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Sugar



56% of the food sold in America is ultraprocessed food
Accounts for 62% of the sugar in the American diet
And 67% of the sugar in kids’ diets

Saltysnacks 2 Beverages 16
Fats and sauces 5

Dairy produocts 8

Meat, fish, 11 ———_
and eggs

Starchy foods 12 —
and breakfast cereals

Fruit and vegetables 18 / Sugary products 28

Fig 2 | Relative contribution (%) of each food group to consumption of ultra-processed
food in diet
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Sugar is the ‘alcohol of the child’, yet we let it
dominate the breakfast table The. “

Robert Lustig Guardian

With kids consuming half their sugar quota first thing, it's no wonder they’re getting
diabetes and liver disease. We have to fight corporate interests

'On average, cereal contains a whopping 12g of sugar, all added, in a typical serving.” Photograph: Stockbyte/Rex Features

Wednesday 4 January 2017 08.31 EST




The change in our global food supply

Addition of fructose
» palatability (esp. with decreased fat)
* browning agent

Removal of fiber
 shelf life
* freezing



High Fructose Corn Syrup is 42-55% Fructose;
Sucrose is 50% Fructose

Sucrose



Fructose is not glucose

* Fructose is 7 times more likely than glucose
to form Advanced Glycation End-Products (AGE’ s)

* Fructose does not suppress ghrelin

* Acute fructose does not stimulate insulin (or leptin)

» Hepatic fructose metabolism is different in liver and brain

e Chronic fructose exposure promotes the metabolic syndrome,
including brain manifestations

Elliot et al. Am J Clin Nutr, 2002

Bray et al. Am J Clin Nutr, 2004

Teff et al. J Clin Endocrinol Metab, 2004
Gaby, Alt Med Rev, 2005

Le and Tappy, Curr Opin Clin Nutr Metab Care, 2006
Wei et al. J Nutr Biochem, 2006

Johnson et al. Am J Clin Nutr 2007

Rutledge and Adeli, Nutr Rev, 2007

Brown et al. Int. J. Obes, 2008
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Metabolism of Glucose
.3

Glucose

Glut2
ATP
Glucose \&\
Glucokinase ADP
Vessel

Glycogen
ynthase

Fructose-6-P

PFK | |
Fructose-1,6-bis-P

Glycogén IRS-1

Glut2
Glucose

Dihydroxyacetone-P +

Glyceraldehyde-3-P
SREEBP1
e
ACL ACC FAS AATD
Citrat Acetyl-C: B eyl-Co —— '
it f catyl-Cof Acyl-Cofl T_.r"_“ VILDIL
~——— Citrate ApoB
Acetyl-Col ; Oz
! ATP
CO

Pyruvate Pyruvate

Glut4

Muscle




Metabolism of Ethanol
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Sugar effects on the brain:
mechanisms

ter CNS energy metabolism (e.g. mitochondria)
ter CNS neurotransmission (e.g. glutamate)

ter CNS trophic factors (e.g. leptin, BDNF)

ter CNS exposures (e.g. toxins, infections (Strep.)

QO v Y QD

addiction (dopamine)



1. CNS energy metabolism;:
Mitochondrial dysfunction



REVIEWS

" Impaired mitochondrial function
in psychiatric disorders

i Prospero’, Seth Ness',

Neurotrophins and Wiruses and oellular 1 ; M DAR s and some
other molecules stress - i vati Ca™channelks

Calcium homeostasis

Maniji et al. Nat Rev Neurosci 2012



Fructose reduces liver mitochondrial
function, while glucose stimulates it

Fructose «— HFD «——
resses FAO ;_-E'ves Hyperglycemia Activates AMPK

— Malonyl-CoA '
"Ir_-. N

C4., _1_ c \“.\{
R4 >
TP

Softic et al. Cell Metab 30:735, 2019

| —— - — o —— — ————
|

"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



Fructose and neuroinflammation
In astrocytes and microglia
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https://doi.org/10.3389/fnagi.2020.560865

Fructose induces reprogramming of microglia
from M2 (anti-) to M1 (pro-inflammatory)

