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SUMMARY

High levels of homocysteine (tHcy) are frecuent in MHD patients, and recog-
nized as a risk factor for cardiovascular events. Vitamin supplements have been
shown to lower serum Hcys, although optimal dose and efficacy is not well de-
fined. Moreover, methylenetetrahydrofolate reductase (MTHFR) gene polymorp-
hism can modulate its prevalence and response to treatment. Objective: To eva-
luate efficacy and safety of two vitamin supplement regimens on Hcys serum levels
over a 12 month period.

Methods: We conducted a prospective, randomised, double-blind trial in 60 sta-
ble MHD patients (68 + 13 years, 48% male, 50% diabetics). Patients were ran-
domly assigned to one of two treatment regimens: 1) daily renal multivitamin con-
taining folate (FA), vitamin By and B;, (5 mg, 10 mg and 0.4 mg respectively) (N
= 27); and 2) supraphysiological daily doses (15 mg, 100 mg and 1 mg) (N = 33).
These regimens were continued throughout the study period. Hcys levels were
compared with a control group from the general population (N = 276) matched
for age and gender. Measurements: demographic and clinical data, serum levels
of Hcys, FA, By, B;, at baseline and after 1, 3, 6 and 12 months of treatment;
MTHFR gene polymorphism (PCRRT).

Results: At baseline, global prevalence of hyperhomocysteinemia (tHcy = 15
pmol/L) was 100% in patients and 22% en controls. Hcys levels were significantly
higher in patients versus controls (32.4 + 8.9 vs 12.9 + 6.8, P < 0,0001). Both
regimens were equally effective in reducing Hcys levels. As a whole, Hcys levels
were reduced by 23.6% (P < 0.001) after one month of treatment. The highest re-
duction was observed at the sixth month (28.3%, 32.4 + 8.9 vs 22.7 + 6.4, P <
0.001) and remained stable thereafter. However, only 12% of patients normalised
their plasma levels after 12 months of therapy. The effect of treatment was not in-
fluenced by age, gender, diabetes, body weight or time on MHD. Reduction rate
of tHcy levels was related to baseline tHcy level (r = 0.500, P < 0.001) and ba-
seline FA levels (r = -0.332, P = 0.009). The MTHFR polimorfism did not signifi-
cantly modified the effect of the treatment. No side effects were associated with
either regimen.
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Conclusions: Hyperhomocysteinemia is common in patients with conventional
HD schedules and this is not related to vitamin deficiencies. Vitamin supplements
significantly reduce Hcys levels in a sustained but suboptimal way. Supraphysio-
logical doses did not improve the results. Further studies are requiered to de-
monstrate that this effect is associated with an improval in morbidity and morta-
lity.

Key words: Homocysteine. Folate. Vitamin By,. Vitamin B;. Hemodialysis. At-
herosclerosis.

EFICACIA Y SEGURIDAD DE DOS PAUTAS DE SUPLEMENTOS
VITAMINICOS SOBRE LOS NIVELES DE HOMOCISTEINA EN
PACIENTES EN HEMODIALISIS. ENSAYO CLiNICO PROSPECTIVO Y
RANDOMIZADO

RESUMEN

La hiperhomocisteinemia (HHcys) es frecuente en pacientes urémicos y repre-
senta un factor de riesgo cardiovascular. Los suplementos vitaminicos reducen los
niveles de homocisteina (Hcys), no estando bien definida la dosis éptima y su efi-
cacia. El genotipo de la metilentetrahidrofolatoreductasa (MTHFR) puede modu-
lar su prevalencia y respuesta al tratamiento.

Objetivo: conocer la eficacia de dos pautas de suplementos vitaminicos sobre
los niveles de Hcys tras 12 meses de tratamiento.

Metodologia: estudio prospectivo, randomizado, a doble ciego. Sesenta pa-
cientes en hemodialisis se aleatorizaron en dos grupos terapéuticos: A) Dosis ha-
bituales de acido félico (AcF), vitamina Bs y B;, a la dosis de 5, 10 y 0.4 mg
diarios, respectivamente (N = 27) y B) Dosis suprafisiologicas (15, 100 y 1 mg
diarios) (N = 33). Los valores de Hcys se compararon con un grupo control si-
milar en edad y sexo.

