES, MEDICAL AND RECREATIONAL MARIJUANA LAWS
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Cannabis in the 1960’s-2000’s: THC 
1-3%
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Marijuana is not “just a plant” anymore –
derivatives contain up to 98% THC 

Cannabis today
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Borodovsky et al., 2016; Schauer, King et al., 2016; Wang et al., 2016; Weiss, 2015
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– Marijuana growers have worked to make the drug as potent as 
possible.

– In 1960s-70s average THC concentrations were 1-2%. Today, 
they are as high as 25%

Marijuana Potency is Increasing
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High Potency Marijuana may lead to psychosis

In Amsterdam, half of all new 
cases of psychosis were linked 
with high potency use
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The Opiate Epidemic
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The Opiate Epidemic

SOURCES: Jalal et al., Science 361, 2018
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TYPES OF OPIATE OVERDOSES
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WHAT ABOUT THOSE WITH ‘LEGITIMATE’ PRESCRIPTIONS?
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Today’s Talk

• Who gets Addicted?
• The Addiction Cycle
–Role of Dopamine/Reward in Addiction
–Role of Impaired Inhibition in Addiction

• Changes in the Brain that Occur
• Treatment and Recovery
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The addiction cycle

Koob and Volkow 2010
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The addiction cycle

Koob and Volkow 2010
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The addiction cycle

Koob and Volkow 2010
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Reward, Dopamine, and the 
Nucleus Accumbens (NAc)

¡ Reward: stimulus that 
induces subjective feelings 
of pleasure. 

¡ Rewarding stimuli activate 
the mesocorticolimbic
reward circuit.

¡ All drugs of abuse share the 
ability to activate the this 
circuit. 
¡ increase extracellular 

dopamine (DA) levels in 
the NAc Gilman et al. 2008

Alcohol:
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dopamine 
transporters
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Di Chiara et al., Neuroscience, 1999.,Fiorino and Phillips, J. Neuroscience, 1997.

Natural Rewards Elevate 
Dopamine Levels
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Effects of Drugs on Dopamine Release
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Reward

o enhanced dopamine in the NA is 
responsible for acute high or initial 
reinforcing effects of drugs of abuse. 

o Drugs of abuse are able to more rapidly 
and markedly elevate DA levels to 
supraphysiological levels for sustained 
periods of time compared with natural 
rewards 

o Drugs outcompete natural reinforcers and 
end up “hijacking” and corrupting the 
initial process of reward processing. 

Roberts & Koob, 1980
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Is this Responsible for Addiction?

¡ Behaviors persist despite 
tolerance to the positive effects 
of drugs over time 

¡ Individuals maintain use of 
substances through negative 
reinforcement to avoid negative 
states such as withdrawal states 
or to attempt to self- medicate 
for underlying psychic distress. 

¡ Degree of euphoria of a 
substance does not necessarily 
predict its addictiveness (i.e. 
nicotine)

(Berridge et al., 2009)
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The Switch from Reward to Negative 
Reinforcement/Withdrawal

o enhanced dopamine in the NA is responsible for 
acute high or initial reinforcing effects (i.e., 
positive reinforcement) of drugs of abuse. 

o All major drugs of abuse activate the brain stress 
systems
o Elevated corticotrophin releasing factor 

(CRF) in the amygdala

George, Le Moal, and Koob, 
2012
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Executive Function Component

o loss of control, impulsivity, and 
impaired decision-making 
capacity

o Involves:
o Orbitofrontal cortex (OFC): 

assigns a motivational value 
based on a prediction of 
reward

o Anterior cingulate (ACC): role 
in inhibitory control of 
behaviors
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1) Reward (drive to meet goals) –
Strong urge to use drugs over 
natural rewards, associated with 
impulsivity

2) Inhibition (control of goal-
directed behavior) – Reduced    
control over behavior despite 
negative consequences

~Both abnormalities are worsened 
by stress

Baler & Volkow, 2006; Koob & Volkow 2009
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Inhibition: Just Say No?
• Addiction: loss of control over intense urges despite adverse 

consequences.