Fructose

u ﬁg |
iﬁ l Gluts

Y Inflammatory
N\, interleukins

FIGURE 2
Fructose-induced metabolic re

Ting et al. Front Immunology 2024 DOI 10.3389/fimmu.2024.1375453



2. CNS Neurotransmission:
Glutamate—Glutamine—GABA



In vivo magnetic resonance spectra in humans after infusion
of glucose or fructose:
The human brain turns glucose into fructose

Final difference spectra for 1 subject

Fructose + glucose reference

Fructose reference
Glucose referance
') |'I
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Hwang et al. JCI Insight 2:€90508, 2017



Fructose is Made in the in Brain in Response to
Hyperglycemia
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Hwang et al. JCI Insight. 2(4):e90508, 2017



CSF:blood ratio of glucose or fructose due to the
insulin resistance of pregnancy
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Glucose Sorbitol Fructose

Fig 1. C5F to plasma ratios of glucose, sorbitol, and fructose. Line represents median ratio. Circle = DM;
Square = Lean; Triangle = Overweight/Obese

Hwang et al. PLoS One 10(6): e0128582, 2015



Glutamine synthetase —
Glutamate to glutamine cycle in astrocytes
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Glutamate formation AStrocyte cyt°s°| GABA oxidation

Glc Pyr 1 Glc Pyr
) ) ; Extracellular
NADH NAD* NADH NAD* Space
) - >—< ‘4 GABA-GABA . nADP: NADPH
Malate OAA Aspartate
Neuron Gluta-

1 Transmitter GABA
a-KG Glutamate . :
P 5 T2 3 Aspartate

~
Glutamine—y Glutamine -»Glutamate

Pyr Malate

Aspartato. OAA

Astrocyte Y
. - Gl t t : x-
. Mitochondria 17| Malate
OAA AcCoA : NAD* NADH 4 / 3
L~ NADH NAD* A [ (A
- - SUCET .-+ h
2Pyr 1 - : 3 H 9 | Jeycle |
: Glutaffiate @ KG+——+w:KG

Hertz, Front Endocrinol 4:1, 2013



The relation between glutaminergic and GABA-ergic
neurons is glutamine synthetase in astrocytes
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Incubation of rat cortical synaptosomes with glucose
or fructose

Glucose Fructose
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Hassel et al. J Neurochem 133:572, 2015



Fructose inhibits glutamine synthetase in immune cells
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3. CNS Trophic effects:
Insulin—Leptin—BDNF



Ultra-processed food consumption
correlates with depression
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Gomez-Ronoso et al. Eur J Nutrition 2019 doi:10.1007/s00394-019-01970-1



Insulin resistance is a driver of depression

Fig. 1. Moderators and mediators of the insulin resistance-depressive disorders pathway

Watson et al. Neurophamacology 136:327, 2018



Insulin blocks leptin signaling in the brain

Leptin causes neurons to branch and connect
Lee, Ann. NY Acad Sci 1243:15, 2011

Leptin regulates neural and glial protein levels
Ahima et al. Endocrinology 140:2755, 1999

Leptin corrects cognitive defects in patients with

leptin deficiency
Paz-Filho et al. PLoS One 3:€3098, 2008

Sugar causes insulin resistance, and

insulin resistance causes leptin resistance
Lim et al., Nat Rev Gastro Hepatol 7:251, 2010
Lustig, Nat Rev Endocrinol Metab 2:447, 2006



Exercise, BDNF, and depression

4 Memory function

Erickson et al. Neuroscientist 18:82, 2012



4. CNS exposures:
Gut microbiome



Fructose affects the gut microbiome too

ABSTRACT: Increased sugar intake is implicated in Type-2
diabetes and fatty liver disease; however, the mechanisms
through which glucose and fructose promote these conditions
are unclear. We hypothesize that alterations in intestinal

CSTRLE e Principal Component Analysis

mice

metabolite and microbiota profiles specific to each mono-
saccharide are involved. Two groups of six adult C57BL/6
mice were fed for 10-weeks with diets with glucose (G) or
fructose (F) as sole carbohydrates, and a third group was fed

with a normal chow carbohydrate mixture (N). Fecal ) 8 s 5 4 3 _”“ . PC1(95.7%)
L 10T

MNormal

metabolites were profiled by nuclear magnetic resonance
(NMR) and microbial composition by real-time polymerase
chain reaction (gPCR). Although N, G and F mice exhibited similar weight gains (with slight slower gains for F) and glucose
tolerance, multivariate analysis of NMR data indicated that F mice were separated from N and G, with decreased butyrate and
glutamate and increased fructose, succinate, taurine, tyrosine, and xylose. The different sugar diets also resulted in distinct
intestinal microbiota profiles. That associated with fructose seemed to hold more potential to induce host metabolic
disturbances compared to glucose, mainly by promoting bile acid deconjugation and taurine release and compromising
intestinal barrier integrity. This may reflect the noted nonquantitative intestinal fructose absorption hence increasing its
availability for microbial metabolism, a subject for further investigation.

