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When I give you information, you 
will be enlightened for a moment; 

If I show you how to seek 
knowledge, you’ll be empowered 

for a lifetime.

Give someone a fish, and 
you feed them for a day.

Teach someone to fish, 
and you’ll feed them for a 

lifetime.





Who’s to blame?

Individual Genes Environment Drugs



Who’s to blame? stigmatize
alienate

treat (best scenario)

criminalize
incarcerate



What went wrong?

Prevent human 
suffering and disease 
from happening 
in the first place



• The human brain

• The effect of addictive drugs

• Interindividual differences in risk

• Boosting resilience
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What goes wrong
in a mental disorder?



Many different ways to think about mental disorders

A product failure
Character flaw

Moral weakness

Lack of will power

Disease of free will

Chronic relapsing disease

Brain disease

In the case of addiction                                       

Brain disorder



The brain is a product

Upkeep and 
Maintenance

Information
Processing

Interactions 
with the world

(metabolism) (cognition) (behavior)

Survival & Reproduction
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Fail:

Design flaws

Manufacturing errors

Extreme Conditions
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Bipedalism

• increased stability
• increased mobility 

• compromised anatomy
• predisposition for lower back injuries 

D’Août. Surgery of the Spine and Spinal Cord pp 5–14 (2016)



Perception of reality



SOL



The likelihood of biological damage and failure 
increases in rapidly changing environments.  



environment

biology

Evolutionary Time

C
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ng
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Seek the fattiest meat, the sweetest fruits, the most high-energy foods 





SOURCE: National Center for Health Statistics (CDC)
National Health and Nutrition Examination Survey, 1999–2018.



Half of the U.S. Population Will Be Obese by 2030



ULTRA
PROCESSED
FOODS (UPF)



Adverse health outcomes linked to UPF exposure 

Among adults

• Overweight, obesity and cardio-
metabolic risks; 

• Cancer; 
• Type-2 diabetes;
• Cardiovascular diseases; 
• Irritable bowel syndrome; 
• Depression; 
• All-cause mortality. 

Among children and adolescents 

• Cardio-metabolic risks; 
• Asthma

• Poorer locomotor skills
children ages 3 to 5 

• Lower cardiovascular fitness
12- to 15-year-olds 

Elizabeth et al. Ultra-Processed Foods and Health Outcomes: A Narrative Review. Nutrients 12(7): 1-33 (2020)

Vernarelli et al. UPFs Intake Is Associated With Poor Cardiovascular Fitness in US Children and Adolescent (2022) 



The Hadza of Northern Tanzania are 
moving much of the time, typically in 
moderate and sustained activity rather 
than vigorous bursts. They show no signs 
of risk factors for cardiovascular disease. 

Raichlen et al. Physical activity patterns and biomarkers of cardiovascular disease risk in hunter-gatherers. 
Am J Hum Biol. 29:e22919 (2017)







Obesity
UPF exposure
Lack of exercise
Excessive SM
Addiction

“Diseases of Mismatch”

The transition to modernity and disease

Corbett et al. Nature Reviews Genetics 19:419–430 (2018)



Design flaw

Three sources
of brain failure

Manufacturing error

Perform out of specs

Evolutionary mismatch

Developmental errors

Overwhelming events





What is Brain Development?





• Short range connections 
(gray matter)

• Long range connections
(white matter)

“Programming” a young brain  (?)









Information Highways





Speeds of between 
2 mph (pain) and 200 mph (movement)
Depending on the type of fiber. 



3000x increase in bandwidth during adolescence



Increasing
Bandwidth 





Meaningful
connectivity

Increasing
Bandwidth 



bullying

sleep deficits

drug use

malnutrition physical
abuse emotional 

neglect

FOMO
chronic pain



The effects of keyboard scrambling are time dependent

An error has occurred
Please try again later

An error has occurred
Try reinstalling the program



Lee et al. Adolescent mental health-opportunity and obligation. Science 346:546-549 (2014)

