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

* QObesity

* Type 2 Diabetes

e Cardiovascular Diseases (CVD)
* Hypertension (High Blood Pressure)
* Fatty Liver Disease

* Cancer

* QOsteoporosis

e Gastrointestinal Disorders

* Dental Caries and Periodontitis
* |nflammatory Diseases

* Autoimmune Diseases

e 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
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Risk Factors for Alzheimer’s Disease

Conditions Dietary Foods
* Diabetes « Sugar
* Obesity * High Glycemic Carbohydrates
 Hypertension * High Salt Diet
 Depression « Ultraprocessed Foods

Nussbaum et al N Engl J Med. 2003; 348(14):1356 Kim et al J Alzheimers Dis. 87(1):83, 2022



Subscribe My Alerts Login

®
NeurOIOg The most widely read and highly cited
} * AMERICAN ACADEMY OF

peer-reviewed neurology journal NEUROLOGY.

Home Latest Articles CurrentIssue PastlIssues Neurology Video Journal Club Residents & Fellows

September 06, 2022; 99 (10) RESEARCH ARTICLES

Association of Ultraprocessed Food Consumption With Risk of Dementia
A Prospective Cohort Study

Huiping Li, Shu Li, Hongxi Yang, Yuan Zhang, Shunming Zhang, Yue Ma, Yabing Hou, Xinyu Zhang, Kaijun Niu, Yan Borné, Yaogang Wang
First published July 27, 2022, DOI: https://doi.org/10.1212/WNL.0000000000200871




Ultraprocessed food inhibits cognition in older adults
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Ultraprocessed food consumption correlates with dementia
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The confounders don’t detract from the findings

Subgroup Number of Hazard ratio p interaction
Sex participants (95% ClI) 0.88
Female 38,143 —— 1.27 (1.10, 1.47)
Male 33,940 & 1.22(1.07, 1.38)
BMI (kg/m2) 0.89
<25 25,805 +i— 1.15(0.97, 1.37)
25-30 31,586 —a— 1.39(1.21, 1.60)
>30 14,692 - 1.13(0.93, 1.36)
Smoking status 0.49
Never 38,536 —— 1.21(1.05, 1.39)
Former 29,234 —— 1.28(1.11,1.47)
Current 4,148 —— 1.36 (0.97, 1.91)
Drinking status 0.35
Never 2,059 R 1.36 (0.94, 1.96)
Former 2,039 —— 1.25 (0.86, 1.84)
Current 67,943 - 1.24(1.12,1.37)
PA (MET-minute/week) 0.55
<500 9,005 . 1.32(1.03, 1.70)
>500 51,909 - 1.26(1.12, 1.41)
APOE €4 0.12
Yes 19,429 —— 1.18 (1.04, 1.35)
No 51,186 —— 1.34(1.17,1.53)
Education level 0.27
<College 40,413 - 1.19(1.06, 1.34)
>College 31,403 —— 1.36(1.16, 1.60)
TDI 0.25
<-2.38 36,055 o 1.13(0.97, 1.30)
>-2.38 36,028 - 1.35(1.19, 1.53)

05 1.0 1.5 2.0

Li et al. Neurology, 2022 Hazard ratio (95% Cl)

doi: 10.1212/WNL.0000000000200871.
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So what’s with diet and dementia?

* “Brain Enngyis' a dramatic breakthrough in understanding mental illness by a leading
"1+ Harvard psychiatrist who provides a revolutionary road map for people suffering
L\ e, from depression, anxiety, bipolar disease—in fact, alinost any brain disorder.”

R :

—MARK HYMAMN, MD. 14-TIME NEW YORK TIMES BESTSELLING AUTHOR

A Revolutionary Breakthrough in Understanding
Mental Health—and Improving Treatment
“ for Anxiety, Depression, OCD, PTSD, and More

'.__;ChristopherM‘.l | :
Palmer, MD ¥

ASSISTANT PROFESSOR OF .PSYCIIURY. RARVARD MEDICAL SCHOOL

Ketogenic Diet and
Improvement of Psychiatric Disease

NEW YORK TIMES BESTSELLER

"A MONUMENTAL WORK."

