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Excessive drinking during
adolescence is a global concern
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Adolescents drink less often
than adults but more per occasion
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Source: SAMHSA Report to Congress on Prevention and Reduction of Underage
Drinking, May 2011

Risk of alcohol abuse and dependence
peaks in late adolescence/young adulthood
Percentages of Persons Aged 12 or Older Who Met the Criteria for Alcohol
Dependence or Abuse in the Past Year, by Age Group: 2002, 2003, and
2004
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Source: The NSDUH Report, Issue 16, 2006, SAMHSA
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U.S. – Decrease in binge drinking
Binge (5+ drinks)
past 2 weeks

See great risk in binge
1-2 per weekend

Source: Monitoring the Future (2012)

Decline in binge drinking greater for males
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Percent of 12th grade males and females
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U.S. teens compared to other countries

Questions:


What is it about adolescence that
increases the likelihood of excessive
drinking during this stage of life?



How do the effects of alcohol on the
adolescent brain help explain the
short-term and long-term consequences
of alcohol use?



What do the findings suggest about the
logic behind delaying the onset of drinking
as long as possible?
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What is adolescence?


Collection of changes that help prepare
one to survive with relative independence
- Increase in time with peers
- Increase in risk taking/novelty seeking
- Increase in family conflicts

Roughly second decade of life (WHO, 2008)
 Widespread brain changes shift control
of behavior from emotion to cognition
 Overlaps with puberty but not the same


Adolescent storm and stress is
normal and often adaptive
“Teenage brains. Beautiful brains. Moody.
Impulsive. Maddening. Why do teenagers act
the way they do? Viewed through the eyes of
evolution, their most exasperating traits may
be the key to success as adults.”
David Dobbs
National Geographic Magazine
October, 2011
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Adolescent brain development

Frontalization of function – Frontal lobes take on more and more
organizational control over behavior as adolescence unfolds

The amazing frontal lobes

 Planning, decision-making, impulse

control, memory, language and more
 Remodeled during adolescence
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Frontal lobe development during adolescence
Orbitofrontal and Ventrolateral
Prefrontal Cortex Development
Schematic depiction of the
ventrolateral prefrontal cortex (vlPFC
in green) and orbitofrontal cortex
(OFC in red) regions of the VPFC that
contribute to the development of
social flexibility. Inhibitory control and
rule use are controlled by the vlPFC,
whereas computation of expected
value of social stimuli is performed by
the OFC. All three of these functions
mature slowly across development.
(Adapted from Davidson, Putnam, and
Larson (2000), and reprinted with
permission.)
Nelson EE and Guyer AE (2011) The Development of the Ventral Prefrontal
Cortex and Social Flexibility. Dev Cogn Neuroscience, 1(3): 233–245.

Frontal lobe development

Data from Jay Giedd, NIMH
Curve for frontal lobe energy demands follows a similar path. That
is, as gray matter volumes go up so do energy needs, as gray
matter volumes go down energy needs go down. In addition, frontal
lobe circuits become more efficient once covered in myelin in late
teens. The window for serious molding seems to close in early 20s.
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Reward - Hedonic Hot Spots
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Liking – Part of the feeling of pleasure. Involves opioid and endocannabinoid receptors in and around the Nucleus Accumbens (NA)
and Ventral Palladium (VP). Activated by natural reinforcers and by
substances. Activation reinforces the behavior that lead to it.

N
A

V
P

Wanting – Part of the drive for something associated with
N
A

V
T
A

pleasure. Involves dopamine from Ventral Tegmental Area (VTA) to
Nucleus Accumbens (NA). Activated naturally and by various drugs.
Activation facilitates learning about stimuli associated with pleasure.

Pecina et al. Hedonic hot spots in the brain. The Neuroscientist, 2006;12(6), 500-511.

