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The Global Pandemic of Chronic Metabolic Disease
(75% of US Healthcare Dollars)

• Obesity
• Type 2 Diabetes
• Cardiovascular Diseases (CVD)
• Hypertension (High Blood Pressure)
• Fatty Liver Disease 
• Cancer
• Osteoporosis
• Gastrointestinal Disorders
• Dental Caries and Periodontitis
• Inflammatory Diseases
• Autoimmune Diseases
• Chronic Kidney Disease (CKD)
• Food Allergies and Intolerances

• Depression and Anxiety
• Dementia and Cognitive Decline

None of these have cures, and the treatments only treat the symptoms 



Livingston et al. Lancet 404:572, 2024



Livingston et al. Lancet 404:572, 2024

Only 5% of Alzheimer’s is genetic



Not one word about nutrition

Livingston et al. Lancet 404:572, 2024



Risk Factors for Alzheimer’s Disease

Nussbaum et al N Engl J Med. 2003; 348(14):1356

Conditions

Kim et al J Alzheimers Dis. 87(1):83, 2022 

Dietary Foods

• Sugar

• High Glycemic Carbohydrates

• High Salt Diet

• Ultraprocessed Foods

• Diabetes

• Obesity

• Hypertension

• Depression





Ultraprocessed food inhibits cognition in older adults

Cardoso et al. Eur J Nutr, 2022 doi: 10.1007/s00394-022-02911-1.



Ultraprocessed food consumption correlates with dementia

Li et al. Neurology, 2022

doi: 10.1212/WNL.0000000000200871.



The confounders don’t detract from the findings

Li et al. Neurology, 2022

doi: 10.1212/WNL.0000000000200871.



So what’s with diet and dementia?

••  Audible sample

Ketogenic Diet and 

Improvement of Psychiatric Disease
Multiple Causes of Alzheimer’s, 

Must Attend to All of Them

Diet Changes Your Microglia,

To Stop the Synapse Loss

Aug 2026



Diaz-Vegas et al. Endocrine Reviews, 41(3):1, 2020



Mitochondrial dysfunction vs. a coal burning factory/mill







Reactive Oxygen Species (ROS):

Superoxide Anion (O2• —)
Hydrogen Peroxide (H2O2)

Hydroxyl Radical (OH•)

High Dose — Toxic ions

Low Dose — Signaling ions



ROS as a driver of mitochondrial damage  
is not a new idea



ROS is a signaling molecule, 
as well as a pathologic molecule

• ROS and PI3K-Akt Signaling Pathway (metabolism)

• ROS and NF-𝜅B Signaling Pathway (inflammation)

• ROS and Keap1-Nrf2-ARE Signaling Pathway (growth, cancer)

• Cross Talk between ROS and Ca2+ (neurotransmission)

• ROS inhibits Mitochondrial ATP production

• ROS without quenching (peroxisome) – oxidative damage

Zhang et al. Oxid Med Cell Longev 2016:4350965.



11 separate mitochondrial enzymes give off ROS’s

Brand M, Free Radical Biol Med 100:14, 2016



Mitochondria and other exposures make ROS’s

Zhang et al. Oxid Med Cell Longev 2016:4350965.



Fructose



Fructose reduces liver mitochondrial 

function, while glucose stimulates it

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,

CEO, Joslin Diabetes Center 



The furan ring of fructose is more unstable,

so at equilibrium, fructose exists in the linear form

Lim et al. Nat Rev Gastro Hepatol 7:251, 2010



Glucose 

Fructose

Days of in vitro glycation
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Ahmed and Furth, Clin Chem 38:1301, 1992

Fructose and glycation

in vitro
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Rates of reactivity

    Rate    Carbonyl (ROS) 

           (/mM/hr)      %

Glucose    0.6      0.002

Galactose 2.8      0.02

Fructose   4.5      0.7

Bunn and Higgins, Science 213:222, 1981

Non-enzymatic glycation: fructose >> glucose





Hepatocyte death in vitro upon fructose exposure 

(after generation of H2O2)

Treatment ED50

Fructose 1.5 ± 0.13 M

Glucose >1.5 M

Glycoaldehyde 20 ± 2 mM

Glyoxal 5 ± 0.5 mM

Lee et al. Chemico-biological Interactions 178:332, 2009



Hepatocyte death in vitro upon fructose exposure 

(after generation of H2O2)

Treatment ED50 ED50 (with H2O2)

Fructose 1.5 ± 0.13 M 12 ± 2 mM

Glucose >1.5 M 1.5 M

Glycoaldehyde 20 ± 2 mM 0.5 ± 0.1 mM

Glyoxal 5 ± 0.5 mM 0.02 ± 0.002 mM

Lee et al. Chemico-biological Interactions 178:332, 2009

Prevented by addition of:

 antioxidant vitamins (VitB1, VitB6, VitC)