—~DAVID PERLMUTTER, MD
suthor of the 1] New York Times bestsellers Groin Braim and Broim Maker

The E nd of
Alzheimer’s

The First Program to
Prevent and Reverse
Cognitive Decline

DALE E. BREDESEN, MD

Professor and Founding President, Buck Institute: Professor, UCLA

Multiple Causes of Alzheimer’s,
Must Attend to All of Them

“A science-hased, acsionable blucpring to shift the brain from decline o repair

~David A Seaclaiz, PhD, auther of £oferpue

Harness the Power of Your Immune Cells

to Protect Your Brain for Life

DAVID PERLMUTTER, MD

Author of the 21 New York Times Bestseller

GRAIN BRAIN

Diet Changes Your Microglia,
To Stop the Synapse Loss




Is Mitochondrial Dysfunction a Common Root of
Noncommunicable Chronic Diseases?

Alexis Diaz-Vegas, " Pablo Sanchez-Aguilera,' James R Krycer,” Pablo E Morales,’
Matias Monsalves-Alvarez,"> Mariana Cifuentes,"*® Beverly A Rothermel, and

: 14,
Sergio Lavandero™*

Non-communicable
chronic diseases

. * Cardiovascular diseases : e
Sedentarism « Insulin resistance * Obesity Caloric restriction

* Type 2 diabetes * Cancer

‘Overnutrition /{ ‘l&'

/ OFO
\m =R ® ¢
iy ' Dysfunctional Q’/‘ %‘7 Healthy
~.- mitochondria . % mitochondria
—— Dysregulated:
Genetic * mROS levels )@E é( Mitochondrial-
background * Life cycle targeted
¢ * Bioenergetics drugs
% * Calcium e
handling &+
* ER/mito
interaction

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



Mitochondrial dysfunction vs. a coal burning factory/mill




Environmental Causes Disrupting
Mitochondrial Function
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Environmental Causes Disrupting
Mitochondrial Function

ZzZ‘ £idih ‘
@ s i —
|.q - /|~

Sleep Air PoIIutlon Ultra-Processed Sunlight
Food 5 Exposure

CACTE

Chronic Sedentary Plastics
Stress  Behavior




Reactive Oxygen Species (ROS):

Superoxide Anion (O e —)
Hydrogen Peroxide (H,0,)
Hydroxyl Radical (OIZI

High Dose — Toxic ions

Low Dose — Signaling ions



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

JOURNAL —

AMERICAN GERIATRICS SOCIETY e

The Biologic Clock: The Mitochondria?

DENHAM HARMAN M.D., Ph.D.

First published: April 1972 | https://doi.org/10.1111/j.1532-5415.1972.tb00787.x | Citations: 1,582



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

* ROS and PI3K-Akt Signaling Pathway (metabolism)

* ROS and NF-#B Signaling Pathway (inflammation)

* ROS and Keap1-Nrf2-ARE Signaling Pathway (growth, cancer)
* Cross Talk between ROS and Ca?* (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

N
Other NAD-linked substrates s

Rotenone
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Branched-chain 2-oxoacids == Boablic + A -280
~ NADH/NAD
Pyruvate s
N
2-Oxoglutarate s
Other Q-linked substrates (proline etc) s KI/( S3QELs
Dihydroorotate e pmf ComplexIl
()'12/(! — (— +20

Acyl COA )
Glycerol 3-phosphate s

b566

Succinate s iGP1 Myxothiazol D> Antimycin A

~
| |
Malonate Atpenin A5
pmf
Sulfite etc —
CYtCradjox = +320

Ascorbate/T MPD

l pmf

H,0/0, +600

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



Mitochondria and other exposures make ROS’s

PLAS . ~Cu-Zn-S0D
- P

\ Ma-S00
\ G
GST-pi
MT3
FHC

DM

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



Fructose



Fructose reduces liver mitochondrial
function, while glucose stimulates it

"The most important
takeaway of this study is that
2 high fructose in the diet is
§§ | h ll. bad,"” says Dr. Kahn. "It's not
e icinae e HFD <. Glucose bad because it's more
1z | 2l calories, but because it has
ek e coia _:‘_"i‘i’“""‘ ; effects on liver metabolism
T 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

