Toxic Food + Toxic Environment
-> Functional Impairment

Our Mission
 Promote and support research and

education on food ingredient safety for
the purpose of disease prevention
 Provide online platform for consumer
education on nutrition and food
ingredient safety through the study of
gene-environment interactions using a
macroepigenetic approach.
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A macroepigenetic approach
presented by

Renee Dufault
Executive Director (FIHRI)
Principal Investigator & Researcher
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What is macroepigenetics?
 Macroepigenetics is defined as the

process of examining food supplies and
their impact on body metabolism and
gene function along with what is known
about environmental exposures across
populations (Dufault et al., 2012).
Dufault, R., Lukiw, W.J., Crider, R., Schnoll, R., Wallinga, D., & Deth, R.
(2012). A macroepigenetic approach to identify factors responsible for
the autism epidemic in the United States. Clinical Epigenetics, 4, 2.
http://www.clinicalepigeneticsjournal.com/content/4/1/6
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Per Capita U.S. Food Consumption
(2010 - Availability)

Food Crop

Pounds /Person/Yr

Total Corn Sweeteners -incl. High
Fructose Corn Syrup (HFCS)

37.8

Fresh Spinach / Frozen

0.87/ 0.30

Canned Tuna

2.1

Peanuts

6.2

Wheat

95.0 (give or take a few oz.)

Peaches

2.02

Vegetable Oils

36

Brazil Nuts

< 0.5
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What food do we eat A LOT of?
In 2009, American
per capita
consumption of
flour and cereal
products made
from wheat was
134.6 pounds.
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What food do we eat A LOT of?
• According to the USDA, we eat a lot of wheat
– 95 pounds/year per person – on average.
• Pesticide Data Program finds OP residue.
Year

2004
2005
2006

% of Wheat
Samples
w/Chlorpyrifos
Methyl
20.8
23.1
16.7

% of Wheat
Samples
with
Malathion
49.4
66.9
63.0

Annual
Consumption
Per Person
(lbs. Wheat)
94.8
94.6
95.6
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• We also eat a lot of corn – although
consumption decreased from 52 pounds to
49 pounds from 2007 to 2008.
Year

% of Corn
% of Corn Annual
Samples
Samples
Consumption
w/Chlorpyrifos with
Per Person
Methyl
Malathion (lbs. Corn)
2007 30.0
37.9
51.9*
2008 17.8
33.7
49.3*
*refers to annual per capita consumption total corn
sweeteners (high fructose corn syrup, corn syrup,
dextrose, etc…). The primary use of corn is for the
production of corn sweeteners.
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Organo Phosphate (OP) Exposure
 OP residue in wheat end products can be

detected at low levels (Skerritt et al .
1996)
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Organo Phosphate (OP) Exposure
 Organo Phosphate (OP) pesticides are

neurotoxic.
 Chronic, low level exposures may contribute
to Attention-Deficit Hyperactivity Disorder
prevalence (Bouchard et al. 2010).
 Chlorpyrifos is the most extensively studied
OP - a contributing factor in the
development of autism – PDD (Rauh et al.
2012).
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Organo Phosphate (OP) Exposure
 As part of NHANES, 1,997 urine samples were

collected and analyzed for metabolites (TCPY)
of Chlorpyrifos between 1999-2000 from U.S.
residents.
 CDC researchers found children 6-11 years of
age have significantly higher Chlorpyrifos
exposures than adults or teenagers (Barr et al.
2004).
http://www.cdc.gov/nchs/nhan
es/about_nhanes.htm
National Health and Nutrition
Examination Survey (NHANES)
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Organo Phosphate (OP) Exposure
 Children are high end

consumers of cereal
and bread products.
 They also consume
corn sweeteners in
beverages.
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What do Corn Sweeteners (HFCS) and
Chlorpyrifos have in common?
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HFCS’s relationship with mercury.
 In HFCS samples collected

from manufacturers and
analyzed for mercury, (we)
Dufault et al. (2009) found
mercury concentrations
ranging from below a
detection limit of 0.005 to
0.570 ug mercury per gram
HFCS. Canadian
researchers duplicated our
findings in 2010 (Rideout).
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OP’s relationship with mercury.

