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Abstract

Background Hyperhomocysteinaemia, an independent
risk factor for cardiovascular diseases, is common in
hemodialysis patients (HD) and particularly in those
homozygous for polymorphism of the 5,10-methylenete-
trahydrofolate reductase (MTHFR) gene. B vitamins sup-
plementation has been shown to lower plasma total
homocysteine (tHcy), but this has been contreversed in
several groups. The aim of our study was to explore the
response of tHcy in hemodialysis (HD) patients to indi-
vidual supplementation with folic acid (B9) and/or vitamin

B12, based on carrier status for the (MTHFR)
polymorphism.
Methods 132HD  were randomized according to

C677TMTHFR genotypes into 2 groups (AandB). The
group (A) was treated initially with B9 (10mg/day orally)
for 2 months (t1) and then with Bl2 vitamin
(cyanocobalamin ampoule of 1000 pg) for the following
2 months (t2), then association of B9 and B12 for 2 months
(t3). The group (B) was supplemented initially with vita-
min B12 (t1), then with folic acid (t2) and then B9 + B12
for 2 months (t3). A wash-out period of 2 months followed
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the treatment in both groups (t4). We determined tHcy, B9
and B12 concentrations at each time.

Results In group A, we noted that the decrease in tHcy
becomes significant for CC when patients were supple-
mented with vit B12 only (p = 0.009). While, B9 + vit
B12 supplementation did not seem to improve a significant
effect compared with B12 alone. For genotypes (CT) and
(TT) we noticed a significant decrease in tHcy at tl
(p = 0.038; 0.005 respectively) and at (t3; CT p = 0.024;
TT p = 0.017). In group B, for genotypes CC, the decrease
in tHcy became significant at t3 (vit B12 + BY;
p = 0.031). For genotypes (CT) and (TT), at the replace-
ment of vit B12 by B9, tHcy was significantly decreased
(p = 0.036; 0.012, respectively). The combination of the 2
vitamins (t3) showed no difference compared to folate
alone. In the 2 groups (t4), there was an significant increase
of tHcy again for 3 genotypes.

Conclusion Supplementation with B vitamins correlated
to the MTHFR genotypes has been shown to lower sig-
nificantly tHcy in HD patients.

Keywords MTHFR genotypes - B9 and B12 vitamins -
plasma total Homocysteine - (tHCy) - Hemodialysis
patients (HD)

Introduction

Hyperhomocysteinemia (HHcy), a common characteristic
in chronic kidney disease patients [1] and in hemodialysis
(HD) [2], is an independent risk factor for the develop-
ment of several diseases such as premature arterial
fibrosis, cerebrovascular and heart disease, coronary
occlusion, myocardial infarction and venous thromboem-
bolism [3].
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The cardiovascular disease mortality in HD is 10 to
20-fold greater than that in the general population, even
after adjustment for factors such as age and sex.

In 1995, a common genetic variant of the gene encoding
for methylenetetrahydrofolate-reductase (MTHFR), con-
sisting of a cystosine (C) to thymidine (T) transition at
nucleotide position 677 leading to exchange of a highly
conserved alanine (A) to valine (V), was described. This
polymorphism is correlated to HHcy in both normal [4] and
impaired [5] kidney function.

Several attempts have been made to reduce total
homocysteine (tHcy) levels in end-stage renal disease
(ESRD) patients. Folate, which is vital to humans for its
involvement in several metabolic reactions including the
remethylation pathway, is considered by far the most
important vitamin to reduce tHcy levels. In contrast to the
lowering effect of routine folate supplementation in the
general population, the moderate HHcy characteristic of
dialysis patients has been shown to be resistant to larger
doses of folate [6].

The protocols of folate and vitamin B12 supplementa-
tion in HD are controversial and appear to be dependent on
C677T MTHFR genotypes.

The aim of our work was to study in HD the response of
tHcy concentrations to supplementation with folate and/or
vitamin B12 according to C677T MTHFR genotypes.

