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What You Will Learn

A new landscape for methylation support:
• Review of methylation concepts

• Metabolic methylation

• DNA methylation and epigenetics

• Issues surrounding methylation deficiency

• Issues surrounding methylation excess

• The influence of diet and environmental factors

• Why methylated B vitamins are not the whole solution

• Advanced methylation support: 3 pillars
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Methylation 101
Fundamental Concepts



Methylation Reactions

• “One-carbon metabolism” = transfer or formation 
of methyl (CH3) groups

• E.g. MTHFR, COMT, DNMT

• Often uses SAMe as methyl donor





Methylation Uses

• Cell division (DNA, RNA synthesis)

• Epigenetic regulation of gene expression

• Early CNS development (neural tube defects)

• Immune cell differentiation

• Neurotransmitter biosynthesis and metabolism (dopamine, 
norepinephrine, epinephrine, acetylcholine)

• Histamine clearance

• Detoxification and hormone biotransformation

• Cellular energy metabolism/phosphocreatine synthesis

• Phospholipid synthesis

• Myelination of peripheral nerves



“Methylation is happening in 
EVERY cell ALL of  the time”

Genes Nutr (2014) 9:419



Methylation Activity – Two Types

e.g. COMT enzyme DNA 

METABOLIC EPIGENETIC

Images from: 
https://en.wikipedia.org/wiki/Catechol-O-methyl_transferase#/media/File:Catechol-O-methyl_transferase_3bwm.png
https://en.wikipedia.org/wiki/DNA_methylation

https://en.wikipedia.org/wiki/Catechol-O-methyl_transferase#/media/File:Catechol-O-methyl_transferase_3bwm.png
https://en.wikipedia.org/wiki/DNA_methylation


DNA Methylation
The Epigenetic Regulation of Gene Expression



Genetic Methylation

• Highly regulated- some epigenetic marks very stable

• ~80% of CpG sites are methylated via DNMT enzymes 

• CpG islands are found at DNA promoter regions. 
• Off = if methylated; On= not methylated

• Histone methylation (can induce or inhibit expression)

• RNA methylation

• Mitochondrial DNA methylation (miDNMT)

• Demethylation (active and passive)

http://www.sigmaaldrich.com/technical-documents/articles/biofiles/introduction-to-dna-methylation.html



http://42796r1ctbz645bo223zkcdl.wpengine.netdna-cdn.com/wp-content/uploads/2012/03/epigenetics.png

A Complex Area…



The Cycle of  DNA Methylation



DNA Methylation and Fetal 
Programming

• “Metastable epialleles”
• Significant inter-individual differences

• Passed down to offspring during critical periods of fetal 
development

• Can be preserved across multiple generations

• Highly sensitive to environmental influences

Heritable, but changeable. Some sites 
more-so than others.

Waterland et al., Genesis, vol. 44, no. 9, pp. 401–6, Sep. 2006.

Barres et al., Am. J. Clin. Nutr., vol. 93, no. 4, p. 897S–900, Apr. 2011.

Dolinoy et al., Pediatr. Res., vol. 61, no. 5 Pt 2, p. 30R–37R, 2007.



DNA Methylation at Other Life 
Stages

Outside fetal programming windows, DNA methylation is 
required to preserve epigenetic imprints during cell division

Human Studies

• 6-100 mol/L homocysteine significantly, inversely 
correlated with DNA hypomethylation in humans1

• Induced folate deficiency worsened hyperhomocysteinemia1

• Folate treatment (15mg/d 5-mTHF x 8 weeks) decreased 
plasma homocysteine and increased DNA methylation1

1Ingrosso et al. Lancet, vol. 361, no. 9370, pp.1693-1699



DNA Methylation and 
Demethylation

• DNMT1 responsible for maintenance of DNA 
methylation patterns

• DNMT3A and DNMT3B carry out de novo methylation 
activity.

• DNMT3 role in genomic imprinting during embryonic 
development. 

