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Abstract

Background: There are no data available on the effects of
intravenous (i.v.) methylcobalamin (Me-Cbl), the coenzy-
matically active form of vitamin B, that acts as a cofactor
for methionine synthase in the conversion of total homo-
cysteine (tHcy) to methionine, with or without oral folic
acid (FA) supplementation, on fasting tHcy levels in
hemodialysis (HD) patients. Methods: We performed a
prospective randomized trial in which 62 chronic HD
patients without previous vitamin supplementation were
divided into four groups. Group A received Me-Cbl
500 ug twice/week plus FA 10 mg/day; group B received
FA 10 mg/day alone; group C received no vitamin sup-
plementation, and group D was on Me-Cbl 500 pg twice/
week alone. Fasting tHcy, vitamin B1,, serum (s) FA and
erythrocytic (e) FA were measured predialysis before
and after 4 months of therapy. Results: Final tHcy levels
were significantly lower in group A (10.2 £ 3.1 umol/l)
compared to groups C (27.3 £ 9.7 umol/l, p < 0.001) and
group D (24.3 = 11.8 umol/l, p < 0.001) and similar to
group B (11.2 £ 1.9 umol/l, p = n.s.). Mean tHcy levels
showed a significant decrease in group A from 22.5 +

15.6 t0 10.2 = 3.1 umol/l (p = 0.003) and in group B from
19.9 + 4.0to 11.2 £ 1.9 umol/l (p = 0.012), while no sig-
nificant changes were observed in groups C (25.9 £ 9.3
vs.27.3 = 9.7 umol/l, p=n.s.)and D (26.6 + 14.3 vs. 24.3
+ 11.8 umol/l, p = n.s.). Conclusion: Oral FA (10 mg/day)
supplementation appears to be an effective approach to
normalize plasma tHcy in chronic HD patients; the addi-
tion of i.v. Me-Cbl (500 ug twice/week) to this regimen
showed no benefit. Separately, FA corrected hyperho-
mocysteinemia (HtHcy), while Me-Cbl showed no
change.

Copyright© 2002 S. Karger AG, Basel

Introduction

Cardiovascular disease is the major cause of death in
end-stage renal disease patients, due in part to a higher
prevalence of established arteriosclerotic risk factors [1,
2]. Recently, controlled evidence has shown that HtHcy
occurs more commonly than other cardiovascular risk
factors in patients on chronic HD [3]. According to some
reports, HtHcy, defined as fasting tHcy levels > 15 pmol/l
[4, 5] and classified as moderate (15-30 umol/l), interme-
diate (30-100 umol/l), and severe (>100 umol/1) [6], oc-
curs in 83% of the dialysis population [7, 8], and appears
to contribute independently to their excess incidence of
cardiovascular outcomes [9-11]. Moreover, tHcy disrupts
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Table 1. Characteristics of 62 hemodialysis patients divided into 4 groups

Group Age Males Time on HD KTV Initial Initial Het
years months albumin, g/l %

Group A (n=17) 59.70+18.1 10 28.3+21.4 1.2+0.3 3.6+0.2 32.3+3.6
(35-80) (7-75)

Group B (n = 16) 62.2+10.6 10 13.6+9.2 1.2+0.3 3.8+0.2 32.3£3.2
(38-75) (7-30)

Group C (n=13) 50.7+£18.6 7 20.9+15.2 1.2+£0.2 3.7+0.1 32.6+2.8
(19-70) (6-45)

Group D (n = 16) 58.1+21.2 8 12+£9.7 1.2+0.3 3.4%0.5 29+6.9
(27-86) (5-28)

HD = Hemodialysis; Hct = hematocrit.

Note: All differences between groups are nonsignificant.

several endothelium-related anticoagulant functions re-
sulting in enhanced thrombogenicity and contributing to
the occlusion of arterio-venous fistulas and grafts in HD
patients [12-14]. More recently, a prospective study re-
vealed that each 1 umol/l increase in the tHcy level was
associated with a 4% increase in the risk of access throm-
bosis [15].