Subjects and methods
Patients

We recruited 132 patients (aged > 18 years, under
hemodialysis for more than 3 months, without any severe
pathology at 1 month before the study) from the Dialysis
Unit of the University Hospital Sahloul in Sousse, Tunisia.
All clinical data were collected on a spreadsheet. None of
the patients had received B vitamins before the study. In
this study, our patients received 2 drugs: cyanocobalamin
(ampoule 1 ml/intramuscular injection, siphat) and folicum
(folic acid, 5 mg/tablet; Julphar, Tunisia).

The study was approved by the Hospital Medical Ethics
Committee and all patients involved in the study provided
their consent.

Genotyping

DNA was extracted from blood samples by the salting out
method. The C677T polymorphism was determined by
polymerase chain reaction (PCR) followed by Hinfl
digestion.

Protocol

Patients were randomized according to C677T MTHFR
genotypes into 2 groups of 66 individuals each (in each:
34 CC, 22 CT and 10 TT). The first group (protocol A)
was treated initially with folic acid (B9) (10 mg/day
orally) for 2 months (t1). Secondly, the patients received
2 BI12 vitamin ampoules per week (cyanocobalamin
ampoule of 1 ml = 1000 pg, intramuscular injection
during the next 2 months (t2) at the end of dialysis.
Thirdly, for the following 2 months (t3), they received B9
and B12 vitamins together (10 mg of B9/day orally and
2000 pug of BI2 vitamin/week via intramuscular
injection).

The second group (protocol B) was supplemented ini-
tially with vitamin B12 (t1), secondly with folic acid dur-
ing the next 2 months (t2) and thirdly with B9 and B12
vitamins together for the following 2 months (t3) with the
same doses as in protocol A.

A 2-month wash-out period followed the treatment in
both groups (t4) (last 2 months of the study). We deter-
mined tHcy concentrations at each time-point (Fig. 1).

Samples

The samples were collected in EDTA tubes. Sampling from
fasting patients was carried out throughout the study at
different times. Tubes were quickly transported in ice,
centrifuged at 4 °C at 3000 G for 10 min. The obtained
plasma was stored at — 80 °C.

Protocol A

Wash out o

(2 months)

Protocol B

Fig. 1 The two protocols of vitamins supplementation
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Assays

tHcy, vitamin B12 and B9 levels were measured in plasma
by an AxXSYM® autoanalyzer (Abbott Laboratories, Chi-
cago, IL, USA) with the respective reagent references:
69-5372/R2, B8K202 and B3C812. tHcy was assayed by
the fluorescence polarization immunoassay (FPIA) tech-
nique. Folate and vitamin B12 levels were determined by
microparticle enzyme immunoassay (MEIA).

Normative references were 5-15 pmol/l for tHcy,
> 187 pg/ml for vitamin B12 and 3.5-16.1 ng/ml for
folate. At all 5 time-points, patient samples were assayed in
the same series in order to reduce the analytical variations.

Statistical methods

Statistical analyses were performed on SPSS (Vers.17.0.0).
Quantitative variables are reported as means £ standard
deviation (SD) and compared by the Student’s t test if the
distribution was Gaussian. If not, they are reported as
median (min—max) and compared by the Mann—Whitney U
test. A paired Student’s test was used for the comparison
between tHcy at different times. The categorical variables
were expressed numerically (n) and as a percentage (%),
and compared by the Chi square test. For all tests, a p
value <0.05 was considered statistically significant.

Results

The two groups were similar in terms of the main patient
characteristics: age, gender, medical history, duration of
chronic kidney disease, and number of hemodialysis ses-
sions/week (Table 1).

Concerning patients’ characteristics by genotype, none
of the patients had received folate and/or vitamin B12
before the study. The tHcy level at baseline differed sig-
nificantly between the genotype groups and was > 20 p@
mol/l (Table 2). At t0, no significant difference in tHcy,
vitamin B12 and folate concentrations was observed
between the two protocols (groups A and B) whatever the
genotype (Table 3). This shows the similarity between the
two groups at the study baseline.

tHcy values at the different time-points of the 2
protocols and according to genotype

Variation of tHcy concentrations according to the three
genotypes in HD patients during the vitamin treatments in
protocols A and B are shown in Table 4.

