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Homocysteine, Fibrinogen, and Lipoprotein(a) Levels Are Simultaneously
Reduced in Patients With Chronic Renal Failure Treated With Folic Acid,
Pyridoxine, and Cyanocobalamin

Marek Naruszewicz, Matgorzata Klinke, Krzysztof Dziewanowski, Anna Staniewicz, and Hanna Bukowska

Ischemic heart disease and other complications of atherosclerosis are the usual cause of death in patients with chronic renal
failure. Important factors associated with early onset of atherosclerosis in these patients are hyperhomocysteinemia,
hyperfibrinogenemia, and elevated levels of lipoprotein(a) (Lp(a)). Folic acid (15 mg/d), pyridoxine (150 mg/d), and cyanoco-
balamin (1 mg/wk) were administered for 4 weeks in 21 patients receiving dialysis, and a simultaneous, statistically
significant reduction in the concentration of homocysteine, fibrinogen, and Lp(a) was found. A positive correlation between
decreasing homocysteine and fibrinogen levels was also noted. The parameters studied approached presupplementation
values 6 months after vitamins were discontinued. The results suggest that vitamin supplementation has a favorable effect
on risk factors of atherosclerosis in patients with renal failure and that interactions may exist between homocysteine,
fibrinogen, and Lp(a).
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T HAS BEEN OBSERVED that patients with chronic renal the aid of B vitamin&'12such as folic acid, pyridoxine (3,
failure (CRF) undergoing dialysis have a higher mortality and cyanocobalamin (B). Taking into account the possible
rate due to ischemic heart disease and other complications adnteractions between homocysteine, fibrinogen, and Lp(a) treat-
atherosclerosis than does the general populatibinis finding ment with B vitamins may also be expected to affect the levels

cannot be attributed soley to traditional risk factors of athero-of the last two factors.

sclerosis, such as low-density lipoprotein (LDL) and high- We therefore aimed the present study at evaluating the

density lipoprotein (HDL) cholesterol or elevated triglyceride influence of combination therapy with folic aid, pyridoxine,

levels2 In 1996, Bostom et &l noted for the first time a and cyanocobalamin on the concentrations of homocysteine,

significantly higher incidence of hyperhomocysteinemia, hy-fibrinogen, Lp(a), basic lipid parameters, urea, creatinine, and

perfibrinogenemia, and elevated Lp(a) lipoprotein levels inuric acid in patients with CRF on dialysis therapy.

patients with CRF than in healthy controls. The role of homo-

cysteine, fibrinogen, and Lp(a) in the atherosclerotic process MATERIALS AND METHODS

has been confirmed in many studfesPresumably, hyperho- The study group included 21 patients (11 male and 10 female) with

mocysteinemia is the cause of chronic oxidative streswl CRF who were undergoing dialysis at the dialysis unit of the Provincial

thus supports vascular inflammation that leads to increases ifospital in Szczecin. The cause of CRF was chronic glomerulonephri-

the concentrations of fibrinogen and Lp(a). Studies in Vitrot's in 12 patients, chronic pyelonephritis in 7 patients, and polycystic

have provided evidence of direct interactions between homo-

cysteine, fibrinogen, and Lp(&).0On these grounds, it may

concluded that hyperhomocysteinemia, hyperfibrinogenemia, From the Regional Center for Atherosclerosis Research, Pomera-

and elevated Lp(a) levels appear to be responsible for earlynian Academy of Medicine, and the Dialysis Unit of the Provincial

onset atherosclerosis in patients with renal failure. It follows Hospital, Szczecin, Poland.

that pharmacological intervention should be aimed at reducing Submitted April 9, 1999; accepted August 15, 2000. .

the concentrations of these risk factors. Unfortunately, no ef- Address reprint requests to M",m,ek Naruszewicz, PhD, Pomeranian
. ) . ! Academy of Medicine, Al Powstemw WIkp 72, 70-111 Szczecin,

fective methods of reducing these concentrations are knowne 4.

