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What are the health implications
of these findings?
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Risk vs. Causation

Abnormal folate metabolism
and mutation in the
methylenetetrahydrofolate
reductase gene may be maternal
risk factors for Down syndrome.

More than 40 studies from around the world

Am J Clin Nutr. 1999 Oct;70(4):495-501

Read full text at: http://ajcn.nutrition.org/content/70/4/495.full.pdf+html
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Folate: A money analogy
that makes cents sense.

So what the heck is the
methylenetetrahydrofolate
reductase gene (MTHFR)
and why do a few of the
studies not find an
association to Down
syndrome?

We can’t tell what denominations
your money is in.

The Folate Cycle
THF = tetrahydrofolate
DHF = dihydrofolate

• If I ask you how much money you
have in your purse, and you answer:

• What does this tell me about the form
your money is in?

Functional deficiency
• What if you want
to park at a
parking meter
that accepts only
quarters, and
you do not have
any quarters?
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Elevated homocysteine

Homocysteine, folate, methylation and
monoamine metabolism in depression
–J Neurol Neurosurg Pyschiatry 2000;69(2):228-32

What are the implications?

Depression Linked to Heart Disease

Full text available at: http://www.pubmedcentral.nih.gov/picrender.fcgi?
artid=1737050&blobtype=pdf

Cardiovascular Disease
• Elevated homocysteine is an independent risk factor
for vascular disease

Depression has been shown
to be an independent
risk factor for coronary artery
disease and vice versa.

– Hyperhomocysteinemia: an independent risk factor for
vascular disease
» N Engl J Med 1991 Apr 25;324(17):1149-55

– Plasma total homocysteine and cardiovascular and
noncardiovascular mortality: the Hordaland Homocysteine
Study.
» Am J Clin Nutr 2001 Jul;74(1):130-6

•
–Arch Gen Psyschiatry 2004 Apr;61(4):369-76.
–Eur Heart J. 2004 Jan;25(1):3-9.
–Prostaglandins Leukot Essent Fatty Acids 2004 Apr;70(4):56,349

Folate and homocysteine metabolism: therapeutic targets
in cardiovascular and neurodegenerative disorders.
» Curr Med Chem 2003 Oct;10(19):1923-9
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Alzheimer’s Disease
• Elevated homocysteine is an
independent risk factor for
Alzheimer's disease.
–
–
–
–

Neuroscience 2007 Mar 30;14593):942-54
Neuroscience 2007 Mar 30;14593):942-54
N Engl J Med. 2002 Feb 14;346(7):476-83.
Neuroreport. 2003 Jul 18;14(10):1391-4.

Mothers who gave birth to a DS child before the age of 35 are 4 to
5 times more likely to develop Alzheimer’s than control mothers.
Neurology. 2001 Sep 25;57(6):979-84.
Lancet. 1994 Aug 6;344(8919):353-6.

Cancer
Epidemiology studies have shown
an association of low folate intake
with an increased occurrence of
certain cancers.

Cancer

• Folic acid impacts
cancer risk in the
following ways:
– DNA methylation (gene
expression)
– DNA synthesis
• Uracil and DNA repair

– Detoxification of chemicals
and control of oxidative
stress
• Methylation of chemicals
• Glutathione (GSH)
– GST helps inactivate
chemical carcinogens into
less toxic or inactive
metabolites

Lancet. 2013 Jan 24.

Concern arose
that taking
supplemental folic
acid might
increase the
occurrence of
cancer.

Effects of folic acid supplementation on
overall and site-specific cancer incidence
during the randomised trials: meta-analyses
of data on 50 000 individuals.

Individuals who
took folic acid
supplementation
for 5 years or less
were not
significantly more
likely to develop
cancer than those
who took placebo.
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Can you impact chromosomal instability?

