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Short running head Dietaryinterventionandepigeneticclock

Abbreviations

DNMT: DNA methyltransferases

MOF: monomericandoligomericflavanols
MTHFR: methylenetetrahydrofolateductase
SAM: Sadenosyl -methionine

DAC: decitabine

Keywords: DNA methylation MTHFR, folic acid, vitamin B2, MOF, Infinium 450K,

DNAmM age

Abstract

Scope Alterationsin DNA methylationpatternsarecorrelatedwith aging,environmental
exposuresnddiseasgathophysiologythe possibilityof revertingor preventingthesepro-
cesseshroughdietaryinterventionis gainingmomentumin particular,methyldonorsthat
provideS-adenosyimethioninefor onecarbonmetabolismandpolyphenolssuchasflavanols
thatinhibit the activity of DNA methyltransferase®NMTSs) could be key modifiersof ep-
geneticpatterns.

Methods and results. We assesse@NA methylationpatternsn publicly availablelllumina
Infinium 450K methylationdataset$rom interventionstudieswith eitherfolic acid+ vitamin
B12 (GSE74548pr monomericandoligomericflavanols(MOF) (GSE54690)n 44 and13
participantsrespectivelyGlobalDNA methylationlevelsincreasedn unmethylatedegions

suchasCpGislandsandshoredollowing folic acid + vitamin B;2 supplementabin andde-
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creasedn highly methylatedegions,including shelvesandopenseadollowing intervention
with MOF. After supplementatiomwith folic acid + vitamin B;, epigeneticage,estimatedy
theHorvath pH S L J HH@HRWoR &, wasreducedn womenwith the MTHFR 677CCgero-
type.

Conclusions Theeffectsof supplementatiomwith folic acid+ vitamin Bi, andMOF on
DNA methylationagearedependentpongenderandMTHFR genotype Additionally, our
findingsdemonstratéhe potentialfor thesedietaryfactarsto modulateglobalDNA methyb-
tion profiles.

Graphical abstracts:

We examinedhe effectsof dietarysupplementatiomwith folic acid+vitaminB,, andfla-
vanolsuponglobalepigenetigatternsandepigeneticage.We observedncreasednethyb-
tion at CpGislandsandshoredollowing folic acid+vitaminB;,, anddecreasedethylation
at shelfandopensearegionsafterflavanolssupplementatiorEpigeneticagewasdecelerated

by folic acid+vitaminB1,, butonly in womenwith MTHFR677CC.
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Introduction

DNA methylationis anepigenetianark thatenableghe regulationof geneexpressiorand,
thereby diversebiologicalprocessescludingembryonicdevelopmentgenomicimprinting,
andaging.AberrantDNA methylationpatternsareimplicatedin multiple commondiseases
suchaslung cancer cardiovasculadiseasesandmetabolicdisorderq1-6]. This epigenetic
mark involvesthe covalentadditionof a methylgroupfrom S-adenosyl -methionine

(SAM), the universalmethyldonor,to the C-5 positionof cytosinebasesy DNA methy-

Accepted Article

transferase@NMTS) [7]. SAM is generatedia one carbonmetabolismcomprisingthe fo-
late andmethioninecycleswhich includesthe conversiorof 5,10 methylenetetrahydrofolate
to 5-methyltetrahydrofolatéhatis catalyzedoy methylenetetrahydrofolateductase

(MTHFR). The most well-characterizegolymorphismin MTHFR, substitutionof cytosine
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by thymineat position677(C677T)in exon4, leadsto genotypeanddosedependenteduced
activity of theenzymewhich causesncreasechomocystein@nddecreasedblate concenta-
tionsandtheseareassociateavith higherrisk for ageassociatediseasesuchasdiabetes,
vasculardiseaseandDown syndromg8-10]. AithoughMTFHR genotypehasbeenassoci&
edwith changesn DNA methylationpatternin somestudieq11], few effectswereobserved
in arecent metaanalysisof pooleddatafrom almost10,000individuals[12].