Graphical Summary

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



The furan ring of fructose is more unstable,
so at equilibrium, fructose exists in the linear form
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Lim et al. Nat Rev Gastro Hepatol 7:251, 2010



Fluorescence

Non-enzymatic glycation: fructose >> glucose

Fructose and glycation
in vitro

600

400

200

Fructose

Glucose

0 8 16 24
Days of in vitro glycation

Ahmed and Furth, Clin Chem 38:1301, 1992

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



ROS formation from aldehydes and ketals

Schiff Base Heyns Product Acetaldehyde adduct Acetaldehyde Ethanol
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Hepatocyte death in vitro upon fructose exposure
(after generation of H,0,)

Treatment EDs,

Fructose 1.5+013M
Glucose >1.5M

Glycoaldehyde 20 = 2mM
Glyoxal 5+ 05mM

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



Hepatocyte death in vitro upon fructose exposure
(after generation of H,0,)

Treatment EDs, ED5, (with H,0,)

Fructose 15+ 0.13 M

Glucose >1.5M 1.5M
Glycoaldehyde 20 = 2mM 0501 mM
Glyoxal 5+ 05mM 0.02 = 0.002 mM

Prevented by addition of:
antioxidant vitamins (VitB,, VitBg, VitC)
P450 inhibitors
hydroxyl radical and carbonyl scavengers
heavy metal chelators

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



The Methionine-Choline Deficient Diet

Fastest animal model of NASH
* sucrose necessary to provide the substrate for steatosis
» methionine deficiency reduces glutathione,
the hepatic hydroxyl radical scavenger

Methionine
‘ MAT
Methylate

SAM DNA, RNA,

MTase proteins,
\ ? membrane
& mMs SAHH L’ phospholipids,
neurotransmitters

B12

\ SAHH t
Adenosme — Inosine
5-CH3THF

Homocysteine ‘ AK
CBS
b AMP

Cystathionine

]

Cysteine

l

| Glutathione

* choline deficiency reduces phosphatidyl choline,

another mechanism of hepatic lipid export
Pickens et al. J Lipid Res 50:2072, 2009




Sucrose is necessary for NAFLD in the
Methionine-Choline deficient diet

.~ . 'MCS-sucrose '~ <"  MCD-slicrose

© . MCSstarch | ' McDstarch

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



TUNEL staining in the
Methionine-Choline deficient diet

MCD sucrose

J i & SN e Ik 9 & 3
¢ Saba S m S
q 9 x
ot S e S
o ~ Nk A
&6 . v §
\ o

.‘:-’y 6 ’

7 )
b 2 AORINUS
74 i
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The Global Pandemic of Chronic Metabolic Disease
(75% of US Healthcare Dollars)

* Obesity — SUGAR!

 Type 2 Diabetes — SUGAR!

e Cardiovascular Diseases (CVD) — SUGAR!
e Hypertension (High Blood Pressure) — SUGAR!
e Fatty Liver Disease — SUGAR!

* Cancer — SUGAR!

e Osteoporosis — SUGAR!

* Gastrointestinal Disorders — SUGAR!

e Dental Caries and Periodontitis — SUGAR!
* Inflammatory Diseases — SUGAR!

e Autoimmune Diseases — SUGAR!

e Chronic Kidney Disease (CKD) — SUGAR!

* Food Allergies and Intolerances — SUGAR!
* Depression and Anxiety — SUGAR!

 Dementia and Cognitive Decline ?7??






Does sugar cause dementia?

