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Albstract

Backgroumd. Hyperhomocystemaerma has been 1den-
tified as an independent cardwovascular nsk factor and
15 found 1n more than 85% of patients on maintenance
haemodialysis. Previous studies have shown that folic
acd can lower crrculating homocysteme 1n dialysis
patients. We evaluated prospectively the effect of
mcreasing the folie acd dosage from | to 6 mg per
dialysis on plasma total homocysteme levels of haemo-
dhalysis patients with and without a hstory of
occlusive vascular artery disease (OVD).

Methods. Thirty-nme stable patients on high-flux dia-
lysis were studied. Ther mean age was 634 11 vears
and 17 (43%) had a history of OVD, aither coronary
andor cerebral and/or peripheral occlusive disease.
For several yvears prior to the study, the patients had
recerved an oral post-dialysis multivitamin supplement
mcluding 1 mg of folic aad per dialysis. After basehne
determuinations, the fohc aad dose was mereased from
| to 6 mg/dialysis for 3 months.

Results. After 3 months, plasma homocysteme had
decreased sigmficantly by =23% from 31.1412.7 to
24549 pmoll (P=00005), while fohc acid concen-
trations had increased from 6.542.5 to 144425 pgl
(F-=<0.0001). However, the decrease of homocysteine
was quite different m patents with and m those
without OVD. In patents with OVD, homocysteine
decreased only marginally by = 2.5% (from 29.0 4+ 10.3
to28.34 8.4 pmol/l, F=10.74), whereas m patients with-
out OVD there was a sigmbcant reduction of =34%
(from 3274144 to 21.648.6 pmoll, F=0.0008).
Plasma homocysteine levels were reduced by > 15%
mn three patients (18%) m the group with OVD
compared with 19 (86%) in the group without OVD
(P=0.001), and by > 30% in none of the patients (0%)
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in the former group compared with 13 (39%%) 1n the
latter (P =0.001).

Conclisions. These results indicate that the homo-
cysteine-lowering effect of folic acid admmistration
appears to be less effective 1n haemodialysis patients
having occlusive vascular disease than m those without
evidence of such disease.
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Introduction

In recent years, several studies have shown that hyper-
homocysteinaemia 15 an mdependent cardiovascular
nsk factor m patents both with and without renal
farlure [1-5]. Hyperhomocysteinaemia seems to pro-
mote atherosclerosis by endothehal dysfunction and
mjury, followed by platelet activabon and thrombus
formation [1] According to previous reports, more
than 85% of patients on mamtenance haemodialysis
(HD) have a shght-to-moderate hyperhomocystemae-
mia [2-13] A few studies have suggested that fohc acid
administration, either alone or together with vitamins
B or B3, can lower homocysteme m diaalyas patients
[2-T7]). As carwwvascular disease 15 a major cause of
morbidity and mortality among HD patients, a reduc-
tion m homocysteine concentratbons may have an
mmportant potential benefit [2-5]

For several years the patients dialysed at our centre
have recaived a low-dose supplement of | mg of folic
aad per dialysis, which cormsponds roughly to the
recommended daily allowance (RDA). The purpose of
the present study was to evaluate prospectively the
effect of an increase of the folic acid supplement from
| to & mg per dialysis on plasma total homocysteine



(tHey) levels in patients with and without a history of
occlusive vascular artery disease (OVD).

Patients and methods

All the stable chronic HD patients attending our centre
who gave their informed consent were included. Thirty-nine
Caucasian patients were evaluated. The mean age was 63 +11
vears and they had been on dialysis for 545 vears. The
causes of renal failure were chronic glomerulonephritis
(n=9), analgesic nephropathy (n=7), polycystic kidney
disease (n=7), hyvpertensive nephropathy (n=4), diabetic
nephropathy {n=3), and miscellaneous (n=9). They were
dialysed by means of short high-efficiency HD with high-
flux hollow-fibre dialysers having surface areas ranging
from 1.1 to 1.9 m®. For several vears prior to the study, all
the patients had received an oral post-dialysis multivitamin
supplement containing folic acid 1 mg, thiamine hydro-
chloride 100 mg, riboflavin 20 mg, pyridoxine hydrochloride
50 mg, and ascorbic acid 500 mg {Dialﬁt'ﬂ', Bichsel AG,
Interlaken, Switzerland). These vitamins were given at the
end of dialysis by the nurses and thus complete compliance
was ensured.

