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Assessment of homocysteine status
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Summary: Plasma total homocysteine (tHcy) determination is used in the diagnosis
of homocystinuria, in cobalamin and folate deficiency and in cardiovascular risk
assessment. However, determination of tHcy includes many pitfalls which compli-
cate the assessment of homocysteine status. In the present article, we review basie
knowledge for a rational use of plasma tHcy in diagnostic as well as scientific work.
The subjects dealt with are procedures for sample handling and processing, the
principles of tHcy analyses, and genetic and acquired determinants of the plasma
tHcy concentration.

Traditionally, homocysteine and/or its oxidized forms (Hcy) were primarily used in the
diagnosis of homocystinuria, i.e. inborn errors of metabolism associated with extremely
elevated levels of Hey in plasma and urine. Today the level of total Hey (tHey) is mostly
used as a marker of folate and cobalamin function and in cardiovascular risk assessment.
In contrast to homocystinuria which can be diagnosed with qualitative assays, diagnosis of
vitamin deficiencies and vascular risk assessment depend on sensitive tHcy methods with
high precision. Such methods are now available. and several laboratories are about to
introduce tHey determination as a clinical routine. This review summarizes the basic
knowledge required for the rational use of tHcy in epidemiological research, as well as in
clinical chemistry.

CHEMISTRY AND TERMINOLOGY

Homocysteine refers to a defined chemical compound: it is a sulphur amino acid with a
free thiol (sulfhydryl) group. The pK of the thiol group is ~8.5, and this makes it
susceptible to oxidation at physiological pH. In this article, the abbreviation Hcy refers to
both homocysteine itself (reduced Hcy) and its oxidized species. Only trace amounts
(<0.3 umol/L) of reduced Hcy can be detected in plasma (Ueland 1995), whereas most
Hcy exists as various disulphide forms. About 70% is bound to albumin (protein-bound
Hcy or Hey-albumin mixed disulphide), whereas the remaining 30% exists as mixed
disulphides with other thiols, and the cysteine-Hcy disulphide is the most abundant
species. The sum of free and bound Hcy in plasma is denoted total Hcy, and abbreviated
tHcy (Ueland 1995).

In an adult population, the normal plasma tHcy is 5—15 umol/L, with a mean concen-
tration of about 10 umol/L. Hyperhomocysteinaemia is usually defined as a plasma tHcy
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>15 umol/L, and is denoted moderate (15-30 umol/L), intermediate (30—-100 umol/L) or
severe hyperhomocysteinemia (> 100 umol/L) (Kang et al 1992).

ANALYTICAL METHODS

The methods for tHey determination have been reviewed previously (Ueland et al 1993),
and will be described only briefly here. They can be categorized into five types: (1) enzy-
mic assays, (2) gas chromatography —mass spectrometry, (3) assays based on precolumn
derivatization, HPLC and fluorescence detection, (4) HPLC and electrochemical detection,
and (5) assays based on liquid chromatography and post-column derivatization, including
the amino acid analyser. Notably, an immunoassay for Hcy determination (Shipchandler
and Moore 1995) based on a modification of a previously described enzymic assay
(Refsum et al 1985) may soon be commercially available. The principles for deriva-
tization, separation and detection vary markedly between the methods, but all assays
include treatment of whole plasma/serum with a reductant. The Hcy disulphides are then
quantitatively converted into reduced Hcy, i.e. to one chemical form, which can be directly
quantified or derivatized (Ueland et al 1993).

Good correlation between tHcy determined in different laboratories and with different
methods has been obtained (Ueland et al 1993), but the methods differ in equipment costs,
the expertise necessary, automation, the performance of the method, and the possibility of
simultaneously measuring other metabolites in plasma. Choice of method should therefore
be based on the laboratory experience and resources as well as the expected clinical or
scientific use of the assay. Precision and accuracy are of less importance when tHcy
determination is used in the diagnosis of homocystinuria associated with severe elevation
of the tHcy level. In contrast, cardiovascular risk assessment requires a method with high
precision.

With more specialized techniques, it is possible to determine the various Hcy species in
plasma (Ueland 1995). They are often more responsive than tHcy in relation to vitamin
deficiency (Mansoor et al 1994), food intake (Guttormsen et al 1994), methionine
(Mansoor et al 1992) or Hey loading (Mansoor et al 1993). These assays are complicated,
and should be reserved for mechanistic and kinetic studies.