Adolescence is peak time for clinical onset of most mental illnesses



Design flaw

A brain can fail Manufacturing error

Perform out of specs

Evolutionary mismatch

Developmental errors

Overwhelming events



The brain is a product of evolution

Homo Sapiens: Last 300,000 years

Neubauer, Hublin, and Gunz. The evolution of modern human brain shape. Sci Adv. 4(1): eaao5961 (2018)

elongated globular



Evolution is all about all adaptation, which is all about trade-offs

healthy coral dead coral

Increasing temperature and light stress

Ainsworth and Brown. Coral bleaching. Curr Biol 31(1): R5-R6 (2021)



… trade offs also render brains prone to damage and failure



… trade offs also render brains prone to damage and failure

Progressive brain atrophy after years of alcohol exposure

2008 2010 2014

Slobodin and Odeh. Progressive Brain Atrophy due to Chronic Alcohol Abuse. Isr Med Assoc J. 17(10):659. (2015)



Overwhelming basic control systems

Robust

Fragile Fragile



Control systems (like thermostats and cruise 
controls) are always designed with a set of 

conditions in mind. Thus, they have limitations

Experts warn not to 
engage cruise control 
in heavy traffic, winding 
roads, slippery pavement, 
or hilly roads, conditions that
could result in loss of vehicle 
control, serious injury, or death.



Basic Control Systems
(cruise control)

Desired 
speed

Engine Actual 
speed

Speed

Vacuum
actuator



The Energy Balance System
(Controlled cycles of energy intake and expenditure)



Desired 
Energy
Levels

Feeding
behavior

Food
intake

Ghrelin/Leptin

Hypothalamus



The Endocannabinoid System
(on demand control of neurotransmission)

Presenter Notes
Presentation Notes
Figure 1Overview of the localization of endocannabinoid system components at the synapse. Schematic of an inhibitory and excitatory terminal synapsing onto the dendritic shaft of a representative cortical principal neuron. The increased number of CB1 receptors on the CCK/GABA terminal represents the higher density of CB1 receptors found on these axon terminals. AA, arachidonic acid; ABHD6, alpha/beta domain-containing hydrolase 6; 2-AG, 2-arachidonoyl glycerol; ATP, adenosine triphosphate; CB1, CB1 cannabinoid receptor; CCK, cholecystokinin; COX-2, cyclooxygenase-2; DAG, diacylglycerol; DAGLα, diacylglycerol lipase α; GABA, γ-aminobutyric acid; M1, M1 muscarinic receptor; MAGL, monoacylglycerol lipase; mGluR5, metabotropic glutamate receptor 5; FAAH, fatty acid aminohydrolase; NAPE-PLD, N-arachidonoyl phosphatidyl ethanolamine-preferring phospholipase D; PGE2-GE, prostaglandin E2 glycerol ester; PIP2, phosphatidyl inositol bis-phosphate; PLCβ, phospholipase C β.https://www.biologicalpsychiatryjournal.com/article/S0006-3223(15)00869-0/fulltext



Desired 
Ex./Inh.
balance

Retrograde
transmission

GLUT
GABA
release

Excitation
Inhibition

2AG 
synthesis



Goal-Directed Behaviors

Reward Value Motivation Cost/Benefit



Desired
Reward

Motor
Cortex

Action

Actual
Reward

Striatum
PFC

Prediction
Error

Discrepancies between actual and expected 
outcomes can be used for learning. 

Niv Y. and Schoenbaum G. Dialogues on prediction errors. Trends Cogn Sci. 2008 Jul;12(7):265-72



If the learning process proceeds within 
the robust region of this particular 
basic control system the result is 
adaptive, goal directed learning. 

However, if the process veers off into 
the regions of fragility the learning 
can turn maladaptive and shift from 
goal-directed to maladaptive, or 
compulsive, or addictive behaviors.



Speed
Data

Ghrelin
Leptin

Endo
cannabinoids

Dopamine

Constant 
speed

Energy
balance

Neural 
activity

Reward
learning



• The human brain

• The effect of addictive drugs

• Interindividual differences in risk

• Boosting resilience
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Drugs reset/wreak havoc with the dopamine thermostat



DOPAMINE ≠ PLEASURE 

DOPAMINE = REWARD LEARNING

BUT WHY??



What does dopamine do?