 P450 inhibitors

 hydroxyl radical and carbonyl scavengers 

 heavy metal chelators



The Methionine-Choline Deficient Diet

Pickens et al. J Lipid Res 50:2072, 2009

Fastest animal model of NASH

 • sucrose necessary to provide the substrate for steatosis

 • methionine deficiency reduces glutathione, 

   the hepatic hydroxyl radical scavenger

 • choline deficiency reduces phosphatidyl choline, 

   another mechanism of hepatic lipid export



Sucrose is necessary for NAFLD in the 

Methionine-Choline deficient diet

Pickens et al. J Lipid Res 50:2072, 2009



TUNEL staining in the 

Methionine-Choline deficient diet

Pickens et al. J Lipid Res 50:2072, 2009



The Global Pandemic of Chronic Metabolic Disease
(75% of US Healthcare Dollars)

• Obesity — SUGAR!
• Type 2 Diabetes — SUGAR!
• Cardiovascular Diseases (CVD) — SUGAR!
• Hypertension (High Blood Pressure) — SUGAR!
• Fatty Liver Disease — SUGAR!
• Cancer — SUGAR!
• Osteoporosis — SUGAR!
• Gastrointestinal Disorders — SUGAR!
• Dental Caries and Periodontitis — SUGAR!
• Inflammatory Diseases — SUGAR!
• Autoimmune Diseases — SUGAR!
• Chronic Kidney Disease (CKD) — SUGAR!
• Food Allergies and Intolerances — SUGAR!

• Depression and Anxiety — SUGAR!
• Dementia and Cognitive Decline ???





Does sugar cause dementia?

Obesity is associated with dementia

Luchsinger et al. J Alz Dis Assoc Dis 2011

Obesity is associated with altered 

neural projections c/w dementia

Bouret et al. Cell Metab 7:179, 2008

Sugar generates insulin resistance 

and hyperinsulinemia

Seneff et al. Eur J Int Med 22:134, 2011

Insulin resistance and high insulin

levels are associated with dementia

Craft et al. Nat Rev Neurol 8:360, 2012

Western Diet correlates with dementia

Barberger-Gateau et al. Neurology 69:1921, 2007

Fat or sugar both cause obesity in rats,

but only sugar caused cognitive decline

Jurdak et al. Nutr Neurosci 11:48, 2008

Causative data in animals;

Associative data in humans

Stephan et al. J Gerontol 65:809, 2010



Pase et al. Alz Dementia 13:955, 2017



Liu et al. Nutr Neuroscience 25:2302, 2022

Sugar consumption correlates with dementia, 

as well as other systemic diseases



Fructose and inhibition of ATP generation

Johnson et al. Phillos Trans Royal Soc B, 378: 20220230, 2023 



Agrawal et al J Cereb Blood Flow Metab. 36:941, 2016

Effect of Dietary Fructose on the Rat Brain



Agrawal and Gomez-Pinilla, J Physiol 590.10:2485, 2012

Insulin resistance, especially in the absence of 

omega-3’s, means lack of neuron signaling 



INGESTED DIETARY



Extruders operate at 200o  C



Foods that generate dietary AGE’s



Zhuang et al. Front. Nutr. 9:913297, 2022

Cooking oils generate aldehydes and ROS’s at different temperatures

depending on number of double-bonds

Soybean Oil (omega-6, linoleic acid, 2 DB)
Palm Oil (saturated, mono-unsaturated)
Olive Oil (mono-unsaturated)
Lard Oil (saturated)



Cai et al. Am J Hum Pathol 173:327, 2008

Do Dietary AGE’s Lead to Disease?
Animal Model of Caloric Restriction + Heating Oils



Cai et al. Am J Hum Pathol 173:327, 2008

Kidney

Heart

Reg CR CR
+ Heat



Cai et al. Am J Hum Pathol 173:327, 2008

Caloric restriction increases lifespan, 

Caloric restriction plus heating doesn’t



Also true for Parkinson’s Disease
and possibly Huntington’s Disease 



A ROS-reducing diet and Alzheimer’s Disease



49

Summary

1. Alzheimer’s Disease is not treatable, but it is preventable.

2. From Within: ROS’s are normal products of mitochondrial metabolism, but also feedback to divert 

energy and reduce ATP generation, unless quenched by anti-oxidants.

3. From Without: Dietary AGE’s found in ultraprocessed foods increase ROS’s and damage tissues. 

4.a. Hypothesis: Exposures          brain ROS’s          reduced mitochondrial ATP generation.

4.b. ROS’s promote inflammation          neuron loss and dementia.

5. You can’t get rid of ROS’s, but you can reduce them (exposures, diet, anti-oxidants), and doing so 

prevents dementia.
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