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Summary: Plasmatotal homocysteine(tHcy) determinationis usedin thediagnosis
of homocystinuria,in cobalaminand folate deficiency and in cardiovascularrisk
assessment.However, determinationof tI-Icy includesmany pitfalis which compli-
cate the assessmentof homocysteinestatus.In the presentarticle, we reviewbasic
knowledgefor a rationaluseof plasmatHcy in diagnostieaswell as scientificwork.
The subjects dealt with are proceduresfor samplehandling and processing,the
prineiples of tHcy analyses,andgeneticandacquireddeterminantsof the plasma
tHcy concentration.

Traditionally, homocysteineand/or its oxidized forms (Hcy) were primarily used in the
diagnosisof homocystinuria,i.e. inborn errorsof metabolismassociatedwith extremely
elevatedlevels of Hcy in plasmaandurine. Today the level of totalHcy (tHcy) is mostly
usedas a markerof folate andcobalaminfunction andin cardiovascularrisk assessment.
In contrastto homocystinuriawhich canbediagnosedwith quaiitativeassays,diagnosisof
vitamin deficienciesandvascularrisk assessmentdependon sensitivetHcy methodswith
high precision. Such methodsare now available.and several laboratoriesare aboutto
introduce tHcy determinationas a clinical routine. This review summarizesthe basic
knowledgerequiredfor therationaluseof tHcy in epidemiologicalreseareb,as well as in
clinical chemistry.

CHEMISTRY AND TERMINOLOGY

Homocysteinerefersto a definedchemical compound:it is a sulphuramino acid with a
free thiol ~sulfhydryl)group. The pK~ of the thiol group is —8.5, and this makes it
susceptibleto oxidationat physiologicalpH. In this article, the abbreviationHcy refersto
both homocysteineitseif (reducedHcy) and its oxidized species. Only trace amounts
(<0.3gmol/L) of reducedHcy canbe detectedin plasma(Ueland 1995),whereasmost
Hcy existsas various disulphide forms. About70% is baund to albumin (protein-bound
Hcy or Hcy-albumin mixed disulphide), whereasthe remaininc 30% exists as mixed
disulphideswith other thiols, and the cysteine-Hcy disulphide is the most abundant
species.The sumof free andboundHcy in plasmais denotedtotal Hcy, andabbreviated
tHcy (Ueland1995).

In an adult population,the normal plasmatHcy is 5—I5Mmol/L, with a meanconeen-
tration of about lOgmol/L. Hyperhomocysteinaemiais usuallydefinedas a plasmatHcy
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>15gmol/L, and is denotedmoderate(15—3Ogmol/L),intermediate(30—100~umo1IL)or
severehyperhomocysteinemia(>lOOgmol/L)(Kanget al 1992).

ANALYTICAL METHODS

The methodsfor tHcy determinationhavebeenreviewedprevionsly(Uelandet al 1993),
andwill bedescribedonly briefly here.Theycanbe categorizedinto five types:(1) enzy-
mic assays,(2) gas chromatography—massspectrometry,(3) assaysbasedon precolumn
derivatization,HPLC andfluorescencedetection,(4) HPLCandelectrochemicaldetection,
and(5) assaysbasedon liquid chromatographyandpost-columnderivatization,including
the amino acid analyser.Notably, animmunoassayfor Hcy determination(Shipchandler
and Moore 1995) basedon a modification of a previously describedenzymic assay
(Refsumet aT 1985) may soonbe commercially available.The principles for deriva-
tization, separationand detectionvary markedly betweenthe methods,but all assays
include treatmentof whole plasma/serumwith a reductant.The Hcy disulphidesare then
quantitativelyconvertedinto reducedHcy, i.e. to onechemicalform,whichcanbedirectly
quantifiedor derivatized(Uelandet al 1993).

