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Wellness (def.): 

• Metabolic health

• Mental health

• Financial health



Formation of longevity startups



Axioms: 

• There can be no improvement in lifespan unless and until we improve 
healthspan first

• There can be no improvement in healthspan unless and until we 
improve both metabolic health AND mental health first

• There can be no improvement in metabolic and mental health without a 
concomitant improvement in financial health



GBD 2016 Mortality Collaborators , Lancet 390: 1084, 2017

USA
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Metabolic Health





Over the past 40 years,
we’ve traded one disease for another

Heart disease:
Stopped smoking 

Diabetes:
Started eating

Khasan, The Atlantic, Dec. 2016





Costs to the NHS

• Costs for Cardiovascular Disease: 16 billion pounds (PHE 2019)
• 6.8 million patients
• = 2,350 pounds per patient

• Costs for Cancer: 7.6 billion pounds (Demos/Pfizer 2019)
• 2.5 million patients
• = 3,000 pounds per patient

• Costs for Diabetes: 17 billion pounds (Zghebi et al. Diab Obes Metab 2017) 
• 4.5 million patients
• = 4,000 pounds per patient

• Costs for Dementia: 25 billion pounds (Alzheimer’s Research UK 2022)
• 944,000 patients
• = 26,000 pounds per patient



Myth:

It’s about obesity



1. Trends in the Prevalence of Lean 
Diabetes Among U.S. Adults, 2015–2020 

Adesoba et al. Diab Care 2023;46(4):885, 2023

4.5 — 5.3% (OR 1.21, p<0.001) 

14.0 — 14.3% (OR 1.02, p NS)  

10.5 — 11.1% (OR 1.07, p<0.001) 



2. Children get T2DM too

Lawrence et al. JAMA 326:717, 2021



2. Meta-analysis:  25% of pediatric T2DM are normal weight

Cioana et al. JAMA Network Open 5(12):e2247186, 2022

All studies Stratified by race
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“Exclusive” view of obesity and 
metabolic dysfunction

Obese (42.4%) Normal weight
or overweight (57.6%)

260 million adults in U.S.

110 million
150 million

Araujo et al. Met Synd Rel Dis 17:46, 2019; Tomiyama et al. Int J Obes 40:883, 2016 
Chen et al. J Clin Endocrinol Metab 100:4082, 2015
https://www.cdc.gov/nchs/products/databriefs/db360.htm
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Obese and sick
(80% of 42.4%)

86 million 90 million 
Total: 176 million sick

NL or overweight and sick
(60% of 57.6%)



Relation between visceral and subcutaneous obesity:
(thin on the outside, fat on the inside)

Thomas et al. Obesity doi: 10.1038/oby.2011.142, 2011



Case and Deaton, PNAS 112:15078, 2015

Mental Health

Death rates in US Whites vs. 
Hispanics, and in other countries



Mental Health

Death rates in US Whites vs. 
Hispanics, and in other countries Causes of death in Whites, age 45-54

Case and Deaton, PNAS 112:15078, 2015



Mental Health: Deaths of Despair
from drugs, alcohol, and suicide

Lindgren-Dwyer et al. JAMA  319:1013, 2018

UK



Deaths of Despair









U.S. Suicide Rates up 30% in 20 years; 
only half of which had a known mental 

health problem

CDC, 2018



Illicit drug use in older adults

https://www.drugabuse.gov/publications/drugfacts/nationwide-trends



0

5,000

10,000

15,000

20,000

25,000
  Total   Female   Male

Deaths from Heroin and 
Non-Methadone Synthetics (e.g. fentanyl)

Source: National Center for Health Statistics, CDC Wonder

ICU admissions for opioid overdose up 58% 2009-2015
Stevens et al. J Am Thoracic Soc Aug 2017



Deaths from Cocaine

Source: National Center for Health Statistics, CDC Wonder
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Deaths from Benzodiazepines
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Illicit drug use in U.S.

https://www.drugabuse.gov/publications/drugfacts/nationwide-trends



Alcohol Use Disorder Increasing
from 2001 to 2013

Alcohol Use Disorder Increasing
from 2001 to 2013

Grant et al. JAMA Psychiatry 74:911, 2017



Antidepressant Use in U.S.
1999-2014

Pratt et al. NCHS Data Brief 283, CDC, Aug 2017



Substitution of Marijuana for 
Other Prescription Drugs in Legalized States

Corroon et al. J Pain Res 10:989, 2017



Addiction in Children

NIAAA National Epidemiologic Survey of Alcohol and Related Conditions, 2003



Addiction in Children



Depression 

World Health Organization:

• 322 million people globally (4.4%)

• 18.5% increase in prevalence 2005—2015



Depression in Children



Burstein et al. JAMA Pediatrics 173:598, 2019

Out-patient encounters with suicidal ideation or self harm:
2008 0.67%
2015        1.79%

ER records of suicidal attempts and ideation 
amongst children 5-18 yr, 2008—2015

iPhone



Suicides in Children ages 10-14 and 15-19

Ruch et al. JAMA Network Open2(5):e19388, 2019

iPhone



Our metabolic health is going down the tubes
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Our metabolic health is going down the tubes

Our mental health is going down the tubes

Our financial health is going down the tubes



Coincidence?