Resultados: Todos los pacientes y el 22% de los controles presentaron HHcys
siendo los niveles de Hcys 2,5 veces superiores en los pacientes que en el grupo
control (32,4 + 8,9 vs 12,9 + 6,8 umol/L; P < 0,0001). Las dos pautas fueron
igualmente eficaces en reducir la Hcys, aunque solamente el 12% de los pacientes
normalizaron sus niveles al finalizar el estudio. Globalmente, los niveles de Hcys
experimentaron un descenso significativo al mes de tratamiento (23,6%, P <
0,001). El mayor descenso se registré tras 6 meses (28,3%, P < 0,001), estabili-
zandose hasta los 12 meses. El mayor descenso de Hcys se asocioé con niveles
basales mas altos de Hcys (r = 0.500, P < 0,001) y mas bajos de AcF (r = 0,332,
P = 0,009). El polimorfismo de la MTHFR no modificé significativamente la res-
puesta terapéutica.

Conclusiones: La HHcys es constante con pautas convencionales de hemodia-
lisis aunque no existan déficits vitaminicos. Los suplementos reducen de forma
substancial y sostenida los niveles de Hcys. Dosis suprafisiolégicas no suponen
ventajas adicionales. Se requieren nuevos estudios para demostrar que este des-
censo conlleve un impacto final favorable sobre la morbimortalidad cardiovascu-
lar.

Palabras clave: Homocisteina. Folato. Vitamina B,,. Vitamina B,. Hemodialisis.
Aterosclerosis.
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INTRODUCCION

The existence of a more aged, atheromatous and
diabetic population on dialysis justifies the increa-
sing interest and concern that represent cardiovas-
cular (CV) events in this population. CV complica-
tions account for 45-50% of all death causes in
dialysis', and mortality from CV origin is clearly hig-
her in the uremic population than in the normal po-
pulation.? In fact, renal insufficient patients have the
same cardiovascular risk factors than those in the ge-
neral population®#, in addition to those related with
the uremic status itself, such as secondary hyperpa-
rathyroidism, anemia, and uremia itself.>

Hyperhomocysteinemia (HHcys) is risk factor for
arteriosclerosis and veno-occlusive disease in the ge-
neral population® and in renal failure.” HHcys is a
universal phenomenon in the uremic population, ho-
mocysteine (Hcys) levels being 2-3 times higher than
those of an age- and gender-matched general popu-
lation.? Its origin is multifactorial and includes ge-
netic predisposition,® nutritional deficit of cofactors
for Hcys metabolism,'112 and renal failure itself.'3
It seems that uremic status by itself influences on the
increase of Hcys levels. If that were the case, it would
be foreseeable that a higher dialysis dose will have
a favorable impact on Hcys levels, as a recent work
seems to confirm.'

It has been demonstrated that vitamins B, By, and
folic acid (FAc) effectively reduce Hcys levels in the ge-
neral population.’™'® However, in the uremic popula-
tion vitamin therapy has yielded poorer results.!”:18:19.20
These studies have been done with relatively short fo-
llow-up periods, with low number of patients, and op-
timal dose has not been established. Besides, there is
controversy whether Hcys levels decrease represents a
benefit?! or not?? on patient’s survival.

We set up a prospective, randomized clinical trial
to know the effect of two vitamin supplement regi-
mens on Hcys levels after a 12-months treatment in
a population on hemodialysis. Moreover, we studied
HHcys prevalence and its relationship with vitamins
Bs, Bi» and FAc serum levels. Additionally, we as-
sessed the influence of methyltetrahydrofolate re-
ductase (MTHFR) enzyme polymorphism on Hcys le-
vels and on response to treatment.

MATERIAL AND METHODS
Patients
All patients on hemodialysis (HD) program form

Tamaragua Hospital (Puerto de la Cruz, Tenerife), to
date April/2002, were assessed for the present study.
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Dialysis regimen was 12-13.5 hours/week, three
times a week, with a prescribed percentage of urea
reduction = 65%, using a polysulphone F8 dialyzer
(Fresenius. Bad. Homburg., Germany).

Inclusion criteria were: 1) patients of both genders,
older than 18 vyears, clinically stable defined as ab-
sence of complications that have required hospital
admission within the last 3 months, with exception
of those related to the vascular access; 2) being on
HD program for longer than 6 months; 3) Negative
pregnancy test in women; 4) Absence of known or
eventual intolerance reaction to vitamin complex.

Biochemical measurements

Blood samples were drawn at the beginning of HD
session, at the middle of the week. The general analy-
sis was performed with an autoanalyzer by means of
routine techniques. FAc and vitamin By, levels were si-
multaneously determined by a radiometric method
(SPNB, DualCount Folic Acid/Vitamin B, in-vitro Diag-
nostic Test Kit; Diagnostic Products Corporation; Los
Angeles; California); Normal FAc reference values for
the study were 3.0-17.0 nmol/L and for Vitamin B,
200-950 pmol/L). Vitamin By was determined by ra-
dioenzimatic method (reference values 20-160 nmol/L).