KEYWORDS: Fructose absorption, short-chain fatty acids, metabolic profiling, metabolomics, intestinal microbiota

Silva et al. J Proteome Res 17:2880, 2018



Tight junctions keep bad stuff out

MICROBIAL BARRIER

= More han 0™ microorganisms
nhatiting e gastro-intestingl
ract
Koy role i rutnent and wWiamn
PO g ang
biotransformation of intesanal
pomary Do sty

EXTRACELLULAR
BARRIER (MUCUS)
EPITHELIAL BARRIER SR oo s
Entorocytes, Goblet cells (producing e
mucus). Paneth cells (produce
antem al peptides)
TJ. actherens J

Permeabéty
Tight = FUNCTIONAL BARRIER
IMMUNOLOGICAL BARRIER Junctions + Moslty
. Pancth: Antmicrobal pepbides -
*  TLRs - MAMPLPAMPS
«  Dendntic colls
«  Lywghnodes, BT iymphocytes

QORi Calls
»  OufterSoner layers

GUT-VASCULAR BARRIER
. endothebum assocaied with percytes and
ontonc gl colls, TJ and adhanens jncions

_ LIVER BARRIER
. Kupfer cals
. M.‘rr ophagoes
. e cols

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



Fructose disrupts tight junctions,
and lets bad stuff in
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Sugar alters Th17 barrier in the intestine

Graphical abstract

Regular Diet | "Western-style" Diet | High Fat Diet

Th17 Th17

Homeostasis Gut inflammation Protection
Healthy : Metabolic syndrome | Healthy

Kawano et al., Cell 185, 1, 2022



Group A Streptococcus grow better with
fructose than glucose

GAS responsible for
psych disease:

1) Sydenham’s chorea

2) PANDAS
OCD
tic disorders
adult personality dis.

e " " .y mood disorder
—e— NZ131 wild-type —4— NZ131 ngg mutant

Dmitriev et al. J Bacteriol 188:7230, 2006 Orlovska et al. JAMA Pediatr. 74:740, 2017



5. Addiction



Junk food addiction may be clue to obesity: study

(Reuters) March 28, 2010 - Bingeing on high-calorie foods
may be as addictive as cocaine or nicotine, and could cause
compulsive eating and obesity, according to a study
published on Sunday.



146 Current Drug Abuse Reviews, 2011, 4, 146-162

Is Fast Food Addictive?

Andrea K. Garber "' and Robert H. Lm;tig2

IDivision of Adolescent Medicine, University of California San Francisco, San Francisco, CA. 94143, USA

“Division of Pediatric Endocrinology, University of California San Francisco, USA




SUGAR

WHY WE CAN'T RESIST IT
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Sugar and opioids

Sweet-Ease increases endogenous opioids to reduce pain,
Even in neonates



RESEARCH ARTICLE

Dissociable Behavioral, Physiological and
Neural Effects of Acute Glucose and Fructose

Ingestion: A Pilot Study

Bettina Karin Wolnerhanssen'*, Anne Christin Meyer-Gerspach'®, André Schmidt??,
Nina Zimak', Ralph Peterli*, Christoph Beglinger', Stefan Borgwardt*

1 Department of Gastroenterology, University Hospital of Basel, Basel, Switzerland, 2 Medical Image
Analysis Center, University Hospital of Basel, Basel, Switzerdand, 3 Depantment of Psychiatry, University
Hospital of Basel, Basel, Switzerdand, 4 Department of Surgery, St. Clara Hospital, Basel, Switzedand