Folate, vitamin B¢ and vitamin B, are the main cofac-
tors for tHcy metabolism. Vitamin By, and folate play a
critical role in the remethylation of homocysteine to
methionine [16, 17]. In addition, in chronic renal failure
patients a significant reduction in membrane protein
methyl esterification exists, and structural cellular dam-
ages accumulate, rendering proteins inadequately re-
paired [18]. Me-Cbl, the methylated form of cobalamin, is
the cofactor for the enzyme methionine synthase that con-
verts homocysteine to methionine [19]. In the Me-Cbl-
dependent [16] reaction mediated by methionine syn-
thase, homocysteine acquires a methyl group from meth-
yltetrahydrofolate to form methionine. A considerable
proportion of methionine is then used to form S-adenosyl-
methionine, a universal donor of methyl groups [1, 20].

Therefore, it seems appropriate to diminish tHcy lev-
els particularly in HD patients. Several studies in HD
patients have shown that FA supplementation at doses of
10 mg/day appear to lower fasting plasma tHcy levels by
30-50% [21-23]. In our center, because many HD pa-
tients were not taking vitamins, we have randomly select-
ed a group which was started on i.v. Me-Cbl to avoid non-
compliance and putative absorption differences among
patients and assess its direct effects on tHcy alone or cou-
pled with oral FA, overcoming the uremic-altered FA-
mediated methylation processes.

Methylcobalamin and Folate Therapy in
Hemodialysis

Subjects and Methods

We undertook a prospective, randomized trial in which predialy-
sis fasting plasma concentrations of tHcy, vitamin By,, sFA and eFA,
were determined in 62 chronic HD patients before and after 4
months of therapy with i.v. Me-Cbl and/or FA supplementation or
without treatment. In this prospective study, patients were randomly
divided in a blinded fashion by a random-number generator, strati-
fied only for centre, into four groups: group A (n = 17) received
500 pg of Me-Cbl (Methycobal®; Esai, Bunkyo-ku, Tokyo, Japan)
postdialysis twice a week plus FA 10 mg/day; group B (n = 16) was on
10 mg of daily FA supplementation; group C (n = 13) received no
vitamin therapy and group D (n = 16) received 500 ug of Me-Cbl
twice weekly postdialysis. We included patients between 19 and 86
years of age, requiring HD for at least 5 months. Patients were
excluded if previous vitamin supplementation was prescribed. All
patients concluded the study. All patients received epoetin 4,000 U
subcutaneously twice weekly and 100 mg of i.v. iron saccharate post-
dialysis when necessary to maintain transferrin saturation between
25 and 50%. All groups were not different according to age, to gen-
der, to time on HD, to KT/V (table 1), to primary renal disease, to
diet, and to baseline plasma levels of tHcy, vitamin By,, SFA, eFA,
albumin and hematocrits (tables 2, 3). Thrice weekly high-flux HD
was performed using polysulphone (F80®, Fresenius AG, Bad Hom-
burg, Germany) or triacetate cellulose (FB 210 U®, Nipro, Japan)
reused membranes with a mean QB of 380 = 20 ml/min, QD of
500 ml/min and a mean HD session of 3.5 £ 0.5 h. Serum was pro-
cessed by fluorescence polarization immunoassay for tHcy (normal:
10 = 5 umol/l), radioimmunoassay for vitamin By, complex includ-
ing all forms of cobalamins, i.e. Me-Cbl, cyano-cobalamin, hydroxy-
cobalamin and adenosyl-cobalamin (normal: 200-900 pg/ml), and
for FA determinations (sFA normal: >10 ng/ml; eFA normal: 200-
700 ng/ml).

Results are expressed as the mean = SD. Kruskall-Wallis test
(one-way ANOVA by ranks) was used to assess differences between
groups. Wilcoxon signed ranks test was used to evaluate intragroup
differences. p < 0.05 as considered to be significant.
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Fig. 1. Percent variations of homocysteine
in all groups.

Table 2. Initial and final values and percent variations of homocys-
teine in all groups

Group Initial Hey Final Hey % Hcy
umol/l umol/l variation
Group A 22.5+15.6 10.2+3.12 -44
Group B 19.9+£4.0 11.2+1.9b -43
Group C 25.9%9.3 27.3+9.7 5
Group D 26.6+14.3 243+11.8 -2.4

Hcy = Homocysteine; Het = hematocrit.
ap=0.003;>p=0.012.