Total homocysteine levels (the sum of free form
and the one bound to proteins) were determined by
using a fluorescent polarization immunoassay (IMX,
Abbot Diagnostics, Abbot Park, IL.)

MTHFR genotype

Patients’ DNAs were submitted to two allele-spe-
cific amplifications by polymerase chain reaction
(PCR), using a common nucleotide and a specific
one, either for Ala223 allele or to Val223 allele. Pri-
mers design was done from the sequence deposited
at GenBank (U09806).

Statistical analysis

Continuous variables were expressed as means and
standard deviation, and categorical variables as per-
centage. Baseline values for both therapeutic groups
were compared by t test and Chi-squared test, as in-
dicated. Previously, Kolmogorov-Smirnov test was
used to check for a normal distribution. In order to
analyze Hcys levels during the study period, a gene-
ral linear model with repeated measurements was
used. Percentage and absolute changes in Hcys were
compared between both treatment groups by t test or
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Mann-Whitney U test, as indicated. For univariate co-
rrelations, Pearson’s r was used. In order to know the
best baseline Hcys predictors and in response to tre-
atment a linear regression model was applied. SPSS
statistical software (11.1® for Windows) was used
(SPSS Inc., Chicago, IL) for outcome analysis.

RESULTS
Baseline parameters

Finally, 60 patients were included. Vital statistics
and baseline biochemical data for all patients and
for both treatment groups are shown in table I.

Baseline values for Hcys, FAc, and vitamin B, for
the whole group of patients and the control group
are compared in Figure 1. Mean Hcys baseline va-
lues were 2.5 fold higher in patients than controls.

HHcys was defined when Hcys levels were higher
than 15 pmol/L.2*> With this cut-off point, in Figure
1A we may observe that 100% of patients and 22%
of controls had HHcys, respectively. In Figures 1B
and 1C is shown that baseline FAc and vitamin By,
values, respectively, were significantly higher in pa-
tients than controls.

Predictors for baseline Hcys levels

In univariate analysis, baseline Hcys levels were
only negatively correlated to baseline FAc values (r
= 0.340; P = 0.008). We could not find an associa-
tion between baseline Hcys levels with other bio-
chemical parameters (vitamins Bs and B;, levels,
lipid profile, glucose, BUN, albumin) or vital statis-
tics (age, gender, time on HD, diabetes, or AHT).

In order to know the best predictors of Hcys ba-
seline levels, we used linear regression model in-
cluding demographic, biochemical, and MTHFR ge-
notype parameters as independent variables. With
this model, only FAc baseline levels were indepen-
dent predictors of Hcys (B = -0.75 [95%Cl = -1.21,
-0.31], p < 0.001).

Response to treatment

Of the 60 initial patients, 54 completed the study,
three were transplanted and three died. Treatment was
well tolerated, without any adverse effect or medica-
tion withdrawal for that reason. Progression of FAc, and
vitamins B and By, during treatment period of both
groups is shown in figure 2. These data confirmed the
convenient patients’ adherence to treatment observed

Table 1. Vital statistics and biochemical values for
both treatment groups. Both demographic
and levels for Hcys and the three vitamins
were similar in both groups

Total Group 1 Group 2
N 60 30 30
Age (years) 68 = 13 64 = 14 70 = 10
Males % 48 48 48
Diabetics % 50 50 50
AHT % 13 14 12
Hcys (umol/L) 324 +£ 8.9 327 £79 32.1 +9.8
FAc (nmol/L) 774 £ 7.3 8.0 £ 9.6 7.5 + 4.8
B;, (pmol/L) 546.6 = 222 516.8 = 185 570.9 + 248
Bg (nmol/L) 329 =494 31.1 = 47.7 344 £ 515

during when supervising the collection of medication
blisters. FAc and vitamins levels significantly increased
in each group, especially during the first trimester. Alt-
hough both groups received different dosage, the level
differences between both groups were not relevant, ex-
cept for FAc at month 6 of treatment (14.74 + 8.20 vs
26.48 + 28.22 mmol/L, p < 0.003).

