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Introduction

Homocysteine is a sulphur-containing
metabolite of methionine and is an emerg-
ing independent risk factor for atheroscle-
rosis. Previous studies have demonstrated
that age, gender, renal function, and folic
acid intake are major determinants of total
homocysteine plasma levels in the general
population1-4. 

Allograft vascular disease is a rapidly
and progressive occlusive process, affect-
ing the coronary arteries of heart trans-
plant recipients. Its pathogenesis is not
entirely clear, but it appears to be related
to immune and non-immune factors. No-
tably, it is one of the leading causes of

long-term graft failure in heart transplant
recipients5,6.

Several authors have reported that total
homocysteine is often increased in patients
with heart transplantation, and that it may
represent a risk factor for allograft vascular
disease. However, its time-course, determi-
nants and effects of treatment have not been
fully clarified7-12. 

We prospectively evaluated 52 patients
who underwent heart transplantation to de-
termine 1) the time-course of total homo-
cysteine following transplantation; 2) the
effects of medical treatment and particular-
ly of folate administration on total homo-
cysteine; 3) the relation among renal func-
tion, serum vitamin levels, and total homo-
cysteine in this group of patients. 
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Background. Hyperhomocysteinemia is a common finding in heart transplant recipients and may
represent a risk factor for graft failure. However, the time-course, determinants and effects of
medical therapy on total homocysteine plasma levels after heart transplantation remain undetermined.
The aim of this study was to prospectively analyze 1) the time-course of total homocysteine in heart
transplant recipients; 2) the effects of folate supplements and cyclosporine A on total homocysteine;
3) the relation among renal function, serum vitamin levels, and total homocysteine. 

Methods. Fifty-two heart transplant recipients consecutively evaluated for routine follow-up dur-
ing 1998 were included in the study (mean age 54 ± 12 years; 28% female). Among the 52 patients,
10 patients were treated with folate for the entire period of the study (Group F), while 26 patients
never received folate (Group NF). The remaining 16 patients who did not take folate on a regular
basis were excluded from subgroup analysis. Total homocysteine and creatinine plasma levels were
assayed at entry into the study (time 0) and at the end of the study, 12 months later (time 12). 

Results. Homocysteinemia increased significantly from time 0 to time 12 (p < 0.001), regardless
of creatinine plasma levels (p = 0.03) and folate intake (p < 0.01). However, total homocysteine lev-
els were lower in Group F compared to Group NF at time 0 and time 12 (p < 0.02). On multivari-
ate analysis, time of follow-up, serum creatinine and lack of folate intake were positive independent
predictors of total homocysteine. 

Conclusions. Homocysteinemia increased over time in heart transplant recipients, regardless of
renal function and folate administration. Lower total homocysteine levels were associated with fo-
late intake, suggesting that folate supplements may play a role in the prevention of vascular allograft
disease.

(Ital Heart J 2000; 1 (5): 344-348)
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Methods

Patients. Patients with heart transplantation who were
consecutively referred for routine follow-up within a
standardized follow-up program from June through
September 1998 were considered eligible for the study.
Immunosuppressive therapy and folate administration
were managed by physicians unaware of the ongoing
study. Folate supplements (15 mg of calcium N-5-
methyltetrahydrofolate) were given orally in order to pre-
vent anemia.

Chronic immunosuppressive therapy was based on
the association between cyclosporine, azathioprine, and
prednisone. All patients received cyclosporine orally
twice a day to achieve blood trough levels of 150 to 250
ng/ml. The dose was tailored according to indices of re-
nal function. Azathioprine was given orally, at a dose of
2 mg/kg/day, in order to maintain the white blood cell
count between 6000 and 4000/mm3. Prednisone was
administered at a maintenance dose of approximately 0.2
mg/kg. 

Laboratory measurements. Total homocysteine plas-
ma levels and serum creatinine concentrations were
measured at the beginning of the study (time 0) and 12
months later (time 12).

Total homocysteine was measured in venous blood
samples obtained after an overnight fast. The blood
specimens were immediately placed in ice and cen-
trifuged within 2 hours of collection. The resulting plas-
ma was stored at -70°C. The assay was based on high
performance liquid chromatography, as previously de-
scribed13. The intra-day (inter-day) variability of the
analytical method (calculated as the standard deviation
of 6 assays from the same blood sample) was of 1.5%
(4.0%), 1.4% (2.9%) and 1.3% (3.9%) for values of to-
tal homocysteine of 6.5, 15.5 and 32.5 µmol/l, respec-
tively. The lowest measured value was 1 µmol/l and the
sensitivity of the assay 0.5 µmol/l.