No satiety or fullness with fructose compared with glucose
No insulin rise with fructose compared with glucose

fMRI:
Glucose: caudate, putamen, precuneus, lingual gyrus
Fructose: amygdala, hippocampus, parahippocampus, orbitofrontal cortex

precentral gyrus

PLoS One 10(6):e0130280, 2014



Fructose Increases Hunger, Desire for Food, Increases Visual Cues, Reduces
Will Power, and Reduces Recent Memory

Fructose Increases Visual Cortex
Activity To Food Cues With More

Fructose Decreases Cortical Activity Fructose Decreases

Hunger And Desire For Food Involved In Self Cont':OI B|_00d Flow To
(Glucose Does Opposite) Hippocampus

[E] After fructose ingestion

fMRI Signal Change (%)

Visual Cortex

Z=22

Base Inf 5 10 15 20 25 30 35

Minutes After Infusion

Luo et al PNAS. 2015:112:6509  Purnell et al Diabetes Obes Metab. 2011;13:229 Page et al JAMA. 2013;309:63



Ultraprocessed food promotes tolerance
and withdrawal

Current Addiction Reports
https://doi.org/10.1007/s40429-022-00425-8

FOOD ADDICTION (E SCHULTE, SECTION EDITOR) q

Check for
updates

Preliminary Evidence that Tolerance and Withdrawal Occur

in Response to Ultra-processed Foods

Lindsey Parnarouskis'® - Ashley N. Gearhardt'

Accepted: 28 June 2022
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2022




Adults



Depression



SCI
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Published online: 27 July 2017

“NTIFIC REPQRTS

Sugar intake from sweet food
and beverages, common
mental disorder and depression:
prospective findings from the
Whitehall Il study

Anika Knuppel(@), Martin J. Shipley, Clare H. LIewellyn & Eric J. Brunner




Mental Health:
Ultraprocessed food and depression

OF

Ultra-processed food
consumption and mental

wellbeing outcomes

Rapid Report // September 2023



Average MHQ Scores

Global Mind Project (n = 227,000)

Figure 3: Impact of ultra-processed food consumption for different levels of exercise and income
Relationship between MHQ scores and frequency of ultra-processed food consumptions for individuals who (i) exercise several

times a week (blue line) or less than once a week to never (red line) for the global sample (left) and (ii) for those who are low
income (<$40,000 annually; red line) versus high income (>$100,000 annually; blue line) for respondents in the United States (right)
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Cognitive Decline



9.

Dol N 28 O G Gl ol

22 Symptoms of Carbohydrate-Associated
Reversible Brain (CARB) syndrome

Craving sweet and starchy food.
Excessive hunger.

Excessive mental & physical fatigue.
Difficulty concentrating and focusing.

Poor impulse control.
Depressed affect.
Excessive anxiety.
Excessive mood swings.
Insomnia.

10.Diminished sensory filtering.
11.Low self esteem.

Wilson, Brain Drain 2020

12.Low self-image.

13.Diminished cognitive functioning.
14.Loss of empathy.

15.Chronic diffuse pain.

16.Diminished short term memory.
17.Internal restlessness, racing thoughts.
18.Poor listening skills.
19.0bsessive-compulsive tendencies.
20.Intestinal symptoms.

21.Increased communication lag time.
22.Consciously thinking about food & eating.



Ultraprocessed food inhibits cognition in older adults
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Alzheimer’s
&’

Dementia

Alzheimer's & Dementia W (2017) 1-10

Featured Article
and preclinical Alzheimer’s disease in the
community

Claudia L. Satizabal™”, Hug
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Pase et al Alzheimers Dement.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
0011
0014
ARR of stroke vs. non-stroke for AD

ARR of DM vs. non-DM for AD
ARR = 1.54 (1.37 - 1.73), P < 0.001

ARR =1.12 (1.04 - 1.22), P=0.004

oM Stroke

<4—— Non-stroke

200
Dietary Total Sugars (g) Dietary Total S

DMGP

"Adjusted RR of CHD Fitfor inoAD Adjusted RR of PAD Fitfor Inc_AD

ARR of PAD vs. non-PAD for AD
ARR of CHD vs. non-CHD for AD ARR = 1.34 (1.09 - 1.64), P=0.01

ARR =1.15(1.02-1.30), 021

PAD—P

4—— Non-CHD <4—— Non-PAD

200 300
Dietary Total Sugars (g)

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



Does sugar cause dementia?

