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Homocysteine and Cobalamin Homocysteine and Cobalamin 
metabolism metabolism 

•• Homocysteine metabolism and related pathwaysHomocysteine metabolism and related pathways

•• Inherited disordersInherited disorders

•• Clinical presentationClinical presentation

•• Diagnostic approachesDiagnostic approaches

••TreatmentTreatment

•• Homocysteine in common diseasesHomocysteine in common diseases
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J. Biol. Chem. 1932 99: 135-142. 

Homocysteine originates from foodHomocysteine originates from food
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MethionineMethionine
SS--adenosyladenosyl
methioninemethionine

SS--adenosyladenosyl
homocysteinehomocysteine

GlycineGlycine

SarcosineSarcosine

GNMTGNMT

MATMAT

Outline of Homocysteine MetabolismOutline of Homocysteine Metabolism

Examples of transmethylation reactionsExamples of transmethylation reactions

Catechols e.g norepinephrine, 
epinephrine, dopamine / inactivation

O-methyltransferases

Guanidinoacetic acid / creatine
synthesis

N-methyltransferases

Phosphatidylethanolamine / synthesis 
of phosphatidylcholine

Lipids 

lysine in histones
arginine, e.g. in basic myelin protein 

Proteins amino acid residues

L-isoaspartate (D-aspartate) in protein
repair

Proteins carboxyl groups

mRNA-guanine / capping of mRNA
tRNA-cytosine, -guanine, -adenine / 

alteration of tRNA flexibilty

RNA

DNA-cytosine / gene expression 
regulation, inactivation, imprinting

DNA

Methyl group acceptor / functionMethyl group acceptor / functionGroupGroup
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MTHFRMTHFR

MethionineMethionine
SS--adenosyladenosyl
methioninemethionine

SS--adenosyladenosyl
homocysteinehomocysteine

GlycineGlycine

SarcosineSarcosine

CystathionineCystathionine

CysteineCysteine

SulphateSulphate

SerineSerine

TetrahydrofolateTetrahydrofolate

55--MethylMethyl--THFTHF

5,105,10--MethyleneTHFMethyleneTHF

CBSCBS

MSMS

MeCblMeCbl

Vitamin B6 (PLP)Vitamin B6 (PLP)

AdenosineAdenosine

Vitamin B12Vitamin B12

GNMTGNMT

SAHHSAHH

MATMAT

γγCaseCase
AdoCblAdoCbl

Vitamin B6 (PLP)Vitamin B6 (PLP)

BHMTBHMT

Outline of Homocysteine MetabolismOutline of Homocysteine Metabolism

HomocysteineHomocysteine

MTHFRMTHFR

MethionineMethionine
SS--adenosyladenosyl
methioninemethionine

SS--adenosyladenosyl
homocysteinehomocysteine

GlycineGlycine

SarcosineSarcosine

HomocysteineHomocysteine

CystathionineCystathionine

CysteineCysteine

SulphateSulphate

SerineSerine

TetrahydrofolateTetrahydrofolate

55--MethylMethyl--THFTHF

5,105,10--MethyleneTHFMethyleneTHF

CBSCBS

MSMS

MeCblMeCbl

Vitamin B6 (PLP)Vitamin B6 (PLP)

FolicFolic acidacid

AdenosineAdenosine

Vitamin B12Vitamin B12

GNMTGNMT

SAHHSAHH

MATMAT

AdoCblAdoCbl

BHMTBHMT

Vitamins Regulate Homocysteine MetabolismVitamins Regulate Homocysteine Metabolism

RiboflavinRiboflavin

γγCaseCase Vitamin B6 (PLP)Vitamin B6 (PLP)
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Foods rich in Vitamin B12 (Cobalamin)Foods rich in Vitamin B12 (Cobalamin)

Daily requirement 3µg

Vitamin B12 requirement lowest of Vitamin B12 requirement lowest of all all vitaminsvitamins

Metabolism Metabolism mostmost complicatedcomplicated

Foods that are rich in Folic acidFoods that are rich in Folic acid
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OHCbl