PROCEDURES FOR SAMPLE COLLECTION AND PROCESSING

The collection of blood samples is a critical step in the determination of tHcy. Generally,
it is recommended that the subject should be fasting. A small meal probably does not affect
the plasma tHcy level (Ubbink et al 1992). A protein-rich meal, however, causes an
increase in plasma tHcy of 15-20%, reaching a maximum 6-8h after food intake
(Guttormsen et al 1994). When collecting the blood sample, the posture of the subject
should be taken into account, since more than 70% of tHcy in plasma is bound to albumin,
and the albumin concentration is lower in the supine than the sitting position (Leppanen
and Grasbeck 1988).

There is a time- and temperature-dependent release of Hcy from blood cells; at room
temperature, plasma tHcy increases 5-15% per hour (Ueland et al 1993). The absolute
increase is independent of plasma tHcy level. Thus, nonoptimal sample handling tends to
reduce the difference between high and low tHcy levels. If immediate centrifugation is not
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possible, this artificial increase is reduced by keeping whole blood on ice (Fiskerstrand et
al 1993) or by collecting it into a tube containing a stabilizer such as fluoride (Ubbink et
al 1992). This latter procedure is practical (Moller and Rasmussen 1995), but may interfere
with the tHcy or other analytical assays. After removal of the blood cells, tHcy in
serum/plasma is stable for at least 4 days at room temperature, for 2 weeks at 0—2°C, and
for years when kept frozen at —20°C (Ueland et al 1993).

The importance of food intake, posture during sample collection, and sample processing
is related to the accuracy and precision required for a particular application. A small
artificial increase does not interfere with the diagnosis of homocystinuria or of a severe
vitamin deficiency. However, in research, the correlation between tHcy concentrations and
various factors (vitamins, creatinine, etc.) may be underestimated. In vascular risk
assessment, an increase in the tHcy concentration of 4-5umol/L is associated with
~40-60% increase in estimated risk (Arnesen et al 1995; Boushey et al 1995). In such
investigations, the blood samples should be collected under standardized conditions.

Both in whole blood and in plasma, there is a continuous redistribution between the
various Hcy species, and within a few hours after blood collection (at room temperature)
or after freezing and thawing the sample, the major proportion of Hey is protein-bound.
Reliable measurement of free Hcy or the other Hey species in plasma therefore requires
immediate (within seconds to minutes) deproteinization or sample processing. Determin-
ation of the various Hey species is therefore impractical in the clinical routine (Ueland et
al 1993; Ueland 1995).

METHIONINE AND HOMOCYSTEINE LOADING

The methionine loading test was originally introduced to detect heterozygosity for
cystathionine B-synthase deficiency (Brenton et al 1966; Fowler et al 1971). Presently, it
is used to stress the Hey metabolizing pathways, and is often included in clinical studies
on vascular disease. The procedure involves oral intake of a standard dose of meth-ionine
(0.1 g/kg or 3.8 g/m?), and tHcy is usually measured after a fixed time interval of 4 or 6h
(Ueland et al 1993). Recently, it was shown by Bostom and colleagues that the tHcy
concentration in a sample collected after 2h is highly correlated to the 4h post-load value
(Bostom et al 1995¢), and this abbreviated form may be more practical in the clinical
setting.

The post-load tHcy concentration is probably more sensitive than the fasting concen-
tration to disturbances in the transsulphuration pathway. Thus, subjects with impaired
ability to remethylate Hey (cobalamin and folate deficiency) have hyperhomocysteinaemia
during fasting, but may have a normal increase in tHcy after methionine loading. In
contrast, subjects with a mild disturbance of the transsulphuration pathway often have a
normal fasting tHcy concentration but are methionine intolerant (Brattstrom et al 1990),
and plasma pyridoxal phosphate but not folate or cobalamin concentrations correlate with
an abnormal methionine response (Verhoef et al 1997). Vitamin B -deficient subjects have
normal fasting but abnormal post-load plasma tHcy concentration (Ubbink et al 1996b),
and post-load but not fasting tHcy concentration is reduced in response to vitamin B,
therapy. However, fasting tHcy concentrations ‘are increased in subjects with severe
inhibition of transsulphuration pathway, as observed in cystathionine -synthase deficiency
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(Mudd et al 1995). Thus, unequivocal identification of the site of the metabolic defect,
based on fasting and post-load tHcy concentrations, is probably not feasible.