Nutrientsandotherfood componentganmodify DNA methylaton patterng13] to
modulatebiologicalfunctionsthatinfluencehealthandaging.Higher intakesor statusof sev-
eralmicronutrientsparticipatein one.carbonmetabdism, includingfolate, choline,betaine,
methioninevitamin Bg, andvitamin B;,, which contributeto SAM productionareassociated
with increasedNA methylation[14, 15]. Othernutrients,including flavanolsand(-)-
epigallocatechi¥B-gallate(EGCG),arecompetitiveinhibitorsof DNMTs throughbinding
within the activesite of theenzyme[16], andleadingto decreasedlobalDNA methylation.
Many studiessupportthe hypothesisthat dietarycompoundsanmodify DNA methylation
patternsaandinfluencethe agingprocesg17]. An increasingoodyof evidencealsosuggests
thatthe discrepancyetweerchronologicabhgeandDNA methylationage(DNAm age),that
is anestimateof biologicalagedeterminedy assessmemtf DNA methylationat 353 CpG
sitesacrosshegenomg 18], is associatedavith risk of agerelateddiseasesuchasdiabetes,
obesity,cancerandcardiovasculadiseasg19, 20].

In this study,we investigatedhe effect of supplementatiowith folic acid+ vitamin
B1, asamethyldonorandflavanolsasDNMT inhibitorsuponglobalDNA methylationpro-
files, including estimaesof DNA m age,usingpublicly availablelllumina Infinium 450K
methylationdatasetsWe observedhat DNAmM ageestimatecdby + R U Y DriddKIfiasal-

teredby genderandMTHFR 677CCgenotypefollowing dietaryintervention.

This article is protected by copyright. All rights reserved.
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Materials and Methods

Studydesign

We utilized publicly availablelllumina Infinium 450K datasetérom two separatelietary
interventionstudies Ethicalapprovalfor the studieswvasgrantedby the institutionalMedical
EthicsCommitteg[21] andthe Medical Ethical Committeeof MaastrichtUniversityand Ac-
ademicHospitalMaastricht[22]. In thefirst interventionstudy,44 older participantg65-75
years)wererandomizedo supplementatiomwith folic acid (400ug/day)andvitamin B;,
(500pg/day)for two years.DNA methylationprofiles beforeandaftertheinterventionwas
measiredin blood by lllumina Infinium 450K microarrayandthe datasetvasmadeavailable
throughthe GeneExpressiorOmnibus(GSE74549P1]. MTHFR genotypewvasalsoavaila-
ble from the study. The secondnterventionstudywasa nonrandomizedrial in which 13
nonobesehealthymalesmokerqgaged30-60 years)weresupplementeevith monomericand
oligomericflavanols(MOF; 200pg/day)for 8 weeks.No genotypedatawasavailablefrom
this study.DNA methylationprofilesbeforeandafterthe interventionweremeasuredn
blood by lllumina Infinium 450K microarrayandthe datasetvasmadeavailablethroughthe
GeneExpressiorOmnibus (GSE5469(R2]. The characteristiof participantsn bothinter-
ventionstudiesaresummarizedn Table 1. For comparisorwith the effectsof MOF, we also
utilized a datasetof DNA methylationprofiles from a studyin which primaryacutemyeloid

leukemia(AML) cellsweretreatedwith low-dosedecitabing DAC) (GSE40870]23].

Dataanalysis
Datasetsiormalizedoy the SWAN procedurenvereusedfor our analysig24]. Sincewe ex-
aminedeachinterventionstudyseparatelyywe did not normalizethe two datasetstogether.

Probeswith detectionp-value>0.05vereexcluded21-23], sexchromosomeandSNP10

This article is protected by copyright. All rights reserved.
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probeg25] werealsoexcluded Theannotationgor TSS200,TSS1500, 187 5 JUTR, 1%
exon,andgenebodywereacquiredfrom the lllumina annotatiorfile. For all datasetsglobal
DNA methylationwasdeterminedoy calculatingthe averageacrossall interrogatedCpG
sites,andalsoin genomicregions(CpG islands,shoresshelvesandopenseaareas)with
characteristicallyifferent CpG density. DNA methylationagewascalculatedoy the Horvath
M H S L JH@HRRo&usingthe onlinetool (https://dnamage.genetics.ucla.edafd

methylationdatafor 353 CpG loci asdescribedreviously[26].