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

Obesity is associated with altered i MCI Dementia

effect

Biomarkers

neural projections c/w dementia
Bouret et al. Cell Metab 7:179, 2008

= = MRI/PET

Clinical Features
Body Weight
Memory

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, Stephan et al. J Gerontol 65:809, 2010
but only sugar caused cognitive decline

Jurdak et al. Nutr Neurosci 11:48, 2008

Causative data in animals; but to date
no direct associative or causative data in humans



Anything that increases ROS production
can damage cells and result in cognitive decline

Mitochondria "
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Gomez-Pinilla, Nat Rev Neurosci 9:568, 2012



Effect of Dietary Fructose on the Rat Brain

Time to Traverse a Hippocampal Insulin Hippocampal Mitochondrial Mitochondria
Maze (8 wks) Signaling Oxidative Stress ATP Regeneration
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Insulin resistance, especially in the absence of
omega-3’s, means lack of neuron signaling

o, e insuin |
Receptor ‘\

i
3 }"riglycerides

Synaptic Plasticity (i.e. synapsin & SYP)
and Cognition

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




Dietary Fructose Increases Amyloid and Tau Protein in the
Brain of Rats

Amyloid (Congo Red Positive) Tau Protein (Brown Stain)

Mohamed et al Food Biochem. 2021;45:e13715, 2021
and Nutr Seurosci, 23:1, 27-36: 2020



High Fructose Levels and Low ATP in the Brains of
Alzheimer’s Patients

CALCULATED BRAIN ATP FORMATION

Fructose Levels (Fold-Increase)

ENT CING SEN MOT TEM CER Young Middle Age Old Incipient Stable Advanced

Healthy Adults Alzheimer’s Disease

Xu et al Sci Rep. 2016 Jun 9;6:27524
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Reduced hippocampus but more CSF
in adolescents with metabolic syndrome
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FIGURE 3
Lower QUICKI scores (more IR) were associated with smaller ICV-adjusted hippocampal volumes (n=91) (A) and larger ICV-adjusted overall CSF volumes (n=
92) (B).

Yau et al. Pediatrics 130:e856, 2012



Reduced prefrontal cortical function

in adolescents with metabolic syndrome

Table 2. Domain scores by Met5 classification group.
No MetS (n = 204) MetS (n = 84)
Memory 100.88 (13.86) 97.%4 (1555)
i E L7 | A oA 112 143

Lo [l

Executive Function 101.47 (14.34) 96.97 (1543)

|- At

| Connitive Fleibilin O/ 5% (16 0]
Verbal Memory 100,68 (14.07) 08.18 (15.19)
Visual Memory 100,18 (14.92) 9921 (1441)

Yau et al. Pediatrics 130:e856, 2012

Effect Size (r)
008




The ‘Twinkie Defense’:

Relationship between carbonated non-diet soft drinks and
violence perpetration among Boston high school students

Adolescents who drank more than five cans of soft drinks per week (30%):
* more likely to have carried a weapon
« violent with peers, family members and dates.

even after controlling for gender, age, race, BMI, sleep, tobacco use,
alcohol use, and family dinners.

Solnick and Hemenway, Inj Prev 18:259, 2012
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https://www.frontiersin.org/journals/
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ORIGINAL RESEARCH
published: 07 June 2021
doi: 10.3389/fnins.2021.670430

Check for
updates

Long-Term Overconsumption of
Sugar Starting at Adolescence
Produces Persistent Hyperactivity
and Neurocognitive Deficits In
Adulthood

Kate Beecher?’, Ignatius Alvarez Cooper?, Joshua Wang', Shaun B. Walters3,
Fatemeh Chehrehasa?t, Selena E. Bartlett’*t and Arnauld Belmer'*t

Beecher et al. Front Neurosci 15 : 670430, 2021



THE JOURNAL OF PEDIATRICS « www.jpeds.com ORIGINAL

ARTICLES

Soft Drinks Consumption Is Associated with Behavior Problems
in 5-Year-0lds

Shakira F. Suglia, ScD’, Sara Solnick, PhD?, and David Hemenway, PhD?>

Suglia et al. J. Pediatr. 163: 1323-1328, 2013
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Children's health Ultra-processed babies: are toddler
snacks one of the great food scandals of
our time?