Reward (monetary) activates ventral striatum
more strongly in adolescents than children or adults
Same is seen in anticipation of reward

FIGURE 3. Ventral striatal activity to reward and association with risk-taking. Note:
Ventral striatum (left) is activated with reward (middle) and correlated with risk-taking
(right) (adapted from Galvan et al.6 and Galvan et al.16). Such findings could mean
that adolescents are more motivated for reward and more reinforced by it.
SOURCE: Casey BJ, Jones RM. Neurobiology of the adolescent brain and behavior: implications for substance use disorders. J
Am Acad Child Adolesc Psychiatry. 2010 Dec;49(12):1189-201;
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Peers increase adolescent risk taking by enhancing
activity in the brain’s reward system
When friend is in
the room during
driving task, teen
males show:
• Normal LPFC –
Decision making,
impulse control
• Elevated VS –
Reinforcement/
attention
• Elevated OFC –
Making sense of
social cues and
integrating with
behavior
SOURCE: Chein et al. (2010). Peers increase adolescent risk taking by enhancing activity in the brain’s reward system. Dev Sci F1-F10

“Stressed out” teenagers
 Adolescent amygdala highly reactive to stressful stimuli
 Stress hormone (cortisol) levels higher during adolescence
 Adolescence is a time of high stress and uncertainty

Amygdala
• Volume knob for
fear and anxiety
• Allows for learning
to fear things
• Allows for learning
not to fear things
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How the brain records memories
Hippocampus is deep
inside temporal lobes

 Hippocampus records facts and life events
 New brain cells born here throughout life
 Neurogenesis peaks in adolescence

Neurogenesis peaks during adolescence

He J, Crews FT. Neurogenesis decreases during brain maturation from
adolescence to adulthood. Pharm Biochem Behav. 2007;86:327–333.
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Myelination increases as gray matter density decreases
Decreased DFC gray matter
density but increased total
DFC volume

“Close temporal linkage
between dendritic
arborization–synaptic
density changes and
increased myelination
could be consistent with
our in vivo findings of
cortical gray matter
density reduction spatially
concomitant with late
brain growth.”
Sowell E R et al. J. Neurosci. 2001;21:8819-8829

Gray matter density age effect statistical maps showing gray matter density changes
between childhood and adolescence (A) and between adolescence and adulthood (B).

White matter maturation
during adolescent development
Relationship of network metrics and developmental age based on
measurements of white matter

Integrity of
connections between
nodes

Reflects conduction
velocity of pathways
connecting nodes

Tendency to have lots
of connections between
local nodes.

The basic organization
of the nodes that form
communities

As this goes down
communication b/w
distant nodes goes up

Hagmann et al. PNAS 2010;107:19067-19072
©2010 by National Academy of Sciences
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During adolescence strong drives and still developing
cognitive control contributes to risk-taking

FIGURE 1. Cartoon model of ventral striatal cortex and prefrontal cortex
(PFC) interactions across development. Note: Deeper color indicates greater
regional signaling. Line represents functional connectivity, with solid line
indicating mature connection and dotted line indicating immaturity.
SOURCE: Casey BJ, Jones RM. Neurobiology of the adolescent brain and behavior: implications for substance use disorders. J
Am Acad Child Adolesc Psychiatry. 2010 Dec;49(12):1189-201;

Adolescence is risky business

Alcohol and drug use
often begins here
Romer et al., 2010

12

Alcohol and other drugs can turn adaptive
tendencies into maladaptive behaviors
 Adolescent brains built to learn with ease with an
eye toward success during adulthood
 Adolescent brains learn particularly fast when
behaviors are rewarded
 Frontal lobes (decision-making, impulse control)
are not fully online during adolescence but
emotional drive is in high gear
 Alcohol and other drugs produce reward leading
to rapid learning and motivating further use
 Alcohol causes both short-term and long-term
effects that are bad for adolescents
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Alcohol suppresses frontal lobes1

 Teens already have problems with
decision-making, attention, impulse control
 Alcohol makes the problems worse!
1

Abernathy et al (2010). Alcohol and the prefrontal cortex. Int Rev Neurobiol 91:289-320.
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Alcohol – “Shot of courage”
 By suppressing the amygdala alcohol diminishes
psychological experiences of stress (fear and anxiety)
 Does not help with the physiological effects of stress
 Makes it easier to do risky things