Statistics

The effectsof folic acid+ vitamin B;, andof MOF on global DNA methylationwereana-
lyzedusingpairedsamplet-testsand ANOVA test.Both datasetsvereassessetbr normality
andrevealedo be normallydistributed,andthereforesuitablefor parametridesing (Sup-
plementalTablel). Pairedsamplet-testswereusedto identify significantchangesn global
DNA methylationfollowing MOF treatmentandageacceleratiomesidualsamongwomen
with the MTHFR 677CCgenotype RepeateaneasureANOVA wasusedto identify signifi-
cantchangesn globalDNA methylation,DNA methylationageandageacceleratiomesicu-
alsof dietaryinterventionsn relationto MTHFR genotypegenderandCpG density.Pea-

V R @Qdrélationcoefficientwasuseto compareDNA methylationbefore andaftertheinter-
ventions.All analysesvereperformedusingthe IBM SPSSstatisticalsoftware(version24);

dataarepresentedismeanst SD, andp-values<0.0%vereconsideredo be significant.

Results
Global DNA methylationchangesy CpG densityfollowing supplementatiomith folic acid

+ vitamin B, or with MOF

This article is protected by copyright. All rights reserved.
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GlobalDNA methylationwascalculatedasthe meanbetavalueacrossall loci onthelllumi-
nalnfinium microarrayafterexcluding47,788loci from the sexchromosomeandSNP
associatedoci. Global DNA methylationwasnot significantly changedafter MOF suppék-
mentation( 0 -0.013+0.02p=0.71,pairedsamplet-test)(Figure1A). In contrastfolic acid
+ vitamin B;2 supplementatiomcreasedylobal DNA methylation( G “ p=0.01,
repeatedneasureaANOVA) (FigurelB). Furthermorethe effectof supplementatiowith
folic acid+ vitamin B, interventiondisplayedaninteractionwith MTHFR genotype
(p=0.01),with increasednethylationamongthosewith the MTHFR 677CCgenotype

(a +0.01)but notthe 677TT genotypg( U “ (FigurelB).

Changesn DNA methylationfollowing interventionwerethenanalyzedat loci map-
ping to CpGislands,shoresshelvesandopenseaareaghathavecharacteristicallylifferent
CpGdensity.The meanbaselineDNA methylationlevels( £) were0.24and0.24at CpG
islands,0.49and0.50at northshores0.48and0.49at southshores0.74and0.76at north
shelves.74and0.77 at southshelvesand0.70and0.72in openseaareador samplesrom
the MOF andfolic acid+ vitamin B1, interventionstudies respectivelyFigure2A). Follow-
ing dietaryintervention,DNA methylationwasalteredin a supplementspecificmanner
(p=0.01,repeatedneasures®\ANOVA). DNA methylationat northshelvesdecreasedfter
MOF intervention( 0 -0.003+£0.00006))yut increasedfterfolic acid+ vitamin B, suppé-
mentation( G “ (Figure2B). DNA methylationat CpGislandsincreasedfter
folic acid+ vitamin B1, supplementatio 0 “ but decreasa following MOF
intervention( 0 -0.014+0.00007)However theseobservedlifferencesn DNA methyh-
tion changeby genomicregionwerenot statisticallysignificant(p=1.00).

Interestingly,we observeda similar patternof greaterdecreasesn DNA methyldion

atregionswith lower CpGdensityin cellsfrom AML patientsfollowing treatmentwith

This article is protected by copyright. All rights reserved.
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DAC, aDNA methyltransferasé€DNMT) inhibitor (Figure2C). The magnitudeof changen
DNA methylationwassignificantly greatemwith DAC treatmenthanwith MOF supgemen-
tation(p<0.001,repeatedneasureANOVA) anddisplayedaninteractionwith genomicre-
gion (p=0.01),but the patternsof changeby genomicregionwerevery highly correlated

(R?=0.99,p-value<0.0001)(Figure2D).

Changein DNA methylationageafter supplementatiomvith folic acid + vitamin B, or with
MOF
The effectof dietaryinterventionuponDNA methylationagewasassessedsing+ RUYDW K {V
MHS L JH@HRRONE[26], for bothinterventionstudies(Figure3A andB). We calculated
ageacceleratiomesidualsdefinedastheregressiorof DNAmM ageon chronologicabge.Age
acceleratiordid not significantlychangefollowing the interventionsthe differencebetween
meanswvere-0.337+2.06Xor MOF (p=0.87)and-0.765+1.435or folic acid+ vitamin B;,
(p=0.60)(Figure3 C andD). However,differential methylationat the 353 epigeneticclock
loci wasobservedn aninterventionspecificmannersimilar to thatacrosgshe wider genome.
Increasednethylationwasobservedat the loci following folic acid + vitamin By, suppleme-
tation, while reducedmethylationwasobservedollowing MOF supplementatiop=0.01,
repeatedneasureANOVA). Similar effectswereobservedacrossall genomicregions,with
no interactionbetweerthe form of dietarysupplementatioandCpG density(p=0.76) (Fig-

ure3E).