Cytoplasm

MeCbl

Homocysteine

Methionine

Cbl

Methylmalonyl-CoA Succinyl-CoA
AdoCbl

Mitochondrion

Cbl

Cbl

OHCbl

TC

OHCbl
TC

Lysosome

Intracellular Cobalamin MetabolismIntracellular Cobalamin Metabolism

MethylmalonylMethylmalonyl CoACoA--MutaseMutase

Methionine Methionine 
SynthaseSynthase

TC, Transcobalamin

Methionine Methionine 
SynthaseSynthase
ReductaseReductase

SuccinateSuccinate

FumarateFumarate

MalateMalate

OxaloacetateOxaloacetateCitrateCitrate

IsocitrateIsocitrate

αα--KetoglutarateKetoglutarate

SuccinylSuccinyl--CoACoA

AcetylAcetyl--CoACoA

PyruvatePyruvate LactateLactate

LL--MethylmalonyMethylmalony--CoACoADD--MethylmalonylMethylmalonyl--CoACoA

free Methylmalonic Acidfree Methylmalonic Acid

Mutase

PropionylPropionyl--CoACoA

ValineValine
IsoleucineIsoleucine
MethionineMethionine
ThreonineThreonine

OddOdd--chain fatty acidschain fatty acids
CholesterolCholesterol

AdoCbl

Epimerase

Succinate-CoA
Ligase ATPATP

GDP GTP

CobalaminCobalamin

ADPADP

Methylmalonic acid metabolismMethylmalonic acid metabolism
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MethionineMethionine
SS--adenosyladenosyl
methioninemethionine

SS--adenosyladenosyl
homocysteinehomocysteine

GlycineGlycine

SarcosineSarcosine

HomocysteineHomocysteine

CystathionineCystathionine

CysteineCysteine

SulphateSulphate

SerineSerine

TetrahydrofolateTetrahydrofolate

55--MethylMethyl--THFTHF

5,105,10--MethyleneTHFMethyleneTHF

MeCblMeCbl

Vitamin B6 (PLP)Vitamin B6 (PLP)

FolicFolic acidacid

AdenosineAdenosine

Vitamin B12Vitamin B12

AdoCblAdoCbl

Disorders of homocysteine metabolismDisorders of homocysteine metabolism

Vitamin B6 (PLP)Vitamin B6 (PLP)

Methionine Synthase Methionine Synthase 

CystathionineCystathionine
ßß--synthasesynthase

γγ CystathionaseCystathionase

MeTHFolateMeTHFolate reductasereductase

SS--AdoHcyAdoHcy HydrolaseHydrolase

Glycine methyltransferase Glycine methyltransferase 

Cobalamin defects cblACobalamin defects cblA--FF

Methionine Methionine 
AdenosyltransferaseAdenosyltransferase

Betaine Me Betaine Me TransferaseTransferase ??
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2009: 41;2342009: 41;234

•• Mutations in the LMBRD1 geneMutations in the LMBRD1 gene encoding LMBD1, a encoding LMBD1, a 
lysosomal membrane protein lysosomal membrane protein found in cblF patientsfound in cblF patients

•• Transfection Transfection of cblF fibroblasts wildof cblF fibroblasts wild--type type LMBD1 rescued LMBD1 rescued 
cobalamin coenzyme synthesiscobalamin coenzyme synthesis

•• LMBRD1 LMBRD1 identifedidentifed as cblF geneas cblF gene and suggests that LMBD1 is and suggests that LMBD1 is 
a lysosomal membrane exporter for cobalamina lysosomal membrane exporter for cobalamin

Homozygosity mappingHomozygosity mapping

cblCcblCcblFcblF
OHCblOHCbl

CytoplasmCytoplasm

CblCbl

MeCblMeCbl cblGcblG
cblEcblE

HomocysteineHomocysteine

MethionineMethionine

cblBcblB

cblAcblA
CblCbl

MethylmalonylMethylmalonyl--CoACoA SuccinylSuccinyl--CoACoA
AdoCblAdoCbl

MitochondrionMitochondrion

cblDcblD

mutmut

CblCbl

CblCbl

CblDCblD--HCHC

CblDCblD--MMAMMA

OHCblOHCbl

TCIITCII

OHCblOHCbl
TCIITCII

LysosomeLysosome

Intracellular Cobalamin MetabolismIntracellular Cobalamin Metabolism
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Disorders of Cobalamin metabolismDisorders of Cobalamin metabolism