Good correlationbetweentHcy determinedin different laboratoriesandwith different
metbodshasbeenobtained(Uelandet al 1993),butthe metbodsdiffer in equipmentcosts,
theexpertisenecessary,automation,the performanceof the method,andthe possibilityof
simultaneouslymeasuringothermetabolitesin plasma.Choiceof metbodshouldtherefore
be basedon the laboratory experienceandresourcesas well as the expectedclinical or
scientific use of the assay.Precision andaccuracyare of less importancewhen tHcy
determinationis usedin the diagnosisof homocystinuriaassociatedwith severeelevation
of the tHcy level. In contrast,cardiovascularrisk assessmentrequiresa methodwith high
precision.

With morespecializedtechniques,it ispossibleto determinethe variousHcy speciesin
plasma(Ueland 1995).They are often moreresponsivethan tHcy in relation to vitamin
deficiency (Mansoor et aT 1994), food intake (Guttormsenet al 1994), methionine
(Mansooret al 1992) orHcy loading (Mansooret al 1993).Theseassaysare complicated,
and shouldbe reservedfor mechanisticand kinetic studies.

PROCEDURES FOR SAMPLE COLLECTTON AND PROCESSING

Thecoflectionof blood samplesis a critical step in the determinationof tHcy. Generally,
it is recommendedthat the subjectshouldbefasting.A smallmealprobablydoesnotaffect
the plasmatHcy level (Ubbink et al 1992). Å protein-rich meal, however, causesan
increase in plasma tHcy of 15—20%, reaching a maximum 6—8h after food intake
(Guttonnsenet al 1994).When collecting the blood sample,the postureof the subject
shouldbe takeninto account,sincemorethan70%of tHcy in plasmais boundto albumin,
and the albuminconcentrationis lower in the supinethan the sitting position (Leppanen
andGrasbeck1988).

Thereis a time- and temperature-dependentreleaseof Hcy from blood ceils; at room
temperature,plasmatHcy increases5—15% perhour (Uelandet aT 1993).The absolute
increaseis independentof plasmatHcy leveT. Thus,nonoptimalsamplehandling tendsto
reducethe differencebetweenhighandlow tHcy levels.If immediatecentrifugationis not
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possible,this artificial increaseis reducedby keepingwholeblood on ice (Fiskerstrandet
aT 1993)or by collecting it into a tube containinga stabilizersuch as fluoride (Ubbink et
aT 1992).This latterprocedureis practical(Moller andRasmussen1995),butmayinterfere
with the tHcy or otber analytical assays.After removal of the blood cells, tHcy in
serum/plasmais stablefor at least4 daysatroom temperature,for 2 weeksat0—2~C, and
for yearswhenkept frozenat —200C(Uelandet aT 1993).

The importanceof food intake,postureduring samplecollection,andsampleprocessing
is related to the accuracyandprecisionrequired for a particular application.Å small
artificial increasedoesnot interferewith the diagnosisof homocystinuriaor of a severe
vitamindeficiency.However, in research,thecorrelationbetweentHcy concentrationsand
various factors (vitamins, creatinine, etc.) may be underestimated.In vascular risk
assessment,an increasein the tHcy concentrationof 4—5pmoT/L is associatedwith
-—40—60% increasein estimatedrisk (Amesenet al 1995; Bousheyet aT 1995).In such
investigations,the blood samplesshouldbecollectedunderstandardizedconditions.

Both in whole blood and in plasma,thereis a continuousredistributionbetweenthe
variousHcy species,and within a few hoursafterbloodcollection(at roomtemperature)
or afterfreezingandthawing the sample,the major proportionof Hcy is protein-bound.
Reliablemeasurementof free Hcy or the otherHcy speciesin plasmathereforerequires
immediate(within secondsto minutes)deproteinizationor sampleprocessing.Determin-
ation of the variousHcy speciesis thereforeimpracticalin the clinical routine (Uelandet
aT 1993; Ueland1995).

MEIHIONINE AND HOMOCYSTEINE LOADTNG

The methionine Toading test was originally introduced to detectheterozygosityfor
cystathionine13-synthasedeficiency(Brentonet aT 1966;Fowleret aT 1971).Presently,it
is usedto stressthe Hcy metabolizingpathways,and is oftenincluded in clinical studies
on vasculardisease.Theprocedureinvolvesoral intakeof a standarddoseof meth-ionine
(0.1g/kg or 3.8g/m2),andtHcy is usuallymeasuredaftera fixed time intervalof 4 or 6h
(Uelandet aT 1993). Recently,it was sbown by Bostom andcolleaguesthat the tHcy
concentrationin asamplecoblectedafter2h is highly correTatedto the4h post-badvalue
(Bostomet ab 1995c), and this abbreviatedform may be morepractical in the clinical
setting.