It teaches the brain about:

• Reward predicting stimuli
• Reward probability 
• Reward magnitude



What does that mean?

DA mediates the process by which we 
become able to use past and current 
events (*) to predict what the future holds. 

(*) rewarding and/or novel events.



The Dopamine Thermostat
(A Basic Control System for Reward Learning)

Robust





Overwhelming the Dopamine Control System

Fragile

Acute (early) effects
Of substance use



Natural Rewards Elevate Dopamine Levels

Fiorino and Phillips, J. Neuroscience, 1997.
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Effects of Drugs on Dopamine Release

0

100

200

300

400

0 1 2 3 4 5
Hrs. after cocaine

%
 o

f B
as

al
 R

el
ea

se

COCAINE
COCAINE



100

150
%

 o
f B

as
al

R
el

ea
se

Minutes after THC

0 20 40 60 80

THC

Effect of THC on DA release
In the reward circuit

Tanda et al. Science 276(5321):2048-50 (1997).



Overwhelming the Dopamine Control System

Fragile

Early effects of
substance use

dopamine



Overwhelming the Dopamine Control System

Late stage
of addiction

Fragile



Overwhelming the Dopamine Control System
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(euphoria)
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Overwhelming the Dopamine Control System

Hyperdopaminergic
(euphoria)

dopamine

Hypodopaminergic
(anhedonia)



FOOD INDUSTRY
(UPF)

TECH COMPANIES
(SM platforms)

PHARMA Co.
(Oxycodone)

MONETIZATION OF THE DOPAMINE THERMOSTAT

$$$ $$$



Overwhelming the Dopamine Control System

Hyperdopaminergic
(euphoria)

dopamine

Hypodopaminergic
(anhedonia)
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Cocaine: from acute to chronic



Dopamine Receptor level is Lower in Addiction

control addicted

Cocaine

Heroin

Alcohol



Wang, G-J.; Volkow, N.D.; et al. Brain dopamine and obesity. Lancet 357(9253):354-357, 2001.

Control Subjects
Average BMI: 24.7

Obese Subjects
Average BMI: 51.2



Lower D2R availability correlates with lower Glucose metabolism (OFC)





reward



Memory
emotion

reward



Memory
emotion

reward

motivation



Memory
emotion

reward

motivation
control



drivereward

memory

control

no go

go

control

reward

memory

drive

Volkow  et al. The addicted human brain: insights from imaging studies (2003) 

Normal brainAddicted brain



It’s a moral failure    



Volkow et al. The addicted brain: 
Insights from imaging studies (2003)

It’s not a moral failure. It’s an operational failure.  
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• The human brain

• The effect of addictive drugs

• Interindividual differences in risk

• Boosting resilience



The Swiss Cheese
Model of Addiction







The Dopamine System



High Dopamine Receptor Low Dopamine Receptor
Ritalin

Aversive Pleasurable

Volkow et al, Am J Psychiatry 156:1440-1443,  1999



The Dopamine System



Dopamine Transporter 
GG 

RED BLUE GREEN RED

GREEN RED BLUE GREEN

BLUE      GREEN    RED BLUE

Dopamine Transporter 
TT

Cummins et al, Molecular Psychiatry 17:1086-1092, 2012

Good 
Impulse Control

Poor 
Impulse Control



The Dopamine System



(drug liking)
Dopamine Receptor
HIGH          LOW
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Chronotype Changes with AgeSleep pattern changes as you grow older



Current High School Start Times Contribute 
to Sleep Deprivation Among Adolescents. 

Hansen M et al. Pediatrics 2005;115:1555-1561

120 min

v

v





9 hours 6 hours



Non-Sleep
Deprived

Sleep
Deprived

[11C]raclopride
high

low

Effect of Sleep Deprivation
on Dopamine Receptor Availability  

Volkow N. et al. J. Neurosci. 2008;28:8454-8461

Presenter Notes
Presentation Notes
Since MPH increases DA in both groups to equivalent levels the lower receptor availability here is consistent with an SD-dependent downregulation of dopamine receptors type 2/3 in the striatum. 



Insufficient sleep can modulate brain development profiles, leading to compromised
cognitive functions and more behavioral problems in early adolescents.