�� nonnon--geneticgenetic Nutritional deficiencyNutritional deficiency
-- (strict vegetarian diet / Vegans)(strict vegetarian diet / Vegans)
-- reduced intestinal absorption (elderly persons)reduced intestinal absorption (elderly persons)

�� geneticgenetic Disorders of Absorption and TransportDisorders of Absorption and Transport
-- Hereditary Intrinsic Factor DeficiencyHereditary Intrinsic Factor Deficiency
-- Defective Transport of Defective Transport of CblCbl by by EnterocytesEnterocytes

((ImerslundImerslund--GrGrääsbecksbeck Syndrome)Syndrome)
-- HaptocorrinHaptocorrin (R Binder) Deficiency(R Binder) Deficiency
-- Transcobalamin (TC) DeficiencyTranscobalamin (TC) Deficiency

Disorders of Intracellular Utilization of Disorders of Intracellular Utilization of CblCbl
-- Combined Deficiencies of AdoCbl and MeCblCombined Deficiencies of AdoCbl and MeCbl
-- AdoCbl DeficiencyAdoCbl Deficiency
-- MeCbl DeficiencyMeCbl Deficiency

How to detect patients with homocysteine How to detect patients with homocysteine 
disordersdisorders

Mass Screening (Newborns)Mass Screening (Newborns)

Methionine measurement unreliable for:Methionine measurement unreliable for:

somesome cases of CBS deficiencycases of CBS deficiency

remethylation defectsremethylation defects

New approaches neededNew approaches needed

Selection by clinical suspicionSelection by clinical suspicion

Simple and sophisticated methodology availableSimple and sophisticated methodology available

Wide range of clinical  and biochemical variationWide range of clinical  and biochemical variation
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ClinicalClinical Features of HomocystinuriaFeatures of Homocystinuria
SystemSystem FeatureFeature CauseCause
OcularOcular LensLens dislocationdislocation �� CystineCystine

IridodonesisIridodonesis
GlaucomaGlaucoma

SkeletonSkeleton OsteoporosisOsteoporosis InterferenceInterference withwith
ScoliosisScoliosis Genua Genua ValgumValgum CollagenCollagen
ArachnodactylyArachnodactyly ""crosslinkingcrosslinking""

�� SOSO44

VascularVascular MalarMalar FlushFlush HomocysteineHomocysteine
ToxicityToxicity onon

ThromboembolismThromboembolism EndothelialEndothelial cellscells
of of ArteriesArteries and and VeinsVeins

CentralCentral Mental Mental retardationretardation ToxicityToxicity ofof
NervousNervous SeizuresSeizures �� metabolitesmetabolites
System System PsychiatricPsychiatric disordersdisorders

Homocystinuria Homocystinuria 
Eye Eye DamageDamage

assymetricalassymetrical
irisiris
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HomocystinuriaHomocystinuria

Eye Eye DamageDamage
Short Short 

sightednesssightedness

Homocystinuria Homocystinuria 
Eye Eye DamageDamage

Dislocated lensDislocated lens
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Homocystinuria Eye Homocystinuria Eye DamageDamage -- GlaucomaGlaucoma

Homocystinuria Homocystinuria 
BoneBone AbnormalitiesAbnormalities

OsteoporosisOsteoporosis
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Homocystinuria (CBS Homocystinuria (CBS DeficiencyDeficiency))
A progressive A progressive multisystemmultisystem disorderdisorder

10 y.10 y. 21 y.21 y.

Homocystinuria Homocystinuria 
ArterialArterial damagedamage

““ArteriosclerosisArteriosclerosis””

thickened  vessel thickened  vessel 
wallwall

Narrowing of Narrowing of 
the lumenthe lumen
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Homocysteine Remethylation defects:Homocysteine Remethylation defects:
Clinical PresentationClinical Presentation

•• Age of onset few weeksAge of onset few weeks�� adulthoodadulthood

•• Predominantly neurological abnormalities, encephalopathyPredominantly neurological abnormalities, encephalopathy

Psychomotor retardation, ataxia, lens dislocation not seenPsychomotor retardation, ataxia, lens dislocation not seen

