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• You can’t fix healthcare until you fix health

• You can’t fix health until you fix diet

• And you can’t fix diet until you know what’s wrong

Axioms



Definitions

• Food Science: What happens between the ground and the mouth

• Nutrition: What happens between the mouth and the cell

• Metabolic Health: What happens inside the cell 



Definitions

IT’S ONLY WHAT HAPPENS INSIDE THE CELL
THAT LEADS TO DISEASE

• Food Science: What happens between the ground and the mouth

• Nutrition: What happens between the mouth and the cell

• Metabolic Health: What happens inside the cell 
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METABOLIC HEALTH



The True Purpose Of Nutrition: 
METABOLIC HEALTH

OK, what is that?
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The Diseases That Aren’t Diseases

Subcellular Pathologies that Belie Aging
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The Hateful (or Grateful) Eight

The Diseases That Aren’t Diseases

Subcellular Pathologies that Belie Aging

• 1. Glycation ---- carbohydrate, fructose, lack of fiber

• 2. Oxidative Stress ---- glucose, fructose, trans-fats

• 3. Mitochondrial Dysfunction --- fructose, omega-6’s, trans-fats, lack of micronutrients

• 4. Insulin Resistance --- fructose, branched chain amino acids

• 5. Membrane Integrity --- lack of omega-3’s

• 6. Inflammation ---- carbohydrate/gluten (in some), omega-6s, fructose, lack of fiber

• 7. Methylation --- lack of folic acid, B6 , B12

• 8. Autophagy --- frequent feeding, lack of fiber 

Lustig, METABOLICAL, Spring 2021

None of these are “druggable”
But they are all “foodable”



The Hateful (or Grateful) Eight

The Diseases That Aren’t Diseases

Subcellular Pathologies that Belie Aging

• 1. Glycation ---- NOT amenable to exercise

• 2. Oxidative Stress ---- NOT amenable to exercise

• 3. Mitochondrial Dysfunction

• 4. Insulin Resistance

• 5. Membrane Integrity ---- NOT amenable to exercise

• 6. Inflammation

• 7. Methylation ---- NOT amenable to exercise

• 8. Autophagy

Lustig, METABOLICAL, Spring 2021

“You can’t outrun a bad diet”



The goal:
Metabolic Health

The Strategies:

• Promote Metabolism

• Inhibit Inflammation



Fructose inhibits mitochondrial functioning

Softic et al. Cell Metab 30:735, Oct 1, 2019

"The most important takeaway of this study is 
that high fructose in the diet is bad," says Dr. 
Kahn. "It's not bad because it's more calories, 
but because it has effects on liver metabolism 
to make it worse at burning fat. As a result, 
adding fructose to the diet makes the liver 
store more fat, and this is bad for the liver and 
bad for whole body metabolism."

Dr. C. Ronald Kahn, MD, CEO Joslin Diabetes Center 

1. AMP Kinase — turns on mitochondria
2. Acyl CoA Dehydrogenase Long-Chain (ACADL) — burns fat
3. Carnitine Palmitoyl Transferase-1 — shuttles fat into mitochondria 



Systemic Chronic Inflammation

courtesy Dr. Tom O’Bryan





What is the definition of “healthy”?

• Michael Pollan said, “Eat Food. Not Too Much. Mostly Plants.“

• Eat food: Some need a low-fat diet, others need a high-fat diet.

• Not too much: Doesn’t take into account mitochondrial dysfunction.

• Mostly plants: Coke, Doritos, and Oreos are plant-based.

• It’s not what’s in the food; 

• It’s what’s been done to the food; and really,

• It’s what they did to the food that matters.

• And that’s not listed on the food label.

• I suggest a different three principles:



What is the definition of “healthy”?

• Michael Pollan said, “Eat Food. Not Too Much. Mostly Plants.“

• Eat food: Some need a low-fat diet, others need a high-fat diet.

• Not too much: Doesn’t take into account mitochondrial dysfunction.

• Mostly plants: Coke, Doritos, and Oreos are plant-based.

• It’s not what’s in the food; 

• It’s what’s been done to the food; and really,

• It’s what they did to the food that matters.

• And that’s not listed on the food label.

• I suggest a different three principles:



What is the definition of “healthy”?

• Michael Pollan said, “Eat Food. Not Too Much. Mostly Plants.“

• Eat food: Some need a low-fat diet, others need a high-fat diet.

• Not too much: Doesn’t take into account mitochondrial dysfunction.

• Mostly plants: Coke, Doritos, and Oreos are plant-based.

• It’s not what’s in the food; 

• It’s what’s been done to the food; and really,

• It’s what they did to the food that matters.

• And that’s not listed on the food label.