Or are they related?



Many doctors have postulated a relationship between 
metabolic and mental health

And there’s an annual
conference dedicated to 

exploring this relationship
(Nov 2023, virtual)



10 Most Obese States
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10 Most Obese States 10 Laziest States

> 30% obese < 63% active

10 Most Unhappy States

Heart Disease Rate Alzheimer’s Disease 
Rate 

Diabetes Rate

Opioid Use Rate Soda per CapitaDepression Rate



Insulin resistance is a driver of depression

Watson et al. Neurophamacology 136:327, 2018



Reaction time correlates with inflammation, not BMI

Balter et al. Sci Rep 9:15727, 2019
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Liu et al. Lancet 387:874, 2016



Liu et al. Lancet 387:874, 2016



Hazard

Survival

SurvivalHazard

Role of Life Satisfaction



Unhappiness doesn’t kill;

it’s what we do to “get happy” that does



Unhappiness doesn’t kill;

it’s what we do to “get happy” that does

It’s the pleasure, stupid 









Turel et al. Psych Rep 115:675, 2014

Correlation of fMRI activation 
of nucleus accumbens (dopamine) 

with Facebook Addiction Scores



The driver of technology addiction





The devils you know
“—aholic”

• Chemical
– nicotine

– alcohol

– cocaine

– methamphetamine

– heroin

– sugar

• Behavioral
– shopping

– gambling

– internet gaming

– social media

– pornography



The hack:

• The systematic confusion and 
conflation of pleasure with happiness



Pleasure Happiness
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Pleasure

1. Short lived

2. Visceral

3. Taking

4. Experienced alone

5. Achievable with 
substances

6. Extremes lead to addiction

7. Dopamine

Happiness

1. Long lived

2. Ethereal

3. Giving

4. Experienced with others

5. Not achievable with 
substances

6. Can’t be addicted to 
happiness

7. Serotonin



All of these utilize the same three neural 
pathways in the “limbic” system of the brain

1. The “Reward” Pathway

2. The “Contentment” Pathway

3. The “Stress-Fear-Memory” Pathway



Dopamine

Lustig, Avery Press, 2017



Serotonin

Lustig, Avery Press, 2017



Cortisol

Lustig, Avery Press, 2017



The dopamine-cortisol-serotonin
interaction

Lustig, Avery Press, 2017

PFC



Excitatory neurotransmitters,
down-regulation, and addiction

• Dopamine is excitatory

• Long-term chronic firing can kill neurons

• To protect themselves, neurons down-regulate 

the dopamine receptor

• Get a hit, get a rush — receptors go down

• Next time you need a bigger hit to get the same 

rush (tolerance)

• When the neurons start to die, that’s addiction



Ohm’s Law and Insulation Resistance

Insulated Bare



1. Not all drugs “fry neurons”:

Benzodiazepines don’t (GABA – inhibitory)

Psychedelics don’t (Serotonin – inhibitory)

2. Only excitatory drugs lead to cell death

e.g. cocaine, ecstasy, meth, PCP

3. Unmyelinated neurons are more likely to die from 
chronic excitation, e.g. adolescent PFC’s



1. Not all drugs “fry neurons”:

Benzodiazepines don’t (GABA – inhibitory)

Psychedelics don’t (Serotonin – inhibitory)

2. Only excitatory drugs lead to cell death

e.g. cocaine, ecstasy, meth, PCP

3. Unmyelinated neurons are more likely to die from 
chronic excitation, e.g. adolescent PFC’s



1. Not all drugs “fry neurons”:

Benzodiazepines don’t (GABA – inhibitory)

Psychedelics don’t (Serotonin – inhibitory)

2. Only excitatory drugs lead to cell death

e.g. cocaine, ecstasy, meth, PCP

3. Unmyelinated neurons are more likely to die from 
chronic excitation, e.g. adolescent PFC’s





Decreased myelinization in nucleus accumbens in depression

Sacchet and Gotlib, Sci Rep 7:2200, 2017 



Dopamine receptors are lower in addiction

8/14/2023 RiverMend Health, LLC
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Volkow et al., 2002



Lower dopamine receptors in obesity as well

10 Control Subjects
(BMI: 25±3 kg/m2)

10 Obese Subjects
(BMI: 51±5 kg/m2)

[11C]raclopride

Wang et al, Lancet 2001

Obese subjects (n = 10)

Control subjects (n = 10)