Student’s paired test p values between tHcy at the dif-
ferent time-points for protocols A and B are reported in
Tables V and VI. The tHcy evolution is reported in Figs. 2
and 3 as the percentage relative to the baseline value for
protocol A and protocol B.

Protocol A (Table 5; Fig. 2)

For CC carriers, no significant change was observed in
tHcy when patients were supplemented with folate only (at
tl, p = 0.155). The decrease became significant in CC
carriers when supplemented with vitamin B12 only (t2,
p = 0.009). However, the association of folate and vitamin
B12 (t3) did not seem to significantly improve the effect of
the supplementation compared to B12 alone (p = 0.638) in
CC. Among CT and TT carriers, at tl1 (folate only) a sig-
nificant decrease in tHcy was observed (p = 0.038 and
0.005, respectively). Replacing folate by vitamin B12 (t2)

Table 1 Comparison of main

patient characteristics between
the 2 protocol groups

A B p

Age, years (mean + SD) 46.00 £+ 15.61 46.08 £+ 16.28 0.983
Sex ratio H/F 0.54 0.66 0.316
Weight, kg 59.52 £+ 12.72 63.63 £ 12.71 0.241
Dialysis, n. sessions/week (mean + SD) 2.51 £ 0.51 2.38 £ 0.59 0.301
Duration of CKD, years (mean + SD) 2.94 + 242 2.73 £2.70 0.731
Systolic blood pressure, mm Hg (mean & SD) 13.29 £+ 1.51 13.16 £+ 1.86 0.759
Diastolic blood pressure, mm Hg (mean + SD) 7.97 + 1.04 7.68 + 1.00 0.224
tHcey t0, pmol/l (mean £+ SD) 37.76 + 32.86 30.69 £ 10.69 0.223
B12 t0, pg/ml (mean + SD) 530.98 + 320.76 596.15 £+ 352.52 0.328
Folate t0, ng/ml (mean £+ SD) 7.16 + 5.68 6.64 + 6.33 0.404
Medical history

Hypertension, n (%) 31 (48.57 %) 38 (59.46 %) 0.354

Diabetes, n (%) 13 (20 %) 20 (32.43 %) 0.232

Dyslipidemia, n (%) 15 (8.57 %) 5 (8.11 %) 0.943

Dysthyroidism, n (%) 2 (2.86 %) 0 (0.00 %) 0.300

CKD chronic kidney disease, tHcy total homocysteine
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Table 2 tHcy, folic acid and

B12 vitamin values at the start ce cr T p
of thf study according to tHey t0 (umol/l) 26.05 (11.8-43.26) 27.9 (11.34-50) 50 (25.93-97.26) <0.001
enotype
genotyp B12 t0 (pg/ml) 513 (267-1200) 578 (117-1200) 608 (261-1200) 0.568
Folate t0 (ng/ml) 5.4 (2.2-19.48) 5.7 (1.7-20) 4.9 (2.8-17.8) 0.542
tHcy total homocysteine
Table 3 Comparison of tHcy, folate and B12 vitamin concentrations 120
at the start of the study (t0) between protocols A and B according to 100 4
genotype
.. 80
Genotypes  Protocol A Protocol B p i 60 ——CC
tHey (umol/l) X 40 —-CT
CcC 22.67 (11.82-39.46)  28.44 (14.87-43.26)  0.922 20 T
CT 29.21 (14.58-50) 29.55 (11.34-43.81) 0.924 0 ‘
TT 59.34 (35.61-97.26)  43.12 (25.93-50) 0.172 t0 tl t2 t3 t4
ig. 2 Response of plasma tHcy concentrations in protoco urin
Folates (ng/ml) Fic. 2 p f pl v . in p 1 A during
cc 4.8 (2 0.7-20) 4.45 (2.2-29.48) 0.628  individual vitamin treatments. tHcy values are reported as the
CT 5.8 (2.8-16) 5 (1.7-9.1) 0.284 percentage relative to the baseline value. tHcy total homocysteine
TT 4.1 (3.1-17.8) 3.15 (2.8-3.7) 0.326
B12 (pg/ml) .
cc 421.4 (267.2-1200) 500 (292.8-1200) 0704  Trotocol B (Table 6; Fig. 3)
CT 534.85 (117.98-1200)  551.9 (258-1200) 0.172 For CC . the d 0 tHev b enificant
TT 379 (261.2-464.6) 594 (308.5-1200)  0.108 or carriers, the decrease in tHcy became significan

