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Abstract

Introduction

Hyperhomocysteinemia frequently occurs after renal transplantation. We
therefore assessed whether serum homocysteine (Hcy) concentrations were
correlated with clinical, paraclinical, and arterial Doppler parameters among

renal transplant patients.

Methods

A cross-sectional study was performed on 47 patients (30 males, 17 females)

who received unrelated living donor renal transplants.

Results

The mean serum Hcy concentration was 21.7 £ 8.4 pmol/L (range = 5.8-48 p

mol/L); 37 patients (79%) showed hyperhomocysteinemia (Hcy = 15 pmol/L).



Serum Hcy was strongly related to body mass index (BMI; r= .43, P= .002),
cyclosporine trough level (r= .44, P= .005), and serum creatinine
concentration (r= .32, P= .028), but not to age, transplant duration, or sex.
Multivariate analysis showed that only BMI (P = .003) and cyclosporine trough
level (P= .0037) were independent predictors of serum Hcy concentrations.
Hyperhomocysteinemia was more prevalent among patients taking
mycophenolate mofetil (MMF) than azathioprine (86% vs 50%; P= 0.017).
The hyperhomocysteinemia and normohomocysteinemia groups did not differ
significantly in mean carotid intima-media thickness (IMT; 0.78 £ 0.348 vs 0.77
+ 0.419 mm, P= .97) or mean intrarenal resistive index (RI) (0.7 £ 0.06 vs 0.7
+ 0.06, P= .85). The two groups also did not differ in sex prevalence,
diabetes, C-reactive protein = 5 mg/L, or mean low-density lipoprotein, high-

density lipoprotein, and mean arterial pressure (MAP) values.

Conclusion

Serum Hcy correlated with higher cyclosporine trough levels and obesity.
Hyperhomocysteinemia was more common among patients taking MMF than

azathioprine, but had no effect on intrarenal RI or carotid IMT.

An increased prevalence of hyperhomocysteinemia has been observed in
renal  transplant recipients. [1] [2][3]>[4] Intermediate = and  moderate
hyperhomocysteinemia has been defined as plasma homocysteine (Hcy)
concentrations of 31 to 100 p mol/L and 15 to 30 p mollL,
respectively.s Atherosclerosis is usually evaluated by structural or functional
changes in the main arteries; the carotid intima-media thickness (IMT) is the
best marker to detect early atherosclerotic vascular lesions.s Abnormalities of
color Doppler sonography as indices of intrarenal arteries, such as the
resistive index (RI) and the pulsatility index, may result from atherosclerosis in
the intraparenchymal arteries.? Among 33 patients who underwent renal
biopsy, RI correlated with histologically proven arteriosclerosis in the intrarenal

vessels.s In addition, elevated serum or plasma Hcy concentrations have been



reported to be independent risk factors for cardiovascular disease events and
atherosclerosis. [9][10]=¢[11] To clarify these relationships, we performed a
cross-sectional study of renal transplant recipients to determine whether
serum Hcy concentrations correlated with clinical and paraclinical parameters,

or with structural or functional changes in the carotid and renal arteries.

Materials and Methods

Patients

The study population consisted of 47 unrelated living renal transplant
recipients (30 males, 17 females) who were studied at least 6 months after
transplantation with serum creatinine concentrations <2 mg/dL. None of these
patients received folic acid, vitamin B2, or vitamin Bs supplementation. None
had a history of smoking. All patients were taking cyclosporine and
prednisolone plus mycophenolate mofetil (MMF) (n= 37) or azathioprine (n=
10).

Laboratory Measurements

Serum concentrations of creatinine, low-density lipoprotein, high-density
lipoprotein, triglycerides, uric acid, and C-reactive protein, as well as blood
hemoglobin concentrations, were measured using standard methods. Blood

samples were drawn after a 12-hour fast.

Cyclosporine trough levels were measured by automated clinical chemistry.
Serum Hcy concentrations were measured by enzyme-linked immunosorbent
assay (IBL Company, Hamburg, Germany). Hyperhomocysteinemia was

defined as a serum Hcy = 15 pmol/L.

Doppler Examination



The carotid arteries and intrarenal Rl were examined with a 7-MHz linear
probe and a 3.5-MHz convex-array transducer, respectively, using an Aloka
SSD-1700 machine. All Doppler examinations were performed by a single
investigator, who was blinded to the patient's history and laboratory findings.
For carotid arteries, the B-mode scanning protocol included the right and left
common carotid arteries (3-cm section below the carotid bifurcation) and the
carotid bifurcation, as well as the internal and external carotid arteries—both 2
cm distally from the carotid bifurcation.2 Maximum IMT was measured from
the far wall of the common carotid artery (3-cm section before the bifurcation).
Three IMT measurements of the right and left common carotid arteries were
performed from the anterolateral, lateral, and posterolateral angles of the far
wall. Consequently, the IMT ascribed to each subject represented the mean of
six measurements. IMT was not measured at the carotid bulb or at the site of
a carotid plaque. Intrarenal Doppler spectra were obtained from the interlobar
and segmental arteries at three representative locations. Rl was calculated
using the formula: RI = (peak systolic frequency shift minus minimum diastolic
frequency shift)/peak systolic frequency shift. An average Rl was computed to

yield an overall RI for each renal transplant patient.

Statistical Analysis

Student ftest was used to compare independent samples and continuous
variables with normal distribution. Chi-square or Fisher exact tests were used
for categorical variables. Pearson coefficient was used for correlation analysis.
Multiple linear regression analysis was used to assess the independent effects
of age, sex, transplant duration, body mass index (BMI), mean arterial
pressure (MAP), graft function, and cyclosporine trough level on serum Hcy
levels. Statistical significance was established at P< .05. All data were
analyzed with SPSS13.