Seventeen of the 39 patients (43%) had a history of OVD,
Thirtesn patients had coronary artery disease with either
a history of myocardial infarction (n=4) or of angina with
diagnostic coronarography (n=E8) or thallium scintigraphy
{n=1). Thirteen patients had a history of peripheral occlu-
sive artery disease, confirmed by arteriography (n=10) or
Doppler examination (n=3). Two patients had a history of
non-embolic ischaemic stroke with diagnostic confirmation
by cerebral CT scanning Nine patients had a combination
ofat least two form of OVD.

The other 22 patients had no symptoms of OVD. In 13 of
them a complete pre-transplantation work-up was normal
(including normal coronarography in four, normal thallium
scintigraphy in four, and normal weadmill test in five). Of the
remaining nine patients (including one diabetic), none had
symptoms or signs of OVD. Strictly speaking, we cannot
exclude that one of these latier patients may have asympio-
matic OVD. However, none of them developed symptoms or

signs of OVD during the vear following the study (or until
death).

Baseline plasma tHey was determined while patients were
receiving the multivitamin supplement indicated above.
Thereafter, the dose of folic acid was increased from 1 to
6 mg per dialysis (by adding 1 tablet of ‘acidum folicum’
5 mg per dialysis) and a new determination of homocysteine
was made 3 months later. For homocysteine determinations,
pre-dialysis blood samples were centrifuged within 15 min
after being drawn and the plasma (EDTA) was stored at
~70°C until analysis. Total homocysteine was determined by
high-performance liquid chromatography with fluorimetric
detection according to Verster and Rasmussen [14] by
the Amino Acid Laboratory of the University Hospital of
Lamsanne (Switzerland). It is to be noted that not all the
patients underwent fasting homocysteine determinations.
However, Hultberg et af. [10] showed that there are no signi-
ficant changes of the homocysteine levels during the day in
HD patients, even after a meat-rich meal. Pre-dialysis deter-
minations of plasma folic acid and vitamin B;; and of the
pyridoxine-dependent  ervthrocyte glutamate-oxaloacetate
transaminase activity (EGOTo and alpha-EGOT  index)
were also performed as previously described [135].

Results are given as mean+ standard deviation (SD).
Paired data were compared with the Wilcoxon signed-rank
test, unpaired data with the Mann-Whitney U test, and
categorical data with the chi-square test. Significance was
considered at P<0.05.

Results

Table | compares the climcal and laboratory char-
actenstics 1n patents with and without OVD. The
patients with a history of OVD were sigmficantly older
(by an average of 10 years) and tended to have beenon
dialysis for a longer penod of tme. Traditonal cardio-
vascular nisk factors (hypertension, smoking, hyper-
lipidaemia, obesity, and diabetes) tended to be more
frequent m the group with OVD but without reachmg

Table 1. Bascline characterstics of the groups with (OVD4) and without (O D=} occlusive vascular discase

O D+ YD —
=17 n=22 P value
Aope (years) oH + 8 SE+11 (.
Time on dialysts (months) 524 bR 46465 0,13
Gender (male), » (%) 11 (65) 12 (54) 0.45
Hypertension, » (%) 16 (94) 16 (73) 0.07
Ever smokers, » (%) 12 (71) 11 (50) 0.18
Present smokers, # (V) 3(1E) G (27 .52
Ohbasity, n (%) 5 (29) 1(14) 0.17
Diabetes mellitus, = (%4) 2(12) 2 9) 0.85
Om lipiddowering therapy, » (%) 4 (24) 2 (%) 0.18
Total cholesterol {mmoll) 5141.3 50414 0.77
Triglycerides (mmol/1) 2240.86 204 0.81 0.49
HDL cholesterol {mmol1) 0497 40,35 1,05 40,42 .71
LDL cholesteral {mmoll) 11+41.2 0412 088
Total/HDL cholesterol =5, » (%) 10 {59) 10 {45) 0.40
Folic acid fmormal > 3.0 pgil 61412 G432 0495
Vitamim By (normal > 200 ngl) 4244 134 4164 197 0.52
EGOTo (normal =228 UJ) 314114 351493 0.60
alpha-BGOT mdex {normal < 1.§) 1334013 144 +0.29 0.29




statistical significance, perhaps due to the small se of
the groups considered. However, on average, the
patients with OVD had sigmficantly more cardio-
vascular nsk factors than those without (2.5 4+ 0.8 nsk
factors per patent vs 1.741.0, P=0.033). Thus,
greater age and the higher prevalence of tradibonal
risk factors can, to some extent, explain why the
patients of the OVD-positive group developed cardio-
vascular disease while having similar pre-study plasma
tHey levels to those who did not (see Table 2). Table 1
alko shows that the basehne levels of fohe acid,
vitamm B;», and pyndoxine-dependent EGOT actmvity
were similar m the two groups.