Stefansak et al., 2012. British Journal of Pharmacology.

http://epigenie.com/active-demethylation-tet-enzymes-5hmc-and-buddies (2015)

http://www.nature.com/onc/journal/vaop/ncurrent/full/onc201267a.html



DNA Methylation and 
Demethylation

• Ten-eleven translocation enzymes 1-3
• Demethylation- “part of the clean-up crew that sanitizes 

DNA methylation imprints for the next generation”  
• Oxidizes 5mC to 5hmC 
• Major players in genomic imprinting during embryonic 

development
• High quantity in CNS
• TET2- known tumor suppressor, often inhibited in cancer 

cells
• Other players in demethylation: enzymes and ROS

Stefansak et al., 2012. British Journal of Pharmacology.

http://epigenie.com/active-demethylation-tet-enzymes-5hmc-and-buddies (2015)

http://www.nature.com/onc/journal/vaop/ncurrent/full/onc201267a.html



Cytosine Methylation & 
Hydroxylation

Clin Epigenetics. 2015; 7: 112.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4609101/


Here, we report that maternal dietary genistein supplementation of mice during 
gestation, at levels comparable with humans consuming high-soy diets, shifted the 
coat color of heterozygous viable yellow agouti (Avy/a) offspring toward 
pseudoagouti. 

This marked phenotypic change was significantly associated with increased 
methylation of six cytosine–guanine sites in a retrotransposon upstream of the 
transcription start site of the Agouti gene. 

Moreover, this genistein-induced hypermethylation persisted into adulthood, 
decreasing ectopic Agouti expression and protecting offspring from obesity.



http://freethoughtblogs.com/pharyngula/2015/11/18/the-magical-world-
of-epigenetics/



Methylation 
Deficiency
A Known Reason for Concern



Methylation Deficits

Associated conditions: 

ADD/ADHD, addiction, allergies, Alzheimer’s Disease, 
anxiety, asthma, atherosclerosis, autism spectrum 
disorder, behavioral changes, bipolar disorder, 
cancers, chemical sensitivity, chronic fatigue, cleft 
palate, diabetes, dementia, depression, Downs 
syndrome, essential hypertension, fertility issues, 
fibromyalgia, insomnia, multiple sclerosis, 
neuropathy, Parkinson’s Disease, schizophrenia, and 
thyroid disease.



Oxidative protein/DNA damage and DNA 
hypomethylation (epigenetic alteration) were found in 
autistic children but not paired siblings or controls. 

These data indicate that the deficit in antioxidant and 
methylation capacity is specific for autism and may 
promote cellular damage and altered epigenetic gene 
expression. Further, these results suggest a plausible 
mechanism by which pro-oxidant environmental 
stressors may modulate genetic predisposition to 
autism.



It is known that the MTHFR C677T polymorphism is associated 
with an increased risk of autism spectrum disorder (odds ratio = 
1.42, 95% CI 1.09-1.85), but that this risk can be mitigated by 
sufficient periconceptional folate or folic acid intake. 
But if a maternal MTHFR C677T polymorphism is combined 
with a CBS polymorphism, a lack of prenatal supplementation 
with B vitamins and a fetal COMT polymorphism, the odds 
ratio for autism spectrum disorder rises dramatically to 7.2 (CI 
= 2.3–22.4; P=0.05). 



Methylation Deficits

• Nutrient deficiencies e.g. folate/folic acid, B12
• Inadequate intake, malabsorption and poor utilization
• Move away from processed foods/vegan diet – folate/B12 

deficiencies can occur

• Competition for methyl donors
• Creatine and choline synthesis
• Catecholamine turnover (high stress states)
• Medications e.g. L-Dopa
• Excess histamine
• Detoxification
• Nutrient metabolism

• Continued…



Methylation Deficits

Continued from previous slide…

• Methylation Inhibitors
• Alcohol

• SAH - Potent competitive inhibitor of SAMe-dependent 
methyltransferases, including DNMTs

• Genotype
• SNPs e.g. MTHFR. C677T homozygous 70-75% loss of 

enzyme activity, heterozygous 33-35% loss. Compound 
heterozygotes C677T and A1298C up to 52% loss.

• Aging





Too Much of  a Good 
Thing?
The Potential Risks of a Supplementation-Only Approach



Excess folate/B12 and autism: 
a possible connection

• Recent release of preliminary findings from Johns 
Hopkins study

• 1,391 mother-child pairs in Boston Birth Cohort

• Highest maternal levels of B12 (>600 pmol/L) and, 
separately, folate (59 nmol/L) associated with 
increased risk of ASD. Risk was 17-fold greater 
when both combined. 