Results

The effects of Me-Cbl and FA on tHcy are shown in
figure 1 and changes in vitamin levels are summarized in
table 3.

Effects of Me-Cbl on tHcy

In group D, final tHcy levels (24.3 = 11.8 umol/l) were
significantly higher than final levels in groups A (10.2 =
3.1 umol/l, p < 0.001) and B (11.2 = 1.9 umol/l, p <
0.001); no statistical difference with respect to final levels
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B: Folic acid C: No treatment D: Methylcobalamin

Groups

in group C (27.3 = 9.7 umol/l) and with respect to initial
values in group D (26.6 £ 14.3 umol/l).

Effects of FA on tHcy

Final tHcy levels in group B (11.2 = 1.9 umol/l) were
similar to final levels of group A (10.2 = 3.1 umol/l) and
significantly lower than final levels of groups C (27.3 £
9.7 umol/l, p < 0.001) and D (24.3 £ 11.8 umol/l, p <
0.001). Final tHcy levels decreased significantly when
compared to initial values (11.2 = 1.9 vs. 199 =+
4.0 pmol/l, p = 0.012); percent reduction 43%.

Combined Me-Cbl and FA Effects on tHcy

In group A, tHcy final levels were similar to group B
(10.2 = 3.1vs. 11.2 = 1.9 umol/L, p = n.s.) and showed a
significant decrease when compared to final levels of
groups C (27.3 £ 9.7 umol/l, p < 0.001) and D (24.3 =
11.8 umol/l, p < 0.001). Final group A tHcy concentra-
tions were significantly lower than initial values (10.2 =
3.1 vs. 22.5 £ 15.5 umol/l, p = 0.003); percent decrease
44% (fig. 1).

Finally, it was observed that by the first month of treat-
ment (data not shown), 15 patients from group A (90%)
but only 11 from group B (70%) had normalized their
tHcy levels. In the second month, all patients from both
groups had normal tHcy plasma levels.

Trimarchi/Schiel/Freixas/Diaz



Table 3. Initial and final levels of vitamin By,, serum folic acid and erythrocytic folic acid in all groups

Group Initial vitamin  Final vitamin Initial SFA  Final sFA Initial eFA  Final eFA
B2, pg/ml B2, pg/ml ng/ml ng/ml ng/ml ng/ml

Group A 2,352+1,453 23,553+11,3342 57+£2.7 407 x4222 743 £847 5,401£1,9262

Group B 2,489+2,423 6,372+5,378 6.6+2.4 267+182b  485+122 3,259+ 1,600

Group C 2,152+1,100 2,205+1,206 7+2.3 6.9+2.2 334+120 316102

Group D 1,691+1,360 17,422 £4,819¢ 8.6x3.3 9.7+5.5 778 £488 700+439

sFA = Serum folic acid; eFA = erythrocytic folic acid.

ap=0.003;bp=0.012;cp=0.003.

Changes in Vitamin Levels

With respect to vitamin levels (table 3), all patients had
initial vitamin B, values within normal limits and initial
low SFA blood levels, despite eFA were normal. When
Me-Cbl was prescribed, final levels in groups A and D
were significantly higher than the initial ones (23,553 =
11,334 vs. 2,352 = 1,453 pmol/ml, p = 0.003 in group A;
17,422 = 4,819 vs. 1,691 = 1,360 pmol/ml, p = 0.003 in
group D). Interestingly, despite baseline normal vitamin
Bi, and eFA blood levels, when considerable high concen-
trations of Me-Cbl, sFA and eFA were achieved after vita-
min supplementation, tHcy decreased, while tHcy actual-
ly showed a modest nonsignificant increase in group C.
When final values of vitamins were compared between
groups, Me-Cbl final levels were significantly higher in
group A (p =0.001) and sFA final levels were significantly
higher in groups A and B than in the rest (p = 0.001).
Noteworthy, eFA levels were significantly higher when
Me-Cbl and FA were given together (5,401 = 1,926 ng/
ml, p = 0.001); in group B eFA final concentrations were
also different (3,258 = 1,600 ng/ml, p=0.001) from those
in groups C (316 = 101 ng/ml) and D (699 * 439 ng/ml).
No adverse effects could be ascribed to Me-Cbl or FA
therapy during the study.