Alcohol
•Quiets the
amygdala
•Temporary
reduction in
experience
of stress

Alcohol suppresses amygdala response to threatening stimuli

FIGURE. Alcohol effects on amygdala
activation to social signals of threat. A) Right
lateral amygdala activation to Threat (> Nonthreat) faces is present during the PBO
session but absent during the ALC session. B)
Mean BOLD Response (β weights ±SEM)
extracted from amygdala ROIs showing
activation to Threat (> Non-threat) faces in the
PBO session but no activation during the ALC
session. PBO, placebo; ALC, alcohol. C) Mean
BOLD Response showing alcohol attenuates
(PBO>ALC) activation to Threat (Angry ,
Fearful) faces but does not affect responses to
Non-threat (Happy Faces).
Source: Sripada et al., 2011, Neuroimage, 55, 371-380.
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Alcohol activates reward system
Like virtually all drugs used for pleasure and relaxation, alcohol
activates the reward system, thus tricking the brain into thinking that
something important and worth repeating just happened. Each time the
behavior is repeated and reinforced, the odds go up that alcohol will be
consumed again. This is a tricky venture for adolescents, whose frontal
lobes are still under construction and already have difficulty controlling
impulses, and the behaviors they pick up tend to have staying power.

Nucleus
accumbens

VTA

Reward system activation,
reinforcement and learning
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Alcohol blocks new memories

 Adolescent hippocampus more vulnerable to
effects of alcohol on hippocampal function
 Effects on hippocampus lead to blackouts
White and Swartzwelder, 2004.
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Memory blackouts are common
100
90

Prevalence of blackouts in a sample of U.S.
college students (n = 772)
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Source: White et al, 2002, American Journal of College Health
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Death by alcohol
 Excessive consumption of alcohol shuts down
areas of the brainstem involved in vital functions
like breathing, gagging, and heart rate

Alcohol
•Suppresses
respiratory
areas and
other vital reflex
centers
•Causes death

Alcohol overdose/poisoning
 Alcohol has a very small therapeutic index (TD50/ED50)
 A toxic or deadly dose not much higher than a moderately
intoxicating dose
Potentially fatal
alcohol overdoses:
How much alcohol?
If ED50 = ~.05%
And TD50 = ~.35%
Then TI = ~7
10 drinks in 2 hrs for
a 140 lb female
13 drinks in 2 hrs for
a 160 lb male

Posted 10/7/2004

Five binge-drinking deaths 'just the tip of the
iceberg'
By Robert Davis, USA TODAY

This month has been deadly
for binge-drinking college
students.
Five underclassmen in four
states appear to have drunk
themselves to death, police
say, after friends sent their
pals to bed assuming that
they would "sleep it off."
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Alcohol overdose

Death due to alcohol poisoning
BAC = 0.32

BAC = 0.44

BAC = 0.43

BAC = 0.48
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67% increase in hospitalizations for alcohol
overdoses among youth 18-24 between 1999-2008

~ ½ alcohol only (up 25%)
~ ½ alcohol + other drugs (up 76%)

Source: White et al., 2011
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Poisoning deaths outnumber traffic crash deaths

What can be done?
 Interventions that focus on
Individuals
 Families
 Schools
 Communities


 Providing and encouraging alternatives
 Modeling healthy alcohol use
 Goal is to delay onset
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Where do underage drinkers drink?
Drinking Locations by Age Group, 12-20: 2008-2009
(SAMHSA, CBHSQ, NSDUH, special data analysis, 2010)

Source: SAMHSA Report to Congress on Prevention and Reduction of Underage Drinking, May 2011

Common question: Should parents
allow teens to drink at home?
 Several studies in the US and other countries
suggest that allowing teens to drink at home,
either with parents or supervised by parents,
increases the odds that a teen will binge drink
outside of the home.
(McMorris et al 2011. J Stud Alcohol Drugs, 72(3), 418-28)
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Summary
 Alcohol is risky for adolescents in part
because the brain is still developing
 Alcohol causes direct effects on
adolescent brain that increase risk of
accidents and bad decision-making
 Long-term lingering effects on brain
including heightened risk of alcoholism
and cognitive deficits
 Goal should be to delay onset and
model/promote moderate use

NIAAA Resources
(niaaa.nih.gov)
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THANK YOU!
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