At time 12, serum folate and vitamin B12 concen-
trations were also determined using a chemio-lumines-
cence based commercial kit (ACS-100 from Chiron Di-
agnostic, East Walpole, MA, USA). Whole blood cy-
closporine and its metabolites were assayed at time 0, time
12 and every 1-3 months, as clinically appropriate. Mean
cyclosporine blood levels assayed during the study pe-
riod were related to total homocysteine at time 12. 

Statistical analysis. Continuous variables are expressed
as mean ± 1 SD and categorical data as percentages. Ac-
cording to the variable’s distribution, group comparisons
were performed using Wilcoxon’s ranking sum, Mann-
Whitney U test, or χ2 test, as appropriate. To correct for
the influence of creatinine on total homocysteine values,
the total homocysteine/creatinine ratio was analyzed
over time. Linear regression analysis was used to test the
relationship between continuous variables and total ho-
mocysteine. Multivariate linear regression analysis was
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used to identify variables independently related to total
homocysteine. A p value < 0.05 was considered statis-
tically significant.

Results

Patients. Fifty-two heart transplant recipients were en-
rolled (mean age 54 ± 12 years, 28% female, 44 ± 30
months from transplant). The reason for transplantation
was terminal heart failure due to idiopathic dilated car-
diomyopathy in 28 cases (53%), coronary artery disease
in 16 (30%), arrythmogenic right ventricular dysplasia
in 4 (7%), valvular heart disease in 2 (4%), and congenital
heart disease and acute graft failure in the remaining 2
cases. The study was completed in 100% of patients. No
patient died during the study period.

Time-course and determinants of total homocys-
teine. In the entire group of 52 patients, total plasma ho-
mocysteine increased from time 0 to time 12 (16.1 ± 6.8
vs 18.6 ± 7.4 µmol/l, respectively; p < 0.001). Serum cre-
atinine also increased over time (1.52 ± 0.39 mg/dl at time
0 and 1.61 ± 0.42 mg/dl at time 12, p = 0.063). The to-
tal homocysteine/creatinine ratio at time 12 was greater
than at time 0 (11.8 ± 4.2 vs 10.6 ± 3.6, respectively, p
= 0.031). On univariate analysis, the only predictors of
total homocysteine were age (r = 0.24, p = 0.007), serum
creatinine (r = 0.48, p < 0.001) and time from heart
transplant (r = 0.29, p = 0.001). No other clinical or lab-
oratory variable, including cyclosporine plasma levels (r
= - 0.122, p = 0.123) and its metabolites (r  = - 0.198, p
= 0.098), were associated with total homocysteine. Sim-
ilarly, mean cyclosporine was not correlated with total
homocysteine measured at time 12 (214 ± 28 ng/ml, r =
-0.102, p = 0.231). 

On multivariate analysis, the time from heart trans-
plant remained associated with increased total homo-
cysteine plasma levels after the adjustment for creatinine
plasma levels (p = 0.045). 

Effects of folate supplements and serum vitamin lev-
els on total homocysteine. Among the 52 patients, 26
never received folate supplements (Group NF), where-
as 10 were treated with folate for at least 1 month before
time 0 and continued until time 12 (Group F). In the re-
maining 16 patients, folate supplements were taken dis-
continuously and these patients were excluded from
subgroup analysis. Baseline differences between the
two groups are shown in table I.

Total homocysteine increased from time 0 to time 12
both in Group F (p = 0.011, Fig. 1) and in Group NF (p
= 0.013, Fig. 1). 

However, absolute total homocysteine values in
Group F were lower than in Group NF both at time 0 and
time 12 (p = 0.001 and p = 0.011, respectively) (Fig. 1). 

Serum vitamin B12 concentrations at time 12 were
not significantly correlated with total homocysteine (461
± 262 pg/ml, r = -0.09, p = 0.912).
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plements appeared to favorably influence total homo-
cysteine in this group of patients. 