A frequently asked question is whether the methionine loading test is actually necessary.
The fasting and post-load tHcy concentrations are significantly correlated: they discrim-
inate between vascular patients and controls equally well, but the results do not completely
overlap (Mansoor et al 1995). A recent study demonstrates that fasting tHcy alone fails to
identify >40% of subjects with methionine intolerance (Bostom et al 1995b). Thus,
determination of tHey after methionine loading is probably a valuable adjunct to fasting
tHcy, especially in cardiovascular risk assessment. It remains to be seen whether there is
a physiological correlate, for example whether elevated post-load tHcy reflects a post-
prandial increase in tHcy.

It is also possible to perform peroral Hey loading. L-Homocysteine thiolactone is used
to prepare L-homocysteine, which is administered to the subject (65 umol/kg). The elimin-
ation of Hey from plasma can then be followed for the next 24—72h (Guttormsen et al
1993). The plasma clearance of tHcy is about 100 ml/min, corresponding to an elimination
half-life of 3—4h (Guttormsen et al 1993). Notably, subjects with severe cobalamin/folate
deficiency have normal tHcy clearance, suggesting that their hyperhomocysteinaemia is
due to increased release of Hcy from the tissues to the plasma compartment (Guttormsen
et al 1996b). In contrast, subjects with renal failure (Guttormsen et al 1995) have markedly
reduced clearance. Conceivably, the Hey loading test measures the Hey elimination from
plasma, whereas the methionine loading probably reflects intracellular Hcy formation and
metabolism and the resulting Hcy egress from tissues to plasma. Comparison of the areas
under the curves for methionine (Refsum et al 1989) and tHcy (Guttormsen et al 1993)
suggest that only about 10% of methionine administered in the loading test is released to
plasma as Hcy.

DETERMINANTS OF PLASMA TOTAL HOMOCYSTEINE

Women have lower tHcy concentrations than men, and tHcy increases with age. This may
be due to differences in vitamin status between the sexes and in different age groups
(Selhub et al 1993). The higher muscle mass in men may also explain the differences
between the sexes. Formation of creatine from guanidinoacetate is dependent on adeno-
sylmethionine; thus, for every molecule of creatine (and creatinine), one molecule of Hcy
is formed (Brattstrom et al 1994; Mudd et al 1995).

Renal function has a central role in the elimination of tHcy from plasma (Bostom et al
1995a; Guttormsen et al 1995). Urinary excretion of Hcy, however, is very low (Refsum
et al 1985; Guttormsen et al 1995), and extensive metabolism of Hcy is probably taking
place in the kidneys (Bostom et al 1995a). The increase in tHcy seems to be more closely
related to GFR than to the increase in serum creatinine (Chauveau et al 1993). Recently it
has been demonstrated that GFR is inversely correlated to the tHcy level also in subjects
with intact renal function (Wollesen et al, unpublished results). The physiological decline
in renal function may partly explain the age effect (Wu et al 1994; Brattstrom et al 1994).

Diet and lifestyle influence the tHcy concentration. The intake of vitamin B, B , and
folate in food or supplements is inversely correlated to plasma tHey (Selhub et al 1993).
Smoking and coffee consumption cause a shift of the distribution towards higher tHcy
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values, whereas physical activity is associated with low tHcy concentrations (Nygéard et al
1995, 1997).

At present there are only limited data on tHcy in various ethnic populations. Ubbink and
colleagues have shown that black South Africans have significantly lower tHcy
concentrations than white South Africans (Vermaak et al 1991; Ubbink et al 1995b). In
addition, different laboratories have different normal ranges for tHcy level (Ueland et al
1993). This may be partly explained by the use of different methodologies, but may also
be related true ecogenetic differences, especially in relation to vitamin intake and the
prevalence of the C677T mutation in the methylenetetrahydrofolate reductase gene
(Motulsky 1996).

In an adult population, the tHcy distribution is skewed towards higher values. Notably,
vitamin therapy makes the distribution curve more normal (Ubbink et al 1995a;
Rasmussen et al 1996). In the Hordaland Homocysteine Study, we observed that subjects
who do not smoke, drink little coffee and frequently take vitamin supplements have an
almost normal tHcy distribution (Nygard et al, unpublished results). Children also seem to
have a near normal tHey distribution which becomes skewed in puberty (Ubbink et al
1996a; Tonstad et al, unpublished results). It is presently debated whether the normal tHcy
range should be based on the distribution found in a healthy vitamin-supplemented group
or that found in the general population (Rasmussen et al 1996).