“Both DS individuals and
parents of DS children
exhibit higher frequencies
of MN induced by
genotoxicants compared
to controls, showing
genomic instability….”
Full text at: http://www.scielo.br/pdf/bjmbr/v45n7/1671.pdf

Homocysteine and Mitochondria
“Intervention studies in humans show (a) that DNA hypomethylation,
chromosome breaks, uracil incorporation and micronucleus formation
are minimised when red cell folate concentration is greater than
700nmol/L and (b) micronucleus formation is minimised when plasma
concentration of vitamin B12 is greater than 300pmol/L and plasma
homocysteine is less than 7.5µmol/L. These concentrations are
achievable at intake levels at or above current recommended dietary
intakes of folate (i.e. >400µg/day) and vitamin B12 (i.e. >2µg/day)
depending on an individual's capacity to absorb and metabolise these
vitamins which may vary due to genetic and epigenetic differences.”

• Correlation of plasma homocysteine and
mitochondrial DNA content in peripheral blood in
healthy women Atherosclerosis. 2001 Oct;158(2):399-405.
– A physiologic range of total plasma homocysteine (tHcy) was
shown to have the following significant relationship:.

tHcy

mtDNA content

Reminder: Elevated homocysteine has been found in DS moms

Homocysteine and Brain Development
• Mitochondrial dysfunction and molecular
pathways of disease Exp Mol Pathol. 2007 Jan 17
– “A wide range of seemingly unrelated disorders, such as
schizophrenia, bipolar disease, dementia, Alzheimer's disease,
epilepsy, migraine headaches, strokes, neuropathic pain,
Parkinson's disease, ataxia, transient ischemic attack,
cardiomyopathy, coronary artery disease, chronic fatigue
syndrome, fibromyalgia, retinitis pigmentosa, diabetes, hepatitis C,
and primary biliary cirrhosis, have underlying pathophysiological
mechanisms in common, namely reactive oxygen species
(ROS) production, the accumulation of mitochondrial DNA
(mtDNA) damage, resulting in mitochondrial dysfunction.
Antioxidant therapies hold promise for improving mitochondrial
performance.”
– “diets deficient in micronutrients can accelerate mitochondrial
decay and contribute to neurodegeneration”

• An animal model of maternal elevated
homocysteine produced offspring with:
– Altered fetal brain development
– Reduced learning abilities
– Increased lipid peroxidation in the brain

• Indicates oxidative stress (sustained in progeny)
– Mitochondria are especially sensitive

– Increased brain DNA fragmentation
– Abnormalities mitigated by using melatonin
•
•
•
•
•

Int J Dev Neurosci. 2010 Jun;28(4):325-9
J Pineal Res. 2008 Mar;44(2):181-8.
Bull Exp Biol Med. 2008 Jul;146(1):33-5
J Pineal Res. 2007 Oct;43(3):225-31.
Am J Pathol. 2007 Feb;170(2):667-79.
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Valproic acid
• Is an anti-seizure medication
• Patients on Valproic acid have been shown to have:
– Elevated homocysteine and decreased folate

Microglial
activation is a
consistent finding
in autism

•
•
•
•
•
•
•

Prog Neuropsychopharmacol Biol Psychiatry. 2008 Apr 1;32(3):844-8
Epilepsy Res. 2006 Oct;71(2-3):229-32
Seizure. 2006 Mar;15(2):79-85
Eur J Paediatr Neurol. 2000;4(6):269-77
Epilepsy Res. 2000 Oct;41(3):253-7
Brain Dev. 2003 Mar;25(2):113-5.
Acta Neurol. Scand. 69:226-231

Hcy

folate

Valproic acid
• Gestational valproic acid exposure is used as
an animal model for autism as well as being
implicated in the development of autism in
human fetuses exposed during critical time
points during gestational development.
– Proc Natl Acad Sci U S A. 2007 Aug 14;104(33):13501-6
– Full text available at:

http://www.pubmedcentral.nih.gov/picrender.fcgi?artid=1948920&blobtype=pdf

The association between folic acid and
reduced ASD risk was strongest for
mothers and children with MTHFR 677
C>T variant genotypes.

