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ORIGINAL ARTICLE

Factors influencing plasma lipid profiles
including lipoprotein (a) concentrations
in renal transplant recipients

Abstract Fasting plasma choles-
terol, triglycerides, high-density li-
poprotein (HDL) and apoprotein
(apo) B were elevated in 214 non-
diabetic renal transplant recipients
when compared to a reference
group. Apo (a) was slightly but not
significantly lower in transplant re-
cipients (median 118 mg/dl, range
16-1680 vs 130 mg/dl, 10-1176) and
this difference could be predicted
from Lp (a) isoform analysis. Cho-
lesterol, triglyceride, apo B and apo
(a) concentrations correlated nega-
tively with creatinine clearance but
none of these parameters showed a
significant association with pro-
teinuria. Patients treated with ste-
roids had higher plasma HDL con-
centrations than those receiving cy-
closporin monotherapy (P < 0.01).
The use of diuretics was associated
with raised triglycerides (P < 0.001)
and cholesterol (P < 0.01) and with
reduced HDL (P < 0.01) whilst pa-

tients receiving [3-blockers had sig-
nificantly higher triglycerides

(P <0.01) and lower HDL levels

(P < 0.02). In multiple regression
analysis, age (P < 0.01), creatinine
clearance (P < 0.05) and diuretic
therapy (P < 0.005) were indepen-
dent risk factors for increased cho-
lesterol whilst apo (a) levels corre-
lated negatively with creatinine
clearance (P < 0.005). These results
suggest that impaired renal function,
steroids and non-immunosuppres-
sive drugs contribute to lipid abnor-
malites in renal transplant recipi-
ents.
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Intreduction

With advances in immunosuppressive therapy and in the
treatment of infection, cardiovascular disease has
emerged as a leading cause of death in long-term survi-
vors of renal transplantation and occurs more fre-
quently than in the general population [21, 38]. Hyper-
lipidaemia is common in such patients and represents a
potentially correctable risk factor [22, 24]. The profile
of lipid abnormalities observed following renal trans-
plantation has been well characterised although fewer
studies have examined Lp(a) concentrations. In addi-

tion, despite our knowledge of the characteristic lipid
profiles observed in these patients, the pathogenesis of
abnormal lipid metabolism following renal transplanta-
tion is not clearly understood [29].

Studies in non-renal patients have defined certain
patterns of lipid and lipoprotein abnormality that are as-
sociated with increased cardiovascular risk including
high levels of total and low-density lipoprotein (LDL)
cholesterol and reduced HDL concentrations [9, 25,
36]. In addition, elevated levels of Lp(a) have been rec-
ognised as an independent risk factor for cardiovascular
disease [3, 31]. This lipoprotein is similar to LDL but
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contains an additional glycoprotein, apo (a), which is
structurally similar to plasminogen [34]. Plasma concen-
trations of Lp(a) are strongly influenced by a gene on
the long arm of chromosome 6 that determines the iso-
forms secreted by the liver, high molecular weight iso-
forms being associated with low plasma levels and vice
versa [7]. Elevated Lp(a) levels have been noted in pa-
tients with chronic renal failure on renal replacement
therapy and have been associated with the development
of cardiovascular disease in this population [11, 35]. In
addition, some recent reports have documented ele-
vated levels of this lipoprotein in renal transplant recip-
ients 8, 17, 44].

Based on studies in the general population, it secems
likely that correction of lipid abnormalities may reduce
the risk of cardiovascular disease following renal trans-
plantation [28]. A better understanding of the factors
that contribute to abnormal lipid metabolism in this
group of patients may help in the planning of rational
treatment strategies. In addition, investigation of Lp
(a) concentrations in patients with renal disease may im-
prove our understanding of the metabolism of this lipo-
protein. The aim of this study was to examine factors in-
fluencing plasma lipid and lipoprotein profiles in a large
group of renal transplant recipients, with particular ref-
erence to Lp(a).