•• Skeletal changes usually not presentSkeletal changes usually not present

•• Vascular changes sometimes seenVascular changes sometimes seen

•• Disordered folate metabolismDisordered folate metabolism

•• MethionineMethionine, , AdoMetAdoMet ��

•• MethyleneTHFMethyleneTHF reductase def. reductase def. -- �� MeTHFMeTHF
MethionineMethionine Synthase def. Synthase def. -- reduced reduced folatesfolates ��

-- megaloblastic anaemiamegaloblastic anaemia

13 patients13 patients

infections infections �� white blood cells white blood cells 
neurological abnormalities neurological abnormalities megaloblasticmegaloblastic anaemia anaemia 
poor development poor development 

cblF defectcblF defect

PlasmaPlasma HcyHcy � � �� � � Methionine Methionine ��
cobalamin cobalamin �� / Normal/ Normal

UrineUrine Methylmalonic Methylmalonic acidacid � � �� � � Schilling test abnormalSchilling test abnormal
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CblC defect: early clinical presentationCblC defect: early clinical presentation

3.5 w.3.5 w. FeedingFeeding problemsproblems
temperaturetemperature dysregulationdysregulation
Pale, Pale, irritableirritable, , unconsciousunconscious, , dystrophicdystrophic
poorpoor growthgrowth
neurologicalneurological abnormalitiesabnormalities, , tachycardiatachycardia
anaemiaanaemia

Prof. Prof. SengersSengers, , NijmegenNijmegen

PlasmaPlasma HcyHcy � � �� � � Methionine Methionine ��
UrineUrine Methylmalonic Methylmalonic acidacid � � �� � �
TreatedTreated OHOH--CblCbl i.mi.m 1mg/d. 1mg/d. betaine, betaine, carnitinecarnitine

4 4 monthsmonths rere--admittedadmitted to to hospitalhospital
dieddied oneone dayday laterlater withwith multimulti--organorgan failurefailure / / hyperthermiahyperthermia

CblC defect, late Clinical presentationCblC defect, late Clinical presentation

ClinicalClinical
12y12y-- 21y.21y.

UnsteadyUnsteady gaitgait, , urinaryurinary incontinenceincontinence
Spinal Spinal cordcord involvementinvolvement, , neuropathyneuropathy
inabilityinability to walkto walk
respiratoryrespiratory insufficiencyinsufficiency ((respiratorrespirator))
ThoughtThought to to havehave multiple multiple sclerosissclerosis: : SteroidSteroid treatmenttreatment

Gold et al. 1995Gold et al. 1995

LaboratoryLaboratory
Urine MMA Urine MMA � � �� � �
Plasma total homocysteine Plasma total homocysteine � �� �

TreatedTreated i.mi.m. . OHOH--CblCbl 500500µµg / d. g / d. -- 10mg /10mg /weekweek
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Vascular changes in remethylation defectsVascular changes in remethylation defects

Section of the narrowed coronary artery of a 4 Section of the narrowed coronary artery of a 4 
month old  patient with the cblC defectmonth old  patient with the cblC defect

Disruption 
of inner 
elastic 
membrane

Intimal
proliferation

63 x

Baumgartner et al. 1979 Helv Pediat Acta 34:465

Vascular changes in remethylation defectsVascular changes in remethylation defects
Section of the small renal cortical artery of a 4 Section of the small renal cortical artery of a 4 

month patient with the cblC defectmonth patient with the cblC defect

Swollen endothelial Swollen endothelial 
cellscells

SubendothelialSubendothelial
deposition of deposition of 
fibrinousfibrinous materialmaterial

400 x400 x
Baumgartner et al. 1979 Helv Pediat Acta 34:465
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Intracellular Cobalamin DefectsIntracellular Cobalamin Defects
Patient with CblC Patient with CblC 

Diagnosed at 2 
months

Microcephaly
Hypotonia
Feeding difficulties
Cerebral atrophy

Prof. G. Hüner (Istanbul)

Treatment
OH-Cbl (1mg./day)
Folate 10 mg./day
Betaine

8 months old

Methods for the PostMethods for the Post-- and Prenatal Diagnosis of and Prenatal Diagnosis of 
the Homocystinuriasthe Homocystinurias

Routine laboratory parameters Routine laboratory parameters 
Haematological, folate, cobalaminHaematological, folate, cobalamin

Metabolite measurementMetabolite measurement
Sulphur amino acids in plasma and urineSulphur amino acids in plasma and urine