The model is:

Greater reinforcing (rewarding) properties of drugs/diminished 
reinforcement from natural rewards = greater drive to use 
drugs

Diminished inhibitory control over behavior as evidenced by 
reduced prefrontal cortical activity during decision-making 
tasks = greater use of drugs despite serious negative 
consequences
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Just Say No??

• Addiction: loss of control over intense urges despite adverse 
consequences.

The model is:

Greater reinforcing (rewarding) properties of 
drugs/diminished reinforcement from natural rewards = 
greater drive to use drugs

Diminished inhibitory control over behavior as evidenced by 
reduced prefrontal cortical activity during decision-making 
tasks = greater use of drugs despite serious negative 
consequences

Volkow & Fowler, 2000; Koob & Volkow, 2010
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Today’s Talk

• Who gets Addicted?
• The Addiction Cycle
– Role of Dopamine/Reward in Addiction
– Role of Impaired Inhibition in Addiction

• Changes in the Brain that Occur
• Treatment and Recovery
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Structural Effects of Addiction

Pfefferbaum et al. 1997

Control brain Alcoholic  brain

Gilman et al. 2008
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Reduction in Amygdala Size in Cocaine Users

Makris et al. 2004
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Certain brain regions such as the Insula 
are especially important in the 

maintenance of addictive behavior

identified a group of 50 cigarette smokers who
had acquired damage that did not include the
insula. All of these patients had been smoking
more than five cigarettes per day for more than 2
years at the time of lesion onset. The groups
were matched with respect to several character-
istics, including the number of cigarettes they
were smoking at lesion onset, the total number
of years they had been smoking at lesion onset,
and the etiology of their brain damage (Fig. 1 and
table S1).

First, we performed a logistic regression
analysis in which the dependent variable was
whether or not patients quit smoking some time
after lesion onset (i.e., whether or not they were
smoking at the time of the study). The inde-
pendent variable of interest was the extent of
damage in the insula on a given side. An es-
timate of the total extent of the lesion was
entered as a nuisance covariable (Materials and
Methods). We found that the likelihood of quit-
ting smoking after a lesion in either the right or
the left insula was not significantly higher than
the likelihood of quitting after a noninsula lesion
(odds ratio = 2.94, c2 = 2.74, and P = 0.10).
When we examined the right and left insulae
separately, we found that the likelihood of quit-
ting smoking was not significantly higher after a
right insula lesion than after a noninsula lesion
(odds ratio = 2.53, c2 = 2.98, and P = 0.08), nor
was it significantly higher after a left insula le-
sion compared with after a noninsula lesion
(odds ratio = 1.44, c2 = 1.12, andP= 0.29) (Fig. 2
and table S3). One explanation of this null find-
ing is that, whereas the insula-lesioned patients
may have quit smoking due to a disruption of
smoking addiction, the noninsula-lesioned pa-
tients may have quit smoking at a similar rate
because they were concerned about the negative
consequences of smoking. Simply determining
whether the patients were smoking at the time of
the study did not address this distinction.

To more specifically assess a disruption of
smoking addiction, we asked all of the patients
who quit smoking after lesion onset a set of
questions aimed at their recollection of the
experience of quitting. Patients were classified
as having had a disruption of smoking addiction
if they fulfilled all four of the following criteria:
(i) reporting quitting smoking less than 1 day
after lesion onset, (ii) reporting that they did not
start smoking again after they quit, (iii) rating the
difficulty of quitting as less than three on a scale
of one to seven, and (iv) reporting feeling no
urges to smoke since quitting. According to these
criteria, 16 of the patients who quit smoking after
lesion onset were classified as having a disrup-
tion of smoking addiction. The 16 quitters who
failed to meet all four of these criteria, along with
all 37 nonquitters, were considered to have no
disruption of smoking addiction (Fig. 2).

We performed a logistic regression in which
the dependent variable was whether or not pa-
tients underwent a disruption of smoking ad-
diction after lesion onset as defined by the above

Fig. 2. Patients who
quit smoking after lesion
onset and patients who
underwent a disruption
of smoking addiction af-
ter lesion onset. (A) Tree
diagram showing the be-
havioral classification of
patients. (B) Pie charts
illustrating the proportion
of patients in each ana-
tomical group who fell
into each of the behavior-
al categories. The colors
correspond to the be-
havioral group depicted
in (A). These actual pro-
portions are shown in the
Materials and Methods.
The proportion of patients
with a disruption of smoking addiction was higher among both left insula–lesioned patients and right insula–
lesioned patients compared with among noninsula-lesioned patients.