tHcy total homocysteine

did not seem to be beneficial for CT and TT (p = 0.169
and p = 0.224, respectively). The association of folate
with B12 vitamin (t3) significantly decreased tHcy
(p = 0.024 for CT and p = 0.017 for TT). At the wash out
period (t4), there was a genotype-independent increase of
tHey (p < 0.05).

with the two vitamins (t3, p = 0.031). At tl, vitamin B12
alone had no significant effect for CT and TT genotypes
(p = 0.189 and p = 0.247, respectively). When vitamin
B12 was replaced by folate, tHcy significantly decreased
(p = 0.036 and p = 0.012, respectively). The combination
of the two vitamins (t3) showed no difference compared to
folate alone (p = 0.197 for CT and p = 0.181 for TT). At
the end of the study (t4), tHcy increased for all genotypes
(t4, p < 0.05).

Table 4 Variation of tHcy

concentrations according to the
three genotypes in HD patients
during treatments with the
vitamins in the two protocols
(A and B)

@ Springer

tHcy concentrations (umol/l) (mean [min—max])
Genotype carriers CC CT TT
Protocol A

N 34 22 10

t0 (start)*
tl (+folates)
t2 (4vitamin B12)
t3 (+folates + vitamin B12)
t4 (wash out)*
Protocol B
N
t0O (start)
tl (4vitamin B12)
t2 (+folates)
t3 (+folates + vitamin B12)
t4 (wash out)

22.6 [11.82-39.46]
19.2 [8.67-31.58]
11.4 [5.37-22.76]
10.5 [4.38-18.47]
20.5 [10.8-37.5]

34

28.4 [14.87-43.26]
23.5 [13.71-38.51]
19.2 [10.57-37.1]
13.1 [7.2-23.2]
25.4 [13.8-41.1]

29.2 [14.58-50]
17.1 [7.24-37.28]
15.8 [6.14-30.15]
10.7 [3.14-25.7]
21.5 [2.16-47.5]

22

29.5 [11.34-43.8]
26.2 [10.24-39.7]
19.5 [7.3-29.9]
16.3 [6.9-27.8]
28.3 [10.15-41.7]

59.34 [35.6-97.26]
26.58 [20.4-69.57]
22.34 [16.3-67.1]
16.25 [12.1-52.7]
43.5 [31.7-82.1]

10

43.12 [25.93-50]
39.8 [23.6-42.5]
18.3 [10.3-23.6]
17.1 [7.9-18.5]
40.9 [23.945.8]

—_ — —, .

HD hemodialysis, tHcy total homocysteine
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Fig. 3 Response of plasma tHcy concentrations in protocol B during
individual vitamin treatments. tHcy values are reported as the
percentage relative the baseline value

Table 5 Comparison of p values by genotype at the different time-
points in protocol A

Genotype tO/t1  2/t1  t3/t2 413 2/t0 t3/t0  t4/t0
p CC 0.155 0.009 0.638 0.049 0.001 0.001 0.414