CAUSES OF HYPERHOMOCYSTEINAEMIA

Hyperhomocysteinaemia is related to genetic or acquired conditions, or a combination of
both (Motulsky 1996). Genetic diseases include the various forms of homocysteinuria. Of
these, homozygosity for cystathionine -synthase deficiency is the most common (Mudd
et al 1995). Rare forms are severe defects of methylenetetrahydrofolate reductase, and low
methionine synthase activity due to inborn errors of cobalamin metabolism (Rosenblatt
and Cooper 1990).

Heterozygosity for cystathionine B-synthase deficiency is present in <1-2% of the
general population (Mudd et al 1995), but these subjects have normal fasting tHcy con-
centration, although post-load tHcy may be elevated. Notably, recent enzymic and molecu-
lar genetic studies found no heterozygotes for cystathionine B-synthase among vascular
patients with moderate hyperhomocysteinaemia (Engbersen et al 1995; Kozich et al 1995;
Kluijtmans et al 1996).

A C677T mutation of methylenetetrahydrofolate reductase, characterized by reduced
enzyme activity and thermolability, occurs in about 10% of the Caucasian population, and
these subjects have a tendency towards moderate and intermediate hyperhomocystein-
aemia (Kang et al 1991; Frosst et al 1995; Guttormsen et al 1996a). This C677T mutation
may cause a redistribution of the folates (van der Put et al 1995), and the homozygous
subjects probably need more folate to keep their tHey concentrations within acceptable
ranges. Recently, we observed that the majority of subjects with persistent moderate to
intermediate hyperhomocysteinaemia had the C677T mutation in one or both alleles, but
that a low daily dose (0.2mg) of folic acid supplementation reduced the tHcy concen-
tration in most subjects (Guttormsen et al 1996a).
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Cloning of the human methionine synthase gene might lead to identification of other
common genetic defects associated with hyperhomocysteinaemia.

Among the acquired conditions causing elevated tHcy, folate or cobalamin deficiency
(Kang et al 1987; Allen et al 1994; Guttormsen et al 1996a) are most common. Both these
vitamin deficiencies are associated with moderate and intermediate hyperhomocystein-
aemia, and rarely, severe hyperhomocysteinaemia (Allen et al 1994). The relation between
tHey and blood/serum concentrations of folate and cobalamin is the basis for using tHcy
as a marker of vitamin function. Although a sensitive parameter, hyperhomocysteinaemia
is not specific for any vitamin deficiency. Determination of tHcy combined with serum
creatinine, the blood vitamin concentrations, and/or methylmalonic acid (a specific marker
of vitamin B, function) will usually differentiate between the most common causes of
hyperhomocysteinaemia.

Elevation of tHcy is also observed in disease states such as renal failure (Wilcken et al
1981; Dennis and Robinson "1996), acute leukaemia, psoriasis and hypothyroidism
(Ueland et al 1992), and is induced by some drugs, i.e. methotrexate, nitrous oxide, anti-
epileptic agents, colestipol plus niacin, and agents acting as vitamin B, antagonists
(Blankenhorn et al 1991; Refsum and Ueland 1990).

ASSESSMENT OF HOMOCYSTEINE STATUS

On the basis of the various factors reviewed in this article, we can list five points that the
scientist or clinician should have in mind in the assessment of Hcy status.

(1) Are the sample collection procedures and Hcy method appropriate for the given
purpose?

(2) Should methionine loading be included in the assessment?

(3) Should complementary blood analyses be performed? These include serum
creatinine (renal function), serum vitamin B, and folate, methylmalonic acid (vita-
min B, marker) and pyridoxal phosphate, and the C677T mutation.

(4) Can age, sex, medical conditions, drug use, diet, vitamin intake and lifestyle factors
influence or explain the tHcy concentration of the subject?

(5) Does the tHcy concentration respond. to vitamin therapy, in particular folic acid,
vitamin B , or vitamin B,? A metabolic response may serve to identify the deficient
vitamin.