• I suggest a different three principles:



Unprocessed food feeds the gut
Ultraprocessed food causes “leaky gut”
Short chain fatty acids
Fiber contributes to microbiome health

Fructose reduction
Reduce glycemic load 
Appropriate hydration 
Reduce environmental toxins

Healthy essential fats
Plant based, short chain, polyunsaturated fatty acids

Omega 3s: pregnancy, lifespan, childhood, ADHD, depression
Brain selective nutrients

The Metabolic Matrix



The Metabolic Matrix: 
Gut Health
• Digestion, Absorption, Metabolism

• Gut is an organ 

• Unprocessed food feeds the gut

• Fiber

• Ultraprocessed food damages the gut

• Microbiome health



If you don’t feed your gut, your gut will feed on you 

Desai et al. Cell 167:1339, 2016



Higher dietary fiber content correlates 
with reduction in chronic disease

Soluble + Insoluble Fiber together
protects the liver and feeds the gut:

Reynolds et al. Lancet 393: 434, 2019

o Acts as a barrier to sugar absorption
o Reduces insulin response
o Feeds the intestinal microbiome
o Induces the satiety signal sooner
o Colonic bacteria make short chain fatty acids
o Removes cancer cells from colon

Soluble Fiber alone:
Feeds the intestinal microbiome
Colonic bacteria make short chain fatty acids

Insoluble Fiber alone:
Induces the satiety signal sooner
Removes cancer cells from colon



The Metabolic Matrix: Feed the Gut
Fiber is critical

 Supports healthy metabolism & regulates 
bowel movement through delayed gastric 
emptying
 Increases satiety
 Helps regulate blood glucose levels
 May help prevent certain cancers 
 Lowers LDL (bad cholesterol)
 In Type 2 Diabetics, increasing fiber 
consumption may reduce fasting glucose 
and HbA1c



The Metabolic Matrix: 
Liver Health
• Fat Fraction Maps

• Fructose reduction, metabolism, etc.

• Reduce total sugar, glycemic load 

• Fiber

• Appropriate hydration 

• Reduce environmental toxins

• Intestinal barrier



The Metabolic Matrix: Protect the Liver
MRI Fat Fraction Maps

Fat, Metabolically Healthy
Low Liver Fat = 2.6%

Fat, Metabolically Ill
High Liver Fat = 24%

Thin, Metabolically Ill
High Liver Fat = 23%



Fructose is metabolized in the liver differently than glucose



Ac CoA* Malonyl
CoA

Glycerol-P

Fatty
Acid*

TG*

De novo 
Lipogenesis
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Lustig et al. Obesity 2016
Gugliucci et al. Atherosclerosis 2016
Schwarz et al. Gastroenterology 2017
Olson et al. Nutrients 2022
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Di Ciaula et al. J Clin Med 9:2648 2020

Tight junctions keep bad stuff out



Di Ciaula et al. J Clin Med 9:2648 2020

Tight junctions keep bad stuff out
Gluten is a direct immunotoxin of zonulins, both in intestine AND brain– cause of Celiac Disease 



Fructose also disrupts tight junctions, and lets bad stuff in

Cho et al. Hepatology 2019 Apr 8. doi: 10.1002/hep.30652.



Sugar alters Th17 barrier in the intestine

Kawano et al., Cell 185, 1, 2022 



Correa-Rodriguez et al. Nutrients 12:1094, 2020

1. Higher consumption of free sugars in active vs. inactive SLE 
(8.60% ± 5.51 vs, 6.36% ± 4.82; p = 0.020)

2. Association between consumption of free sugars and number of complications of SLE



Group A Streptococcus grow better with fructose 
than glucose 

Dmitriev et al. J Bacteriol 188:7230, 2006 

GAS responsible for
psych disease:

1) Sydenham’s chorea

2) PANDAS
OCD
tic disorders
adult personality dis.
mood disorder

Orlovska et al. JAMA Pediatr. 74:740, 2017



Fructose and Cancer/Dementia

Jiang et al. J Genet Genom 48:531, 2021 Johnson et al. Front Aging Neurosci 12:560865, 2020

Febbraio et al. Cell Metab 33:2316, 2021



Srour et al. BMJ 365:l1451, 2019

Sugar is the marker for ultra-processed food
56% of the food sold in America is ultra-processed food

Accounts for 62% of the sugar in the American diet



The Metabolic Matrix: 
Brain Health
• What is your brain made of?

• Healthy & essential fats

• Plant based, short chain, polyunsaturated 
fatty acids

• Balance of omega 3 & 6 in the brain

• Omega 6

• Omega 3s: pregnancy, lifespan, childhood

• ADHD and depression

• Brain selective nutrients



What is your brain made of?