Fig. 1. Number (N) of
patientswith lesion in each
of the regions identified in
this study, mapped onto a
reference brain. Bounda-
ries of anatomically de-
fined regions are drawn
on the brain surface. Re-
gions names are provided
in the Materials and Meth-
ods. Regions not assigned
a color contained no le-
sions. (Top) All patients.
The horizontal line marks
the transverse section of
the brain shown in the top
row. The vertical line
marks the coronal section
shown in the bottom row.
(Middle) Patients with
lesions that involved the
insula. (Bottom) Patients
with lesions that did not
involve the insula.

26 JANUARY 2007 VOL 315 SCIENCE www.sciencemag.org532
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Navqi et al., Science, 2007

Patients with damage to 
the INS were able to quit 
cigarette smoking “easily, 
immediately, without 
relapse, and without 
persistence of the urge to 
smoke” 
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Substance use is particularly 
damaging to the adolescent brain 

• high amounts 
of alcohol/ 
cannabis 
exposure 
during 
adolescence:
– disrupts 

processes of 
brain 
maturation 

– worsens 
neurocognit
ive 
functioning. 
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Today’s Talk

• Who gets Addicted?
• The Addiction Cycle
– Role of Dopamine/Reward in Addiction
– Role of Impaired Inhibition in Addiction

• Changes in the Brain that Occur
• Treatment and Recovery
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Prolonged Drug Use Changes
the Brain In Fundamental

and Long-Lasting Ways

Science Has Generated Much
Evidence Showing That… 
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Center Choice Chamber

Steel Grid Wire Mesh

Guillotine DoorsWhite Wall

Conditioned Place Preference

These changes are long-lasting
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Morphine-induced CPP:  Movement patterns during a 15-min test before 
and after four pairings of the left compartment with morphine 10 mg/kg, 

s.c.
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Morphine CPP:  Persistence of effect of drug-paired cues
infrequent 15-min tests: no drug since training

Note the lack of extinction when test are widely spaced
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Who Gets Treatment??
8.3% of Americans have diabetes



www.mghcme.org

84%

16%

Any diabetes treatment No treatment
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9.5% of Americans have 
a mood disorder in a 

given year 
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41%

59%

Any MH treatment No treatment
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7.4% of Americans have a 
substance use disorder in a 
given year
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9%

91%

Any addiction treatment No treatment
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WHY?? People can’t afford treatment
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• <1% are current prescribers
• Many psychiatric clinics will not 

prescribe buprenorphine
Train more 

psychiatrists?

• <0.01% are prescribers
• Majority of primary care clinics will 

not prescribe buprenorphine

Train more 
PCPs?

• About 20-40 new board-certified 
addiction psychiatrists per year in 
the US

Train more 
addiction 

psychiatrists?

WHY?? Not enough doctors! (ex: Suboxone)
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Addiction is Similar to Other 
Chronic Illnesses Because:

• It has biological and behavioral components, both of 
which must be addressed during treatment.

• Recovery from it--protracted abstinence and restored 
functioning--is often a long-term process requiring 
repeated episodes of treatment.

• Relapses can occur during or after treatment, and signal 
a need for treatment adjustment or reinstatement.

• Participation in support programs during and following 
treatment can be helpful in sustaining long-term 
recovery
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Full recovery is a challenge 
but it is possible …
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It takes time, but 
the brain can 
recover

DAT Recovery
with prolonged
abstinence from
methamphetamine

[C-11]d-threo-methylphenidate          

Volkow et al., J. Neuroscience, 2001.

low

high
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Conclusions

• Addiction is a brain disease, with both biological and 
behavioral risk factors

• Addiction consists of specific stages, that each involve 
different brain regions and different neurotransmitters

• Addiction disrupts brain circuits involved in judgment and 
decision-making, so that “saying no” becomes very difficult

• These disruptions of brain circuitry are long-lasting
• Specific treatments of addiction exist, and those treatments 

work to help patients maintain abstinence

• Thank you for your attention!!!