CT 0.038 0.169 0.024 0.016 0.012 0.009 0.610

TT 0.005 0.224 0.017 0.008 0.003 0.001 0.255

* p values obtained by paired Student test between tHcy concentration
at different times of protocol A

tHcy total homocysteine

Table 6 Comparison of p values by genotype at the different time-
points in protocol B

Genotype t1/t0  2/t1  t3/t2 413 2/t0 t3/t0  t4/t0
p CC 0.104 0.081 0.031 0.025 0.045 0.001 0.260
CT 0.189 0.036 0.197 0.017 0.001 0.001 0.516
TT 0.247 0.012 0.181 0.014 0.001 0.001 0.279

* p values obtained by paired Student test between tHcy concentration
at different times of protocol B

tHcy total homocysteine

Discussion

Patient characteristics were similar in the two groups. None
of the patients had received folic acid and/or vitamin B12
before the study and all had baseline tHcy concentra-
tion >20 pmol/l.

HHcy is a common hallmark of ESRD, reported in
80-100 % of HD patients [7, 8]. It is mainly due to
impairment in methylation of homocysteine caused by
uremia, as well as to a deficiency of the co-factors such as
folate [9], and dialysis does not usually normalize its levels
[10].

However, lowering tHcy concentrations in patients with
HD is desirable. In fact, HHcy may partially account for

thrombotic disease in dialysis patients. This correlation is
confounded by malnutrition, inflammation and atheroscle-
rosis syndrome [8], and cardiovascular events [11].

Homocysteine induces oxidative stress, inhibits antiox-
idant enzymes, accelerates endothelial dysfunction and
increases thrombogenicity [12]. The MTHFR C677T
polymorphism can also affect homocysteine metabolism
[13]. In fact, it leads to a thermolabile variant of MTHFR
with 30 % less enzyme activity [14].

In our study, genotype frequencies were 51.52 % CC,
33.33 % CT and 15.15 % TT. This genotypic distribution
is quite similar to that reported in other Tunisian studies
[15, 16]. The baseline vitamin B12 and folate levels did not
differ statistically between the 3 genotypes. But tHcy
concentrations were 26.07 £+ 8.63, 38.86 & 13.62 and
63.74 £+ 44.15 umol/l (p < 0.001), respectively. The
increase in the initial concentrations of tHcy whatever the
MTHFR genotype might be clinically relevant to HD [7].

In patients on HD, the Hcy conversion to methionine is
substantially decreased and a state of folate resistance
exists in uremic patients and was explained by downreg-
ulation of the folate receptor [17]. An altered tHcy pathway
is amplified in subgroups of patients with MTHFR muta-
tion [5]. Fodinger et al. [5S] have reported a direct corre-
lation between MTHFR genotype and tHcy concentrations
with higher values for the TT genotype. The reduction of
tHcy levels could thus be critical in the TT and CT sub-
groups of uremic patients whose baseline tHcy is higher
than normal.

Also, the effect of diet on lowering tHcy in nephropathic
patients seems to be influenced by C677T MTHFR geno-
types [18].

In our study, HD TT carriers displayed higher basal
tHey than did CC and CT carriers, but among each geno-
type tHcy at baseline did not differ statistically between the
two protocols (Table 3).

For folate supplementation, we observed a significant
decrease among CT and TT carriers in both groups when
the treatment was started with folate (tl1: protocol A; CT:
p = 0.038; TT: p = 0.05) and at t2 after the vitamin B12
treatment (protocol B. CT: p = 0.036; TT: p = 0.012).
The decrease was greater with TT genotypes in both
groups. For CC carriers, the folate supplementation did not
have a significant effect in either group.

Vitamin B12 seemed to be beneficial to the CC carriers
only after folate supplementation (t2: p = 0.009; protocol
B). In CT and TT genotypes, vitamin B12 did not appear to
have a significant effect in reducing tHcy concentration,
alone at t1 (protocol B) or after folate supplementation (t2,
protocol A). The two vitamins supplementation at t3 sig-
nificantly decreased tHcy in CT and TT carriers (CT:
p = 0.024; TT: p = 0.017) in protocol A when the treat-
ment started with folate, and in CC carriers in protocol B
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when the treatment started with vitamin B12 (t3. CC:
p = 0.031).