Obesity is associated with dementia
Luchsinger et al. J Alz Dis Assoc Dis 2011

Obesity MCI Dementia
effect

Obesity is associated with altered
neural projections c/w dementia
Bouret et al. Cell Metab 7:179, 2008

Biomarkers
Ap

- ==Tau
= = MRI/PET

Clinical Features
Body Weight
Memory

= = Clinical
Function

Sugar generates insulin resistance
and hyperinsulinemia
Seneff et al. Eur J Int Med 22:134, 2011

Sainies4
<«

Biomarker
el

Abnormalities ———————»p

”

— e o -

Insulin resistance and high insulin Disaase Progreséion

levels are associated with dementia (Time) p

Craft et al. Nat Rev Neurol 8:360, 2012 A ' B 2
Western Diet correlates with dementia ' . “',_
Barberger-Gateau et al. Neurology 69:1921, 2007 ‘ e ~&

Fat or sugar both cause obesity in rats, ' .’

but only sugar caused cognitive decline

Jurdak et al. Nutr Neurosci 11:48, 2008 QJ

Causative data in animals;
Associative data in humans

Stephan et al. J Gerontol 65:809, 2010



Alzheimer’s

ELSEV]E{ : Alzheimer’s & Dementia B (2017) 1-10 M

Featured Article
Sugary beverage intake and preclinical Alzheimer’s disease in the
community
Matthew P. Pase™™*, Jayandra J. Himali*™“, Paul F. Jacques™®, Charles DeCarli™”,

Claudia L. Satizabal™”, Hugo Aparicio™”, Ramachandran S. Vasan™®", Alexa S. Beiser™™,
Sudha Seshadri™”

>
=]
(3]
o
1]
o
o
(4]

R ES
; o
£ 845 * * E
3 - . = 054
e g
c 84.0 - =
£ -
= 5 0.53
g™ g
s k-
0.0 T oo
S ) ) Y ) )
& & &° o » o
‘—'\\ \» 'r"> :.'\\ ,\ﬂ> .,‘1>
Total sugary beverage intake Total sugary beverage intake
C * *
b
o
E
o
o
[ =
E Il Immediate Recall
E Bl Delayed Recall
E -
: ’7
o
2 ’*
(=]
-

R )
AT T

Total sugary beverage intake

Pase et al. Alz Dementia 13:955, 2017



Sugar consumption correlates with dementia,
as well as other systemic diseases

Adjusted RR of DM Fit for inc_AD Adjusted RR of stroke Fit for inc_AD
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Figure 1. Participants with chronic conditions of diabetes mellitus (DM, Figure 1A), stroke (Figure 1B), coronary heart disease (CHD,
Figure 1C), and peripheral arterial disease (PAD, Fiure 1D) (red lines) had a significantly higher risk of AD than those without these
conditions (black lines). There was an increasing trend of sugar intake (as indicated by x-axis) associated with an increase in incident
AD rate (as indicated by y-axis) among those with (red line) and without these conditions (black line). Relative risk (RR) was adjusted
for the same covariates in Model 3 of Table 4.

Liu et al. Nutr Neuroscience 25:2302, 2022



Fructose and inhibition of ATP generation

fructose

consumes ATP

1 rapidly
ATP ™=

KHK C = fructokinase C
(liver, kidney, intestine, N .
islet, brain: inducible with [ KHK AMP deaminase
- - 8 (2) —
ischaemia) ll ; CAMP = === | ic acid

Czthorlc removes AMP ‘

pathway substrate

immediate energy stored energy
(ATP) (fat, glycogen)

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

non-caloric energy depletion pathway

NADPH -
oxidase mitochondrial oxidative stress

-

blocks ATP
production

blocks AMP kinase 4 Prevents

recovery

¢ lower ATP levels
inside cell

hunger, Tfood intake, weight gain
fat synthesis and accumulation
insulin resistance
elevated BP

dyslipidaemia




Effect of Dietary Fructose on the Rat Brain
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Insulin resistance, especially in the absence of
omega-3’s, means lack of neuron signaling
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Extruders operate at 200° C




Foods that generate dietary AGE’s
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Fat and oil Red meat PMliced foods White meat  Processed Crairy and Cthers Wegetables Huts Grains Frusits
meat eggs
Flgure 2.