Rationale of the study. Heart transplantation is an in-
creasingly common therapeutic option for patients
younger than 65 years of age affected by terminal heart
failure. Due to improvements in the treatment of acute
rejection and nosocomial infections, the survival of heart
transplant recipients has constantly improved over the

Variables Group NF Group F p
(n=26) (n=10)

Total homocysteinemia (µmol/l) 19.1 ± 7.4 12.6 ± 3.2 0.001
Creatininemia (mg/dl) 1.55 ± 0.36 1.57 ± 0.41 0.45
Age (years) 52.5 ± 11.4 57.3 ± 5.7 0.35
Time from transplant (months) 55 ± 38 17 ± 21 0.012
Cyclosporinemia (ng/ml) 211.8 ± 24.7 219.1 ± 41.3 0.09
Metabolites (ng/ml) 555.0 ± 112.3 622.0 ± 100.3 0.07

Table I. Baseline (time 0) differences between Group NF and Group F.

Data are expressed as mean ± SD.

Figure 1. Homocysteinemia in Group F and Group NF at time 0 and time
12. P values apply to the comparisons between groups. * statistically sig-
nificant difference with respect to time 0.

Mean serum folate at time 12 was 110.4 ± 76.1
ng/ml in Group F and 7.1 ± 2.4 in Group NF (p 
< 0.001). No significant correlation was found be-
tween total homocysteine and serum folate (p = 0.20)
in the entire group of patients. However, when the
analysis was restricted to Group NF, a trend towards
an inverse linear relationship was observed between
serum folate and total homocysteine (r = -0.37, p =
0.069) (Fig. 2).

Notably, on multivariate analysis, folate intake re-
mained associated with lower total homocysteine even
after adjustment for creatinine plasma levels and time
from heart transplant (p < 0.001). 

Discussion

The present study prospectively analyzed the time-
course of total homocysteine plasma levels after heart
transplantation. It demonstrates that total homocysteine
increases during follow-up in heart transplant recipi-
ents, independently of renal function, cyclosporine plas-
ma levels and folate intake. However, folic acid sup-

Figure 2. Relation between total homocysteine and folate plasma levels.
Lines of best fit and 95% confidence intervals are shown in the figure. A:
patients who took folate during the study (r = -0.10, p = 0.923). B: pa-
tients who did not take folate during the study (r = -0.37, p = 0.069).
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years. However, the long-term outcome of these pa-
tients is still negatively influenced by a rapidly pro-
gressive form of atherosclerosis affecting their coro-
nary arteries5. The etiology of allograft vascular disease
is still debated, but appears to be related not only to
“traditional” risk factors (i.e. dyslipidemia or diabetes),
but also to the immune response towards allograft anti-
gens6.

Homocysteine is a metabolite of the methionine
transsulphuration pathway, and represents an indepen-
dent risk factor for occlusive artery disease1-4. Its plas-
ma levels are influenced by several factors, including ge-
netic traits, vitamin intake, renal function, and the use
of several drugs1-4. 

Recently it has been reported that total homocysteine
is increased in heart transplant recipients7-12. Further-
more, it has been hypothesized that total homocysteine
could represent a risk factor for allograft vascular dis-
ease9,11. However, available data are limited by retro-
spective design9,12, non-uniform methodology9, short fol-
low-up8 and small patient populations7. Moreover, no
study has investigated the effect of folate supplements
on total homocysteine in this group of patients8-12.
Therefore, a comprehensive analysis of the time-course,
determinants, and effects of medical therapy on total ho-
mocysteine in heart transplant recipients, to the best of
our knowledge, is not yet available.

Homocysteine time-course. The time-course of total
homocysteine after heart transplantation is not well de-
fined. Berger et al.8 showed that total homocysteine in-
creases within 3 months of heart transplantation, but then
remains constant. Conversely, an inverse relationship be-
tween total homocysteine and time of follow-up was
found in another series10. 

The present data demonstrate that total homocysteine
increases over time after transplant. Although a positive
correlation between serum creatinine and total homo-
cysteine has previously been described1,8,10, renal func-
tion did not appear to be the main determinant of total
homocysteine in our series. When the total homocys-
teine/creatinine ratio was considered in order to reduce
the effect of renal function on homocysteine plasma
levels, the increase in total homocysteine was con-
firmed. Moreover, time from transplant remained a pos-
itive predictor of total homocysteine on multivariate
analysis, even after adjustment for serum creatinine
levels, suggesting that increasing total homocysteine
was not simply a marker of renal function status.