CONCLUSION

Plasma tHcy determination is to an increasing extent used for diagnostic purposes and in
scientific investigations. However, both the clinician and the scientist need to be aware of
the multiple factors that may influence the plasma tHcy concentration. Appropriate
precautions must be taken during blood sampling and processing to avoid an artificial
increase in tHcy, especially when tHey is used for cardiovascular risk assessment. The
various assays for analysis of tHcy generally show good interassay agreement, but the
methodology and performance differ, and reliable results usually depend on experienced
personnel, Moreover, the assessment of the tHcy status frequently requires additional
information about the subjects and the results of other biochemical analyses. Thus, the
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tHcy concentration, although a valuable supplement to established diagnostic assays,
should be interpreted with caution and not without detailed knowledge about both the
patient and the laboratory management of the blood sample.

REFERENCES

Allen RH, Stabler SP, Savage DG, Lindenbaum J (1994) Metabolic abnormalities in cobalamin
(vitamin-B12) and folate deficiency. FASEB J 7: 1344-1353.

Amesen E, Refsum H, Bgnaa KH, Ueland PM, Fgrde OH, Nordrehaug JE (1995) Serum total
homocysteine and coronary heart disease. Int J Epidemiol 24: 704-709.

Blankenhorn DH, Malinow MR, Mack WIJ (1991) Colestipol plus niacin therapy elevates plasma
homocyst(e)ine levels. Coron Arter Dis 2; 357-360.

Bostom A, Brosnan JT, Hall B, Nadeau MR, Selhub J (1995a) Net uptake .of plasma homocysteine
by the rat kidney in vivo. Atherosclerosis 116: 59-62.

Bostom AG, Jacques PF, Nadeau MR, Williams RR, Ellison RC, Selhub J (1995b) Post-methionine
load hyperhomocysteinemia in persons with normal fasting total plasma homocysteine: initial
results from the NHLBI Family Heart Study. Atherosclerosis 116: 147-151.

Bostom AG, Roubenoff R, Dellaripa P, et al (1995¢) Validation of abbreviated oral methionine-
loading test [letter]. Clin Chem 41: 948 -949.

Boushey CJ, Beresford SAA, Omenn GS, Motulsky AG (1995) A quantitative assessment of plasma
homocysteine as a risk factor for vascular disease: probable benefits of increasing folic acid
intakes. J Am Med Assoc 274: 1049-1057.

Brattstrom L, Israclsson B, Norrving B, et al (1990) Impaired homocysteine metabolism in early-
onset cerebral and peripheral occlusive arterial disease — effects of pyridoxine and folic acid
treatment. Atherosclerosis 81: 51-60.

Brattstrom L, Lindgren A, Israelsson B, Andersson A, Hultberg B (1994) Homocysteine and
cysteine: determinants of plasma levels in middle-aged and elderly subjects. J Intern Med 236:
633-641.

Brenton DP, Cusworth DC, Dent CE, Jones EE (1966) Homocystinuria: clinical and dietary studies.
QJ Med 35: 325-346.

Chauveau P, Chadefaux B, Coudé M, et al (1993) Hyperhomocysteinemia, a risk factor for
atherosclerosis in chronic uremic patients. Kidney Int 43 (supplement 41): S72-877.

Dennis VW, Robinson K (1996) Homocysteinemia and vascular disease in end-stage renal disease.
Kidney Int 50 (supplement 57): 51-57.

Dudman NP, Wilcken DE, Wang J, Lynch JF, Macey D, Lundberg P (1993) Disordered
methionine/homocysteine metabolism in premature vascular disease. Its occurrence, cofactor
therapy, and enzymology. Arterioscler Thromb 13: 1253 -1260.

Engbersen AMT, Franken DG, Boers GHJ, Stevens EMB, Trijbels FJIM, Blom HJ (1995)
Thermolabile 5,10-methylenetetrahydrofolate reductase as a cause of mild hyperhomocystein-
emia. Am J Hum Genet 56: 142-150.

Fiskerstrand T, Refsum H, Kvalheim G, Ueland PM (1993) Homocysteine and other thiols in plasma
and urine: automated determination and sample stability. Clin Chem 39: 263-271.

Fowler B, Sardharwalla IB, Robins AJ (1971) The detection of heterozygotes for homocystinuria by
oral loading with L-methionine. Biochem J 122: 23p—24p.

Franken DG, Boers GH, Blom HIJ, Trijbels FJ, Kloppenborg PW (1994) Treatment of mild
hyperhomocysteinemia in vascular disease patients. Arterioscler Thromb 14: 465—470.

Frosst P, Blom HJ, Milos R, et al (1995) A candidate genetic risk factor for vascular disease: a
common mutation in methylenetetrahydrofolate reductase. Nature Genet 10: 111-113.