Percentage contrbutionof food groups to total CHML-AGE intake. Fat and oll: Butter, margarine, white sauce, cheese sauce, sourcream, sweet cream, salad dressing,
and gravy, Red meat Beef roast, pork chop, pork roast, hambunger, liver, meat loaf, and steak; Mixed foods: Mixed dish, pizza, spaghetti, lasagna, and potpie; White
meat: Chicken or turkey, Processed meat: Cold cut, ham, sausage, bacon, and hotdog, Dalry and eggs: [ce cream, cheese, cottage chepse, milk, yogurt, and aggs,
Flsh: Fish, shellfish, and tuna; Others: Cake, candy, donut, ple, biscuit, beer, coffee, liguor, soda, tea, wine, chip, cracker, sugar, fruit punch, juice, tomato juice, apple
juice, ketchup, jelly, and pancake; Vegetables: Broccoli, Brussal sprout, cabbage, camrots, cauliflower, celery, cucumbser, greens, green pepper, lettuce, pea, spinach,
squash, tomatao, tomato sauce, mixed vegetables, beet, beans, chili, onion, garlic, potatoes, sweet potatoes, soup, and tofu; Muts: Peanut and peanut butter, Gralns:
Grains, brown rice, white rice, corn, bread, cereal, and cookie; Frults: Apple, applesauce, apricot, banana, cantaloupe, grapefruit, grapes, orange, peach, plum, prune,
raisin, strawberry, pineapple, watermelon, and fruit mixtures.



Cooking oils generate aldehydes and ROS’s at different temperatures
depending on number of double-bonds

—a— Soybean Oil (omega-6, linoleic acid, 2 DB)
20000 . —®— Palm QOil (saturated, mono-unsaturated)
—4A— QOlive Oil (mono-unsaturated)
. —w— Lard Oil (saturated)
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Zhuang et al. Front. Nutr. 9:913297, 2022
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. Do Dietary AGE’s Lead to Disease?
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Figure 9. Kidney and heart histology, chronic study. A~C: Periodic acid-Schiff-stained kidney cortical sections at 26 months of age (n = 5 per group). As Reg:
moderate glomerular and tubulointerstitial sclerosing changes. Be CR: scattered areas of interstitial fibrosis and mbular atrophy. The glomeruli were of normal size,
but had recognizable sclerotic changes. C: CR-high: enlarged glomeruli and diffuse glomerular sclerosis, with tubular and interstitial changes more marked than
CR mice. D Sirius Red-stained coronal mid-ventricular sections (n = S mice/group), at 26 months. D: Reg: bands of connective tissue, concentrated near blood

vessels; E: CR: no increase in connective tissue; Fr CR-high: diffuse increase in connective tissue bands in the perivascular regions and fine bundles that surround
irregularly enlarged bundles of myocytes. Original magnifications, X250.

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



Caloric restriction increases lifespan,
Caloric restriction plus heating doesn’t

Cumulative survival

Age (weaks)

Figure 10. Survival, chronic study. Kaplan-Meier survival curves in Reg mice
(open squares), CR mice (filled triangles), and CR-high mice (filled
clrcles) (m = 22 per group). Lifespan of Low and CR groups was significantly
longer than in Reg (P < 0.004) and CR-high groups (P < 0.0001). Lifespan in
CR-high mice was significantly shorter than in Reg (F < 0.02), CR (P <
0.001). Differences between the curves were estimated by the log rank test
(see Table 3 for detailed analyses).

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



TABLE 10.2
Possible Mechanisms between AGEs and Cognitive Decline

Diirect effects of AGEs

= Receptor for AGEs transfers AB through the BBB.
Aggregation of AB is increasing due to glycation.
Glycated AB are more toxic.
APP is higher due to AGEs.
AGEs promote phosphorylation of tau proteins.

* Promoting apoptosis in neuron cells.

Mediating effects of AGEs on dementia

AGEs increase oxidative stress.

AGEs promote inflammation.

AGEs promote diabetes and its complications.

AGEs promote cardiovascular and cerebrovascular diseases.

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



A ROS-reducing diet and Alzheimer’s Disease
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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 mmp 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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