DNA methylationageafterfolic acid +vitamin B;, supplementationsy genderand MTHFR

genotype

This article is protected by copyright. All rights reserved.
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We analyzedhe ageacceleratiomesidualby genderandMTHFR genotypefor participantsn
thefolic acid+ vitamin B;; interventionstudy.Age acceleratiomesidualan femaleswith the
MTHFR 677CCgenotypedisplayedthe greatesthangefollowing dietaryintervention GéJ
sidual=2.70)in comparisorto maleswith thesamegenotype 0 U H V L-@G7%)a0dfemales
andmaleswith the677TTgenotype U H V L G XalddD.76respectivelyFigure4). While
theinfluenceof genotypg(p=0.16,repeatedneasureANOVA), gender(p=0.41)andtheir
interaction(p=0.67)uponresponseo interventionwerenot statisticallysignificantacrossall
participantswe observed significantreductionin ageacceleratiorsolelyamongwomen
with the MTHFR 677CCgenotypegp=0.04, pairedsamplet-test). Furthermoreinterestingly,
we observedhatageaccelerationn maleswith the MTHFR 677TT genoypewashigher
thanthosewith theMTHFR677CCatbaseline GPHD QV “andthis relationship

wasunalteredollowing intervention GPHD QYV “(Figure4).

Discussion
Severalietaryfactorsmodify epigenetigatternd13]. Theseincludevitaminsthat contrio-
uteto the productionof the methyldonorSAM via one carbonmetabolisme.g.polyphenols
thatinhibit of DNMT activity. Using publically-availabledatasetspur studyhasdemonstra
edthatsupplementatiomwith folic acid+ vitamin B, altersglobalDNA methylation,with
differential effectsof interventionagentdy genomicdomain,MTHFR genotypeandgender.
We observedhat supplementatiomwith folic acid+ vitamin B1, increasedylobal
DNA methylationlevelsin individualswith the MTHFR 677CCbut notthe MTHFR677TT
genotypeandthatthis effectwasgreatesin CpG islandsandshoreghatarecharacteristicia
ly CpG-denseaegions.TheT versionof the MTHFR C677Tpolymorphisnresultsin the sub-

stitutionof analanineresiduewith avaline, leadingto a 50%reductionin enzymaticactivity,

This article is protected by copyright. All rights reserved.



Accepted Article

www.mnf-journal.com Pagell MolecularNutrition & FoodResearch

and10-20%of individualsin WesternEuropeandNorth Americahavethe 677TT genotype
[27, 28]. Observationastudieshavereportedhathigherlevelsof folic acidandvitamin B;2
in thediet areassociatedvith higherglobalDNA methylationlevels[14, 15]. However,con-
traryto ourfindings, Junget al [29] reportedno significanteffectof supplementatiomwith
0.8 mgfolic acid/donglobalDNA methylationevenwhenMTHFR genotypewastakeninto
accountWe speculatehatthis discrepancynay be dueto differencesn methalologyused
for quantifyingglobalDNA methylation.Junget al useda liquid chromatographyandem
massspectrometrapproactihat quantifiesall methylatedcytosinegelativeto total cytosine
in thegenomeln contrastwe useddatafrom the lllumina Infinium DNA methylationmicro-
arrayplatformthatinterrogatesnorethan450,000specificcytosineresidueghatarelocated
predominantlyin CpG-denseregionssuchasCpG islandsthatwe observedveremoresus-
ceptibleto the effectsof folic acid+ vitamin Bi».

The pH S L J H@HRWAd & developedy Horvath[18] providesestimateof
DNAm age a putativemeasuref biologicalage.This modelintegrateDNA methylation
at 353 CpGssitesthatmapto genesassociatedavith cell survivalanddevelopmenandthat
may measurehe cumulativeeffectof anepigenetianaintenanceysten18]. Age accelea-
tion, wherethe calculatedNAmM ageexceedshronologicakge, hasbeenobservedn the
liver of obesendividuals[30], is associatedavith the developmenbf ageassociatediseases
suchas 3 D U N L QiseRs@3WVandcoronaryheartdiseasd¢31], andhasdemonstratetinks
with all-causemortality in multiple studieq32-34]. Recentinvestigationof observational
studieshasshownthat higherintakesof fish ard vegetablesreassociatedvith reducedep-
geneticagingusinganenhancedersionof analternativemodeldevelopedy Hannumet al
[35]. Our studyidentified anassociatiorbetweerdietarysupplementatiomwith folic acid+