BMI

Dopamine Receptor Concentration

P < 0.002

P < 0.3

2

0

ml/gm



The prefrontal cortex (PFC)
The “executive function center”

The “Jiminy Cricket” of your brain

Fuster, J Neurocytol 31:373, 2002



The dopamine-cortisol-serotonin
interaction

Lustig, Avery Press, 2017

PFC



Arain et al. Neuropsych Dis Treat 9:449, 2013

Functions of the adult PFC



Evolution of the skull in hominids



Ontogeny recapitulates phylogeny:
The PFC is the last area to develop, 

and the last to myelinate

Gogtay et al, Proc Natl Acad Sci 101:8174, 2004



Arain et al. Neuropsych Dis Treat 9:449, 2013

Drug abuse inhibits organization and functioning 
of the PFC in adolescents



Cortical thickness
and BMI

Cortical thickness
and executive 
function

From the top From the bottom From the left side From the right side

From the front From the back From the L inside From the R inside

Ronan et al. Cerebral Cortex, 30:2519,  2020



Reduced hippocampus but more CSF
in adolescents with metabolic syndrome

Yau et al. Pediatrics 130:e856, 2012



Reduced prefrontal cortical function
in adolescents with metabolic syndrome

Yau et al. Pediatrics 130:e856, 2012



Contreras-Rodriguez et al. J Affective Dis 335:340, 2023



Mental Health Problems Increasing in 
Prevalence and Severity

All inhibited by the Prefrontal Cortex:

• Nucleus Accumbens — Addiction

• Dorsal Raphe Nucleus — Depression

• Amygdala — Anxiety / Pain

• Associative Cortex — Inattention

• Insula — Hate



Computational Model of the Limbic System

Gaussier/Lustig



The dopamine-cortisol-serotonin
interaction

Lustig, Avery Press, 2017

PFC
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What’s the causality?
Metabolic Health

Mental Health

PFC dysfunction
(Ultraprocessed food consumption)

Financial Health 



What can we do personally?

The Four C’s: all evidence-based and 
clinically proven to:

up your serotonin; 
tamp down your dopamine;

lower your cortisol —

or your money back!





Connect (1)

• Religion’s ability to increase happiness is not through 
belief, but through social interaction

• Interpersonal (face-to-face) connection activates 
“mirror neurons” responsible for empathy

• Empathy is required for serotonin generation



Connect (2)

• Yet social media generates dopamine

• Studies show that Facebook use leads to social 
isolation and depression

• Sherry Turkle, MIT —Social media means we’re 
“alone together”





Contribute (1)

• Padding your bank account is not contributing; 
lottery winners are not happy

• Those who value financial success derive less 
contentment; however, saving rather than 
spending increases happiness

• Spending money on yourself increases pleasure 
and makes you a consumer; spending money on 
others makes you an individual and increases 
happiness



Contribute (2)

• Can you derive happiness from your work? 

Only if: 

— you can see your work helping others; and

— your boss can see it too

• Altruism, volunteerism, philanthropy —

anything that contributes to “the greater good” —

all generate serotonin and emotional well-being





Cope (1)

• Sleep deprivation increases amygdala (fear) 
and cortisol output, and inhibits prefrontal 
cortex function
– 35% of adults get less than 7 hours of sleep

– 23% suffer from clinical insomnia

– Some of those have obstructive sleep apnea

– Caffeine reduces sleep; increases your dopamine

• Multitasking is “smoke and mirrors” — only 
2.5% of the population can do it; drives up 
cortisol in the rest



Cope (2)
• Screens are the antithesis of sleep

– Stress, blue light activating the midbrain

– Kids who charge their cellphone in their room get 28 
minutes less sleep per night

– Smartphone apps for wellness do not yet show benefit

• Mindfulness activates the prefrontal cortex, and 
increases connectivity in “empathy” brain regions
– Improves metabolic health, alleviates depression

• Exercise as good as SSRI’s in alleviating depression
– additive with mindfulness





Cook (1)
• Reward-eating drive can be blocked by opiate 

antagonists

• Processed food is:
– Low tryptophan (precursor to serotonin)

– Low omega-3 fatty acids (anti-inflammatory, stabilize 
neuronal membranes, increases contentment)

– High sugar (addiction, metabolic syndrome)

– Low fiber (prevents metabolic syndrome)

• One-third of Americans do not know how to cook
– Hostage to the processed food industry for life



Cook (2)

• The REAL FOOD movement is in high gear

• Companies who don’t change will be left in the 
dust (unless they buy up and kill the start-ups)

• Nestle, Unilever, Mars, and Danone have signed 
a public letter committing to change

• Cooking is connecting; contributing; and coping



Saturday July 1, 2023, 9:10AM

QEII Centre

The True Purpose of Nutrition

(spoiler alert: it’s METABOLIC HEALTH) 