• No risk difference based on MTHFR genotype or 
homocysteine

April 2016. FASEB. Vol. 30 no. 1. S 151.6. [No full text available]



It is known that the MTHFR C677T polymorphism is associated 
with an increased risk of autism spectrum disorder (odds ratio = 
1.42, 95% CI 1.09-1.85), but that this risk can be mitigated by 
sufficient periconceptional folate or folic acid intake. 
But if a maternal MTHFR C677T polymorphism is combined 
with a CBS polymorphism, a lack of prenatal supplementation 
with B vitamins and a fetal COMT polymorphism, the odds 
ratio for autism spectrum disorder rises dramatically to 7.2 (CI 
= 2.3–22.4; P=0.05). 

There’s still a place for B vitamins in pregnancy



DNA Hypermethylation and 
Cancer

Pooled cancer cell lines 
from breast, prostate, 
lung, ovarian, 
endometrial, liver and 
pancreatic cancer cells, 
as well as 
neuroblastoma and 
leukemias. 

K. E. Varley, et al., 
“Dynamic DNA 
methylation across 
diverse human cell lines 
and tissues.,” Genome 
Res., vol. 23, no. 3, pp. 
555–67, Mar. 2013.



Could there be 
dual roles for 

folate in the 
onset and 

progression of 
cancer?

Chiang et al., Clin. Nutr., vol. 34, no. 5, pp. 986–90, Nov. 2015..

Carrer & Wellen, Curr. Opin. Biotechnol., vol. 34, pp. 23–29, 2014.



DNA Hypermethylation and 
BRCA1

• Epigenetic inactivation of BRCA1 via promoter 
hypermethylation, plays an important role in 
tumorigenesis in a wide array of cancers including: 

• Breast , ovarian, gastric, bladder

• NSCLCs (hereditary and sporadic forms.)

• (butyrate, flavonoids, EPA/DHA) 

A.R. Karpf (ed.), Epigenetic Alterations in Oncogenesis, 
Advances in Experimental & Medicine and Biology 
Springer Science+Business Media New York 2013





Demethylating Agents are 
Used In Cancer Therapy



1mg/d FA for colorectal cancer prevention 
failed to reduce recurrence risk.

Risk for recurrent colorectal adenoma and 
noncolorectal cancers, especially prostate 

cancer, increased.



Supplement >=400mcg/d FA associated 
with a 20% increase in breast cancer risk 

compared with no supplement intake



Folate Status and Cancer

• Highest tertile of plasma folate associated with 
highest likelihood of ERbeta(-) breast cancer (OR 
2.67, P=0.001, n=612)

• Increased risk specifically when MTHFR C677T 
combined with high plasma folate levels

• High serum folate associated with progression of 
benign polyps to colorectal cancer (n=300)

J. Nutr., vol. 140, no. 9, pp. 1661–1668, 2010.

Am. J. Clin. Nutr., vol. 90, no. 5, pp. 1380–9, 2009.

F.-F. Chiang, et al., Clin. Nutr., Nov. 2014.



The results show that the increasing concentrations of folic acid lead 
to a dose dependent down-regulation of tumour suppressor genes 
which may be linked to the increased DNA methylation detected 
within their promoter regions

30% up-regulation of DNMT1 expression at the highest folate 
concentration used (MCF-7 cells)



Can We Really 
Influence DNA 
Methylation?
The data show that YES, we can



In conclusion, in the present study we demonstrate that folic
acid at increasing concentrations impairs transcriptional activities
of the tested tumour suppressor genes that is concomitant with 
increased DNA methylation within their promoters. The highest 
folate concentration used in our experiments caused induction 
of DNMT1 expression.



Human Studies:

(also reviewed earlier)

• 6-100 mol/L homocysteine significantly, inversely 
correlated with DNA hypomethylation in humans1

• Induced folate deficiency worsened 
hyperhomocysteinemia1

• Folate treatment (15mg/d 5-mTHF x 8 weeks) 

decreased plasma homocysteine and increased 
DNA methylation1

1Ingrosso et al. Lancet, vol. 361, no. 9370, pp.1693-1699



Animal Studies:

Animal studies:

• Methionine supplementation in adult rodent 
offspring alters DNA methylation in hippocampal 
glucocorticoid receptor gene set by early life 
maternal behavior1

• Betaine supplementation induces promoter 
hypermethylation in porcine liver2

1Weaver et al. J. Neurosci, vol. 25, no. 47, pp.11045-11054, 2005

2Cai et al. Br. J. Nutr., vol. 112, no.09, pp.1459-1468, 2014



In vitro study utilizing TRAMP-C1 cells showed that DIM suppressed DNMT 
expression and reversed CpG methylation status of Nrf2 resulting in 
enhanced expression of Nrf2 and Nrf2-target gene NQO1. 