Bee Wilson

o
For time-poor parents, straws, sticks, pouches and powders
can seem like a quick, convenient and even healthy option.
But these oversweetened, mushy foods are creating a
generation of choosy consumers whose teeth are already
rotting

What to feed your baby instead




Young children prefer sweet

a 3-pointscale

Sucrose Sucralose Aspartame KCI
300mM 1050mM 0.40mM 2.00 mM 3.00mM 10.0 mM 100 mM 200 mM

100 1600 L0 1010 100 140 140
75 4 TS TS TE 4 s - I TS
A i = Th 4 4 . LA}
: » 8 | B -

A C

— 100
e

S5-pointscale

*

100 ; ; 100 100 ]
] L] | fa = L]
Sl 5 i+ G 4 I I LA
2? :- L] 2':5 3 ﬁ 1"- -
0 il . o= 0 -
A A C

Bobowski and Mennella, Child Obes 13:369, 2017

[Fy]
]
L=
q_'l
s}
=
w1
Wi
O
a
=
-
(g}
=
=
=
=
|




Commercial infant foods and health claims

L : L]
@ ’ P Los | ONE Food claims and nutrition facts of commercial infant foods

Table 6. High sodium or high sugar content among products with different claims *.
High sodium 30mg) p value
Total 363 85 (
Food daim
Composition claim
Yes 0.001
No
Nutrition claim
Yes
No
Health claim
Yes
No
Salt related claim
No added salt
Yes 9 0 0.013*
No
No added seasoning

No

Sugar claim

No added sugar
Yes

No

! Data are presented as the number (percentage).

v chi-square test.

Koo et al. PLoS One 13:e0191982, 2018



Could this be the reason for obesity in
6-month olds?

INGREDIENTS (Powder)
((U) Pareve®)

43.2% Corn syrup solids,
14.6% soy protein isolate,
11.5% high oleic safflower oil,
10.3% sugar (sucrose),

8.4% soy oill,

8.1% coconut oil

Courtesy of M. Walker



Could this be the reason for obesity in
6-month olds? 100 M

Milk Shake

Nutrition Facts
Serving Size 100 ml

Amount Per Serving

INGREDIENTS (Powder) Calories 129
((U) Pareve*)

Saturated Fat 2.835g 14%
Trans Fat -

Polyunsaturated Fat 0.212g

43 . 2 % CO rn Syru p SOl idS, ; ‘h‘: Monounsaturated Fat 1.286g

Cholesterol 15mg

14.6% soy protein isolate, S Sodium S5mg

Total Carbohvdrate 19 24a

11.5% high oleic safflower oll,

Sugars 16.57g

10.3% sugar (sucrose), —

VitaminD -

8_4% Soy Oil, Calcium 101mg 8%
8. 1 % COCO”Ut Oil Potassium 165mg 4%,

Vitamin A 47mcg 5%
Vitamin C 0.2mg 0%
* The % Daily Value (DV) tells you how much a nutrient in a

serving of food contributes to a daily diet. 2,000 calories a
day is used for general nutrition advice.

Last updated: 21 Aug 07 07:33 AM
Source: FatSecret Platform API

Courtesy of M. Walker



Added sugar content of the same Cerelac wheat product in different
countries

Country Grammes per portion

Thailand I
Ethiopia [
South Africa |

Pakistan I

India _
—

Nestlé Adds Sugar to Baby Bangladesh
Milk and Cereal in Poorer United Kingdom |
Nations Germany |

Source: Public Eye and IBFAN (2024) -« Analysis of the nutritional information appearing on the products, or, when
the added sugar content is not declared, results of laboratory analyses.

ARMANI SYED
APR 17, 2024 9:16 AM PDT

ARMANI SYED IS A WORLD AFFAIRS REPORTER AT TIME. SHE COVERS GLOBAL AFFAIRS, WITH A FOCUS ON THE SWANA REGION, ARTS AND
CULTURE, AND ROYAL INSTITUTIONS.