Guttormsen AB, Mansoor MA, Fiskerstrand T, Ueland PM, Refsum H (1993) Kinetics of plasma
homocysteine in healthy subjects after peroral homocysteine loading. Clin Chem 39: 1390-1397.

Guttormsen AB, Schneede J, Fiskerstrand T, Ueland PM, Refsum H (1994) Plasma concentrations
of homocysteine and other aminothiol compounds are related to food intake in healtthy subjects. J
Nutr 124: 1934-1941.

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



Assessment of homocysteine status 293

Guttormsen AB, Svarstad E, Ueland PM, Refsum H (1995) Elimination of homocysteine from
plasma in subjects with endstage renal failure. Irish J Med Sci 164 (Suppl. 15): 8.

Guttormsen AB, Ueland PM, Nesthus I, et al (1996a) Determinants and vitamin responsiveness of
intermediate hyperhomocysteinemia (=40 umol/L): The Hordaland Homocysteine Study. J Clin
Invest, 98: 2174-2183.

Guttormsen AB, Schneede J, Ueland PM, Refsum H (1996b) Kinetics of total plasma homocysteine
in subjects with hyperhomocysteinemia due to folate and cobalamin deficiency. Am J Clin Nutr,
63: 194-202.

Kang S-S, Wong PWK, Norusis M (1987) Homocysteinemia due to folate deficiency. Metabolism
36: 458 -462.

Kang S-S, Wong PWK, Susmano A, Sora J, Norusis M, Ruggie N (1991) Thermolabile methylene-
tetrahydrofolate reductase: an inherited risk factor for coronary artery disease. Am J Hum Genet
48: 536-545.

Kang S-S, Wong PWK, Malinow MR (1992) Hyperhomocyst(e)inemia as a risk factor for occlusive
‘vascular disease. Annu Rev Nutr 12: 279-298.

Kluijtmans LAJ, van den Heuvel LPWJ, Boers GHJ, et al (1996) Molecular genetic analysis in mild
hyperhomocysteinemia: a common mutation in the methylenetetrahydrofolate reductase gene is a
genetic risk factor for cardiovascular disease. Am J Hum Genet 58: 35-41.

Kozich V, Kraus E, DeFranchis R, et al (1995) Hyperhomocysteinemia in premature arterial disease:
examination of cystathionine beta-synthase alleles at the molecular level. Hum Mol Genet 4:
623-629.

Leppanen EA, Grasbeck R (1988) Experimental basis of standardized specimen collection: effect of
posture on blood picture. Eur J Haematol 40: 222-226.

Mansoor MA, Svardal AM, Schneede J, Ueland PM (1992) Dynamic relation between reduced,
oxidized and protein-bound homocysteine and other thiol components in plasma during
methionine loading in healthy men. Clin Chem 38: 1316-1321.

Mansoor MA, Guttormsen AB, Fiskersirand T, Refsum H, Ueland PM, Svardal AM (1993) Redox
status and protein-binding of plasma aminothiols during the transient hyperhomocysteinemia that
follows homocysteine administration. Clin Chem 39: 980-985.

Mansoor MA, Ueland PM, Svardal AM (1994) Redox status and protein binding of plasma
homocysteine and other aminothiols in patients with hyperhomocysteinemia due to cobalamin
deficiency. Am J Clin Nutr 59: 631-635.

Mansoor MA, Bergmark C, Svardal AM, Lenning PE, Ueland PM (1995) Redox status and protein
binding of plasma homocysteine and other aminothiols in patients with early-onset peripheral
vascular disease. Arterioscler Thromb Vasc Biol 15: 232—-240.

Moller J, Rasmussen K (1995) Homocysteine in plasma: stabilization of blood samples with
fluoride. Clin Chem 41:-758-759.

Motulsky AG (1996) Nutritional ecogenetics: homocysteine-related arteriosclerotic vascular
disease, neural tube defects, and folic acid [editorial comment]. Am J Hum Genet 58: 17-20.

Mudd SH, Levy HL, Skovby F (1995) Disorders of transsulfuration. In Scriver CR, Beaudet AL, Sly
WS, Valle D, eds. The Metabolic and Molecular Bases of Inherited Disease, Tth edn. New York:
McGraw-Hill, 1279-1327.