 Mercury exposure

can exacerbate the
toxic effects of
organophosphate
pesticide exposure
(ATSDR, 2006.
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How can co-exposure to mercury make
OP (chlorpyrifos) exposure more
harmful?
 Mercury inhibits (turns off) PON1 gene in

humans (Ayotte et al. 2010).
 PON1 gene -> produces paraoxonase.
 Paraoxonase is an enzyme involved in
preventing oxidative stress and is responsible
for reducing the toxicity of OP in humans.
 PON1 gene needs to work right to prevent
neurotoxic effects of chlorpyrifos.
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PON1 Rocks!
 PON1 -> paraoxonase is key in the

prevention of neurodevelopmental
disorders and heart disease.

http://www.proteopedia.org/wi
ki/index.php/1v04

PON1 Gene
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Can co-exposure to mercury make OP
exposure worse in North America?
 Paraoxonase gene variants are associated

with autism in North America, but not Italy:
possible regional specificity in geneenvironment interactions (D’Amelio et al.
2005).
 Translation - PON1 genetic variation is
associated with autism in North America.
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Why is there a PON1 gene variation in
North America and not in Italy?
 Fructose modulates PON1 gene activity

(Ackerman et al., 2010, Costa, Giordano, &
Furlong, 2011).
 North Americans consume sig. more high
fructose corn syrup (HFCS) than Italians.
 Italians eat sugar made from sugar beets.
 Only 5% of total sugar production in the EU
can be attributed to HFCS (EFIC, 2012).
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Sugar Consumption in the U.S.
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How does consumption of HFCS
impact PON1 activity?
 Consumption of HFCS leads to calcium loss in

humans (Milne & Nielson, 2000).
 PON1 activity is calcium dependent – less
calcium availability means less PON1 activity.
 HFCS may also contain mercury.
 Mercury and fructose both inhibit PON1
(Ayotte et al. 2010, Ackerman et al., 2010,
Costa, Giordano, & Furlong, 2011).
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Can PON1 be modulated with
dietary changes?
 Yes! Just as toxins can suppress PON1 activity,

elimination of toxins can enhance PON1
activity.
 If PON1 gene activity is impaired in children
with autism (Pasca et al. 2010), and fructose
is known to modulate PON1 activity, then
does fructose consumption create conditions
for the development of autism?
 No studies done yet to look at this scenario.
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Any correlation between the
consumption of HFCS and autism?
Mercury exposure,
nutritional deficiencies and
metabolic disruptions may
affect learning in children.
Dufault et al. Behavioral
and Brain Functions. 2009;
5:44.
Net Growth in Persons
Diagnosed with ASD in CA Per Capita Consumption of
High Fructose Corn Syrup in
the US, 1987-2006
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How many other ways can HFCS
lead to the development of autism?
 With dietary Ca losses, consumption of HFCS

can lead to the bioaccumulation of Pb.
 Consumption of HFCS also leads to Zn loss
and Cu gain in humans (Ivaturi & Kies, 1992)
 Zn is required to support the MT metal
transporter protein (Coyle, 2002).
 Humans can’t excrete metals without MT.
 Autistic children are often zinc deficient and
have MT dysfunction (Faber et al. 2009).
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Children with autism accumulate toxic
metals in their bodies.
 Mercury turns on the MT (HMTIIA) stress
gene (Sutton DJ et al. 2002).
 In autistic children MT does not work right
(Faber S et al. 2009).
 Toxic metals like mercury and lead
accumulate in the red blood cells of autistic
children (Adams et al. 2012).
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Mercury
Accumulation

Impaired Learning
in Children w/ASD
Consumption of HFCS
-> Mineral Imbalances
(Zinc Loss and Copper
Gain)

MT Dysfunction in Children
with Autism (ASD) –
Zn/Cu Ratio sig. < 1

Metallothionein (MT) gene
expression

Zn

Cu

Mercury Excretion

Mercury
Exposure
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What does HFCS do to our liver?
 Consumption of HFCS also leads to

phosphorus loss in humans (USDA - Milne
and Nielson, 2000).
 Phosphorus is required to regulate genes that
control food intake (Obeid et al. 2010 ,
Samson and Wong, 2002).
 HFCS consumption linked to NAFLD, obesity,
insulin resistance, Type 2 diabetes, and
metabolic syndrome in humans. (Lustig,
2010).
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What does HFCS do to our liver?
 http://www.youtube.com/watch?v=dBnniua

6-oM Presentation by UCSF Pediatric
Endocrinologist, Dr. Rob Lustig
 Metabolism of fructose similar to that of
alcohol –> leaky gut, etc.. (Lustig, 2010).
 Many children with autism have leaky guts
(de Magistris et al. 2010).
 Is Autism a variation of Fetal Alcohol
Syndrome? Is HFCS a toxic substance?
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What do alcohol and HFCS
consumption have in common?
Chronic Ethanol Exposure