Discussion

Our data show that oral administration of 10 mg FA is
safe and highly effective in normalizing tHcy blood levels
in chronic HD patients, and i.v. Me-Cbl alone did not sig-
nificantly reduce tHcy levels; when prescribed with oral
FA supplementation, Me-Cbl achieved a similar decrease
in tHcy levels than the one obtained with FA alone.

Our results emphasize the importance of FA in the reg-
ulation of plasma tHcy levels in chronic HD patients. A

Methylcobalamin and Folate Therapy in
Hemodialysis

daily oral intake of 5-10 mg FA decreases tHcy levels by
20-30%, provided vitamin B, levels are within normal
limits. A primary function of FA is to participate as a
methyl donor for the conversion of homocysteine to
methionine. The methyl group is first transferred from
methyl-tetrahydrofolate to cobalamin to form Me-Cbl,
which then donates the methyl group onto homocysteine
to generate methionine [16]. Due to the methylation
abnormalities present in chronic renal failure, Me-Cbl
concentration may be diminished, and the activity of
methionine synthase could be abnormal. This enzyme
impairment could result in abnormal DNA synthesis and
methylation abnormalities, thereby altering erythropoie-
sis and protein synthesis, which would then translate into
anemia and hypoalbuminemia, respectively. It is also
important to emphasize that FA distribution in blood is
mainly divided into two compartments: eFA, which re-
presents the circulating deposits of FA and was within
normal limits in all patients in this study (table 3); and,
sFA, the metabolically available or physiologically active
compartment, which was low in all groups (table 3),
regardless of the time the patients were on HD. After oral
FA loading, sFA dramatically increased in all groups and
tHcy levels normalized (tables 2, 3). Thus, sFA and not
eFA must be monitored in chronic HD patients to assess
its ability to lower tHcy levels.

With respect to the sole administration of Me-Cbl,
albeit vitamin By, is important as a cofactor in Hcy
metabolism, we were unable to demonstrate its capability
to significantly diminish tHcy levels when it was pre-
scribed either alone or in combination with FA, despite
the remarkable high levels of vitamin B, achieved. This
may be due to the fact that both cofactors must be present
for a correct performance of methionine synthase [16].
Moreover, all HD patients in this study had normal base-
line vitamin B, concentrations. In one report, the preva-
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lence of suboptimal levels of vitamin Bj, in apparently
healthy men with HtHcy was approximately 57% [24].
This difference could obviously be because patient char-
acteristics are different but also because total body stores
of vitamin By, are considerable (approximately 2-5 mg,
one-half of which is in the liver). This suggests that from 3
to 5 years must elapse until cobalamin deficiency exists
[25] (time on HD of our patient population ranged
between 5 months and 6.3 years, average 18.7 months),
unless an alteration in vitamin Bj, absorption or pro-
longed inadequate intake are present [25]. It is probable
that in the uncommon situation of vitamin B, deficiency,
FA alone may not be capable of lowering tHcy concentra-
tions either. In addition, the method by which vitamin
Bi, blood levels are quantitated is a radioimmunoassay
that measures all cobalamins indistinctly, and as methyl-
ation abnormalities are present in chronic renal failure
[18], Me-Cbl plasma levels could be certainly low, while
the total measured amount of cobalamin is normal. Nor-
mally, human plasma contains fractions of about 0.6 Me-
Cbl, 0.3 adenosyl-cobalamin, and less than 0.1 of hy-
droxy- and cyano-cobalamin [26]; hydroxy-cobalamin,
another cobalamin, is also methylated to form Me-Cbl in
human tissue [16].

In relation to this apparent FA-dependent response to
lowering tHcy levels observed in this study, an intriguing
possibility to be analyzed is that tHcy may not be a cause
of cardiovascular disease or of endothelial dysfunction
but otherwise a marker of another risk factor involved in
tHcy metabolism, as low sFA levels or a decreased physio-
logical bioavailability of FA due to the uremic state.
Therefore, the prescription of FA would not only reduce
tHcy levels (the marker of endothelial dysfunction) but
more importantly, provide the FA (if low, the cause of
cardiovascular disease) necessary to contribute in the cor-
rection of some of the endothelial derangements present
in HtHcy.