Materials and methods

Subjects

Two hundred and fourteen renal transplant recipients attending
follow-up were recruited for this study over a 6-month period. All
patients had received their grafts at least 12 months prior to the
start of this period and had stable renal function. Diabetic subjects,
patients receiving lipid-lowering drugs and those in whom immun-
osuppressive therapy had been modified within the previous
3 months in response to biopsy-proven acute rejection were €x-
cluded. The reference group was recruited from patients who
were being investigated for chest pain. Coronary angiography
demonstrated that these patients had essentially clear coronary ar-
teries. More detailed demographic data on this group of individu-
als has already been published, the age and sex distribution being
essentially similar to that of the transplant patient population
[27]. No patients in this reference group had biochemical evidence
of renal discase. Mean (SD) plasma triglyceride was 1.9 (1.0}
mmol/l and cholesterol 5.9 (1.3) mmol/l.

Lipid, lipoprotein and apolipoprotein measurements

A single 10-ml sample of blood was venesected from each patient
following an overnight fast and after a 24-h period of urine collec-
tion. Serum was separated by centrifugation, aliquoted into smal-
ler volumes and stored at —20°C. Total cholesterol and triglycer-
ides were assayed using standard enzymatic procedures [1, 42].
HDL cholesterol was measured after phosphotungstate/magne-
sium precipitation [43] and LDL cholesterol was calculated using
the Friedewald formula [14]. Apolipoproteins Al, B and (a) were

Table 1 Patient demographics

Age (years) 44.7+£142
Sex (number) 89 male, 125 female
Weight (kg) 70.6 £15.2
Smokers 24 %
Ex-smokers 23%
Glucose (mmol/l) 5.651£0.98
Creatinine (umol/1) 180 £ 95
Creatinine clearance (ml/min) 44 £19.9
Proteinuria (g/1) 0.89 £2.01
Immunosuppressive regimen

Cyclosporin 25%
Cylosporin/Prednisolone 15%
Cyclosporin/Prednisolone/Azathioprine 24 %
Cyclosporin/Azathioprine 6%
Prednisolone/Azathioprine 28%
Azathioprine 0.5%
Prednisolone 15%
Antihypertensive therapy

S -blocker 47 %
Diuretic 52 %
Calcium antagonist 43 %

ACE inhibitor 12%

quantified using an immunoradiometric assay (Kabi Pharmacia
Diagnostics). The apo (a) assay utilised two different monoclonal
antibodies in excess and measured apo (a) levels after prior reduc-
tion/hydrolysis of the apo (a) peptide from the Lp(a) particle. All
samples were assayed in duplicate. Lipoprotein (a) phenotyping
was performed by horizontal SDS polyacrylamide gel electro-
phoresis followed by electroblotting and immunostaining. The sep-
arated apo (a) isoforms were then detected by treating the mem-
brane with sheep polyclonal anti-apo(a) antibodies followed by
rabbit anti-sheep antibodies conjugated with horseradish peroxi-
dase. The migration rates of isoforms were measured relative to a
fast migrating band [44].

Statistical analysis

All analyses were performed using the Statistical Package for the
Social Sciences. Variables conforming to a Gaussian distribution
were compared using Student’s r-test whilst those that did not [tri-
glycerides and apo (a)] were either analysed using a Mann-Whit-
ney U-test or logarithmically transformed prior to comparison
with Student’s t-test. Significance tests on discrete groups were per-
formed using the chi-square test. Lp(a) isoforms were assessed by
fixed bin analysis [32]. Multiple regression analysis was conducted
using cholesterol and apo (a) as the dependent variables.

Results

The clinical and demographic details of the study group
are shown in Table 1 and the lipid profiles in Table 2.
The transplant group was characterised by elevated lev-
els of cholesterol, triglycerides, LDL, HDL and Apo B
and lower levels of Apo Al than the reference group.
Although apo (a) levels were lower in the renal trans-
plant group than in the reference population, this differ-
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Table 2 Differences in plasma lipid profiles between transplant
patients and reference group. All values represent means + SD ex-
cept triglycerides and Apo (a), which are expressed as median
(range).