Table 2 shows the homocysteme and fohe acid levels
at baselme and at month 3. At baseline, the mean tHey
among all patents was 31.1 4+ 12.7 pmol/l and only one
patient (3%) had normal values (<15 pmoll). At
baselme the OVD-negative group had shghtly higher
mean tHey levels and this was partly related to the
presence 1n this group of the only patient having very
high tHey levels (=84.1 pmoll). After the 3 months
dunng which the fohc acid dose was mereased from
| to 6 mgdulyas, tHey sigmificantly decreased by
= 23%, resulting in normal values m seven patients of
39 (18%). However, if we compare the patients with
and without OVD, the reduction 1in tHey levels was
gquite different. Homocysteine decreased only margm-
ally in patents with OVD, by an average of =2.5%.
Om the other hand, tHey decreased sigmificantly by an
average of = 34% in the group without OVD. Table 3
shows that the homocysteme levels were reduced by
> 15% in only three patients (18%) m the group with
OVD compared with 19 (86%:) m the group without
(P=0.001), and by =300 in none of the patients
(%) m the former group compared with 13 (5%4) in
the latter (#=0.001). At month 3, the tHcy levels were
signficantly lower m the group without OVD,
compared with the group with OVD (FP=0.008)
(Table 2), and six patients (27%) 1n the former group
had normal tHey levels compared with only one (6%:)
in the latter (F=0.08).

These data mdicate that the lowermg effect of folic
acd on tHey levels 15 much less m patients with OVD.
Ome may question, however, whether this may be due
toa confounding factor, for example the presence of a
cardiovascular risk factor rather than to the presence
of cardiwovascular disease per se. To explore the poten-
tual confoundmg role of factors other than the presence
of OVD m the response to folic acid treatment, we
compared by one-way analysis of vanance (ANOVA)
the relative reduction of tHey levels dunng treatment
((pre-treatment—post-treatment )/ pre-treatment tHey
levels) with different potential confounders mcludmg
age, gender, traditional cardiovascular nsk factors,
pre-study tHey, and vitamms levels. The results of this
analysis are reported m Table 4, which shows that
among the parameters tested the only one significantly
Imked to the response to folic acd admmstration
15 the presence of cardwvascular disease (F=0.0002).
It should be noted that age, which was significantly
dhfferent 1n our two study groups (Table 1), seems not

Table 2. Change of plasma total homocysteme (tHey) and folic acd
(FA) levels owerall and in the groups with (OVD+) and
without (VD —) occlusive vascular disease

Basecline Maonth 1 P value
Overall  tHey (mmolfl) 3114127 24549 0.0005
{n=3)  FA{pzl) 6.542.5 144425  <0.0001
OVD4  tHey (pmoll) 2904103 283484 0.74
=170 FA{pgl) 6.141.2 14.14 3.2 0.0004
OVD—  tHoy (pmalfl) 3274 144% 2164 86%  0.0008
in=22  FA({pgl) 68432 14.64 1.8 0.0001

P =163 compared to the OVD 4+ group at basclne; **P =0 00§
comparad to the OVD 4+ group at month 3.

Table 3. Distribution of the percentage reduction of the tHey
levels m patients with (OVD+) and without (O¥D-) ooclusive
vascular discase

Reduction of tHeoy Ma) =15 =) =5
OVD+ (r=17) (%) 1(18) 0 0
OVD— (r=22) (%) 19 (86) 13 (59) 4 {18)

Table 4. Statistical analysis of the treatment response in respect
to different clinical and biological pre-treatment parameters

Parameter P value
Age 0,662
Gender 0,376
Hypertension 0111
Smoking history 0,365
Hyperlipidasmia 0.401
Obesity 0.829
Cardiovascular discase 00002
Pre-treatment tHoy 01493
Pre-treatment folic acid (.653
Pre-treatment vitamin Bys 0,145
Pre-treatment EGOTo 0.4924
Pre-treatment alpha-EGOT mdex 0.773

to be a sigmficant determunant of the response to folic
aad treatment.