Nygérd O, Vollset SE, Refsum H, et al (1995) Total plasma homocysteine and cardiovascular risk
profile: The Hordaland Homocysteine Study. J Am Med Assoc 274: 1526-1533.

Nygérd O, Refsum H, Nordrehaug J, et al (1997) Coffee consumption and plasma total homocysteine:
The Hordaland Homocysteine Study. Am J Clin Nutr, 65: 136—143.

Rasmussen K, Méller I, Lyngbak M, Pedersen AM, Dybkjaer L (1996) Age- and gender-specific
reference intervals for total homocysteine and methylmalonic acid in plasma before and after
vitamin supplementation. Clin Chem 42: 630-636.

Refsum H, Ueland PM (1990) Clinical significance of pharmacological modulation of homocysteine
metabolism. Trends Pharmacol Sci 11: 411-416.

Refsum H, Helland S, Ueland PM (1985) Radioenzymic determination of homocysteine in plasma
and urine. Clin Chem 31: 624-628.

Refsum H, Helland S, Ueland PM (1989) Fasting plasma homocysteine as a sensitive parameter to

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



294 Refsum et al.

antifolate effect. A study on psoriasis patients receiving low-dose methotrexate treatment. Clin
Pharmacol Ther 46: 510-520.

Rosenblatt DS, Cooper BA (1990) Inherited disorders of vitamin B-12 utilization. BioEssays 12:
331-334.

Selhub J, Jacques PF, Wilson PWF, Rush D, Rosenberg IH (1993) Vitamin status and intake as
primary determinants of homocysteinemia in an elderly population. J Am Med Assoc 270:
2693-2698.

Shipchandler MT, Moore EG (1995) Rapid, fully automated measurement of plasma homocyst(e)ine
with the Abbott IMx analyzer. Clin Chem 41: 991-994.

Ubbink JB, Vermaak WIH, Vandermerwe A, Becker PJ (1992) The effect of blood sample aging and
food consumption on plasma total homocysteine levels. Clin Chim Acta 207: 119-128.

Ubbink JB, Becker PJ, Vermaak WJ, Delport R (1995a) Results of B-vitamin supplementation study
used in a prediction model to define a reference range for plasma homocysteine. Clin Chem 41:
1033-1037.

Ubbink JB, Vermaak WJ, Delport R, van der Merwe A, Becker PI, Potgicter H (1995b) Effective
homocysteine metabolism may protect South African blacks against coronary heart disease. Am J
Clin Nutr 62: 802-808.

Ubbink JB, Delport R, Vermaak WJ (1996a) Plasma homocysteine concentrations in a population
with a low coronary heart disease prevalence. J Nutr 126 (4 supplement): 12545 -12578.

Ubbink IB, van der Merwe A, Delport R, et al (1996b) The effect of a subnormal vitamin B6 status
on homocysteine metabolism. J Clin Invest 98: 177-184.

Ueland PM (1995) Homocysteine species as components of plasma redox thiol status. Clin Chem
41: 340-342.

Ueland PM, Refsum H, Brattstrom L (1992) Plasma homocysteine and cardiovascular disease. In
Francis RB Jr, ed. Atherosclerotic Cardiovascular Disease, Hemostasis, and Endothelial
Function. New York: Marcel Dekker, 183-236.

Ueland PM, Refsum H, Stabler SP, Malinow MR, Andersson A, Allen RH (1993) Total
homocysteine in plasma or serum. Methods and clinical applications. Clin Chem 39: 17641779,

van der Put NMJ, Steegers-Theunissen RPM, Frosst P, et al (1995) Mutated methylenetetrahydro-
folate reductase as a risk factor for spina bifida. Lancet 346: 1070-1071.

Verhoef P, Kok FJ, Kruyssen DACM, et al (1997) Plasma total homocysteine, B-vitamins and risk
of coronary atherosclerosis. Arterioscler Thromb Vasc Biol, in press.

Vermaak WJ, Ubbink JB, Delport R, Becker PJ, Bissbort SH, Ungerer JP (1991) Ethnic immunity
to coronary heart disease? Atherosclerosis 89: 155-162.

Wilcken DEL, Gupta VJ, Betts AK (1981) Homocysteine in the plasma of renal transplant recipi-
ents: effects of cofactors for methionine metabolism. Clin Sci 61: 743—749.

Wu LL, Wu J, Hunt SC, et al (1994) Plasma homocyst(e)ine as a risk factor for early familial
coronary artery disease. Clin Chem 40: 552-561.

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