50



The balance of 
omega-3 and 
6 in the brain 

is critical



C- OH

O

20:4n-6, arachidonic acid
AA

Meat,
Organs

FADS 1-2

Flax
~ Canola
Leaf plants

C- OH

O

18:3n-3 alpha-linolenic acid, 
ALA

C- OH

C- OH

O

20:5n-3 eicosapentaenoic acid,
EPA

Omega-3 ↓

Seafood
Breast milk

(DHA)

22:6n-3, docosahexaenoic acid,
DHA

(brain, retina, testis)

O

C- OH

O

22:5n-6              DPA n-6

Series 2
Prostaglandins
Thromboxanes
Series 4
Leukotrienes

immune - metabolic - developmental
responses

Omega-6 ↑
O

C- OH

18:2n-6 linoleic acid, 
LA

Soy bean oil
Safflower oil

Corn oil 

- Competition -

Essential Fats: Metabolism and Dietary Sources 

Series 3
Prostaglandins
Thromboxanes
Series 5
Leukotrienes



Poor psychiatric health is persistently 
linked to low omega-3

Comparison of Means
n-3: M =  5.63, SD = 1.25
n-6: M =  25.27, SD = 3.74
The omega-3 index in Parletta
et al (2016) study was 3.95% in 
comparison to the omega-3 
index in NORAA participants 
which was: 4.33%



ADHD and 
Depression 

• Several meta-analyses have confirmed a small-modest effect size for reducing 
clinical symptoms of ADHD in children (see Hawkey & Niggs 2014, Clin Psychol Rev)

• Hallahan, Davis et al., Br J Psychiatry, 2016 confirmed an effect size of 0.61 (Cohens 
d) for reducing clinical depression – in both cases EPA-rich formulations had the 
greatest efficacy



Brain-selective nutrients 
55



The Metabolic Matrix Explains 
What Nutrition Needs To Do

• The science is clear:

• more soluble and insoluble fiber (to feed the gut)
• less fructose (to protect the liver)
• more -linolenic acid, EPA, DHA (to support the brain)

• A Low Insulin Diet = A Real Food Diet

• The challenge is going from knowledge to transformation
• We must ”Debunk the Calorie”, and promote metabolic health





Is ultraprocessed food “food”?



Is ultraprocessed food “food”?

Food: Substrate that contributes either to 
the burning or growth of an organism



Softic et al. Cell Metab 30:735, 2019

"The most important 
takeaway of this study is 
that high fructose in the diet 
is bad," says Dr. Kahn. "It's 
not bad because it's more 
calories, but because it has 
effects on liver metabolism 
to make it worse at burning 
fat. As a result, adding 
fructose to the diet makes 
the liver store more fat, and 
this is bad for the liver and 
bad for whole body 
metabolism."

Dr. C. Ronald Kahn, CEO
Joslin Diabetes Center 

Burning: 
Ultraprocessed food inhibits mitochondria



Growth: 
Ultraprocessed food inhibits bone growth

Zarestsky et al. Bone Res 9:14, 2021

UPF: Ultraprocessed food
CSD: Caloric soft drink

X-ray























NOVA I



NOVA I NOVA II



NOVA I NOVA II

NOVA III



NOVA I NOVA II

NOVA III NOVA IV



NOVA I NOVA II

NOVA III NOVA IV

Only NOVA IV correlates with chronic disease
57% of US consumption
73% of US food supply 



57% of US consumption 
73% of the US food supply







Ultraprocessed foods are only 

“cheap” when the costs of their 

negative metabolic impact are 

externalized to health care and 

public health budgets. 

Scientific Group of UN Food Systems Summit 2021



What Good Nutrition Needs To Do to Improve 
Metabolic Health

• The science is clear:
• more soluble and insoluble fiber (to feed the gut)
• more -linolenic acid, EPA, DHA, micronutrients (to support the brain)
• less sugar (to protect the liver)

• A Real Food Diet

• Can the food industry re-engineer its current 
practices?





Can technology help, and turn a profit?

•  Ingredients

• Primary – low or no calorie sugars/sweeteners

• Secondary – non sugar / sweetener ingredients

• Healthy Fats (functional and supplemental)

• Dairy-based ingredients

• Processing

• Filtering out sugar 

• Enzymes that eat glucose and fructose

• Fiber products 

• Caramelizing or other processing techniques 

• Optimizing lactose/fat/protein content

• Fruit flavored beverages with no calories

• Packaging

• Juice in functional “shots,” supplemented with vitamins, minerals, and fiber

• Data Science

• Recommendation engine

• Procurement and distribution model



• Sugar reduction
• Non-nutritive sweeteners
• Fats
• Fiber
• Dairy-based ingredients
• Processing
• Packaging
• Food data science





New Products on the Shelves in Kuwait



Public Health Intervention
(one population at a time)

Personal Intervention
(one patient at a time)

Technological Innovation
(one company at a time)

Strategies for Advancing Metabolic Health