The post-ToadtHcy concentrationis probably moresensitivethan the fasting concen-
tration to disturbancesin the transsuTphurationpathway. Thus, subjectswith impaired
ability toremethylateHcy (cobalaminandfolatedeficiency)havehyperhomocysteinaemia
during fasting, but may havea normal increasein tHcy after methionineToading. In
contrast,subjectswith a miTd disturbanceof tbetranssulphurationpathwayoften havea
normal fasting tHcy concentrationbot are methionineintoberant(BrattstrÉ~met ab 1990),
andplasmapyridoxal phosphatebutnot folateor cobabaminconcentrationscorrelatewith
anabnormalmethionineresponse(Verhoefet all 997).Vitamin B

6-deficientsubjectshave
normab fasting bot abnormalpost-badplasmatHcy concentration(Ubbink et aT 1996b),
and post-Toadbut not fasting tHcy concentrationis reducedin responseto vitamin B6
therapy. However, fasting tHcy concentrationsare increasedin subjects with severe
inhibition of transsulphurationpathway,asobservedin cystathioninef3-synthasedeficiency
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(Mudd et aT 1995).Thus, unequivocalidentification of the site of the metabolicdefect,
basedon fasting andpost-badtHcy concentrations,is probablynot feasible.

Å frequentlyaskedquestionis wbetherthemethionineloadingtestis actuallynecessary.
The fastingandpost-badtHcy concentrationsare significantly correlated:they discrim-
inatebetweenvascularpatientsandcontrolsequallywelI, butthe resultsdonotcompletely
overlap(Mansooret aT 1995).Å recentstudydemonstratesthat fastingtHcy alonefails to
identify >40% of subjectswith metbionine intolerance(Bostom et al 1995b). Thus,
determinationof tHcy aftermethionineToading is probablya valuableadjunctto fasting
tHcy, especiallyin cardiovascularrisk assessment.It remainsto be seenwhetherthereis
a physiologicalcorrelate,for examplewhether elevatedpost-badtHcy reflects a post-
prandialincreasein tHcy.

It is also possibleto performperoral Hcy boading.L-Homocysteinethiolactoneis used
to prepareL-homocysteine,which is administeredto the subject(65pmol/kg). Theelimin-
ation of Hcy from plasmacanthen be followed for the next 24—72b (Guttormsenet aT
1993).Theplasmaclearanceof tHcy is about100mT/min,correspondingto anelimination
half-life of 3— 4h (Guttormsenet aT 1993).Notably, subjectswith severecobalamin/folate
deficiencyhavenormal tHcy clearance,suggestingthat their byperhomocysteinaemiais
dueto increasedreleaseof Hcy from the tissuesto the plasmacompartment(Guttormsen
etaT 1996b).In contrast,subjectswith renalfailure (Guttormsenet ab 1995)havemarkedly
reducedclearance.Conceivably,theHcy ToadingtestmeasurestheHcy elimination from
plasma,whereasthe methionineboadingprobablyreflectsintracellularHcy formationand
metabolismand theresultingHcy egressfrom tissuesto plasma.Comparisonof theareas
underthe curvesfor metbionine(Refsumet aT 1989) and tHcy (Guttormsenet ab 1993)
suggestthat only about10% of metbionineadministeredin the boadingtestis releasedto
plasmaas Hcy.

DETERMINANTS OF PLASMA TOTAL HOMOCYSTEINE

WomenhaveTower tHcy concentrationsthan men,andtHcy increaseswith age.Thismay
be due to differencesin vitamin statusbetween the sexesand in different agegroups
(Selhub et aT 1993). The highermuscTe massin men may also explain the differences
betweenthe sexes.Formationof creatinefrom guanidinoacetateis dependenton adeno-
sylmetbionine;thus,for everymolecubeof creatine(andcreatinine),onemoleculeof Hcy
is formed(Brattstreimet aT 1994;Muddet aT 1995).