Fructose in breast milk predicts weight and
fat mass at 6 mos of age

Fructose in Breast Milk
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Goran et al. Nutrients 9:146, 2017
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Endorine Updates Endocrine Updates

Seris o Shomm Melmed 3 Series Editor: Shiomo Melmed
Robert WL Lustig Edifor =l
Dbesity Before Birth =

Maternal and Prenatal Influences on the Dffspring

Obesity obeys the First Law of Thermodynamics. The rowtine assumption is that abes-
ity is the result of a mismatch between calories in and calories out; in other words, the
result of twe divergent behaviors. However, there is mounting evidence that biochemi-
cal forces can drive obligate weight gain, and that the observed behaviors of increased

intake and dec d et da hese L a d
e AR T s T T Robert H. Lustig Editor

a developmental drive toward obesity and diseage in later life. Four distinct prenatal
forces have thus far been identified: 1) genetics; 2) epigenetics; 3) developmental pro-
Obesit

gramming: and 4) envirenmental obesogens. This volume explores the evidence for
each of these in detail in human and animal modiels, and stempts to provide a cobesive

Maternal and Prenatal Influences
on the Offspring

analysis of the biochemical bases of obesity.

This volume will appeal to geneticists, developmental biologists, endocrinologists,
epidemiologists, toxicelogists, obstetrician/gynecollogists, nutritionists, veterinary
scientists, animal hushandry researchers, domestic species researchers, and obesity
researchers and practitioners.

This very timely volumie provides an in-depih schiolirdy o--—oview 0¥ eritical challevige fac-
g oner society— the obevity epidemic. Dv. Robert H. L cstig b 25 0 oo ded expert authors
to dddress the fund, tal conbribuction of preprograsened yeaeco disorders leading
tor abesity, as well s the rale of very early envir tal influences. The clhapters range
Jroun elassic genetic mechanistic understanding through intra-aderine epigenetic influ-
encey, factors determining developmental progr g, it the new dinical sciemce of
perimatal abesogeres.

Cbesity Before Birth: Materrial and prematal inflisnces on the offspring, brings easily ae-
cessilile, cutting edye information lo geneticists, pediatricians, erdocrinologists, as well as
thase clinicians did setemtists prrsuing the complex yel elusive causes ofchildhood obesity
atited related disordess.
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Postulated effect of maternal fructose consumption on the offspring

Maternal diet
High fructose intake
during pregnancy
and/or breast feeding

Y 1 Y

Increased Disruption of Increased
adipogenesis hypothalamic appetite
High lipogenic development Alteration of

potential of Alteration of hunger-signalling
fructose increases pathways involved hormones
adipocyte number in regulation of and taste
and fat mass energy balance preferences

| |
v

Obesity and
metabolic disruption
in offspring
during early
development and
throughout life

Figure 1 | Links between obesity and fructose exposure during critical developmental periods.
High levels of exposure to fructose during gestation and infancy influence the development of

adipose tissue, hypothalamic signalling and appetite regulation. In turn, these changes promote
long-term obesity, metabolic dysfunction and disease.




Experimental maternal fructose ingestion:
effects on the placenta
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Experimental maternal fructose ingestion:
effects on the offspring
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Sugar and epigenetics

Table 3. Overall Unadjusted and Adjusted Associations Between Dietary Exposure and GrimAge2

B (95% ClI)

Dietary exposure Unadjusted (n = 342)? Adjusted (n = 325)°
Alternate Mediterranean diet score -0.62 (-0.91 to -0.34)°¢ -0.41 (-0.69to -0.13)°¢

Alternate Healthy Eating Index -2010 score -0.10 (-0.13 to -0.06)¢ -0.05 (-0.08 to -0.01)¢
Epigenetic Nutrient Index score -0.19 (-0.29 to -0.08)° -0.17 (-0.29 t0 -0.06)¢
Added sugar, g 0.02 (0.01 t0 0.04)° 0.02 (0.01 t0o 0.04)°

4 Open.

Original Investigation | Genetics and Genomics

_Esse_nt!al Nutrients, Adc_]ed Sugar Intake, and Epigenetic Age Table 4. Overall Adjusted Associations for Diet Quality Scores and Added Sugar With GrimAge2
in Midlife Black and White Women Where Dietary Exposures Are Combined Among 325 Participants

NIMHD Social Epigenomics Program

Dietary exposure model® Adjusted B (95% CI)°
Dorothy T. Chiu, PhD; Elissa June Hamlat, PhD; Joshua Zhang, PhD; Elissa S. Epel, PhD; Barbara A. Laraia, PhD, MPH, RD Model 1: aMED and added sugar
aMED score -0.29 (-0.58 to -0.00)°