Results



The mean serum Hcy concentration in 47 study subjects was 21.7 + 8.4 p
mol/L (range = 5.8 - 48 py mollL), with 37 (79%) having
hyperhomocysteinemia. Table 1. shows the correlation between serum Hcy
level and various parameters. Serum Hcy was significantly higher among
males than females (23.5 + 9 vs 17 £ 6.3 pmol/L; P=.034).

Table 1. Correlation Between Serum Homocysteine Concentration and the

Demographic and Clinical Characteristics of Renal Transplant Recipients

Parameter r P
Age (y) .06 7
BMI 43 .002
Transplant duration (mo) =05 .7
MAP (mm Hg) -.18 .23
Serum creatinine (mg/dL) 32 .028

Cyclosporine trough level (ng/mL) .44  .005

BMI, body mass index; MAP, mean arterial pressure.

Multivariate logistic regression analysis showed that only BMI (P = .003) and
cyclosporine trough level (P= .0037) were significant independent predictors
of serum Hcy concentrations. There were no significant correlations between
serum Hcy and age (P= .9), sex (P= .18), duration of transplant (P= .86),
MAP (P= .94), or serum creatinine concentration (P= .2). The relationship
between serum Hcy concentration, several atherosclerotic risk factors,
intrarenal RI, and carotid IMT are shown in Table 2.

Table 2. Clinical and Paraclinical Characteristics and Doppler Results of Transplant

Recipients, Relative to Serum Homocysteine Concentration (7= 47)

Parameter Homocysteine > 15 Homocysteine < 15 P Value
umol/L (n=37) umol/L (n=10)

Gender (M/F), n 25/12 5/5 46

Diabetes 7 (18%) 6 (50%) .5

mellitus, n (%)

MAP (mm Hg) 88 +14.3 94+16.9 34

Cellcept/azathioprine 32/5 5/5 017

Q)

Hemoglobin (g/dL) 13.7+24 13.6+1.41 .86

LDL (mg/dL) 100 =40.9 109 £ 60.2 57

HDL (mg/dL) 52+20.1 54+12.8 76



Parameter Homocysteine > 15 Homocysteine < 15 P Value

umol/L (n =37) pmol/L (n = 10)
TG (mg/dL) 176 +74.3 179 +£104.9 .
CRP >5 (mg/L),n (%) 4 (11%) 3 (27%) 3
Uric acid (mg/dL) 6.4+1.38 5.6+1.79 .14
Carotid IMT (mm) 0.78 £0.348 0.77 £0.419 .95
Intrarenal RI 0.7+0.06 0.7+0.06 .85

MAP, mean arterial pressure; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; TG, triglyceride; CRP, C-reactive protein; IMT, intima media thickness;

RI, resistive index.

Discussion

Our finding of a high prevalence of hyperhomocysteinemia among transplant
recipients agrees with previous studies. [1]=d[4] For example, although serum
Hcy decreased after transplantation, this reduction was far smaller than that
expected following restoration of renal function; therefore, other factors
increase serum Hcy.1s

To explore the effects of different variables on serum Hcy levels, we
performed a multivariate analysis. Using this model, we observed that the only
factors independently influencing Hcy were cyclosporine trough level and BMI.
Although several studies have shown positive correlations between Hcy and
cyclosporine levels, [13][14]2[15] others have not. [16]=nd[17]

The frequency of hyperhomocysteinemia was greater among patients taking
MMF than those on azathioprine. Although there have been no previous
comparisons of hyperhomocysteinemia in patients taking azathioprine with
those taking MMF, azathioprine has been reported to have no effect on Hcy
metabolism. [4]=¢[18] In contrast, MMF has been reported to play a positive role
on Hcy metabolism by decreasing Hcy export by human proximal tubule
epithelial cells in vitro.

To our knowledge, a positive correlation between BMI and Hcy level has not
been reported previously. Additional studies are therefore needed to confirm

this observation.



Upon multivariate analysis, there was no correlation between serum creatinine
level and Hcy concentrations. In contrast, several other studies have shown
such a correlation. [20] [21]=d[22] The difference may be due to subject
selection. We enrolled only patients with serum creatinine <2 mg/dL.

We explored whether serum Hcy concentrations correlated with simultaneous
intrarenal Rl and carotid IMT measurements, which are markers for
atherosclerotic vascular lesions. [6]=¢[23] In addition, elevated serum Hcy has
been reported to be an independent risk factor for cardiovascular events and
atherosclerosis.i© We therefore expected that transplant recipients with
hyperhomocysteinemia would show higher Rl and carotid IMT than those
without hyperhomocysteinemia. However, consistent with previous
studies, [24]=d[25] we did not observe this correlation. Prospective cohort
studies are needed to determine the influence of serum Hcy on carotid IMT
and intrarenal RIl. We also observed that patients with and without
hyperhomocysteinemia showed no differences in atherosclerotic risk factors,
such as male sex, diabetes, and lipid profiles.

This study had several limitations. For example, we did not measure serum
folate concentrations in renal transplant recipients. Serum folate has been
reported to influence serum Hcy concentrations, although other studies have
not shown such a correlation.'* Moreover, none of our patients received folic
acid supplementation.

In summary, we have shown herein that serum Hcy levels in renal transplant
recipients correlate with higher cyclosporine trough levels and with obesity.
Hyperhomocysteinemia was more common among patients taking MMF than
in those taking azathioprine. However, hyperhomocysteinemia had no effect

on intrarenal Rl or carotid IMT.
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