Discussion

In the last decade a large amount of data has sup-
ported the view that hyperhomocystemaemia 15 an
independent nsk factor for cardiovascular disease 1n
patients with and without renal failure [1-13]. Several
studies have shown that a majonty of the patients
with renal failure have hyperhomocystemaemma and
therefore, as cardwvascular disease s a major cause
of morbidity and mortality among HD patients, the
lowermg of homocysteine concentrations may have
an mportant potential benefit. The hyperhomo-
cysteinaemia observed 1in dialysis patients s related to
various factors, mcludmg low renal clearance, altered



metabohsm, genetic defects, andlor deficencies of
vitamimms B; and B,, or folic acid [2,8.9] Previous
mvestigators have reported that folic aad admmistra-
tion 1n doses varymg from | to 15 mg/day produces,
on average, a 20-40% reduction m the tHcy levels 1in
chalysis patients, even m the presence of normal or
elevated fohc acd concentrations [2-7,11-13]). The
homocystane-lowering effect of folic aad i probably
due to an mprovement 1n the re-methylation pathway
of homocysteme to methwonine [9] Overall, the =23%
reduction 1n homocysteine levels observed m our study
15 comparable to the results of previous studies 1n
which similar doses of folic acid (1-5 mg/day) had been
prescnibed [2-7,11,12). Tt 15 mteresting to note that two
recent studies have reported that fohc aad supple-
ments ranging from | to 5 mg/day seem to have almost
equivalent lowermg effects on tHey levels [11,12].

The main and somewhat unexpected finding of the
present study was the fact that the patients with OVD
seem to have a much lower response to folic acid
administration than those without OVD-—at least in
the range of doses of fohc aad we prescnibed. This
difference cannot be ascribed to difference 1n vitamins
Bg or Bys levels, as they were similar in both study
groups. At basehne, the only significant difference
between our two study groups was age. Although older
patients tend to hawve shghtly higher tHcy concentra-
tions (often 1n relatbon to subchmical vitammn defi-
ciency) [16], the statistical analysis of our data failled
to 1dentify age as a significant determinant of the res-
ponse to fohe acwd treatment. This 15 1n agreement with
the results of a previous study 1n pre-dialysis patients,
which showed that the homocysteme-lowermg effect of
fohe aad s simular m both young and old patients [6].
Although data analysis of our results failled to wentify
a confounding factor, 1t 1 clear that our results are
obtained from a small self-controlled cohort and need
to be confirmed m larger randomized tnals.

Previous studies have evaluated the homocystaine-
lowermg effect of fole acd m groups of unselected
dhalysis patients, but as vet none has drectly mvesti-
gated whether the response to folic acid 15 the same 1n
patients with and without OVD. However, Robmson
and colleagues [4] reported tHey levels 1n 176 dialysis
patients, most of whom were recerving a routme multi-
vitamin supplement including | mg of fohe aad per
day, a situation not so different from that of our study.
These authors report tHey levels 0f29.94 1.3 pmol/l 1in
patients with vascular events and of 239 4 1.5 pmol/1
1 those without [4], concentrations that are smmlar to
the end-study tHey levels observed 1 our patients.
Thus, although Robmson et al. dd not analyse
thar results specifically with respect to fohc acmd
supplementation, therr results may mdirectly support
the findmg of the present study. If patents with OVD
respond differently to fohc acd, one may gquestion
whether the metabolism of homocysteme s different
n these patients or whether hyperhomocysteinaemia
may, at least to some extent, be a marker of different
metabohc patterns that predispose to cardiovascular
dhsease and/or be a marker of cardwvascular disease

itself. These different hypotheses have already been
considered and several authors have emphasized that
the hnk between hyperhomocystemaemia and vascular
disease seems to depend on complex genetic-environ-
mental-nutritional mteractions [1,17-20]. Concernmg
genehic factors, it should be noted that recent studies
have shown that genetic mutations of some enzymes
mvolved 1n homocysteme metabolism, such as the
methylene tetrahydrofolate reductase gene (MTHFR
6TTC> T mutation) or the cystathionine beta synthase
gene (CBS 699C>T and 10R0T >C mutations), can
modulate both the homocysteme-lowering effect of
folic acid and the nsk of developmg cardiovascular
disease [7,21-24). For example, Kruger ¢ al. [21] have
reported that some speafic CBS alleles are assocr
ated wath a higher rsk of cardiovascular disease and
a decreased homocysteme-lowermg response to fohe
acad. Imterestmgly, an 1ncrease m the doses of folic
aad prescribed seems to mprove the responsiveness
to treatment of some genotypes [7]. Thus, one may
speculate whether the polymorphism of the above-
mentioned genes may partly explam the findings of the
present study.

In conclusion, our data indicate that the adminis-
tration of folic acid supplements mduces a marked
reduction of the total homocysteine levels 1n dialysis
patients without OVD but seems to have more hmited
effects m those with OVD. As stated above, these pre-
Immary findmgs need to be confirmed in larger random-
1zed studes, but we consider that the possaibihity that
different groups of patients may respond differently to
folc aad admmistration (and/or to different doses of
fohc acid) should be taken into account in the plannmmg
and 1n the analysis of future studies concerming the
treatment of hyperhomocystemaema.
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