Approximately 70-80% of circulating tHcy is bound to
large proteins as albumin [4, 27], which is considered as
an independent determinant of tHcy, unrelated to B vita-
min status [1, 27]. However, in our study albumin and
hematocrits differences were non-significant among
groups (table 1) when simultaneously high vitamin By,
blood levels were measured, and consequently cannot
explain the Me-Cbl failure to correct tHcy by itself. In oth-
er words, tHcy was corrected only when FA was pre-
scribed, either alone (group B) or with Me-Cbl (group D).

In addition to vitamin influence, tHcy concentration
also depends on nutritional intake, genetic factors, on the
degree of kidney failure and cellular metabolism and to

62 Nephron 2002;91:58-63

impairments in the remethylation of homocysteine to
methionine [20, 28, 29]. If, for instance, the remethyla-
tion reaction is impaired due to vitamin deficiencies or to
alterations in the methylation process itself, homocys-
teine intracellular levels will increase and after its cellular
extrusion HtHcy ensues [20]. High intracellular concen-
trations of homocysteine result in the cellular accumula-
tion of S-adenosyl homocysteine, an extremely toxic com-
pound that inhibits methyltransferases [30]. Several theo-
ries suggest that homocysteine causes vascular intimal
thickening, elastic lamina disruption, luminal platelet ac-
cumulation and increases the proliferation of vascular
smooth muscle cells, and hallmarks of atherosclerosis [12,
28, 31].

In contrast with other studies which show that high
doses of FA do not normalize Hcy in HD patients [21, 22,
32], our findings demonstrate that with 10 mg FA a day
Hcy levels normalize. In patients with chronic renal fail-
ure the proposed dose of FA varies between 1 and 15 mg/
day, while vitamin B, dose oscilates between 400 pug to
1 mg/day [1, 6, 33, 34]. As in other studies, in which Me-
Cbl was used to evaluate its effects on diabetic or uremic
neuropathy, such high levels were not related to adverse
reactions [35, 36]. In addition, some patients have re-
ferred improvement of chronic paresthesias. As to the
time it takes to normalize tHcy plasma levels, it can range
from two weeks up to seven months [37-39], depending
on the vitamins used, on the doses prescribed and on the
population under consideration.

Conclusion

We believe 10 mg FA can safely be given to chronic
HD patients to lower tHcy levels, regardless of normal
baseline eFA plasma levels (sSFA may be low). In the set-
ting of normal baseline vitamin B, blood levels, the pre-
scription of i.v. Me-Cbl showed no additional benefits to
diminish tHcy levels. Our study includes a small number
of patients; in the absence of data from randomized, con-
trolled trials demonstrating a reduction in cardiovascular
outcomes or in thrombotic events with successful treat-
ment of HtHcy in the HD population, careful conclusions
must be drawn from our report and the previously pub-
lished uncontrolled, open-label investigations.

Acknowledgements

We thank trb pharma s.a. for providing methylcobalamin vials
for all patients and Mr. Gabriel Converso for his statistical analysis.

Trimarchi/Schiel/Freixas/Diaz



10

11

References

Bostom A, Culleton B: Hyperhomocysteinemia
in chronic renal disease. J Am Soc Nephrol
1991;10:891-900.

Foley R, Parfrey P, Sarnak M: Clinical epide-
miology of cardiovascular disease in chronic
renal disease. Am J Kidney Dis 1998;112S-
119S.

Canada-USA (CANUSA) Peritoneal Dialysis
Study Group: Adequacy of dialysis and nutri-
tion in continuous peritoneal dialysis: Associa-
tion with clinical outcomes. J Am Soc Nephrol
1996;7:198-207.

Ueland P, Refsum H, Stabler S, Malinow M,
Anderson A, Allen R: Total homocysteine in
plasma or serum: Methods and clinical applica-
tions. Clin Chem 1993;39:1764-1779.
Jacobsen D, Gatautis V, Green R: Rapid
HPLC determination of total homocysteine
and other thiols in serum and plasma: Sex dif-
ferences and correlation with cobalamin and
folate concentrations in healthy subjects. Clin
Chem 1994;40:873-881.