Elevated homocysteine:

How
Can I
Fix it?
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Multiple pathways leading to elevated homocysteine include:
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Serum concentrations of
vitamins A, E, C, and folate
are inversely related to
consumption of high
calorie, nutrient poor foods

-------------------Increasing homocysteine

Full text at; http://ajcn.nutrition.org/content/72/4/929.full.pdf+html

Plasma vitamin C, cholesterol and homocysteine are
associated with grey matter volume determined by MRI
Neurosci Lett. 2003 May 8;341(3):173-6.

Lower brain grey matter was associated with:
Lower blood cell folate
Lower plasma vitamin C
Higher homocysteine
Higher cholesterol

Am J Clin Nutr 2000;72:926-36

• This study can be printed out and
taken to your doctor to tailor a
supplement program which will bring
your homocysteine down and slow the
brain atrophy associated with elevated
homocysteine.
• The full text is available at:
– http://www.plosone.org/article/info%3Adoi
%2F10.1371%2Fjournal.pone.0012244

EDNP food
consumption

(Junk Food )

Energy
Dense
Nutrient
Poor foods
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Oxidative Stress in Normal-Weight Obese Syndrome
Obesity (Silver Spring). 2010 Nov;18(11):2125-30.
Glutathione (GSH) concentration was negatively related to
weight, body mass index, waist circumference, percent fat
mass, and IL-6.

------glutathione

--------------------IL-1

fat

TNF-alpha
Weight
BMI
Waist
% fat mass
IL-6

More obesity blues: Research
shows brains of obese people
have less tissue

IL-6
Leptin
Activated Macrophages

Obesity news
• Brain Structure and Obesity

UCLA- Pittsburgh study finds braintissue loss increases risk of
Alzheimer's

– Hum Brain Mapp 2009 Aug 6
– Raji CA et al.

By Mark Wheeler | 8/25/2009
12:57:53 AM

Now there is more discouraging
news.

“…it is clear that maternal high-fat diet has a profound
influence on the innate immune response of the offspring, in
both the periphery and the brain, and that this has enduring
consequences for cognition…”
A high saturated fat diet altered the immune system of the
offspring with increased microglial activation in their brains.

Males were more sensitive than females.
Full text at: http://www.fasebj.org/content/24/6/2104.full.pdf+html

• BMI > 30 showed brain atrophy in:
– Frontal lobes, anterior cingulate
gyrus, hippocampus and thalamus
er’s
Alzheim
disease

Obesity is on a rampage. The
World Health Organization pegs
the number of those affected at
more than 300 million
worldwide, with a billion more
overweight. With obesity comes
an increased risk of
cardiovascular disease, type 2
diabetes and hypertension.

Adipocyte

Cortisol

• BMI: 25-30 showed atrophy in:
– Basal ganglia and corona radiata

Full text at:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2826530/pdf/nihms-133574.pdf

Maternal Early Life Factors Associated
with Hormone Levels and the Risk of
Having a Child with an Autism
Spectrum Disorder in the Nurses
Health Study II.
BMI at age 18 of >/=30 was significantly
associated with increased risk of ASD
(RR 2.03, 95% CI 1.34, 3.08, p = 0.0008)
J Autism Dev Disord. 2010 Aug 10
Lyall K. et al.
Full text at:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3494408/pdf/nihms-415328.pdf

8

4/17/13

Maternal high fat diet consumption
during the perinatal period
programs offspring behavior.

2010

A word about phytonutrients
Food for the aging mind (Please, please, please read this!)

Physiol Behav. 2012 Oct 17

2011
2012

Maternal metabolic conditions and
risk for autism and other
neurodevelopmental disorders.

• www.ars.usda.gov/is/AR/archive/aug07/aging0807.htm

Pediatrics. 2012 May;129(5):e1121-8.