Globally, Heys levels decreased by 24% during the
first trimester. The greatest decrease was observed at
month 6 (28.3%), remaining stable throughout the
follow-up period. The effect of both treatment regi-
mens on Hcys levels is shown in figure 3. With the
use of usual doses, Hcys levels decreased by 20%,
26%, 30%, and 33% at treatment months 1, 3, 6,
and 12, respectively. A similar decrease by 22%,
28%, 27% and 24% was observed in patients that
received supraphysiologic doses.

Although the use of vitamin supplement was ef-
fective in decreasing Hcys levels, this decrease was
suboptimal since only 12% of patients normalized
Hcys values. Changes in Hcys levels before and after
a 12-months treatment are shown in figures 4.

Predictors of response
to treatment

In the univariate analysis, we observed that the
delta (A) for Hcys decrease (percentage of decrea-
se from baseline) after 12 months of treatment was
directly associated with Hcys baseline levels (r =
0.5, P < 0.001) and negatively correlated to FAc
baseline levels (r = -0.332, P = 0.009) (gigures 5A
and 5B). Other demographic (age, gender, diabe-
tes, time on HD) or biochemical (baseline vitamins
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Be and By, levels, lipid profile, parameters, gluco-
se, albumin, or BUN levels) did not have an effect.
With the multivariate linear regression model only
baseline Hcys levels were predictive of response to
treatment (B = 0.97 95%Cl = 0.39, 1.54], P <
0.001).

Effect of MTHFR
gene polymorphism

Our patients were grouped in the following way
according to MTHFR gene polymorphism: 7 (12%)
were carriers of an unfavorable genotype (VV); the
remaining 24 patients (40%) carried the AA genoty-
pe, and 29 (48%) the AV genotype. These propor-
tions are similar to those described in the general
population'”21,

Regarding its influence, we could observe that
there were no significant differences between Hcys
and FAc levels, or Heys delta between patients with
an unfavorable genotype and those with favorable
genotype.

DISCUSSION

This work shows that HHcys is virtually universal
in patients on HD, even without a vitamin deficiency.
The clinical study results demonstrate that a safe and
cheap, with two different doses, water-soluble vita-
min complex (FAc, vitamins By and B;,) is effective
in reducing Hcys levels, although only in a small
percentage it reaches the normality range.

Criteria used to define HHcys are not uniform in
the literature.®1718.2425 This is due to the particular

characteristics and design for each study. Some aut-
hors have defined it as the value above which the
number of CV events or atherosclerotic or arterios-
clerotic damage of the vascular tree is significantly
increased.?® Others have applied the extreme ranges
of their series, in terms of percentiles or standard de-
viations.?”?8 In spite of the discrepancies, most of
the authors use 12-16 pmol/L values as the cut-off
point above which HHcys is defined. When appl-
ying 15 pmol/L as the cut-off point,?* we agree with
other authors in that virtually 100% of patients on
HD present HHcys.

Serum vitamin levels are highly variable, both in
the general?#293% and uremic populations.”?!32 In
dialysis patients high,'® normal,®' and low' values
have been described. Of note, several authors have
pointed out that HHcys occurs in HD patients in
spite of normal or above normal vitamins levels.”17:33
In fact, in our control population vitamins levels
were lower than in patients, although the mean and
median for these values were within the normal
range in both populations. These data suggest that it
is not vitamin deficiency or losses due to dialysis
what conditions HHcys in dialysis patients and that
other factors related to uremia itself may be invol-
ved.

Bostom et al.'” showed the beneficial effect of
supraphysiologic doses of vitamins (FAc, 16
mg/day) as compared to the control group (FAc, 1
mg/day), reaching a decrease of Hcys values by
30% vs. 2%, respectively, after 8 weeks of treat-
ment. We used different vitamin complex doses,
achieving a similar effect in both cases and identi-
cal to that achieved by Boston with supraphysiolo-
gic doses with his complex. Other authors using a
combination of vitamin complexes and regi-

1.A: Homocisteine
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Fig. 1.—In figures 1A, 1B and 1C values (mean + SD) for Hcys, FAc, and B12 are respectively compared between patients and the
control group. In Figure 1A, the dotted line represents the 15 pmol/L value taken as the reference threshold.