In vivo study, TRAMP mice fed with DIM-supplemented diet showed 
much lower incidence of tumorigenesis and metastasis than the 
untreated control group similar to what was reported previously



Synthetic FA vs 
Methylated Folate
Only one piece of the problem



Folic Acid Risks

• Potential Risks of synthetic folic acid (FA)
• Unmetabolized FA (UMFA)

• Potential genotoxicity

• DHF (intermediate of DHFR enzyme)
• Inhibits thymidylate synthase
• Inhibits MTHF (‘pseudo MTHFR deficiency’)

• General risks (mechanisms unknown) 
• Increased risk for allergic disease and IBD in offspring to mothers 

with high folic acid intake
• Impaired Natural Killer cell activity
• Insulin resistance in offspring at 6 years
• Embryonic loss and growth delay
• Diabetic comorbidity (cardiovascular and cerebrovascular), with 

high RBC folate primarily driven by FA



Methylated B Vitamins –
Not The Whole Solution

• 5mTHF and methylcobalamin (B12) widely used in 
functional medicine

• Avoids issues of folic acid

• Bypasses MTHFR enzyme deficits

But we don’t really understand the long term safety
No long term studies done with high dose 5mTHF or 

methyl-B12



What if negative 
outcomes are due to 
pushing methylation 

reactions forward, 
beyond normal 

physiological balance?



Supporting Methylation 
Through Diet and Lifestyle

• A safer, more nuanced way to support the 
homeodynamic balance of methylation activity

• How we use dietary and lifestyle support in clinical 
practice:

• Alongside cautious/cyclical folate and methylation 
nutrient supplementation to enhance efficacy

• As an alternative intervention for individuals who do not 
tolerate methyl donor supplementation

• As a stand-alone intervention

• Integrated with other needed non-methylation 
interventions



SNP Testing in Context

• Overwhelming majority of SNP effects are not 
quantifiable

• Overall effects of SNP combinations are not well 
understood

• Not just MTHFR, but other gene polymorphisms, 
including: AHCY, BHMT, CBS, COMT, MAO, MAT1A, 
MTR, MTRR.
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Advanced 
Methylation Support
A Practitioner Toolkit
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321Support With 
Methylation Enablers

Stem Methyl Donor 
Drain

Promote Methylation 
Balance

• Substrates and 
cofactors (diet and 
supplement options)

• Bifidobacteria

• Exercise

• Medication review

• Nutrient depletion

• Enzyme interference

• Depletion of SAMe

• Alcohol intake review

• Caloric restriction/ 
fasting

• Stress

• Histamine/allergy

• Detoxification

• Estrogen excess

• Dietary deficiencies 
(creatine, choline)

• Supplement 
metabolism 

• Over-training

• Medications

• Oxidative stress

• Microbiome

• Mitochondria

• Toxins 

• Inflammation and 
oxidative stress

• Stress 

• Sleep 

• Exercise

• Dietary factors

• Methylation 
adaptogens



Support 
with 
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Stem 
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Donor 
Drain

Promote 
Methylation 

Balance

3 Pillars of  Methylation Support

321



1Support With 
Methylation Enablers Substrates and 

cofactors for methyl 
donor production



Methylation Nutrients Through Food

• Cochrane Systematic Review: Food-sourced folate has a 
protective effect on breast cancer risk1

• Higher food folate intake associate with lower risk of sex-
hormone receptor-negative breast cancer in premenopausal 
women2

• No known adverse effects from food folate and methylation 
nutrients, as part of a healthy, balanced diet

1Chen et al., Br. J. Cancer, vol. 110, no. 9, pp. 2327–38, May 2014.

2de Batlle et al., J. Natl. Cancer Inst., vol. 107, no. 1, p. 367, Jan. 2015.

1Support With 
Methylation Enablers



1Support With 
Methylation Enablers



Administration of B. longum to 
hemodialysis patients reduced serum 

homocysteine.
Attributed to increased supply of folate 

produced by this species in the gut.

