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Disclosures

• I do not receive any funding, fees, stock options, or other 
compensation from companies that make, market, or disseminate 
medical products.

• I have been retained as a medical expert witness in federal, state, and 
county opioid litigation against opioid manufacturers, distributors, 
and pharmacies.

• I have been retained as a medical expert witness in federal, state, and 
county social media litigation.



Learning Objectives

• Explain the neuroscience of pleasure and pain and what happens 
in the brain as we repeatedly consume high-dopamine rewards.

• Describe homeostasis and how chronic exposure to rewarding 
stimuli tilts the hedonic set-point to the side of pain.

• Explore how overconsumption of digital media is a causal risk 
factor for depression and anxiety.



What is Addiction?

• The continued compulsive use of a substance or behavior despite 
harm to self and or others.

• A complex biopsychosocial disease

• A treatable disorder



The Reward Circuit

Image from Dopamine Nation: Finding Balance in the Age of Indulgence, 
Dutton Penguin Random House, 2021



Dopamine

Image from Dopamine Nation: Finding Balance in the Age of Indulgence, 
Dutton Penguin Random House, 2021



Dopamine as a Universal Reward Currency

Image from Dopamine Nation: Finding Balance in the Age of Indulgence, 
Dutton Penguin Random House, 2021



Rat Selfies



Human Brain fMRI Studies and Social Rewards

• 19 human subjects

• “The acquisition of one’s good 
reputation robustly activated 
reward-related brain areas”

• Supports “common neural 
circuity” for rewards



Human Brain FMRI Study Predicts Facebook Use

• fMRI data recorded while 
participants received gains in 
reputation

• Gains in self reputation 
stimulated nucleus accumbens 
(the reward pathway)

• Sensitivity of left nucleus 
accumbens predicts Facebook 
use (the degree to which people 
use and rely on Facebook)



Dopamine and Movement

Copyright@2006 Nature Publishing Group, Nature Reviews



The Pleasure Pain Balance

Image from Lembke, Anna. Dopamine Nation: Finding Balance in the Age of Indulgence, 
Dutton Penguin Random House, 2021



The Pursuit of Pleasure

Image from Lembke, Anna. Dopamine Nation: Finding Balance in the Age of Indulgence, 
Dutton Penguin Random House, 2021



The Opponent-Process Mechanism: Pain

Image from Lembke, Anna. Dopamine Nation: Finding Balance in the Age of Indulgence, 
Dutton Penguin Random House, 2021



Homeostasis

Image from Lembke, Anna. Dopamine Nation: Finding Balance in the Age of Indulgence, 
Dutton Penguin Random House, 2021



Neuroadaptation (Allostasis)

Image from Lembke, Anna. Dopamine Nation: Finding Balance in the Age of Indulgence, 
Dutton Penguin Random House, 2021



Disease: Loss of Adaptibility

Image from Lembke, Anna. Dopamine Nation: Finding Balance in the Age of Indulgence, 
Dutton Penguin Random House, 2021



Image from Lembke, Anna. Dopamine Nation: Finding Balance in the Age of Indulgence, 
Dutton Penguin Random House, 2021



The Dopamine-Deficit State

Volkow ND, et al, Behavioural Pharmacology 
2002;13:355–366



The Balance Remembers

Image from Lembke, Anna. Dopamine Nation: Finding Balance in the Age of Indulgence, 
Dutton Penguin Random House, 2021



The Disappointment of Unmet Expectations

Image from Lembke, Anna. Dopamine Nation: Finding Balance in the Age of Indulgence, 
Dutton Penguin Random House, 2021



The Developing Brain

Paul M. Thompson, Ph.D. Laboratory of Neuro Imaging, UCLA, 
NIMH/UCLA



A Druggified World

• Potency

• Quantity

• Novelty

• Access







Wealth as a Risk Factor for Depression, 
Anxiety, and Suicide



In 2021, adults in the U.S. spent on average eight hours 
and five minutes with digital media each day.





Not Just an Individual Problem

• Families

• Schools/Community

• Corporations

• Governments 



Schools Should Ban Smartphones



Corporations Should Remove Addictive 
Design-Elements for Kids

• Stop promoted content: The AI algorithms learn what we’ve liked before 
and then send more potent, novel versions of the same, accelerating the 
“addiction narrative” and leading to more negative, polarizing content

• Stop tracking

• Stop targeted adds

• Stop the quantitative comparisons that drive overuse

• Make it easier for users to opt-out, de-subscribe, de-finance, etc

• Make it easier for parents to monitor use

• Require companies to share their user data 

• Hold companies partially responsible for harmful use



Governments Should Incentivize Phone-Free 
Schools

• There are precedents for this….

• The Federal Uniform Drinking Age Act of 1984 ties highway funds to 
the minimum legal drinking age of 21
• The federal government can withhold up to 10% of highway funds from states 

that don't prohibit people under 21 from buying or publicly possessing 
alcohol.

• The reduction in funds begins in the third fiscal year after the act is enacted 
and increases to 10% in the fourth year.

• The U.S. Department of Transportation has confirmed that all states are in 
compliance with the act.
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