vitamin B,, anddecreasee@pigeneticaging,but only in womenwith the MTHFR 677CC

This article is protected by copyright. All rights reserved.
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genotype Womenmight needlessfolate supplementatiodueto differencesn body massby
gendel[36], andthereforehigherdosesof folate mayberequiredto producethe samebiolog-
ical effectin men.Thisis supportedy the finding that, following folic acid+ vitamin B>
interventionstudy,serumfolate concentratiorwashigheramongwomenthanmen,andhigh-
estof all amongwomenwith the 677CCgenotypgdatanct shown).We observedo signifi-
cantcorrelationdirectly betweerageaccelerationmesidualsandserumfolate, serumvitamin
B1, or plasmahomocysteindevels(datanot shown),therebyunderliningthe complexinter-
actionbetweendietaryintake,genotypeand epigeneticaging.Interestingly,our studyalso
revealedsignificantlyhigherDNAmM amongmenwith the MTHFR 677TT genotypen com-
parisonto thosewith the CC genotyperrespectiveof dietaryintervention,but this wasnot
the caseamongwomen.To thebeg of our knowledge pur observatiorof reducecepigenetic
agingfollowing folic acid+ vitamin B1, supplementatiors thefirst reportedeffect of
MTHFR genotypeon DNA methylationin women,andmay suggesthatwomenwith the
morecommon677CCgenotypemay benefitparticularlyfrom suchsupplementatioriNota-
bly, previousstudiesinto genotypeby genderinteractionsn responséo folate havebeen
conductedn populationswith low folateintake,andwe speculaté¢hat suchgenderandgero-
type effectsmay bemmeapparenbnly whenfolate intake/statuss higher.Furtherwork is
requiredto elucidatehow MTHFR activity may influencethe epigeneticagingprocess.

Indeed therehasrecentlybeentremendousnterestin the previouslydescribedepige-
netic modelsof ageing,suchasthe pH S L J HH@HRuo &by Horvath[18], thatof Han-
numetal [37], andthe ageassociate@pigenetidrift describedby Teschendorfandcol-
leagued38]. Importantly,thereis alreadysubstantiakvidenceto suggesthat epigeneticaage-
ing acceleratem responseo lifestylesandexposuressuchastobaccosmoke[33], stres

[39] andobesity[30], andalsowith outcomessuchasall-causemortality [40]. However,the

This article is protected by copyright. All rights reserved.



Accepted Article

www.mnf-journal.com Pagel3 MolecularNutrition & FoodResearch

changesn DNA methylationat theloci incorporatednto thesemodelsare predominantly
smallin effectsize.Furthermorearecentstudyby Maegaweetal. [41] reportecthattherate
of epigenetidrift is correlatedwith lifespan.Mice, with a maximumlongevity of 4 years,
show1% drift in DNA methylationperyear,while rhesis monkeys(maximumlongevity: 40
years)showdrift of 0.3% peryearandhumangmaximumlongevity: 122.5years)0.1%per
year.Maegaweet al. demonstratéhat caloricrestrictionis ableto reducethis DNA methyb-
tion drift, which maythereforehelpto expain the associatiorof increasedongevity after
caloricrestriction.As Bretonet al. havediscussed42], manyepigeneticepidemiologystud-
ieshavereportedl-5% changesn DNA methylationin responsé&o environmentaéxposures,
whethermeasuringgenespecificor globalDNA methylation(frequentlyusingLINE-1 and
Alu assurrogatemarkers).In the contextof epigenetidrift with aging,it canbe interpreted
thata 1% changein DNA methylationin response¢o environmentaéxposuress equivalent
to 10 \ H D wartf of naturalepigenetidrift. Most environmentaépigeneticstudiesutilize
blood asthetissuein whichto measurddNA methylation,andlssahashypothesizedhat it
could bepossibleto useepigenetidrift in blood asa surrogatdor othertissueq43]. This, of
coursewould needto be examinedcarefully,andfurtherwork is requiredto establishrhow
change®bservedn blood maycorrelatewith life expectancyNonethelesshereis sufficient
evidenceo supportthe hypothesighat smallmagnitudechangesn DNA methylation,par-
ticularly whenoccurringat the pre- or postnatalstage could be biologically significantin
the contextof representingpigenetidrift andthe healthconsequencdaterin life.