1Support With 
Methylation Enablers



Microbes for Methylation Support

• Folate-producing bacterial species
• L. plantarum
• B. bifidum
• B. infantis
• B. breve
• B. longum
• B. adolescentis – appears to be the highest producer of 

5mTHF
• B. pseudocatenulatum

1Support With 
Methylation Enablers



Exercise and Metabolic 
Methylation

Systematic Review: regular, daily activity 
consistently associated with lower homocysteine 

levels in a dose-dependent manner

1Support With 
Methylation Enablers



In animals, exercise prevents folate deficiency-induced 
hyperhomocysteinemia at least in part via increased 

BHMT expression (two-fold) in the kidney.

Exercise and Metabolic Methylation

1Support With 
Methylation Enablers
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Competition for Methyl Donors

• Creatine and choline synthesis 

• Catecholamine turnover (high stress states)

• Detoxification (methylation pathways)

• Medications e.g. L-Dopa

• Excess histamine

• Nutrient metabolism (Se, B3, PE)

2Stem Methyl Donor 
Drain



Recent evidence has clearly demonstrated that transmethylation reactions can consume a 
significant proportion of the flux of methionine. In particular, synthesis of creatine and 
phosphatidylcholine consume most methyl groups and their dietary provision could 
spare methionine. 

Importantly, methionine can become limiting for protein and phosphatidylcholine 
synthesis when creatine synthesis is upregulated. 

Other research has shown that betaine and choline seem to be more effective than folate 
at reducing hyperhomocysteinemia and impacting cardiovascular outcomes suggesting 
they may be limiting.

2Stem Methyl Donor 
Drain



Oxidative stress pulls 
homocysteine into transulfuration
pathways = lost methyl donors

2Stem Methyl Donor 
Drain



Support 
with 

Methylation 
Enablers

Stem 
Methyl 
Donor 
Drain

Promote 
Methylation 

Balance

3 Pillars of  Methylation Support

321



Microbiome and DNA Methylation

• DNA methylation of intestinal epithelial cells shown to be 
significantly dysregulated and reduced in germ-free mouse 
models when compared with conventional controls

• Reestablishing commensal bacterial populations via fecal 
transplant correlates with significant increases in CpG
methylation

• Findings suggest a sophisticated, directive role for microbes 
in host epigenetic regulation, beyond simple facilitation

Yu et al., Genome Biol., vol. 16, no. 1, p. 211, 2015.

3Promote Methylation 
BALANCE



Human pilot study: higher levels of 
bacteroidetes (vs firmicutes) is associated with 
increased promoter methylation of 568 genes, 
and decreased promoter methylation of 245 

genes (P=0.05). The genes affected were 
associated with cardiovascular disease, 

inflammation, metabolic pathways and cancer

3Promote Methylation 
BALANCE



Clin Epigenetics. 2015; 7: 112.

3Promote Methylation 
BALANCE

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4609101/


Mitochondrial DNA Methylation 

• mtDNMT1 identified recently showing that methylation 
actively occurs in mitochondria

• Mitochondria also alter nuclear DNA/mtDNA methylation 
by influencing folate metabolism, leading to SAMe or 
SAH synthesis

• Epigenetic changes in mitochondrial DNA can be 
triggered by disease, aging, chronic stress, certain 
environmental exposures, and medication use.

• “Next generation biomarker for disease”

3Promote Methylation 
BALANCE



Mitochondria and Epigenetic 
Regulation

• Key energy metabolites including SAMe, acetyl-CoA, NAD+ , 
α-KG, and ATP serve as essential cofactors for epigenetic 
enzymes that regulate DNA methylation, posttranslational 
histone modifications, and nucleosome position 

• Significant contributors in the epigenomic machinery are 
formed during energy metabolism in eukaryotic cell 
mitochondria signifying that any disorder in these processes 
can lead to a wide variety of diseases associated with 
epigenetic modifications 

Paul et al. Clinical Epigenetics (2015) 7:112 

3Promote Methylation 
BALANCE



Toxins That Alter DNA 
Methylation

3Promote Methylation 
BALANCE

 Pesticides

 Fertilizer

 Automobile fumes

 Bisphenol A

 Phthalates

 Persistent Organic 

Pollutants (POPs)

 Jet fuel

 Benzene

 Mold toxins 
(aflatoxin, 
fumonisin) 

 Arsenic

 Mercury 

 Lead 

 Cadmium 

 Nickel



Inflammation Dysregulates 
DNA Methylation

Cytokines, chemokines, free 
radicals, prostaglandins, growth 
factors and MMPs produced 
during inflammation induce 
epigenetic changes including DNA 
methylation.