except for slight reduction of fibrinogen levels by fibrates and  copyrighte 2001 by W.B. Saunders Company

nicotinic acid, and of Lp(a) levels by estrogens. However, 0026-0495/01/5002-0009$35.00/0

hyperhomocysteinemia can be controlled in most patients with doi:10.1053/meta.2001.20174
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kidney disease in 2 patients. The mean age of the patients was#1 had increased significantly and return to initial values. A pos-
years (meant SD), and the body mass index was 24:53.6 kg/nf. itive correlation { = 0.638) between the decreases in concen-
Nine patients had arterial hypertension, but none had diabetes. Alfrations of homocysteine and fibrinogen after treatment was
patients received calcium carbonate, and some received vitagan® ¢4, (Fig 1). No correlation between the decreases in concen-
antihypertensive and cardiac drugs. Doses of all drugs remained Uk ations of homocysteine and Lp(a) or of Lp(a) and fibrinogen
changed during the study period. Vitamin preparations were not al was seen

ministered.
We have reproduced the observations of Bostom &bl

The patients were placed on a 4-week regimen that included 15 m?. 3 h > H
folic acid and 150 mg pyridoxine (vitamindBin divided doses daily ~ 1inding homocysteine levels almost twice in excess of 14

and 1 mg cyanocobalamin (vitamin,§ weekly. Concentrations of —mol/l, the upper normal limit, in all patients with CRF. This
homocysteine, fibrinogen, Lp(a), triglycerides, total cholesterol, HDL was accompanied by elevated levels of fibrinogen and Lp(a).
and LDL cholesterol, urea, creatinine, and uric acid in serum wereLipid parameters, with the exception of HDL cholesterol levels,
measured before and immediately after vitamin supplementation. Meawyere within normal limits, again in agreement with the obser-
surements were repeated 6 months later in all patients, who consentgghtions of Bostom et al.
not to use multivitamin preparations with folic acid, vitamig, Br B, , Numerous reports show that attempts to reduce the levels of
during this period. The protocol of the study was approved by the Iocalfibrinogen and Lp(a) have been unsuccessfatOn the other
Committee on Ethics in Medical Studies. . - ; . .
hand, hyperhomocysteinemia can be controlled with B vita-

Homocysteine was determined using frozen7Q°C) samples and A - . . . .
high-performance liquid chromatography with a fluorescence detectorMiNS, Which are cofactors in the metabolism of this amino

according to the method of Araki and Sakand with test kits from ~ acid*>*216 A recent prospective study by Rimm et'ain
Bio-Rad (Minchen, Germany). Fibrinogen was measured according t030,000 women showed a strong inverse relationship between
Clauss, with test kits from bioMerieux (Lyon, France). Lp(a) was serum concentrations of folic acid and vitamig & one hand
measured using electroimmunodiffusion and test kits from ImmunoAgand ischemic heart disease on the other. Serum concentrations
(Vienna, Austria). The concentrations of triglycerides and total choles-of folic acid and vitamin B in patients undergoing dialysis are
terol were determined using enzyme tests, and the content of choleggyy 18 However, administration of folic acid may be risky when
terol m LDL and HDI'_ fractions wa§ establlsheq using precipitation and the level of vitamin B, in serum is insufficient? Therefore,
test kits from Boehringer-Mannheim (Mannheim, Germany). .
cyanocobalamin should also be used for the management of
Statistical Analysis hyperhomocysteinemia in patients undergoing dialysis when-
ever its serum level cannot be established. In most countries,
ferences were analyzed using Studert'gest for paired data. The pe_ltients undergoing_dial_ysis routinely receive supplgmentation
results obtained for Lp(a) were compared using the nonpalrameterixvIth Water-solub'le vitaming? Often th|§ Supplement?_;ltlon does
Wilcoxon test for paired values. Associations between differences inOt Protect against hyperhomocysteinemia, possibly because
the concentrations of homocysteine, fibrinogen, and Lp(a) before andhe usual daily doses of folic acid (1 mg), vitamig 80 mg),
after supplementation were evaluated with the correlation coefficientand B, (12 ng) are too low° On the other hand, it remains to
The level of significance waB < .05. be established whether long-term supplementation with high
doses of B vitamins, often for the lifetime of the patient, is safe.
RESULTS AND DISCUSSION Taking these considerations into account, we used combination
Vitamin supplementation led to significant decreases in thetherapy with folic acid vitamin Band B, administered in high
concentrations of homocysteine (33.6%), fibrinogen (18.2%)doses for a relatively short period. It appears from the literature
and Lp(a) (21.0%; Table 1). Total cholesterol, HDL and LDL that this regimen is in most cases effective and well tolerated by
cholesterol, triglyceride, urea, creatinine, and uric acid concenpatients. The doses we used were similar to those reported by
trations remained unchanged. Six months after vitamins werd&ostom et & as was the approximate 30% reduction in
discontinued, the levels of homocysteine, fibrinogen, and Lp(ahomocysteine levels in our patients who had not previously