Our studyhaslimitations. Firstly, the designof the two independenintervention
studiesthatwe useddifferedin severakespectsncluding genderandagedistributon of par-
ticipants,andthe durationof intervention.Becausef this limitation, we choseto examine

datafrom eachindependentlyin parallel. Secondlythe numberof participantgeceiving

This article is protected by copyright. All rights reserved.
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folic acid+ vitamin B1, supplementatiowasrelatively small(n=44)andso our observation
of effectsof genderandMTHFR genotypeon DNA methylationpatternsandon epigenetic
ageacceleratiowill needto be confirmedin future studiesIn addition,it is likely thatwe
did not havesufficient statisticalpowerto detectotherinteractionsWe thereforetook steps
to minimize potentialsourcesf variability in orderto maximizeour potentialto observebio-
logical changesThe interventionstudiesusedfor our analysiswereperformedn healthy,
non-obeseandividuals who werenon-smokersanddid not drink alcoholexcessivelyfolic
acid + vitamin B12 intervention)or who weremalesmokerg MOF). The pairwiseanalysisof
sampledrom participantseforeandafterinterventionenabledusto controlfor a numberof
potential confoundingfactors,andwe stratifiedour analysisby gender MTHFR genotype
andby useof ageacceleratiomesidualswhich arenot correlatedwith chronologicabge.

In summaryfor thefirst time, we reportthat supplementatiowith folic acid+ vita-
min B1, or with monomericandoligomericflavanolscanmodify DNA methylationpatterns
andthattheseeffectsdiffer by interventionagentandby genomiclocationor CpGdensity.
Further the effectof folic acid+ vitamin B;, supplementatioappeaito be gender and
MTHFR genotypespecific.If confirmedin futureindependenstudiesthesenovelfindings
will strengtherthe evidencebasefor personalizedhutrition strategiesvhich integrategero-
typic datawhich mayenhancehe efficacy of dietaryinterventions[44]. Furtherwork is re-
guiredto determinethe utility of thesedietarycompoundsn the maintenancef normalepi-

geneticpatternsfor diseasgrevention.
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Figure and table legends
Figure 1. GlobalDNA methylationbetweerbeforeandafterdietaryintervention.Mean
globalmethylationlevelsfollowing MOF (A) or folic acid+ vitamin B1, (B) supplemersd-

tion. Meanz+ SD.
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Figure 2. GlobalDNA methylationby CpG densityafterintervention.GlobalDNA methyb-
tion by CpGdensitybeforetheinterventiong A), meanof globaIDNA methylationchanges
aftertheinterventiongB), meanof globalDNA methylationchangedy CpG densityafter
decitabing DAC) treatmentn acutemyeloid leukemiapatients(C), andcomparisorof glob-
al DNA methylationchange$y CpG densitybetweerDAC treatmentandMOF intervention

(D). Mean+ SD.
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Figure 3. DNAm agefollowing dietaryinterventions.The correlationof DNAm agebefore
andafter MOF supplementatiofA) andfolic acid+ vitamin B, supplementatio(B). Age
accelerationesidualdeforeandafter MOF supplementation(Candafter folic acid + vita-
min B, supplementadn (D). (E) DNA methylationchangest epigenetiaclock loci by CpG
density,with eachdatapoint correspondingo theaveragemethylationchangeacrosshe
studyparticipantdor eachof the353clock loci. Meant SD.*** = p<0.001**** =

p<0.0001
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Figure 4. Age acceleratiomesidualdheforeandafterfolic acid+ vitamin B1, interventionby

genderandMTHFR C677TgenotypesMean+ SD.

SupplementalFigure 1. The correlationbetweerepigenetiageandserumfolate (nmol/L),

serumvitamin B;, (pmd/L) andplasmahomocystein¢umol/L) by MTHFR genotype.

Table 1. Thecharacteristicef participantan the MOF andfolic acid+ vitamin By, interven-

tion studies
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SupplementalTable 1. Assessmenbf normality.
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Table 1.
Study MOF
Studydesign Non-randomizedrial
Intervention 200mgmonomericandoli-
gomericflavanols(MOF)
N 13
Sex(male/female) 13/0

Durationof daily sup- 8 weeks
plementation
MeanBMI (range) 25(18-28)

MTHFRC677T

(CCITT) NA
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