Enzyme activitiesEnzyme activities
Direct enzyme assays Direct enzyme assays 
Whole cell pathway assays, Whole cell pathway assays, 
Complementation analysisComplementation analysis

Mutation Analysis Mutation Analysis 
e.g.CBS, MR, MS, MSR deficienciese.g.CBS, MR, MS, MSR deficiencies

European European 
Reference Reference 
CenterCenter
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Methods for Diagnosis of the Homocystinurias Methods for Diagnosis of the Homocystinurias 
Metabolite measurementsMetabolite measurements

UrineUrine
-- Homocystine, methionineHomocystine, methionine

Thin layer chromatography, electrophoresisThin layer chromatography, electrophoresis
-- Methylmalonic acidMethylmalonic acid

Gas chromatographyGas chromatography--mass spectrometrymass spectrometry

CyanideCyanide--NitroprussideNitroprusside
Spot test for Spot test for 
Homocystine in UrineHomocystine in Urine
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HomocystinuriaHomocystinuria

HomocystinHomocystinee

MethioninMethioninee

22--dimensional thindimensional thin--layer chromatography: Urinelayer chromatography: Urine

Methods for Diagnosis of the Homocystinurias Methods for Diagnosis of the Homocystinurias 
Metabolite measurementsMetabolite measurements

UrineUrine
-- Homocystine, methionineHomocystine, methionine

Thin layer chromatography, electrophoresisThin layer chromatography, electrophoresis
-- Methylmalonic acidMethylmalonic acid

Gas chromatographyGas chromatography--mass spectrometrymass spectrometry
Plasma Plasma 

-- Free homocystine, methionine, cystine, Free homocystine, methionine, cystine, CysCys--HcysHcys
disulphidedisulphide
Ion exchange chromatographyIon exchange chromatography

-- Total homocysteineTotal homocysteine
HPLC (mild hyperhomocysteinaemia)HPLC (mild hyperhomocysteinaemia)
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IonIon--exchange chromatogram Plasma1 Homocystinuriaexchange chromatogram Plasma1 Homocystinuria

Bio 03099 (Bio 03099 (LaharnerLaharner))

Elution time in minutesElution time in minutes
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methioninemethionine

homocystinehomocystine

cyscys--hcyshcys
disulphidedisulphide

HPLC Analysis of HPLC Analysis of thiolsthiols in plasmain plasma

HomocysteineHomocysteineCysteineCysteine

CysCys--GlyGly

InternalInternal
StandardStandard

Time (minutes)Time (minutes)

998877665544332211

derivatisedderivatised with with FluoroFluoro--BenzoBenzo--oxaoxa--DiazoleDiazole--SulphonicSulphonic acid acid 
(SBDF)(SBDF)
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Methods for Diagnosis of the Homocystinurias  Methods for Diagnosis of the Homocystinurias  
Specific Enzyme AssaysSpecific Enzyme Assays

Cystathionine Cystathionine ßß synthasesynthase ±± PyrdoxalPyrdoxal 5' phosphate5' phosphate
(Fibroblasts)(Fibroblasts) ±± S S adenosylmethionineadenosylmethionine

MethyleneMethylene THF reductaseTHF reductase ±± FlavinFlavin--adenine adenine dinucleotidedinucleotide
((FibrosFibros., Leukocytes)., Leukocytes) ±± Heating at 46Heating at 46°°(Thermolabile (Thermolabile 

Mutation)Mutation)
Methionine synthaseMethionine synthase ±± varying reducing agent for cblEvarying reducing agent for cblE

((FibrosFibros., Leukocytes)., Leukocytes)

Good discrimination between control and homozygous affected Good discrimination between control and homozygous affected 
individuals in most cases individuals in most cases 

Exceptions known, variant mild formsExceptions known, variant mild forms

Methods for Diagnosis of the Homocystinurias Methods for Diagnosis of the Homocystinurias 
Indirect Pathway Assays in Intact Cultured Indirect Pathway Assays in Intact Cultured 

FibroblastsFibroblasts

Formation of methionine and serine from [Formation of methionine and serine from [1414C] C] formateformate

Remethylation defects (MR, MS, Remethylation defects (MR, MS, cblCDcblCD))

Complementation analysisComplementation analysis

Cobalamin uptake and coenzyme formationCobalamin uptake and coenzyme formation

cblC/D, cblF, cblE, cblG (MTHFR def.)cblC/D, cblF, cblE, cblG (MTHFR def.)