We found a C677T MTHFR genotype-dependent influ-
ence of vitamin B supplementation as previously reported
[19-25].

The present study suggests that supplementation of
vitamin B12 and folate together seems to be useful only for
CC carriers. In fact vitamin B12 supplementation seems to
be beneficial for CC carriers after a first folate supple-
mentation and to have a side-effect on CT and TT carriers.
FA decreases tHcy in HD patients whatever the MTHFR
677 genotype.

The tHcy reduction was significantly higher in TT car-
riers than in other groups. The alternating vitamin treat-
ment demonstrated the importance of folate therapy and the
secondary contribution of vitamin B12 in lowering tHcy in
HD patients.

Accordingly, Bostom et al. [20] reported the important
effect of folate in reducing HHcy in HD patients.

Dierkers et al. indicated that, after B12 supplementation,
tHcy reduction in CC carriers is higher than in CT or TT
carriers. They presumed that the essential role of cobal-
amin in remethylation of tHcy was the reason behind the
simultaneous reduction of homocysteine and folate levels.
They concluded that folate is used as a substrate and this
cycle is influenced by genotype [21].

Pastore et al. [22] demonstrated for the first time the
importance of folate therapy and the secondary contribu-
tion of vitamin B12 in lowering tHcy in HD patients, and
the supplementation with both vitamin B12 and folate was
useful in patients with the wild-type genotype. A Canadian
study [23] found that the greatest tHcy reduction after
folate therapy was in the TT carriers. Obeid et al. [24]
demonstrated the same results. They assumed that folate
may diffuse and be lost due to its reduced size. In addition,
an accelerated depletion of folate is expected because of its
lower storage compared to vitamin B12.

Therefore, in the presence of adequate vitamin B12
status at the end of the wash-out period, folate could
become a rate-limiting factor, which may partly explain the
increase in tHcy concentrations, after stopping vitamin
therapy, particularly, in patients whose MTHFR enzymatic
activity was lower (CT and TT genotypes).

On the other hand, we noted that with folate supple-
mentation TT carriers were more likely than CC or CT
carriers to normalize their tHcy. Accordingly, Malinow
et al. [25] reported that the MTHFR 677 — T transition
has some influence on the response to folic acid therapy in
subjects without renal failure. In contrast, Gere-Sunder-
Plassmann et al. [26] did not discern any independent
influence of these MTHFR polymorphisms on the response
to folate treatment. Gere-Sunder-Plassmann et al. [26] also
demonstrated that doses of 30—60 mg of folic acid per day

@ Springer

are not more effective than 15 mg/day in reducing HHcy in
regular HD patients. They demonstrated that HHcy in
ESRD patients cannot be treated only by folate therapy
regardless of the dosage. Azadibakhsh et al. [27] also
demonstrated that oral supplementation with 15 mg/day
folic acid along with 1 mg/day of vitamin B12 is effective
in reducing tHcy levels in HD patients.

Some studies [28, 29] have demonstrated that
5-methyltetrahydofolate is essential for Hcy methylation
using vitamin B12-dependent methionine synthase. Sup-
plementation with vitamin B12 increases the intracellular
demand for 5-methyltetrahydrofolate which results in a
decrease in folate and an increase in 5-methyl tetrahydro-
folate in the serum. The distribution of folate between the
intra and extracellular compartments severely influences
the serum folate levels, because serum folate accounts for
only 1-2 % of extracellular folate.

Dierkes et al. [21] found that the increase of folate
consumption results in higher serum vitamin B12 levels.
Low-dose folate supplementation results in substitution of
vitamin B12 in some metabolic pathways. However, the
increase of dosage decreases the utility of vitamin B12 and
thus inhibits the decrease of levels of this vitamin in serum.

