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 Introduction 

 Lipoprotein(a) [Lp(a)] is similar in structure to LDL 
but is characterized by the presence of an additional pro-
tein called apolipoprotein(a) [apo(a)], which is linked by 
a single disulfide bond to ApoB  [1] . Lp(a) levels are high-
ly genetically determined and are determined primarily 
by the rate of production  [2–4] . A large body of epidemio-
logial data supports an independent association between 
elevated plasma levels of Lp(a) and atherosclerotic vascu-
lar disease  [5–7] , but not all studies have confirmed this 
association  [8, 9] .

  Recent studies have provided insight regarding the as-
sembly and production of Lp(a) in the general population 
 [10, 11] . However, the site(s) of clearance is still unknown. 
Patients with end-stage renal disease (ESRD) on dialysis 
have significantly higher levels of Lp(a) when compared 
to control populations  [12–14] . Elevated levels of Lp(a) 
may play a role in the high incidence of cardiovascular 
disease in ESRD  [5, 13, 15] . Lp(a) was shown to be an in-
dependent predictor of death attributable to cardiovascu-
lar events in hemodialysis patients  [16] . The pathophysi-
ologic mechanism underlying the increased levels of 
Lp(a) in ESRD is not known. One hypothesis is that the 
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 Abstract 

 Patients with end-stage renal disease (ESRD) have signifi-
cantly higher levels of lipoprotein(a) [Lp(a)] when compared 
to control populations. Elevated levels of Lp(a) may play a 
role in the high incidence of cardiovascular disease in ESRD. 
We conducted a prospective study to test the hypothesis 
that plasma levels of Lp(a) decline rapidly after renal trans-
plantation proportional to the improvement in renal func-
tion, but are not affected by hemodialysis. All adults that ini-
tiated hemodialysis or received a renal transplant from our 
institution during a 10-month period were invited to par-
ticipate in the study. Lp(a) levels were obtained immediately 
prior to the initiation of renal replacement therapy. In trans-
plant recipients, repeat Lp(a) measures were done at 3 days, 
5 days, 1 week, 2 weeks, 3 weeks and 4 weeks post-trans-
plant. In hemodialysis patients, repeat Lp(a) measures were 
done after 3 months. We used a mixed effects model to ana-
lyze the effect of time, race and creatinine on Lp(a) after 
transplant. Lp(a) levels decreased rapidly after renal trans-
plantation. Mean Lp(a) levels at 2 weeks were 35.3% lower 
than prior to transplantation. Each reduction of 50% in cre-
atinine was associated with a 10.6% reduction in Lp(a) (p  !  
0.001). In contrast, there was no significant change in Lp(a) 
after initiation of hemodialysis. The rapid decrease of Lp(a) 
levels after renal transplantation provides support for a met-
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kidney plays a direct role in Lp(a) catabolism  [15, 17, 18] . 
Renovascular arteriovenous differences of –9% in Lp(a) 
concentrations provide support for renal catabolism  [19] , 
but renal catabolism of Lp(a) has not been directly dem-
onstrated. A second hypothesis is that ESRD causes a 
metabolic milieu that increases hepatic Lp(a) production 
or reduces Lp(a) catabolism at other (unknown) sites.

  Renal transplantation is associated with reduced Lp(a) 
levels when measured 6–12 months post-transplanta-
tion in cross-sectional  [12]  and longitudinal studies  [20] . 
However, the kinetics of the decline in Lp(a) post-trans-
plantation have not been studied. If the kidney plays an 
active role in the catabolism of Lp(a), plasma levels of 
Lp(a) should decrease rapidly following renal transplant. 
Furthermore, if the kidney plays a key role in regulating 
Lp(a) levels, hemodialysis initiation should not reduce 
Lp(a) levels. We therefore conducted a prospective study 
in ESRD patients in a racially diverse population to test 
the hypothesis that plasma levels of Lp(a) decline rapidly 
after renal transplantation proportional to the improve-
ment in renal function, but that initiation of dialysis ther-
apy has no effect in lowering Lp(a) levels.