Renalfunctionhasa central role in the ebiminationof tHcy from pbasma(Bostomet aT
1995a;Guttormsenet aT 1995). Urinary excretionof Hcy, however,is very Tow (Refsum
et aT 1985; Guttonnsenet aT 1995), and extensivemetaboTismof Hcy is probabbytaking
placein thekidneys(Bostom et aT 1995a).The increasein tHcy seemsto be more closely
relatedto GFR than to the increasein serumcreatinine(Chauveanet aT 1993).Recentlyit
hasbeendemonstratedthat GFRis inverselycorrelatedto the tHcy leveT absoin subjects
with intact renalfunction(Wobbesenet ab,unpublishedresults).The physiobogicaldecTine
in renabfunction maypartly explain the ageeffect(Wu et ab 1994;Brattstromet aT 1994).

Diet and lifestyle influencethe tHcy concentration.The intakeof vitamin B6, B 2 and
folatein food or supplementsis inverselycorrelatedto plasmatHcy (Selhubet aT 1993).
Smoking and coffeeconsumptioncausea shift of the distribution towardshigher tHcy

J. Inher. Metab. Dis. 20(1997)



290 Refsumet al.

values,whereasphysicalactivity is associatedwith Tow tHcy concentrations(Nygårdet aT
1995, 1997).

At presentthereareonly Timited dataon tHcy in variousethnicpopulations.Ubbink and
colleagueshave shown that black South Africans have significantly lower tHcy
concentrationsthan white SouthAfricans (Vermaaket aT 1991; Ubbink et al 1995b). In
addition, differentlaboratorieshavedifferent normal rangesfor tHcy leveT (Uelandet aT
1993).This may be partly explainedby the use of differentmetbodologies,but may also
be related true ecogeneticdifferences,especially in relation to vitamin intake and the
prevalenceof the C677T mutation in the metbylenetetrahydrofolatereductasegene
(Motulsky 1996).

In an adult population,ffie tHcy distribution is skewedtowardshighervalues.Notably,
vitamin therapy makes the distribution curve more normal (Ubbink et aT 1995a;
Rasmussenet al 1996).In the HordalandHomocysteineStudy, weobservedthat subjects
who do not smoke,drink Tittle coffee andfrequently takevitamin supplementshavean
almostnormaltHcy distribution (NygårdetaT, unpublishedresults).Children alsoseemto
havea nearnormal tHcy distribution which becomesskewedin puberty (Ubbink et aT
1996a;Tonstadet al,unpublishedresults).It is presentlydebatedwhetherthe normal tHcy
rangeshouldbe basedon the distribution found in a healthyvitamin-supplementedgroup
or that found in thegeneralpopuTation(Rasmussenet aT 1996).

CAUSES OF HYPERHOMOCYSTEINAEMIA

Hyperhomocysteinaemiais relatedto geneticor acquiredconditions,or a combinationof
both(Motulsky 1996).Geneticdiseasesinclude the variousformsofhomocysteinuria.Of
these,homozygosityfor cystatbioninef3-synthasedeficiencyis the most common(Mudd
et aT 1995).Rareforms areseveredefectsofmethylenetetrahydrofolatereductase,andTow
methioninesynthaseactivity due to inbom errors of cobalaminmetabolism(Rosenblatt
andCooper1990).

Heterozygosityfor cystathioninef3-synthasedeficiency is presentin <1—2% of the
generalpopulation(Mudd et aT 1995),but thesesubjectshavenormal fasting tflcy con-
centration,althoughpost-badtHcy maybéelevated.Notably,recentenzymicandmolecu-
Tar geneticstudiesfound no heterozygotesfor cystathionine/3-synthaseamongvascular
patientswith moderatehyperhomocysteinaemia(Engbersenet aT 1995;Kozich etab 1995;
Kluijtmans et aT 1996).