Different publications [17, 30, 31] have described meta-
bolisms of folate. In fact, FA is a synthetic form of the
vitamin which is only found in fortified foods, supplements
and pharmaceuticals. It locks coenzyme activity and reduces
the metabolically active tetahydrofolate (L-5-methyl-THF).
It is the predominant form of dietary folate and the form
normally found in the circulation, and hence it is normally
transported to peripheral tissues to be used for cellular
metabolism. Studies comparing L-5-methyl-THF and folic
acid have found that the two compounds have comparable
physiological activity, bioavailability and absorption at
equimolar dose [32] but some studies report a difference
between the two forms according to genotypes [33, 34].

Verhaar et al. [30] indicated that 5-MTHFR can restore
endothelial function in hypercholesterolemic patients
probably by affecting cellular oxidative metabolism. This
mode of action suggests that 5-MTHF effect on nitric oxide
(NO) activity could be deduced from other clinical condi-
tions that have been associated with impaired NO activity.
So, folate exerts a direct antioxidant effect during
endothelial function restoration, probably by affecting
cellular oxidative metabolism.

A potential beneficial effect of folic acid supplementa-
tion in renal-failure patients is the normalization of the
[adenosylmethionine]/[adenosylhomocysteine] ratio. Penna
et al. [31] demonstrated convincingly that treatment with
5-methyltetrahydofolate (the active form of folate) resulted
in a more pronounced increase of S-adenosylmethionine
than S-adenosylhomocysteine leading to a higher [S-
adenosylmethionine]/[S-adenosylhomocysteine] ratio. This
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would indicate some improvement of methylation reactions
in uremic subjects. The reduction of this ratio is in good
agreement with the degree of impairment of membrane
protein repair [31].

In fact, the MTHF induces an increase in cells’
methionine intake through an ATP-dependent reaction
elevating adenosylmethionine levels. Treatment with
MTHEF in HD patients increases the [adenosylmethionine]/
[adenosylhomocysteine] ratio indicating that the blockage
in the normal flow of transmethylation is eased if not dis-
pelled by treatment with MTHF. An increase in trans-
methylation should therefore induce a diminished
accumulation of altered proteins, with the relevant conse-
quences in terms of protein function.

Concerning vitamin B12, we found that it seems to be
beneficial to CC carriers only after a first folate supple-
mentation and to have a secondary effect on the CT and TT
carriers.

Billion et al. [7] found that oral vitamin B12 in itself
does not appear to have a significant tHcy lowering effect.
However, parenteral vitamin B12 seems to lower the tHcy
plasma level in dialysis patients. Vitamin B12 might
reduce tHcy concentration through a pharmacological
mechanism presumably analogous to that of the ‘mega-
dose’. FA is used to lower tHcy concentrations in non
folate deficient ESRD patients with oral vitamin B12
(1 mg/day). This pharmacological action does not appear
to be obvious in hemodialysis patients. Billion et al. [7]
believe that oral vitamin B12 should be given to ESRD
patients despite its lack of tHcy lowering effect for three
(a) cobalamin deficiency assessed by high
methylmalonic acid concentrations is observed in spite of
normal vitamin B12 serum concentrations; (b) the high flux
hemodialysis treatment and the use of erythropoeitin could
induce subnormal serum vitamin B12 levels; (c) folate
supplementation in vitamin B12 deficient patients masks
hematological features of cobalamin deficiency (mega-
loblastosis) while its neurological consequences are not
curbed, and therefore its diagnosis can be grossly delayed.

In conclusion, we have demonstrated the importance of
folate therapy and the secondary contribution of vitamin
B12 in lowering tHcy in HD patients. The decrease of tHcy
concentration as a result of these therapies is correlated to
the MTHFR genotype. We also demonstrated that supple-
mentation with both vitamin B12 and folate is useful only
for CC carriers. Having a secondary role in reducing tHcy
levels does not exclude the potentially beneficial action of
vitamin B12 on many neuropathies in chronic hemodialysis.
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