  Methods 

 All adult consecutive renal transplant recipients from the Hos-
pital of the University of Pennsylvania during a 10-month period 
were invited to participate in the study. Written consent was ob-
tained. The University of Pennsylvania Institutional Review Board 
approved the research protocol. Patients with multi-organ trans-
plants except those including the pancreas were excluded. Labora-
tory values (serum creatinine, glucose, albumin and immunosup-
pressant levels) that are obtained as part of routine clinical care 
were extracted from the medical records. The patient health char-
acteristics at baseline (age, race, sex, and comorbidities) were re-
corded using standardized data forms. Important clinical events 
such as acute rejection and delayed graft function occurring with-
in the first 6 months post-transplant were recorded. Delayed graft 
function was defined as need for dialysis within the first 7 days 
post-transplant. Blood was obtained into 0.1% EDTA tubes imme-
diately prior to transplantation and at 3 days, 5 days, 1 week, 2 
weeks, 3 weeks and 4 weeks post-transplant. Our standard immu-
nosuppressive regimen comprised induction with rabbit antithy-
mocyte globulin, followed by maintenance therapy with calcineu-
rin inhibitor [tacrolimus (78.5%) or cyclosporine (21.5%)], myco-
phenolate mofetil capsules (MMF) and low-dose prednisone. 
Doses of cyclosporine are titrated to a level of 150–200  � g/l during 
the first year and doses of tacrolimus are titrated to levels of 8–10 
ng/ml during the first year. All subjects were prescribed MMF dose 
along with prednisone that was tapered off. Usually by 3 months 
post-transplant, subjects were on 5–10 mg of prednisone daily. The 
dose of MMF varied by race with Caucasians traditionally receiv-
ing 500 mg twice daily and African-Americans 1,000 mg twice 
daily. MMF dose is reduced if side effects develop.

  To examine the effect of initiation of dialysis therapy on Lp(a) 
in ESRD patients, we enrolled 31 incident hemodialysis patients 
from our institution during the same time recruitment period. 
Lp(a) and lipid parameters were measured on the day of and prior 
to the first dialysis treatment and at 1 and 3 months after the ini-
tiation of chronic dialysis.

  All lipid assays were performed in the Lipid Research Labora-
tory, which participates in the CDC standardization program for 
lipids. All assays were run using commercially available reagents 
on a Cobas Fara II autoanalyzer. The cholesterol, HDL cholesterol, 
ApoA1 and ApoB and triglyceride assays are standard assays us-
ing reagents from Sigma Diagnostics. The Lp(a) assay uses re-
agents from Incstar Corp. Quantitative determination of Lp(a) is 
done by automated immunoprecipitin analysis. Following an in-
cubation period lasting approximately 10 min, the absorbance of 
the solution is measured at 340 nm. A calibration curve is gener-
ated by assaying a series of standards with known concen trations 
of Lp(a) and using the instrument’s data reduction ca pability or 
manually plotting the change in absorbance versus concentration. 
Concentrations of the controls and samples are interpolated from 
the calibration curve. This assay has a minimal detectable level of 
1.5 mg/dl. The coefficient of variation was 7.5%.

  Statistical Analysis 
 Categorical variables, nominal and ordinal, were summarized 

by frequencies. Mean, standard deviation, 95% CI, median, and 
range were used to summarize continuous variables. Where con-
tinuous variables were not normally distributed, such as Lp(a) and 
creatinine, log transformations to achieve a more normal distri-
bution were used. Differences in means were analyzed by paired 
t-test. Comparison of medians was done by Wilcoxon rank-sum 
test. We used a mixed effects model to analyze the effect of time, 
race and creatinine on Lp(a) and appropriately deal with the re-
peated measures. All analyses were performed using STATA 7.0 
(College Station, Tex., USA) and SAS Version 6.12 (SAS Institute, 
Cary, N.C., USA).

  Results 

 Baseline Characteristics 
 66 renal transplant subjects consented to participate 

in the study. At the time of transplantation, the average 
( 8 SD) age of the subjects was 46.7 ( 8 10.4) years. 71% of 
patients were Caucasians, 27% were African-Americans, 
and 1.5% were Asian. 58% were males and 34% had dia-
betes mellitus. The cause of ESRD was hypertension in 
39%, diabetes in 27%, glomerulonephritis in 9%, polycys-
tic kidney disease in 9%, and other or unknown in 16% 
of subjects. Coronary artery disease was present in 17% 
and hypercholesterolemia in 11% of subjects at the time 
of transplantation. Only 4.5% of subjects were on lipid-
lowering medication at the time of transplantation. 87% 
of subjects had a history of hypertension with an average 
duration of 11.2 ( 8 7.9) years.
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  88% of subjects were on dialysis at the time of trans-
plantation. 36% were transplants from living donor. 10% 
were kidney-pancreas recipients. 4 subjects with deceased 
donor renal transplant had delayed graft function requir-
ing dialysis during the first week post-transplant. There 
were 4 treated rejection episodes in our cohort. The mean 
( 8 SD) creatinine 4 weeks post-transplant was 1.9 ( 8 1.5). 
The median creatinine at 4 weeks was 1.5 mg/dl. 8% of
subjects had a renal biopsy performed during the follow-
up period. The median length of hospital stay was 7 days. 
Lp(a) levels were higher in African-American transplant 
recipients when compared to Caucasian transplant recipi-
ents (mean ( 8 SD): 55.2 ( 8 39.8) vs. 45.1 ( 8 44.2)), but did 
not reach statistical significance. Lp(a) was also higher in 
patients with a history of cardiovascular disease (64.3  8  
54 vs. 44.2  8  39.3) but did not reach statistical signifi-
cance.