Chronic High Fructose Corn Syrup
Exposure
Hypertension (in humans)
Hypertension (uric acid levels up in
humans)
Heart Disease
Heart Disease
Obesity (in humans)
Obesity (insulin resistance in human
children)
Leaky Gut (malnutrition in humans) Leaky Gut (malnutrition in humans)

Fetal Alcohol Syndrome
Hepatic Steatosis (in humans)
PON1 Decreases (in humans)

Leptin Resistance (in humans)
Autism
Non-alcoholic Fatty Liver Disease (in
humans)
PON1 Decreases (in rats)
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Gene-Environment Interactions =
Epigenetics
 When toxic substances turn genes on or off

these interactions occur outside of the gene.
 The study of these interactions is called Epi
(outside the gene) genetics –> Epigenetics.
 Inorganic mercury activates nine different
stress genes in human liver cells (Sutton et
al. 2002).
 HFCS may contain inorganic mercury
(Dufault et al. 2009, Rideout, 2010).
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Elevated Hg
in Blood of
Humans
Blood Mercury Levels Rising Among U.S. Women
Study uncovers big jump between 1999-2006, especially among older
females
Posted: August 24, 2009
MONDAY, Aug. 24 (HealthDay News) -- A study involving more than 6,000
American women suggests that blood levels of mercury are accumulating
over time, with a big rise noted over the past decade.
Using data from the U.S. Centers for Disease Control and Prevention's
National Health and Nutrition Examination Survey (NHANES), a researcher
from the University of California, Los Angeles, found that while inorganic
mercury was detected in the blood of 2 percent of women aged 18 to 49 in
the 1999-2000 NHANES survey, that level rose to 30 percent of women by
32
2005-2006. (Laks, 2009)

Where is the mercury coming from?

updated 5/5/2011 1:04:23 PM ET
By KARL RITTER
STOCKHOLM— Global mercury emissions could grow by 25 percent by 2020
if no action is taken to control them, posing a threat to polar bears, whales
and seals and the Arctic communities who hunt those animals for food, an
authoritative international study says.
The assessment by a scientific body set up by the eight Arctic rim countries
also warns that climate change may worsen the problem, by releasing
mercury stored for thousands of years in permafrost or promoting chemical
processes that transform the substance into a more toxic form.
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Mercury Cycle

34

48 tons of mercury emitted annually
from 1,100 coal burning power plants
in the U.S. – coal remains unregulated
for Hg emissions (2012).
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Coal Fired Power Plants in the U.S. Canada
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Where is all that U.S. mercury going?
 The mercury pollution is carried

northward by winds to northern Canada
and the polar ice caps where the Inuit
live.
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How are the Inuit fairing?
The Inuit women and children in the Arctic
Circle are serving as guinea pigs for the
rest of us. In one study, lead and total
mercury levels were detected in more than
95% of all umbilical cord blood samples
collected from four hundred and seven
(407) Inuit and Canadian women living in
Arctic Canada (Butler WJ et al, 2006).
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Mercury From China
The northwestern
part of the U.S. and
Alaska receives
mercury pollution all
the way from China
(Strode et al, 2008).
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Mercury Alters Gene Function ->
Protein Damage and Cell Destruction
 Inorganic form of mercury can be bound in

airborne nanoparticles or in gaseous form ->
exposure via inhalation.
 Air pollutants -> neuro-inflammation in
exposed children and young adults (CalderonGarciduenas & Torres-Jardon, 2012)
 Association found between hazardous air
pollutants in SF Bay Area and ASD (Windham et
al. 2006).
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Mercury Alters Gene Function ->
Protein Damage and Cell Destruction
 3.7% increase in

autism (ASD) rates
of school age
children living near
coal fired power
plants in Texas
(Palmer et al.
2008).
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What about mercury in fish?

42

Toxicity of Mercury from Fish
Consumption
 Toxicity of mercury in fish depends on –

selenium and PON1 activity.
 Need enough dietary selenium to support
glutathione production.
 Glutathione is needed by the body to
excrete mercury (Chen et al. 2006).
 A single atom of inorganic mercury can bind
to and cause irreversible excretion of up to
two glutathione tripeptides (Sutton et al.
2002, Zalups and Lash 1996, Quig, 1998).
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What do we know about glutathione?
 In addition to mercury excretion, glutathione

protects your cells from destruction by crazy
oxygen atoms (ROS).
 The Se:Hg ratio is key -> glutathione protection
factor.
 The closer this ratio is to one, the better - in
an indigenous fish eating population that does
not eat HFCS (Vasconcellos et al. 1994).
 Glutathione oxidation-reduction system needs
phosphorus to work right.
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Can Se protect against Hg exposure
from fish consumption?
 Yes, Se protective against Hg exposure (Chen et

al., 2006).
 In the Inuit, blood Se concentrations were
positively associated with PON1 activities
(Ayotte et al. 2011).
 Selenium levels go up with PON1 levels.
 Blood Hg levels in the Inuit indicate mercury
exposure from fish consumption inhibits PON1
gene expression (Ayotte et al. 2011).
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Per Capita U.S. Food Consumption
(2010 - Availability)