292



VITAMIN SUPPLEMENTS IN HYPERHOMOCYSTEINEMIA

35
}O
£
=
g —SPH
] =--UuD
2
3
£
s}
T

15 I I I L !

0 2 4 6 8 10 12
months

900
< 800
<)
IS
£ 700
)
= 600
>

500’

150
= 120 S
E T

7 —_—
£ 90 v s ~ SPH
o (4 -=UD
S 60
=
<)
IS
£
ne)
kS
[o+]
=
°
[N
0 n n L
0 2 4 6 8 10 12
months

Fig. 2.—FAc, B12, and B6 during the treatment period in both
treatment groups (SPH: supraphysiologic doses; UD: usual
doses)

mens'7:253233.34 have shown similar results, i.e.,
Hcys levels decrease around 20-35%, but only a
small proportion reaches normal values. Generally,
treatment periods in these series have not excee-
ded 6 months. Tremblay et al.’® studied the effect
of vitamin supplements in 168 HD patients for 12
months. All patients received a multivitamin com-
plex daily (FAc 1 mg, Bs 10 mg, By, 6 pg). Besi-
des, half of them received FAc 10 mg i.v. post-
dialysis. They observed a mean decrease in Hcys
levels of 23.5% at 6 months, and of 21.7% at one
year. The group with extra FAc doses postdialysis
showed a significant decrease, greater than the one
of the other group at 6 months, but without diffe-
rences at one year.

Our study was designed in the long term, 12
months, observing that once a maximum decrease
level has been reached —by the 6" month— Hcys
levels remain stable. We must point out the stabili-
zation of Hcys decrease, without normalizing. Seve-
ral factors have been proposed to explain this cir-
cumstance, including the loss of renal metabolism,"

Fig. 3.—Hcys levels during the treatment period in both treatment
groups (SPH: supraphysiologic doses; UD: usual doses).

and the decrease of glomerular filtration.3> This could
explain the increase of Hcys in renal failure but not
the exhaustion of vitamins effect.

Other observations to consider in this study are:
1) there is an inverse relationship between Hcys
and FAc baseline levels, but not with vitamin B;
2) lower FAc levels and higher Hcys levels are in-
dependent predictors of treatment efficacy; and 3)
high Hcys levels were present even in those pa-
tients in the higher forth of folic acid blood levels
(FAc > 8.7 mmol/L). All these data suggest that the
effect of FAc on Hcys levels is quantitatively more
relevant than the one of vitamin B, and that fac-
tors related to uremic status itself favor a resistan-
ce to vitamins effect.

70 -

15 pmol/L

Pre Post
Treatment

Fig. 4.—Individual Hcys baseline levels and at 12 months of tre-
atment. The dotted line represents Hcys value at 15 pmol/L.
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Fig. 5.—Correlation between delta decrease of homocysteine and baseline homocysteine levels (Figure 5A) and folic acid levels (Fi-

gure 5B).

The present study demonstrates that a vitamin
complex at the used doses effectively and steadily
decreases Hcys levels. However, only 12% of pa-
tients normalized Hcys levels. These apparently su-
boptimal results should not be considered ineffec-
tive. It has been observed that mortality is
associated to a proportional increase in Hcys levels
in coronary heart disease patients.>® A large meta-
analysis of studies performed in the general popu-
lation has shown that for each 3 pml/L decrease in
Hcys the risk for coronary heart disease, deep ve-
nous thrombosis, and cerebrovascular attack is de-
creased by 16%, 25%, and 24%, respectively.?” As-
suming that the same may happen in HD patients,
any decrease achieved in Hcys levels ought to have
a favorable impact on CV mortality and morbidity
in this population. Thus, considering the alarming
magnitude of CV complications in HD, it seems re-
asonable to suggest routine use of these safe and
cheap vitamin supplements, at standard doses, in
these patients. Because of the universality of HHcys
in HD, the use of these vitamins is an issue to con-
sider, even without the availability of routine serum
Hcys determinations.

Regarding MTHFR gene influence, our results are
clearly limited by sample size (the unfavorable ge-
notype is present in only 7 patients). It is well known
that large samples are required to identify any asso-
ciation between polymorphisms and clinical obser-
vations or therapeutic outcomes. With the data ob-
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served by us, we cannot affirm that MTHFR poly-
morphism has any influence on baseline Hcys levels
or on treatment response.

To conclude, HHcys is constant in patients with
conventional HD regimens, although not having
vitamin deficiencies. However, the present clini-
cal trial shows a beneficial effect, although su-
boptimal, of vitamin supplements at different
doses on Hcys levels. From these observations, we
may deduce that uremic status itself favors a par-
tial resistance to the effect of vitamins. If this were
to be true, it would be expected that a higher
dialysis dose will have a favorable impact on Hcys
levels. It is an essential issue, pending to de-
monstration, whether the beneficial effect of these
treatment modalities on Hcys levels leads to a
final favorable impact on cardiovascular mortality
and morbidity.
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