3Promote Methylation 
BALANCE



IL-1beta suppresses p53 
expression via methylation, 

creating a more favorable 
environment for tumorigenesis.

Inflammation Dysregulates 
DNA Methylation3Promote Methylation 

BALANCE



Oxidative damage 
to DNA impairs 
activity of 
DNMTs…

…leading to DNA 
hypomethylation

and specific areas of 
hypermethylation

3Promote Methylation 
BALANCE



Oxidation of guanine (8OHdG) diminishes 
methyl binding protein-DNA complexes 
when adjacent to the 5mC nucleotide. 

3Promote Methylation 
BALANCE



Stress and DNA Methylation
• Early life stress associated with altered levels of DNA 

methylation in the glucocorticoid receptor promoter, and 
increased expression of the receptor, suggesting that 
traumatic experiences, perhaps especially during vulnerable 
periods of development, might ‘prime’ an individual for 
later, hyper-stress responses1

• Traumatic experiences outside prenatal/perinatal 
development periods also appear to alter methylation of 
the glucocorticoid receptor gene promoter, corresponding 
with attenuated cortisol responsiveness2

1Weaver et al., J. Neurosci., vol. 25, no. 47, pp. 11045–11054, 2005.
2Tyrka et al., PLoS One, vol. 7, no. 1, p. e30148, 2012.

3Promote Methylation 
BALANCE



3Promote Methylation 
BALANCE

Together, these results suggest that psychosocial stress 
may alter global and gene-specific DNA methylation 
patterns potentially associated with peripheral 
immune dysregulation.

Higher serum IL-2, IL-4 and TNFa all associated with 
changes to methylation patterns of genes associated 
with inflammation



3Promote Methylation 
BALANCE



3

We found that acute sleep deprivation altered the cortical genome-
wide distribution of two major epigenetic marks: DNA methylation 
and hydroxymethylation. 

DNA methylation differences were enriched in gene pathways 
involved in neuritogenesis and synaptic plasticity, whereas large 
changes (>4000 sites) in hydroxymethylation where observed in 
genes linked to cytoskeleton, signaling and neurotransmission.

Promote Methylation 
BALANCE



Study of 647 women, regular exercise on or above the median, throughout a 
lifetime acts to preserve the age-related depletion of global methylation 

status
Includes sports and also daily movement such as climbing stairs, housework, 

and yardwork
Mean level of exercise was 9.8 hours per week in childhood, 5.9 hours per 

week in teenage years, and 12.5 hours per week in adulthood

Exercise and Methylation Balance

3Promote Methylation 
BALANCE



Study of 500 females:
Long-term tai-chi practice(1+ hours per week, 3+ years) 
associated with slowing of age-related DNA methylation 

losses, of between 5-70% compared with controls
May be particularly beneficial from age 50-55+

Exercise and Methylation Balance

3Promote Methylation 
BALANCE



• 23 young and healthy men and women. 

• They asked them to make exercise on a bike but only with one leg; the second 
one was used as a control. 

• The volunteers had to bicycle at a moderate pace for 45 minutes, 4 times a week 
for 3 months. Muscle biopsies were performed before and after training.

• As expected, physical changes occurred in the trained leg, 

• Changes in the gene methylation of the muscle cells. Over 5,000 sites (thousands 
of genes) had new methylation patterns with more or less methyl groups. 

• Genes involved in: energy metabolism, insulin response and inflammation in 
the muscles.

• These changes were not found in the other leg. 

Lindholm ME, Marabita F, Gomez-Cabrero D, Rundqvist H, Ekström TJ, Tegnér J, & Sundberg CJ (2014). Epigenetics : official 
journal of the DNA Methylation Society

Exercise and Methylation Balance

3Promote Methylation 
BALANCE



• Acute exercise, especially in untrained individuals with low 
folate and vitamin B12 status temporarily increases plasma 
homocysteine 

• Endurance exercise can produce circulating IL-6 up to 120 
times baseline

• High-intensity, anaerobic exercise can reduce the 
antioxidant response 

Personalized exercise programs that gradually build up 
tolerance via regular practice or training can yield highest 
benefits for methylation balance

Caution with Overtraining, 
Especially with Low Nutrient Stores

3Promote Methylation 
BALANCE



Reducing Glycemic Load

Transient hyperglycemia induces long-
lasting epigenetic changes (increased 
histone methylation) in promoter region of 
NF-kB resulting in increased expression
El-Osta et al., Journal of Experimental Medicine, vol. 205, no.10, pp.2409-2417, 
September 29, 2008.