Yang, Xie, Wang. Lancet Child Adolesc Health  29;S2352-4642(22)00188-2 (2022)

Long-lasting effect of insufficient sleep on neurocognitive 
development in early adolescence (longitudinal ABCD study)



Self-Reported Hours of Sleep and 
Selected Health-Risk Behaviors 

CDC, 2008. Youth risk behavior surveillance, 2007
McKnight-Eily, Preventive Medicine, 2011

<8
>8

Presenter Notes
Presentation Notes
Visual attentionVA task. For this task subjects viewed a display of moving balls and used only their attention to keep track of two, three, or four of 10 balls that had been briefly cued. To avoid eye movements while following the balls subjects were asked to fixate on a cross at the center of the display. At the end of each trial, the balls stopped moving and a new set of balls was highlighted; the subject presses a button if these balls were the same as the target set. Working memory.“n back” WM task. For this task, subjects viewed a display where single alphabetical letters were sequentially presented in random order at a rate of 1/s. The subjects were instructed to press a response button whenever the current letter was the same as the current (zero-back), the one (one-back task), or the two (two-back task) before.



Racial Disparities in Nocturnal Sleep Duration
(2-8 year-old children)

Crosby et al. Racial Differences in Reported Napping and Nocturnal Sleep in 2- to 8-Year-Old Children.
Pediatrics 115 (S1): 225–232. (2005)

Weekdays                        Weekends

White White

Black 
Black 



• The human brain

• The effect of addictive drugs
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• Boosting resilience



What is the Overarching Neuroscientific Lesson for 
Promoting Mental Health and Increased Resilience?



I gave you some information
that I believe enlightening. 

But I hope you also gain insights 
into how to seek knowledge and 
that you feel empowered by it.



development

environment

behaviors 



Design errors

The brain can fail Manufacturing errors

Extreme conditions





Evolutionary mismatch
We must be smarter about how we design 
our environments

Prevention strategies



Evolutionary mismatch





Errores de diseñoEvolutionary mismatch

Developmental errors

We must be smarter about how we design 
our environments

We have to be far more serious, careful and 
and committed when it comes to protecting 
our kids’ developing brains. Use the science.

Prevention strategies



Developmental errors



Errores de diseñoEvolutionary mismatch

Developmental errors

We must be smarter about how we design 
our environments

We have to be far more serious, careful and 
and committed when it comes to protecting 
our kids’ developing brains. Use the science.

Prevention strategies

Overwhelming events
We must understand that our brains are 
Robust yet fragile; and educate ourselves 
and our kids accordingly to be more aware 
of our strengths and vulnerabilities.



Neuroscience education in the XXI century
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Some practical advice …



 Sleep hygiene 
 Practice delayed gratification 
 Bilingualism
 Classroom-based physical activity
 Healthy and balanced diet
 Foster social interaction 
 Grant age-appropriate control over life
 Contemplative practices (e.g., meditation) 
 Reliable environments  
 Recognize & embrace different brain styles



Two type of factors affect our health and general well-being

Race
Genes

Parents
Zip code

Socioeconomic status
Marketing pressure

Sleeping habits
Physical activity
Substance use
Social activities
Academic engagement
Decision making

Nutrition 

Can’t control Can control



Work with your kids and engage them to create 
social media free and brain expanding moments 

Once a week, make some popcorn and have a screen night together

• Watch a good movie; expose them to new ideas, philosophical issues, and real lives that are worth 
exploring

Examples: Paterson (with Adam Driver)
Kurt Vonnegut: Unstuck in Time (by Robert B. Weide)

• Learn together about the brain and the impact that small decisions can have on our well being
Examples: Short NIDA YouTube video on Brain Development

TED talk: “Creativity as a life skill” by Gerard Puccio
TED talk: “Do schools kill creativity?” by Ken Robinson
TED talk: “Steal Like An Artist” by Austin Kleon

• Pick a funny movie and laugh together
Example: Death at a funeral

• Explore the work of renown directors:
Examples: Wes Anderson (Moonrise Kingdom, The Grand Budapest Hotel)

Guillermo del Toro (The shape of water)



balerr@mail.nih.gov

Thank you
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