Among the immunosuppressive drugs routinely ad-
ministered to heart transplant recipients, cyclosporine has
frequently been investigated as potentially involved in
homocysteine metabolism due to its deleterious effects
on the kidney14-16. However, a direct correlation be-
tween cyclosporine and total homocysteine has been con-
firmed by some authors10,12 and denied by others8. In the
present series, cyclosporine and cyclosporine metabo-
lite blood levels were not related to total homocysteine.

Moreover, renal function appeared to only marginally
influence total homocysteine, therefore attenuating the
eventual effect of cyclosporine on total homocysteine
through renal impairment14,15. 

Our data support the hypothesis of a progressive
impairment of homocysteine metabolism, linked to a
“heart transplant status”, independent of renal function
or immunosuppressive therapy. This hypothesis is con-
sistent with the previously described higher plasma lev-
els of homocysteinemia detected in heart transplant re-
cipients compared to kidney recipients with similar val-
ues of creatinine7. The exact mechanism of hyperho-
mocysteinemia in patients with heart transplant has not
yet been clarified, however a potential contributory role
could be played by folic acid and vitamin B12 concen-
trations detected in this group of patients8,9. 

Effect of folate supplements. Folic acid and vitamin
B12 are the main dietary determinants of total homo-
cysteine in the general population and in heart transplant
recipients3,9. Moreover, previous studies have demon-
strated that folate supplements are effective in reducing
total homocysteine levels in subjects with and without
cardiovascular disease1-4. However, the effects of folate
supplements on total homocysteine in heart transplant
recipients have never been investigated. 

The current study demonstrates that, although total
homocysteine increases over time regardless of folate
supplements, folate intake was associated with lower to-
tal homocysteine. When Group F and Group NF patients
were compared both at time 0 and time 12, total ho-
mocysteine concentration in Group F was significant-
ly lower (p < 0.02). Moreover, on multivariate analysis,
folate intake remained associated with lower total ho-
mocysteine after adjustment for the other independent
predictors of total homocysteine (p < 0.001), suggest-
ing that folate supplements may positively influence to-
tal homocysteine in heart transplant recipients.

When serum folate was analyzed, no correlation
was found with total homocysteine. However, when
the analysis was limited to Group NF, a trend towards
a significant correlation between these two variables was
observed. 

The relation between serum folate and total homo-
cysteine has extensively been reported to be linear on-
ly for concentrations < 6-7 ng/ml9,10,17. Serum folate lev-
els exceeding this threshold may saturate the remethy-
lation pathway and represent an adequate folate status.
Thus it is not surprising that serum folate did not cor-
relate with total homocysteine in our Group F patients,
in whom folate levels were > 20 ng/ml.

Clinical implications. An important issue is how these
results should apply to clinical practice. Although
prospective, this study was observational, and therefore
any conclusions must be cautious. Moreover, the time
from transplant in Group F was significantly shorter than
in Group NF. Although multivariate analysis provides
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the unique opportunity to adjust for differences in base-
line characteristics, selection bias cannot be confident-
ly excluded. Nonetheless, some relevant considerations
can be made. Heart transplant represents nowadays a
valid therapeutic opportunity for patients with end-
stage heart failure, who would otherwise have an ex-
tremely poor life expectancy. Unfortunately, allograft
vascular disease continues to negatively influence the
long-term prognosis of these patients and total homo-
cysteine may represent a risk factor for graft failure.
Whether the reduction of total homocysteine due to fo-
late supplements may prevent graft failure in heart
transplant recipients needs to be prospectively investi-
gated in appropriately sized randomized trials. 

Limitations of the study. The assignment to treatment
with folate was not randomized but left to the clinical
judgment of the physicians in charge of the patient’s care.
Moreover, total homocysteine levels measured before
starting folate treatment in Group F were not available.
However, total homocysteine plasma levels in Group F
were lower than in Group NF both at time 0 and time
12. Furthermore, after adjustment for other total ho-
mocysteine determinants, folate intake remained strong-
ly associated with lower total homocysteine, suggesting
that folic acid supplements play a positive role in total
homocysteine reduction after heart transplant. 

The present study did not include a control popula-
tion, documenting the possible changes in total homo-
cysteine over time during an equivalent span of time. 

In conclusion, homocysteinemia is a potential risk
factor for allograft vascular disease. In the present study,
it increased over time in heart transplant recipients, re-
gardless of renal function, immunosuppressive therapy,
and folate supplements. 

However, folate intake was independently associat-
ed with lower total homocysteine plasma levels. 

These data suggest that folate supplements could
play a role in the prevention of allograft vascular disease
after heart transplantation. 
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