[[1414C] propionate incorporation into cell proteinsC] propionate incorporation into cell proteins

±± HydroxoHydroxo--CblCbl

cblC/D, Methylmalonic cblC/D, Methylmalonic aciduriasacidurias



22

Treatment of CBS Treatment of CBS deficiencydeficiency
Homocystinuria Homocystinuria 

Treatment Strategies in the HomocystinuriasTreatment Strategies in the Homocystinurias

Cystathionine synthase deficiencyCystathionine synthase deficiency

PyridoxinePyridoxine 600 mg/d oral600 mg/d oral

Folic acidFolic acid 5mg / day5mg / day

Methionine intake restrictionMethionine intake restriction --intensive as practicable intensive as practicable 

(compliance difficult) 160 (compliance difficult) 160 -- 900 ( median 230) mg /d900 ( median 230) mg /d

BetaineBetaine Maximum effect 150 mg/kg/ day, in 2 doses Maximum effect 150 mg/kg/ day, in 2 doses 

(Bonham et al. (Bonham et al. pharmacopharmaco--kinetic model)kinetic model)

Vitamin B12Vitamin B12

Cystine supplementation (debatable value but not harmful)supplementation (debatable value but not harmful)
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Treatment Strategies in the homocystinuriasTreatment Strategies in the homocystinurias

Methionine synthase deficienciesMethionine synthase deficiencies

hydroxocobalaminhydroxocobalamin (intramuscular) 1mg / d (intramuscular) 1mg / d -- week week 
biochemical response in virtually all reported biochemical response in virtually all reported 
patients patients 

betainebetaine should be given additionally if sufficiently high should be given additionally if sufficiently high 
methionine levels not reachedmethionine levels not reached

folate folate in high oral doses (30 mg/day), can be helpful in high oral doses (30 mg/day), can be helpful 
in isolated defectin isolated defect

methionine methionine supplementation (50 mg/kg/day)supplementation (50 mg/kg/day)

Treatment Strategies in the HomocystinuriasTreatment Strategies in the Homocystinurias

MethylenetetrahydrofolateMethylenetetrahydrofolate reductase deficiencyreductase deficiency

BetaineBetaine (as for cystathionine (as for cystathionine ßß--synthase deficiency),synthase deficiency),

Methionine supplementationMethionine supplementation when its levels remain low on when its levels remain low on 
betaine betaine 

PyridoxinePyridoxine beneficial in lowering homocystine levels in beneficial in lowering homocystine levels in 
isolated casesisolated cases

FolateFolate (30 mg/d oral) effective in exceptional "folate(30 mg/d oral) effective in exceptional "folate--
responsive" lateresponsive" late--onset patients onset patients 
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Treatment Strategies in the HomocystinuriasTreatment Strategies in the Homocystinurias

Monitoring Monitoring 
Plasma total homocysteine (most sensitive and reliable)Plasma total homocysteine (most sensitive and reliable)

Aim of treatmentAim of treatment (CS, MR, MS deficiencies)(CS, MR, MS deficiencies)
reduce reduce totaltotal homocysteine levels to normal (<15homocysteine levels to normal (<15µµmol/L). mol/L). 

In practiceIn practice levels below 40 levels below 40 -- 50 50 µµmol/L are achieved rarely,mol/L are achieved rarely,
only in mildly effected casesonly in mildly effected cases

DilemmaDilemma
Moderately increased homocysteine (15Moderately increased homocysteine (15--30 30 µµmol/L)as mol/L)as 
risk factor for vascular disease.risk factor for vascular disease.

Consequence for treatment of the homocystinurias ?Consequence for treatment of the homocystinurias ?