Å C677T mutationof methylenetetrahydrofolatereductase,characterizedby reduced
enzymeactivity andthermolability,occursin about10% of theCaucasianpopulation,and
thesesubjects havea tendencytowards moderateand intermediatehyperhomocystein-
aemia(Kanget aT 1991; Frosstet aT 1995;Guttormsenet aT 1996a).This C677Tmutation
may causea redistributionof the folates (van der Put et ab 1995),and the homozygous
subjectsprobably needmore folate to keep their tHcy concentrationswithin acceptable
ranges.Recently, we observedthat the majority of subjectswith persistentmoderateto
intermediatehyperhomocysteinaemiahadthe C677Tmutationin one or both alleles,but
that a Tow daily dose (0.2mg) of folic acid supplementationreducedthe tHcy concen-
tration in mostsubjects(Guttormsenet aT T 996a).
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Cloning of the humanmetbioninesynthasegenemight leadto identification of other
commongeneticdefectsassociatedwith hyperhomocysteinaemia.

Åmong the acquiredconditionscausingelevatedtHcy, folate or cobalamindeficiency
(Kanget aT 1987;Allen et aT 1994;Guttormsenet aT 1996a)are mostcommon.Both these
vitamin deficienciesare associatedwith moderateand intermediatehyperhomocystein-
aemia,andrarely, severebyperhomocysteinaemia(Ållen et aT 1994).The relationbetween
tHcy andblood/serumconcentrationsof folate andcobalaminis the basisfor usingtHcy
as a markerof vitamin function.Althougha sensitiveparameter,hyperhomocysteinaemia
is not specific for any vitamin deficiency.Determinationof tHcy combinedwith serum
creatinine,thebloodvitaminconcentrations,and/ormethylmalonicacid(aspecificmarker
of vitamin B12 function) wiTl usually differentiatebetweenthe mostcommoncausesof
hyperbomocysteinaemia.

Elevationof tHcy is alsoobservedin diseasestatessuchas renalfailure (Wilcken et aT
1981; Dennis and Robinson 1996), acute leukaemia, psoriasis and hypothyroidism
(Uelandet aT 1992),andis inducedby somedrugs,i.e. methotrexate,nitrousoxide,anti-
epileptic agents, colestipolplus niacin, and agentsacting as vitamin B6 antagonists
(Blankenhomet aT 1991;RefsumandUeland1990).

ASSESSMENT OF HOMOCYSTEINE STATUS

On thebasisof the variousfactors reviewedin this article, we canTist five pointsthat the
scientistor clinician shouldhavein mmdin the assessmentof Hcy status.

(1) Åre the samplecolTectionproceduresand Hcy metbod appropriatefor the given
purpose?

(2) Shouldmethionineloadingbe incTudedin theassessment?
(3) Should complementary blood analysesbe performed? These include serum

creatinine(renal function),serumvitamin 2 andfolate, methylmalonicacid (vita-
min B~2 marker)andpyridoxal phosphate,andtheC677Tmutation.

(4) Canage,sex,medicalconditions,druguse,diet, vitamin intakeandlifestyle factors
influenceor explainthe tHcy concentrationof the subject?

(5) Does the tHcy concentrationrespond.to vitamin therapy, in particularfolic acid,
vitamin B12 or vitamin B 9 Å metabolicresponsemay serveto identify thedeficient
vitamin.

CONCLUSION

PlasmatHcy determinationis to an increasingextentusedfor diagnosticpurposesand in
scientific investigations.However,both the clinician and the scientistneedto be awareof
the multiple factors that may influence the plasmatHcy concentration.Åppropriate
precautionsmust be takenduring blood sampTing andprocessingto avoid an artificial
increasein tHcy, especiallywhentHcy is usedfor cardiovascularrisk assessment.The
various assaysfor analysisof tHcy generally show good interassayagreement,but the
methodologyand performancediffer, and reliableresultsusuallydependon experienced
personnel.Moreover,the assessmentof the tHcy statusfrequently requiresadditional
information about the subjectsand the results of otherbiochemicaTanalyses.Thus, the
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tHcy concentration,although a valuable supplementto establisheddiagnostic assays,
shouldbe interpretedwith cautionandnot without detailedknowledgeaboutbotb the
patientandthe laboratorymanagementof the blood sample.
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