  Changes in Lipids and Lp(a) Post-Transplant 
 There was a 20% increase in HDL cholesterol levels by 

week 2 compared to pre-transplant levels. ApoA1 decreas-
ed within days post-transplant but was significantly in-
creased by week 3 post-transplant. There was no detectable 
difference in levels of cholesterol, triglycerides or ApoB in 
this cohort up to the first month post-transplant ( table 1 ).

  Lp(a) levels decreased rapidly after transplantation. In 
all patients, mean levels at 2 weeks were 35.3% lower than 

prior to transplantation ( table 2 ). Using the mixed effects 
model in this transplant cohort, the effect of days post-
transplant was significant on univariate analysis (p = 
0.0001). Once controlled for creatinine level post-trans-
plant, compared to African-Americans, Caucasians had 
a 60% lower Lp(a). The effect of days post-transplant be-
came non-significant when the log of creatinine was add-
ed to the model ( table 3 ). For every increase in log of cre-
atinine, the ln Lp(a) increased by 0.16 (p = 0.0015). We 
were unable to detect any difference between Lp(a) ac-
cording to type of transplant (cadaver vs. living). The me-
dian Lp(a) for patients that had delayed graft function 
was higher at week 1–2 than those without delayed graft 
function (23.6 vs. 54.8, p = 0.05).

  Changes in Lipids and Lp(a) after Initiation of Dialysis 
 29 subjects were recruited. The majority of subjects 

were African-Americans (73%) and male (55%). 22% had 
diabetes mellitus. The mean age was 58 ( 8 14.1) years. 
Mean and median Lp(a) levels were elevated at the initia-
tion of dialysis and were unchanged after 3 months of 
hemodialysis. Natural log transformation of Lp(a) and 
evaluation by race yielded the same results. HDL choles-
terol had decreased by 1 month and this decrease reached 
statistical significance by 3 months. There were no sig-
nificant changes in cholesterol, triglycerides, ApoA1 or 
ApoB ( table 4 ).

Table 1. Lipid profile just prior to transplantation

Lipid parameter Mean 8 SD Range
mg/dl

Total cholesterol 183.4847.6 96–295
Triglycerides 202.58142.7 29–702
HDL 44.1817 21–88
ApoA1 123.8831.3 62–206
ApoB 92.8829.2 30–183

Table 2. Percent decrease post-transplant

Creatinine
mg/dl

Lp(a)
mg/dl

Mean decrease
Lp(a), %

p value

Pre-transplant 8.8 31.3
After 3 days 4.0 30.9 1.3 0.88
After 5 days 4.1 28.4 9.2 0.29
After 1 week 2.3 27 13.7 0.25
After 2 weeks 1.8 20.2 35.3 <0.0001
After 3 weeks 1.6 21.2 32.1 0.0001
After 1 month 1.5 22.4 28.4 <0.0001

Table 3. Multivariate model predicting level of Lp(a) post-trans-
plant

Variable Estimate Standard error p value

Time –0.0032 0.0048 0.50
Creatinine (log) 0.1613 0.0494 0.002
Caucasian –0.5271 0.2399 0.03

Table 4. Lipid profile pre- and post-dialysis initiation

Pre-hemodialysis
mg/dl

Month 3 post-dialysis 
initiation, mg/dl

p value

Total cholesterol 15986.9 17788 0.12
Triglycerides 128811.7 155.9820.7 0.21
ApoA1 111.2986.6 111.486.5 0.99
ApoB 86.884 91.985 0.44
HDL 4082.8 32.582.3 0.04
Lp(a) mean 63.6811.5 67.2815.9 0.86
ln Lp(a) 3.780.18 3.880.26 0.76
Lp(a) median 40.5 44.1
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  Discussion 

 Lp(a) is an atherogenic lipoprotein and despite enor-
mous interest in this molecule the site of its catabolism 
has not been elucidated. We were interested in testing the 
hypothesis that plasma levels of Lp(a) decline rapidly af-
ter renal transplantation along with the improvement in 
renal function in a diverse population. We found that 
Lp(a) levels decrease rapidly after renal transplantation 
proportional to the decline in creatinine levels, but are 
unchanged after initiation of dialysis.