Results are presented as meansSD. Statistically significant dif-

Table 1. Effects of 4 Weeks’ Supplementation of Folic Acid, Pyridoxine, and Cyanocobalamin on Homocysteine,
Fibrinogen, and Lp(a) in 21 Dialysis Patients

Variable Before Treatment After Treatment P 6 Months Later* P
Homocysteine (umol/L)t 36.6 = 11.6 243 +7.2 <.0001 31.4+9.8 <.0001
Fibrinogen (g/L) 4.03 = 0.70 3.30 = 0.60 <.0001 3.76 = 0.82 <.006
Lp(a) (mg/dL) 31.0 =173 245 + 134 <.0006% 30.1 =245 <.013%
Total cholesterol (mg/dL) 176.4 + 36.2 173.5 + 35.6 NS 168.4 + 38.2 NS
Triglycerides (mg/dL) 151.6 = 62.8 137.8 £52.0 NS 145.7 = 54.2 NS
LDL cholesterol (mg/dL) 116.5 = 37.2 117.5 + 35.8 NS 109.7 + 421 NS
HDL cholesterol (mg/dL) 38.33 = 7.38 39.28 = 7.44 NS 37.66 = 7.76 NS
Creatinine (mg/dL) 10.7 = 3.7 11.4 = 2.8 NS 11.7 = 3.1 NS
Urea (mg/dL) 161.3 £51.2 157.0 + 42.3 NS 167.0 £ 45.5 NS
Uric acid (mg/dL) 7.5 * 3.2 7.2 3.9 NS 6.9 £4.2 NS

* Six months after termination of treatment.
Tt Normal homocysteine level <14 pmol/L.
1 Wilcoxon test for paired values.



HOMOCYSTEINE, CHRONIC RENAL FAILURE, VITAMINS 133

1,4

r=0.638 o
p=0.002

1,2

1,0

0,8

Fibrinogen [g/L]
(b-a)

0,6

0,4

Fig 1. Correlation between
decreases in concentrations of 0,2
homocysteine and fibrinogen af- 0 6 12 18 24 30
ter treatment with vitamins. (b .
’ Homocysteine [umol/
before treatment; a, after treat- ¥ [umol/L]
ment). (b-a)

received routine vitamin supplementation. We also noted aso-called oxidative stress that develops is the cause of
reduction in the levels of fibrinogen and Lp(a), which were notchronic vascular inflammation and one of the mechanisms
included in the study of Bostom. through which homocysteine promotes atherogenesis. Stud-
The simultaneous decreases in concentrations of homoies in CRF patients show disequilibrium between free radi-
cysteine, fibrinogen, and Lp(a) and the positive correlationcal-generating systems and the production of antioxidznts.
between homocysteine and fibrinogen make it interesting tdecause oxidative stress associated with renal failure accel-
search for interrelations between these factors. Harpeit®t al erates atherosclerosis and exaggerates the anemia of kidney
have observed in an in vitro study that homocysteine, everdisease, hyperhomocysteinemia in these patients should be
at a low concentration of umol/L, could modify the viewed not only as the probably cause of vascular damage
structure of Lp(a) by exposing lysine-binding domains in the but also as an aggravating factor in respect to the status and
apo(a) moleculé? In consequence, the binding between prognosis of renal failuré3 Therefore, we believe that folic
such Lp(a) and fibrinogen was greatly increased. Howeveracid and vitamins Band B,,, by reducing the concentration
N-acetylcysteine, used by Wiklund et@lreduced concen- of homocysteine, have inhibited the inflammatory process in
trations of homocysteine (by 45%) without affecting Lp(a) vessels, thereby improving functional parameters in renal
levels. The mechanism of action of this compound relies onfailure.
the disruption of bonds between homocysteine and proteins Our present results call for a prospective study in a large
in Lp(a). group of patients to evaluate the influence of vitamin therapy
Another explanation for interactions between homocys-on the concentration of some biochemical risk factors of ath-
teine, fibrinogen, and Lp(a) is offered by the theory of erosclerosis in view of the anticipated reduction in morbidity
oxidative stres8.Homocysteine, like other amino acids with and mortality due to cardiovascular disease. In fact, this sug-
thiol groups, undergoes autooxidation in serum with produc-gestion is concordant with the recent opinion of American
tion of superoxide radicals and hydrogen peroxide. TheHeart Association on homocysteife.
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