Kang S, Wong P, Malinow M: Hyperhomocys-
t(e)inemia as a risk factor for occlusive vascular
disease. Annu Rev Nutr 1992;12:279-285.
Bostom A, Shemin D, Lapane K, Miller J,
Sutherland P, Nadeau M, Seyoum E, Hartman
W, Prior R, Wilson P: Hyperhomocysteinemia
and traditional cardiovascular risk factors in
end-stage renal disease patients on dialysis: A
case control study. Atherosclerosis 1995;114:
93-103.

Bostom A, Shemin D, Lapane K, Sutherland P,
Nadeau M, Wilson P, Yoburn D, Bausserman
L, Tofler G, Jacques P, Aelhub J, Rosenberg I:
Hyperhomocysteinemia, hyperfibrinogenemia,
and lipoprotein (a) excess in maintenance dial-
ysis patients: A matched case-control study.
Atherosclerosis 1996;125:91-101.

Robinson K, Gupta A, Dennis V, Arheart K,
Chaudhary D, Green R, Vigo P, Mayer E, Sel-
hub J, Kutner M, Jacobsen D: Hyperhomocys-
teinemia confers an independent increased risk
of atherosclerosis in end-stage renal disease and
is closely linked to plasma folate and pyridox-
ine concentrations. Circulation 1996;94:2743—
2748.

Moustapha A, Naso A, Nahlawi M, Gupta A,
Arheart K, Jacobsen D, Robinson K, Dennis V:
Prospective study of hyperhomocysteinemia as
an adverse cardiovascular risk factor in end-
stage renal disease. Circulation 1998;97:138-
141.

Clarke R, Daly L, Robinson K, Naughten E,
Cahalane S, Fowler B, Graham I: Hyperhomo-
cysteinemia: An independent riks factor for
vascular disease. N Engl J Med 1991;324:
1149-1155.

Methylcobalamin and Folate Therapy in

Hemodialysis

20

21

22

23

24

25

26

Harpel P, Zhang X, Borth W: Homocysteine
and hemostasis: Pathogenetic mechanisms pre-
disposing to thrombosis. J Nutr 1996;126:
1285S-1289S.

Amundsen T, Ueland P, Waage A: Plasma
homocysteine levels in patients with deep vein
thrombosis. Arterioscler Thromb vasc Biol
1995;15:1321-1323.

Den Heijer M, Koster T, Blom H: Hyperhomo-
cysteinemia as a risk factor for deep-vein
thrombosis. N Engl J Med 1996;334:759-762.
Shemin D, Lapane K, Bausserman L, Kanaan
E, Kahn S, Dworkin L, Bostom A: Plasma total
homocysteine levels and hemodialysis access
thrombosis: A prospective study. J Am Soc
Nephrol 1999;10:1095-1099.

Teferri A, Pruthi R: The biochemical basis of
cobalamin deficiency. Mayo Clin Proc 1994;
69:181-186.

Moghadasian M, McManus B, Frohlich J: Ho-
mocyst(e)ine and coronary artery disease. Arch
Intern Med 1997;157:2299-2308.

Perna A, Ingrosso D, Galletti P, Zappia V, De
Santo N: Membrane protein damage and meth-
ylation reactions in chronic renal failure. Kid-
ney Int 1996;50:358-366.

Barker H: Corrinoid-dependent enzymic reac-
tions. Annu Rev Biochem 1972;41:55-90.
Bostom A, Lathrop L: Hyperhomocysteinemia
in end-stage renal disease: Prevalence, etiology,
and potential relationship to arteriosclerotic
outcomes. Kidney Int 1997;52:10-20.

Van Guldener C, Janssen M, Lamber J, Ter
Wee P, Jacobs C, Donker A, Stehouwer C: No
change in impaired endothelial function after
long-term folic acid therapy of hyperhomocys-
teinemia in hemodialysis patients. Nephrol
Dial Transplant 1998;13:106-112.

Janssen M, Van Guldener C, De Jong G, Van
Der Berg M, Stehouver C, Donker A: Folic acid
treatment of hyperhomocysteinemia in dialysis
patients. Miner Electrolyte Metab 1996;22:
110-114.