Food Crop

Pounds /Person/Yr

Total Corn Sweeteners (incl. HFCS with
mercury residue, depletion of Zn, P, Ca)

38

Fresh Spinach / Frozen (rich in Mg, Ca)

0.87/ 0.30

Canned Tuna (source of Hg exposure)

2

Peanuts (rich in P)

6.2

Wheat (with freq. OP residue)

95

Peaches (rich in Vitamin C)

2

Vegetable Oils (excess Omega-6 leads to
Obesity in mom & increased risk of
autism)

36

Brazil Nuts (great source of Se)

< 0.5
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Number of U.S. students ages 6-21 served
under IDEA by disability category and year
Year

Autism

OHI
(often
ADHD)

ED

Speech/
Language

Developmental All
Delay (3-9 yrs.) Disabilities

2005

193,637

561,028

472,384

1,157,215 79,070

6,109,569

2006

224,594

599,494

458,881

1,160,904 89,931

6,081,890

2007

258,305

631,188

440,202

1,154,165 88,629

6,007,832

2008

292,818

648,398

418,068

1,121,961 96,923

5,889,849

2009

333,234

678,970

405,475

1,107,428 104,528

5,882,157

2010

370,011

704,250

387,556

1,090,378 109,121

5,822,808

2011

407,214

734,348

371,600

1,071,555 115,642

5,789,884

% change 110%
(2005increase
2011)

31 %
increase

7%
21%
decrease decrease

46% increase

5 % decline
in over all
SPED cases

https://www.ideadata.org/PartBData.asp
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Can dietary changes lead to
improvements in learning outcomes
or student behavior? YES!
 In addition to their normal delivery of special

education services, children have shown
significant improvements in many areas of
social interaction, concentration, writing,
language and behavior with targeted
nutritional interventions or dietary changes
(James et al. 2009, Patel & Curtis, 2007, Carter
et al., 1993).
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What can special educators do?
 Educators can understand that genes may

turn on and off with fluctuations in diet and
exposure to toxins (OP, lead, mercury,
cadmium, fructose).
 Educators can learn which food ingredients
are likely or allowed to contain mercury,
cadmium or lead.
 Educators can learn how to assess a
student’s environment to determine
potential factors that may be contributing to
his/her disability.
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What can special educators do?
 Special educators can work with a nutrition

specialist to develop a nutrition intervention
plan to incorporate as an element in the
student’s IEP, when appropriate.
 Such a plan would be based on interviews with
the parents and the completion of an
environmental health assessment (checklist).
 Special educators would of course be trained
on how to conduct this type of interview and
assessment.
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What can special educators do?
 Special educators could be trained in

nutrigenomics to understand how specific
nutrients regulate specific genes and what
foods can be eaten to enhance child
development.
 Special educators could be trained to know
when an elimination diet might be beneficial to
include in a nutrition intervention plan and
how to guide the parents in safely
implementing the plan.
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Why should SPED teachers be
targeted for this expanded training?
 Because the child’s problem often becomes

apparent once he enters school.
 Parents don’t know what to do.
 Few medical doctors have training in
nutrition (Adams, Kohlmeier & Zeisel, 2010).
 Because outside of parents, few individuals
spend as much time with these children.
 Behavior support plans will be more effective
with appropriate dietary changes.
53

Take Home Facts
 We eat high fructose corn syrup in such a great

quantity as to create mineral imbalances that
destroy out ability to process and excrete
heavy metals and organophosphate pesticides
(OP).
 Our children are increasingly at risk of
developing learning disorders – those found in
the autism spectrum, and ADHD.
 We are being exposed to more mercury and it
is increasingly being stored in our bodies just
like in other mammals.
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Take Home Facts
 From 2005-2011, the number of American

children ages 6-21 receiving special education
services has increased 110% for autism and
42% for developmental delay (PDD).
 Special Education teachers can be trained to
make an even bigger difference in the lives of
the children they serve!
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Are Mercury, HFCS, and OP epigenetic
factors associated with the development of
autism or the prevalence of autism in North
America? Yes!
 A macroepigenetic

approach to identify
factors responsible for
the autism epidemic in
the United States.
Dufault et al. Clinical
Epigenetics. 2012,
5:44.
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