Maternal obesity and diabetes are
linked to children's autism and
similar disorders.
BMJ. 2012 Apr 17;344:e2768.

A word about phytonutrients

• Reversing the deleterious effects of aging on neuronal
communication and behavior: beneficial properties of fruit
polyphenolic compounds.
• Am J Clin Nutr 2005 Jan;81(1 Suppl):313S-316S
• full text available at http://www.ajcn.org/cgi/reprint/81/1/313S

A word about phytonutrients

• Fruit and vegetable consumption and proinflammatory gene
expression from peripheral blood mononuclear cells in young
adults: a translational study Nutr Metab (Lond)2010 May 13;7:42.
• This study showed an inverse association of homocysteine to fruit
and vegetable consumption and suggests “a new clinically relevant
mechanism concerning prevention of subclinical inflammation status
in healthy adults by a high intake of fruits and vegetable
consumption.”
• full text available at
http://www.nutritionandmetabolism.com/content/pdf/
1743-7075-7-42.pdf

This finding suggests that maternal
inflammation may have a significant role in autism, with
possible implications for identifying preventive strategies and
pathogenic mechanisms in autism and other
neurodevelopmental disorders.

Serum C-reactive protein was significantly inversely associated with intakes
of fruit, vitamin C and folate. Serum IL-6 was inversely associated with
intakes of legumes, vegetables, beta carotene, and vitamin C.
“These results show that increased consumption of fruit and vegetables
and, therefore, antioxidant and flavonoid intake, begin to have an effect on
markers of inflammation and oxidative stress early in life….”
Full text at:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2676354/pdf/nihms-102740.pdf
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Health Equation

Nutrient Density
• A nutrient density standard for vegetables and fruits:
nutrients per calorie and nutrients per unit cost.

• Eat foods high in nutrients and
low in calories.

J Am Diet Assoc. 2005 Dec;105(12):1881-7.

– “Energy density and nutrient density score were negatively
correlated, confirming the widely accepted notion that energy-dense
foods tend to be nutrient-poor.”

• Junk Food defined
– low nutrients with high calories

– “… fruits and vegetables had the highest nutrient density score
because they were nutrient-rich in relation to their low energy
content.”

ORAC
Values

Am J Med. 2013 Apr 2.

• ORAC: Oxygen Radical Absorbance Capacity

Total Antioxidant Capacity of Diet and Risk of Heart
Failure: A Population-based Prospective Cohort of Women
Followed 33,713 women for 11.3 years. Age: 49-83 yrs

• Method for measuring antioxidant capacity of foods
• ORAC database for 277 food items used to be found at:
– http://www.ars.usda.gov/Services/docs.htm?docid=15866
– This has now been removed and replaced by a message:
– “We know now that antioxidant molecules in food have a wide range
of functions, many of which are unrelated to the ability to absorb
free radicals.”

Food description
Apple juice,unsweetened
without added ascorbic acid
Apple, Red Delicious,raw,
without skin
Apple, Red Delicious,raw
with skin
Applesauce,unsweetened,
without added ascorbic acid
Artichoke (globe or French)
raw
Artichoke (Ocean Mist)
boiled
Blueberries, raw

Total-ORAC

Total antioxidant capacity (TAC) from the diet
[not from supplements] was determined from using
the ORAC assay.
TAC was inversely associated with heart
failure independent of smoking, BMI
physical activity and educational
level.

Calories

408

47 Kcal

2936

48 Kcal

4275

52 Kcal

1965

43 Kcal

6552

47 Kcal

9416

53 Kcal

6552

57 Kcal

Data obtained from the USDA tables prior to their removal
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Every time
you shop
you are
casting a vote
for illness
or health;

VOTE
WISELY !

You really
are
what you
eat!

I thank God for our beautiful
children!
Parents; thanks for listening.
Please take care.
Read full text at:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3600510/pdf/ITX-5-117.pdf
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