Rheumatoid Rheumatoid 
arthritisarthritis

VitVit. B12. B12--
deficiencydeficiency

SmokingSmoking

CoffeeCoffee

RenalRenal
diseasedisease

AlcoholAlcohol

FolateFolate--
deficiencydeficiency

HostilityHostility
StressStress

66--AzaAza--
uridine uridine 
(CBS)(CBS)

Nitrous Nitrous 
Oxide Oxide 
(MS)(MS)

MethoMetho--
trexatetrexate

Psoriasis,Psoriasis,
VitVit. B6 . B6 

deficiencydeficiency

CancerCancer

Neural Neural 
tube tube 

defectsdefects

VascularVascular
diseasedisease

LifestyleLifestyleInborn Inborn metameta--
bolicbolic disordersdisorders

DrugsDrugs DiseaseDisease
AssociationsAssociations

Conditions associated with increased Conditions associated with increased 
homocysteine levelshomocysteine levels

CBSCBS--
deficiencydeficiency

Vitamin Vitamin 
B12 B12 

Transport Transport 
defectsdefects

Met Met SynthSynth..--
deficiencydeficiency

MTHFRMTHFR--
deficiencydeficiency

Vitamins etcVitamins etc
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Rheumatoid Rheumatoid 
arthritisarthritis

VitVit. B12. B12--
deficiencydeficiency

SmokingSmoking

CoffeeCoffee

RenalRenal
diseasedisease

AlcoholAlcohol

FolateFolate--
deficiencydeficiency

HostilityHostility
StressStress

66--AzaAza--
uridine uridine 
(CBS)(CBS)

Nitrous Nitrous 
Oxide Oxide 
(MS)(MS)

MethoMetho--
trexatetrexate

Psoriasis,Psoriasis,
VitVit. B6 . B6 

deficiencydeficiency

CancerCancer

Neural Neural 
tube tube 

defectsdefects

VascularVascular
diseasedisease

LifestyleLifestyleInborn Inborn metameta--
bolicbolic disordersdisorders

Vitamins etcVitamins etc DrugsDrugs DiseaseDisease
AssociationsAssociations

Conditions associated with increased Conditions associated with increased 
homocysteine levelshomocysteine levels

CBSCBS--
deficiencydeficiency

Vitamin Vitamin 
B12 B12 

Transport Transport 
defectsdefects

Met Met SynthSynth..--
deficiencydeficiency

MTHFRMTHFR--
deficiencydeficiency

500 500 µµmol/Lmol/L

1010--15 15 µµmol/Lmol/L

100 100 µµmol/Lmol/L

Normal Normal 
HomocysteineHomocysteine--level level 
6 6 --13.5 13.5 µµmol/Lmol/L

Ongoing studies Ongoing studies –– clinical effect of reduction of homocysteine by clinical effect of reduction of homocysteine by 
BB--vitamin treatmentvitamin treatment

Schnyder, G., M. Schnyder, G., M. RoffiRoffi, et al. (2001). , et al. (2001). "Decreased rate of coronary "Decreased rate of coronary restenosisrestenosis
after lowering of plasma homocysteine levels." after lowering of plasma homocysteine levels." 

Lange et al. (2004) Lange et al. (2004) "vitamin"vitamin--administration led to an increased risk of administration led to an increased risk of 
restenosisrestenosis""

Homocysteine: vascular disease risk factor ?Homocysteine: vascular disease risk factor ?

negative resultsnegative results
VISP VISP StudieStudie -- JAMA 2004;291:565–575. 
NORVIT NORVIT StudieStudie -- N Engl J Med 2006; 354:1578-1588. 
HOPEHOPE--2 2 StudieStudie -- N Engl J Med 2006; 354:1567–1577.

positive results positive results 
Improvement in Stroke mortality in Canada and US, 1990Improvement in Stroke mortality in Canada and US, 1990--2002 (Circulation 2002 (Circulation 
2006;113:1335 2006;113:1335 �� 9.3% reduction of stroke following fortification flour with 9.3% reduction of stroke following fortification flour with 
folic acid (1998)folic acid (1998)
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Homocysteine: risk factor for vascular disease ?Homocysteine: risk factor for vascular disease ?

Probability of cerebral Probability of cerebral ischaemiaischaemia within 5 yearswithin 5 years
Placebo versus vitamin treatment.  HOPEPlacebo versus vitamin treatment.  HOPE--2 2 

24% Reduction of Relative Risk for Stroke24% Reduction of Relative Risk for Stroke

The English BreakfastThe English Breakfast

We are what we 
We are what we 

eateat
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The Swiss BreakfastThe Swiss Breakfast

We are what we 
We are what we 

eateat
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