3Promote Methylation 
BALANCE



Intermittent 
Fasting

Coupled with lower 
carbohydrate diet, an 
extended nighttime fast (such 
as by completing all food 
intake by 7pm) that stimulates 
low ketone production may 
have protective effects on the 
epigenome and counteracts 
inflammation.

Kaelin et al., Cell, vol. 153, no. 1, pp. 56–69, Mar. 2013.

Lim et al., PLoS One, vol. 6, no. 9, p. e24620, Jan. 2011.

Yuom et al., Nat. Med., vol. 21, no. 3, pp. 263–9, Feb. 2015.

3Promote Methylation 
BALANCE



Alcohol and Methylation

Alcohol produces unfavorable DNA methylation 
patterns, may interfere with SAMe activity and 
impedes folate metabolism including via inhibition of 
MTR enzymes.

Hardy & Tollefsbol, Epigenomics, vol. 3, no. 4, pp. 503–18, Aug. 2011.

Yuom et al., Nat. Med., vol. 21, no. 3, pp. 263–9, Feb. 2015.

Pissios et al., Mol. Metab., vol. 2, no. 3, pp. 306–13, Jan. 2013.

Varela-Rey et al., Alcohol Res., vol. 35, no. 1, pp. 25–35, Jan. 2013.

3Promote Methylation 
BALANCE1Support With 

Methylation Enablers



Methylation Superfoods
Beets
Spinach
Sea vegetables
Daikon radish
Shiitake 

Salmon
Fish roe
Whitefish
Oysters
Eggs

Pumpkin seeds
Sesame seeds
Sunflower seeds
Liver
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More Helpful Methylation 
Foods

Sun-dried 
tomatoes

Artichokes

Asparagus

Lambsquarters

Mustard greens

Turnip greens

Leeks

Okra

Garlic

Horseradish

Fish

Meats

Nuts

Seeds

Spices

Herbs

Cocoa

Fermented soy

Beans and 
legumes

Whole grains: 
amaranth, 
buckwheat, 
bulgur, kamut, 
quinoa, oats, dark 
rye, spelt, teff

Blackstrap 
molasses



Creating A Methylation Food 
Plan

Table continues across all food categories…



Nutrient Sample Menu 1 
(Daily Average)

Sample Menu 2
(Daily Average)

RDA (adult 
male/female)

Folate 625 mcg 626 mcg 400/400 mcg DFE1

Folic acid 0 mcg 0 mcg 400/400 mcg DFE1

Vitamin B12 4.8 mcg 5.6 mcg 2.4/2.4 mcg

Betaine 321 mg 233 mg -

Choline 455 mg2 414 mg2 550/425 mg

Riboflavin (Vitamin B2) 1.8 mg 1.9 mg 1.3/1.1 mg

Niacin (Vitamin B3) 19 mg 22 mg 16/14 mg

Vitamin B6 2.7 mg 2.8 mg 1.3/1.3 mg

Zinc 13.4 mg 13.9 mg 11/8 mg

Magnesium 605 mg 569 mg 420/320 mg

Omega 3 fatty acids 5.3 g 4.9 g -

Total calories 1792 kcal 1743 kcal -

% calories from carbohydrates 35% 30% -

% calories from fats 47% 52% -

% calories from protein 18% 18% -

*Choline values underrepresented 
since many foods in the USDA 

database have not been evaluated 
for choline content

7-day Menu Plans 
with Nutrient 
Calculations

40+ recipes

Options:

Gluten-free

Dairy-free

Paleo



Methylation Adaptogens
• Phytonutrients such as epigallocatechin and genistein

reverse hypermethylation (and silencing) of tumor 
suppressor genes

• Anthocyanins suppress DNMT1 to reactivate tumor 
suppressor genes

• D3 and retinoic acid regulate DNMT enzymes

• DNMT regulators: curcumin, ellagic acid, lycopene, 
quercetin, resveratrol, rosmarinic acid, sulforaphane
and more. 

Fang et al., 2005; Lu et al., 2006; Stefanska et al., 2012; Szarc vel Szic et al., 2010
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Epigenetically Active Flavonoids

Clin Epigenetics. 2015; 7(1): 64.