__ | Added sugar, g 0.02 (0.00 to 0.03)°

Model 2: AHEI-2010 and added sugar
AHEI score -0.03 (-0.07 to 0.01

Added sugar, g 0.02 (0.00 to 0.03)°

Model 3: ENI and added sugar
ENI score -0.12 (-0.25 t0 0.01

Added sugar, g 0.02 (0.00 to 0.03)°

Abbreviations: AHEI-2010, Alternate Healthy Eating Index 2010; aMED, Alternate Mediterranean Diet; ENI, Epigenetic
Nutrient Index.

Chiu et al. JAMA Network Open 7:€2422749, 2024



HOME > NEWS » ALLNEWS » BRITAIN'S POSTWAR SUGAR CRAZE CONFIRMS HARMS OF SWEET DIETS IN EARLY LIFE

NEWS = BIOLOGY

Britain's postwar sugar craze confirms harms of
sweet diets in early life

End of sugar rationing boosted diabetes, hypertension rates years later

310CT 2024 + 2:00 PMET - BY CATHERINE OFFORD




UK sugar rationing ended in 1953—
offspring born after rationing with higher diabetes and hypertension

(A) Type 2 Diabetes
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Untested hypothesis: fructose alters
epigenetics to alter prenatal brain development

Nutritional epigenetics model

Oxidative stress w/ Changes in DNA methylation fOl’ autism and ADHD
OP exposures Pb > L patterns

accumulation

PONT1 inhibition w/Pb & Hg .
exposures, less PON1 activity Problem beha_\"OUf s
w/Ca loss and Se deficits (symptoms) and impaired
: learning Oxidative stress . Blood testing shows
w/Hg & Pb A elevated Hg and/or Pb

A : . accumulation in levels and low Se, DHA, EPA
blood

) Metallothionein (MT) ’ '
Dietary HFCS —» Mineral imbalances SPRORWRI LR 1058 S

(Zn & Ca losses, Cu gain) Yellows #5, Gugen ) '

#6 —» Znloss .

‘ , Unhealthy diet »
Dietary [-Hg & Pb Ultra-processed foods : / Healthy \
exposures, Se and fatty < containing food colors, "" diet '
+ Ca - Calcium acid deficits vegetable oils, refined / intervention
* Cu - Copper sugars, OP pesticides /
* DHA - Docosahexaenoic acid By &L —
* EPA - Eicosapentaenoic acid -
* HFCS - High-fructose '
corn syrup
* Hg = Mercury
« OP - Organophosphates ‘ Improved behaviours, ] Family adoption of
+PON1 - Paraoxonase 1 < Functioning —» Learning ‘ ' healthy diet
+Pb - Lead
* Se - Selenium
*Zn~-Zinc

Dufault et al. World J Clin Pediatr 12:25, 2023
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Feb 1, 2012
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Komodo dragons and The source of the How Charles Philip Lawley and thej
s could reduce fire selfis in the brain’s wiring, Dickens drew on nce, but discovery that DNA damage
not individual neurons p.31 left room for wonder p.32 can cause cancer p.36

SWEET AND VICIOUS

The case against sugar. By Gary Taubes

New York Times,
April 17, 2011

The toxic truth about sugar

Added sweeteners pose dangers to health that justify controlling them like alc
argue Robert H. Lustig, Laura A. Schmidt and Claire D. Brindis.




Summary

Fructose, the sweet molecule of sugar, is preferentially turned into liver fat
That fat precipitates in the liver, leading to insulin resistance and NAFLD

Fructose also generates advanced glycation endproducts, which inhibit
mitochondrial function

Fructose effects gut permeability, inflammation, and autoimmunity

Fructose (and insulin) affect the brain, leading to addiction, depression,
dementia, cognitive decline, and irritability

Kids’ and baby food are oversweetened on purpose

Maternal fructose ingestion can cross into breast milk, and possibly
increase infant weight gain and body fat

Fructose can also cross the placenta, leading to placental insufficiency,
and induction of fat-making enzymes in the fetus, and possibly epigenetic
changes that could lead to long-term brain alterations