Collins A: Trends in anemia control, erythro-
poietin use, and impact on outcomes. Am J
Kidney Dis 1998;32:1335-1415.

Suliman M, Qureshi R, Barany P, Stenvikel P,
Divino Filho J, Anderstam B, Heimbiirger O,
Lindholm B, Bergstrom J: Hyperhomocystei-
nemia, nutritional status, and cardiovascular
disease in hemodialysis patients. Kidney Int
2000;57:1727-1735.

Ubbink J, Vermark W, van der Merwe A, Beck-
er P: Vitamin B-12, vitamin B-6, and folate
nutritional status in men with hyperhomocys-
teinemia. Am J Clin Nutr 1993;57:47-53.
Linell J: The fate of cobalamin in vivo; in
Babior BM (ed): Cobalamin. Biochemistry,
and Pathophysiology. New York, Willey-Inter-
science, 1975, pp 1-287.

27

28

29

30

31

32

33

34

35

36

37

38

39

Green R, Kinsella L: Current concepts in the
diagnosis of cobalamin deficiency. Neurology
1995;45:1435-1440.

Welch G, Loscalzo J: Homocysteine and ath-
erosclerosis. N Engl J Med 1998;338:1042-
1050.

Hultberg B, Andersson A, Sterner G: Plasma
homocysteine in renal failure. Clin Nephrol
1993;40:230-234.

Perna A, Ingrosso D, De Santo N, Galletti P,
Zappia V: Mechanism of erythrocyte accumu-
lation of methylation inhibitor S-adenosylho-
mocysteine in uremia. Kidney Int 1995;47:
247-253.

Tsai C, Perrella M, Yoshizumi M, Hsien C,
Habe E, Chlagel R, Lee M: Promotion of vascu-
lar smooth muscle cell growth by homocys-
teine: A link to atherosclerosis. Proc Natl Acad
Sci USA 1992:91:10193-10197.

Yango A, Shemin D, Hsu N, Jacques P, Dvor-
kin L, Selhub J, Bostom A: Rapid communica-
tion: L-Folinic acid vs. folic acid for the treat-
ment of hyperhomocysteinemia in hemodialy-
sis patients. Kidney Int 2001;59:324-327.
Taniguchi H, Ejiri K, Baba S: Improvement of
autonomic neuropathy after mecobalamin
treatment in uremic patients on hemodialysis.
Clin Ther 1987;9:607-614.

Spence D, Cordy P, Kortas C, Freeman D:
Effect of usual doses of folate supplementation
on elevated plasma homocyst(e)ine in hemodi-
alysis patients: No difference between 1 and
5 mg daily. Am J Nephrol 1999;19:405-410.
Lussier-Cacan S, Xhignesse M, Piolot A, Sel-
hub J, Davignon J, Genest J: Plasma total
homocysteine in healthy subjects: Sex-specific
relation with biological traits. Am J Clin Nutr
1996;64:587-593.

Kuwabara S, Nakazawa R, Auma N, Suzuki M,
Miyajima K, Fukutake T, Hattori T: Intrave-
nous methylcobalamin treatment for uremic
and diabetic neuropathy in chronic hemodialy-
sis patients. Intern Med 1999;38:472-475.
Bostom A, Shemin D, Lapane K, Hume A,
Yoburn D, Nadeau M, Bendich A, Selhub J,
Rosenberg I: High dose B-vitamin treatment of
hyperhomocysteinemia in dialysis patients.
Kidney Int 1996;49:147-152.

Battstrom L, Israelsson B, Norrving B, Berqvist
D, Thorne J, Hutberg B, Hamfelt A: Impaired
homocysteine metabolism in early onset cere-
bral and peripheral occlusive arterial disease:
Effects of pyridoxine and folic acid treatment.
Atherosclerosis 1990;81:51-60.

Guttormsen A, Ueland P, Nesthus I, Nygard O,
Shneede J, Vollset S, Refsum H: Determinants
and vitamin responsiveness of intermediate
hyperhomocysteinemia (> or = 40 umol/l). J
Clin Invest 1996;98:2174-2183.

Nephron 2002;91:58-63

63