3Promote Methylation 
BALANCE

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4497414/


Methylation Adaptogens
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Cruciferous Vegetables:
Cruciferous veggies are rich in 

sulforaphane as well as folates. To increase 

cruciferous vegetables in your diet, choose 

from arugula, broccoli, bok choy, Brussels 

sprouts, cabbage, cauliflower, horseradish, 

kale, kohlrabi, radish, rutabaga, wasabi 

and watercress.



Methylation Adaptogens
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Berries: Berries are high in many 

methylation adaptogens including 
anthocyanins, cholorogenic acid, ellagic
acid and quercetin. Choose a variety of 
different berries, including blackberries, 
blackcurrants, blueberries, raspberries, and 
strawberries. 



Methylation Adaptogens
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Turmeric: Turmeric’s active 

methylation adaptogen is curcumin, which 
is widely-known for its many beneficial 
health effects and shown to be an effective 
methylation adaptogen. Curcumin is a 
common ingredient in curry spices and is 
also available on its own. Combine 
turmeric with black pepper and fat in your 
cooking for increased absorption. 



Methylation Adaptogens
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Shiitake mushrooms: You may 

already know of the anti-cancer benefits of 
Lentinus edodes, otherwise known as the 
shiitake mushroom. Shiitake mushrooms
are demonstrated DNA methylation 
adaptogens and can also reduce serum 
homocysteine levels. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3786940/


Methylation Adaptogens
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Rosemary: One of the main active 

constituents of rosemary is the methylation 
adaptogen, rosmarinic acid. Fresh or dried 
rosemary makes a delicious addition to 
your cooking—we love it to flavor roasted 
vegetables, in stews and casseroles, and 
even as a tea. 



Gabe, 55 YO Male
Dx: Mycotoxin exposure, Sjogren’s. CC: Myalgia

• Methyl donors and many supplements significantly worsen 
symptoms

• Select labs
• Baseline homocysteine 14.9
• Serum B12 350
• MMA WNL
• BHMT -/- MTHFR -/- COMT V158M +/-

• Our MDL plan:
• Stress reduction: Fisher Wallace CES, Epsom salts baths, daily 

meditation
• Exercise: 5x/week, 30-45 min, rowing & weights
• Diet: Methylation Protocol—Romilly
• Detoxification: IQ HEPA filtration

• Outcome discussion



Gabe, 55 YO Male
Dx: Mycotoxin exposure, Sjogren’s. CC: Myalgia

• Dietary focus
• High food-based methylation nutrients (Methylation Menu Plan) 

coupled with GFCF, lower FODMAPs (SIBO – inflammation), and 
‘detox’ foods

• Emphasis on high quality proteins (grass-fed/organic meats, low-mercury 
wild fish, organic eggs), dark leafy greens, beets (including beet powder), 
sea vegetables, nuts and seeds, herbs and spices

• Handouts on low mercury fish, freezing vegetables/meals
• Reduce food-related toxicity: organic, minimize plastic packaging, 

no microwaving in plastic, avoid food additives
• Hydration

• Initial temporary increase in myalgia but moved through 
without incident

• After 1 month on program, pain had lessened, 
homocysteine trending down at 11.7. Motivated to 
continue.



How we use dietary and lifestyle 
support in clinical practice:

• Alongside cautious/cyclical folate and methylation 
nutrient supplementation to enhance efficacy

• As an alternative intervention for individuals who do 
not tolerate methyl donor supplementation

• As a stand-alone intervention
• Integrated with other needed non-methylation 

interventions



A New Landscape for Methylation 
and Epigenetic Support:

Factors that 
influence 

methylation

Genes Epigenetic 
modulators

Nutrient 
cofactors

Nutrient 
substrates

Dietary 
patterns

MedicationMicrobiome/

Mitochodria

Toxins

Stress/

resilience

Exercise/

Rest

Inflammation
/oxy-stress

Methyl donor 
depletion



Thank You! 
Full Methylation Diet and Lifestyle program available via 

eBook, at www.drkarafitzgerald.com/online-store/

Use the following code for a 10% discount: IFNA10

Cleveland Clinic Webinars/MDL eBook bundle 10% off.

Get the latest methylation info through our monthly 

professional and consumer newsletters and through 

Facebook, Twitter and Instagram.

http://www.drkarafitzgerald.com/online-store/

