Toxic Food + Environment =
Macroepigenetic Factors -> Autism
Epidemic in the U.S.

http://www.foodingredient.info/

Number of special education students ages 6-21
served by disability category and year
Year

Autism
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(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

https://www.ideadata.org/PartBData.asp

5 % decline
in over all
SPED cases

What are the factors most responsible for
the autism epidemic in the U.S.?
• PON1 gene variants associated with autism in
subgroups of the U.S. but not in Italy.
• Autism prevalence in the U.S. is 10 times
higher than in Italy.
• We compared the diets of these two
populations with different rates of autism.
• We also looked at mercury exposures in both
populations - dental amalgam, coal fired
power plant emissions, thimerosal and fish.

What does the PON1 Gene do?
 When it is working properly, PON1 ->

paraoxonase which is required by the
body to metabolize and excrete
organophosphate (OP) pesticides.

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

PON1 Gene

Children with autism often have low
paraoxonase levels. This means they have
difficulty metabolizing OP pesticides
(commonly found in wheat and corn
grains).

What can modulate or suppress the PON1
gene in the U.S. to create more autism?
• Exposure to heavy metals such as mercury,
copper, cadmium.
• Exposure to certain pharmaceutical drugs
(e.g. statins).
• Smoking.
• Excessive alcohol.
• Diet (high fructose corn syrup in particular)
• Age.

U.S. Per Capita Food Consumption
(2010 - Availability)
Food Crop

Pounds /Person/Yr

Total Corn Sweeteners (high fructose
corn syrup sometimes w/mercury)

38

Fresh Spinach / Frozen

0.87/ 0.30

Canned Tuna

2.4

Peanuts

6.2

Wheat (sometimes with OP pesticide
residue)

95.0 (give or take a few oz.)

Peaches (sometimes with OP residue)

2.46

Vegetable Oils

36

Brazil Nuts (great source of Se)

< 0.5

Organo Phosphate (OP) Exposure
 OP residue in wheat end products can be

detected at low levels (Skerritt et al .
1996)

Organo Phosphate (OP) Exposure
 Children are high end

consumers of cereal
and bread products.
 They also consume
corn sweeteners in
beverages.

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.
2006).

Organo Phosphate (OP) Exposure
 As part of NHANES, 1,997 urine samples were

collected and analyzed for metabolites (TCPY)
of Chlorpyrifos (OP) between 1999-2000 from
U.S. residents.
 CDC researchers found children 6-11 years of
age have significantly higher (OP) Chlorpyrifos
exposures than adults or teenagers (Barr et al.
2005).
http://www.cdc.gov/nchs/nhan
es/about_nhanes.htm
National Health and Nutrition
Examination Survey (NHANES)

How can co-exposure to mercury &
fructose make OP exposure more harmful?
 Mercury inhibits (turns off) PON1 gene in

humans.
 Fructose inhibits PON1 gene activity.
Dufault et al.
(2009). Mercury
from chlor-alkali
plants:
measured
concentrations
in food product
sugar.
http://www.ehjour
nal.net/content/8/
1/2

Can we explain the PON1 gene variation
associated with autism in the U.S.? Maybe,
maybe not. Do U.S. residents have more
mercury exposure than Italians?

Pacyna, J., S. Wilson, F. Steenhuisen and E. Pacyna. 2005. Spatially Distributed Inventories of Global
Anthropogenic Emissions of Mercury to the Atmosphere. (www.amap.no/Resources/HgEmissions/)

From where else might U.S. residents
get more mercury exposure than
Italians ?
 U.S. residents consume HFCS to the tune of

> 38 lbs./person/year) while Italians
generally do not.
 Why? In the European Union (EU), HFCS is
subject to a production quota because EU is a
major sugar beet producer.
http://www.eufic.org/page/en/page/FAQ/fa
qid/glucose-fructose-syrup/

How can consumption of high fructose corn
syrup make OP exposure more toxic?
 Consumption of HFCS can lead to calcium loss

in humans (USDA - Milne and Nielson, 2000).
 PON1 activity is calcium dependent. With less
calcium, less PON1 activity.
 The activity of PON1 is impaired in children
with autism -> greater susceptibility to
neurotoxic effects of OP exposure.
 HFCS consumption a factor in the development
of autism due to reduction in PON1 activity.

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.
http://www.behavioralandbrai
nfunctions.com/content/5/1/4
4

Net Growth in Persons
Diagnosed with ASD in CA Per Capita Consumption of
High Fructose Corn Syrup in
the US, 1987-2006

In addition to PON1 suppression, how else
can consumption of HFCS contribute to the
development of autism?
 Consumption of HFCS leads to zinc loss and

copper gain in humans (Ivaturi and Kies,
1992)
 Zinc required to support Metallothionein
(MT) metal transporter protein.
 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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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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Take Home Facts
 In the U.S., we eat HFCS in such a great quantity

as to create mineral imbalances that destroy
our 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.
 From 2005-2011, the number of American
children ages 6-21 receiving special education
services has increased 110% for autism and
46% for developmental delay (PDD).

Are Mercury, HFCS, and OP epigenetic
factors associated with the development of
autism or the prevalence of autism in North
America?
 Dufault, R., Lukiw, W. J., Crider, R., Schnoll, R., Wallinga, D.,

Deth, R. (2012). Macroepigenetic approach to identify factors
responsible for autism epidemic in the United States. Clinical
Epigenetics, 4:6. Retrieved from
http://www.clinicalepigeneticsjournal.com/content/4/1/6/a
bstract
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