  The inverse correlation between serum Lp(a) and cre-
atinine in cross-sectional studies examining patients 
with mild to moderate renal failure and a frequency of 
distribution of apo(a) isoforms similar to controls suggest 
that the renal insufficiency itself is responsible for the in-
creased Lp(a) levels  [21–23] . Our data are consistent with 
other prospective studies that have shown decreases of 
Lp(a) after transplantation several months to years post-
transplant  [24–27] . Prevalence of Lp(a)  1 25 mg/dl was 
31–37% after 2–10 months post-transplant  [28, 29]  and 
 1 12 mg/dl in approximately 60% of patients 1 year post-
transplant  [29] . There are several prospective studies 
looking at the changes in Lp(a) after transplantation. The 
Azrolan study is prospective and measured Lp(a) prior to 
transplantation and at 6 months to a year later  [20] . A 
prospective study in 20 renal transplant recipients found 
a decrease in the median of apo(a) units/l from time of 
transplantation value of 403 U/l to 1 week (184 U/l, p  !  
0.001) that was sustained at 6 months (170 U/l, p  !  0.001) 
in patients with successful transplants. There was no dis-
cussion of race and the etiological causes of ESRD dif-
fered significantly from the US population. For example, 
only 1 out of the 20 subjects had diabetic nephropathy. 
Our study is the first to demonstrate that changes in Lp(a) 
occur rapidly after renal transplantation (within days).   
  Some studies have shown no correlation between creati-
nine and Lp(a) months to years post-transplant  [28, 30] . 
We found that there was an association between the level 
of function of the transplanted kidney and Lp(a) level at 
2 weeks post-transplant.

  The influence of immunosuppressant therapy on Lp(a) 
levels remains controversial. Lp(a) levels decrease after re-
nal transplantation  [20, 27]  but remain higher than nor-
mal  [30]  and are higher in recipients with proteinuria  [26, 
31] . Cyclosporin A (CSA) was shown to increase LDL  [20]  
and lower HDL  [29] . Patients on CSA in some studies have 
lower levels of Lp(a) at 1 year when compared to baseline 
when compared to patients on prednisolone alone  [20] . 
The same result was not found in all studies  [32, 33] . 

Brown et al.  [29]  found in a cross-sectional study that pa-
tients treated with CSA had higher levels when compared 
to individuals treated with azathioprine and prednisolone 
(median –32 vs. 18.3 mg/dl). HDL was also higher in the 
group not taking CSA (1.41  8  0.4 vs. 1.24  8  0.39 mmol). 
Kronenberg et al.  [27]  demonstrated that the significant 
Lp(a)-lowering effect of transplantation was only seen in 
patients who had large apo(a) isoforms and had no corre-
lation with CSA therapy. All our subjects were on calci-
neurin inhibitors and therefore we were unable to explore 
the use of CSA or tacrolimus and the relationship with 
Lp(a). However, both CSA and tacrolimus have been as-
sociated with hypercholesterolemia and during long-term 
use no statistical significant difference in total or LDL 
cholesterol was found between them  [34] . Therefore, it is 
reasonable to speculate that the effect on Lp(a) would be 
similar between these two calcineurin inhibitors.

  One possible hypothesis is that ESRD creates a meta-
bolic milieu that causes increased Lp(a) and that initia-
tion of dialysis at least partially impacts on this, thus re-
sulting in reduced Lp(a) levels. We investigated for the 
first time the effect of dialysis initiation on Lp(a) levels 
and found no effect. Lp(a) at 3 months after initiation of 
dialysis were just as high as immediately prior to initia-
tion of dialysis. Thus not all forms of renal replacement 
therapy reduce Lp(a); only renal transplantation does so, 
presumably by providing functional renal tissue that in 
some way mediates reduction of Lp(a).

  Frischmann et al.  [35]  demonstrated that hemodialy-
sis patients have a decrease in Lp(a) clearance and not an 
increase in Lp(a) production. The ApoB-containing lipo-
proteins from which Lp(a) is assembled are almost exclu-
sively a newly synthesized pool derived from the liver in 
both controls and hemodialysis patients whereas only a 
very small percentage of Lp(a) is assembled from circulat-
ing LDL. Use of a low-flux dialyzer has been associated 
with higher Lp(a) levels  [36] .

  In conclusion, the rapid decrease of Lp(a) levels after 
renal transplantation provides support for a metabolic 
role of the kidney in Lp(a) catabolism. Hemodialysis itself 
has little effect on Lp(a) levels. Therefore, Lp(a) levels are 
elevated in chronic kidney disease secondary to loss of 
functioning renal tissue.
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