Transplant Reference P

(n=214) (n=109) value
Cholesterol (mmol/l)  7.2+1.6 59+13 <0.01
LDL (mmol/l) 49+14 42+1.1 <0.01
Triglycerides (mmol/l) 1.9 (0.5-8.3) 1.6 (0.6-5.6) <0.01
HDL (mmol/l) 1.2+03 0903 <0.01
Apo Al (mg/dl) 134 +39 150 + 41 <0.01
Apo B (mg/dl) 139 + 40 85428 <0.01

Apo (a) (U/N) 118 (16-1680) 130 (10-1176) NS

Table 3 Lipoprotein (a) phenotypes in transplant and reference
populations. Subjects possessing isoforms B, S1 or S2 were com-
pared with those possessing isoforms S3, S4 or the null type using
fixed bin analysis. Using a chi-square test there was a significant
difference in phenotype between the two groups (P < 0.0001).

Phenotype Transplant group Reference group
B/X 24 39

S1/X (12%) (40 %)

S2/X

S3/X 170 59

S3/X (88%) (60 %)

S3/54

Null

ence was not statistically significant. Lp(a) isoform dis-
tribution in the two groups was consistent with this find-
ing (Table 3), with the transplant group having an in-
creased frequency of high molecular weight isoforms
(S3 and S4) that are associated with lower apo (a) levels.

The effects of drug therapy on lipid and lipoprotein
levels are shown in Table 4. The use of ACE inhibitors
and calcium antagonists did not appear to influence
plasma lipid levels significantly. Patients treated with ei-
ther 3-blockers (atenolol) or diuretics (furosemide) had

Table 4 Effect of therapy on plasma lipid levels in renal transplant
recipients. No significant associations were found between plasma
lipid or apoprotein levels and the use of calcium antagonists, angio-

higher plasma triglyceride and lower HDL levels than
those not receiving these drugs. Diuretic therapy was
also associated with increased cholesterol, LDL and
apo B concentrations. Of the various immunosuppres-
sive regimens used (Table 1), the only significant associ-
ation found was a higher mean HDL (and apo A1) con-
centration in patients receiving prednisolone. Neither
antthypertensive nor immunosuppressive drugs ap-
peared to influence plasma Lp(a) concentrations.

The relationship between graft function and lipid
profile is shown in Table 5. There were significant nega-
tive correlations between lipid and lipoprotein levels
and creatinine clearance. The correlation between apo
(a) and proteinuria did not reach statistical significance
(P =0.059), but there was a positive correlation be-
tween apo (a) and cholesterol (r = 0.1912, P = 0.003).

The variables that influenced cholesterol levels were
determined by multiple regression analysis (Table 6).
When the demographic, drug and renal functional pa-
rameters were included in the equation, four variables
- creatinine clearance, diuretic therapy, age and sex —
were found to be significant determinants of cholesterol
concentrations. A similar analysis using apo (a) as the
dependent variable did not identify any explanatory
variables, although creatinine clearance was of border-
line significance (data not shown).

Discussion

The major lipid and lipoprotein abnormalities observed
in the renal transplant patients were higher plasma con-
centrations of cholesterol, triglycerides, HDL and LDL
than in the reference group. Levels of the LDL apopro-
tein, apo B, were also elevated, as were the calculated
levels of LDL cholesterol, suggesting increased plasma
levels of this lipoprotein particle. These results are lar-
gely consistent with the pattern of dyslipidaemia now
widely reported in renal transplant recipients except

tensin-converting enzyme inhibitors, cyclosporin or azathioprine
(NS not significant)

Drug therapy Cholesterol LDL Log trigs HDL Apo Al Apo B Apo (a)?
(mmol/l) (mmol/l) (mmol/l) (mmol/l) (mg/dl) (mg/dl) un
J-blockers Yes 73+1.6 50x14 0.33+£0.19 1.17+£0.34 139+ 42 142 +39 103
No 7.1+1.7 49115 0241022 1.29£0.33 133+34 13540 109
P value NS NS <0.01 <0.02 NS NS NS
Diuretics Yes 75+1.7 52+15 0.34+0.19 1.16 £0.32 131 £37 147+ 41 104
No 68+1.6 47114 0.24+0.21 1.29 £0.35 137+ 40 130 £ 36 108
P value <0.01 <0.01 <0.001 <0.01 NS <0.01 NS
Prednisolone  Yes 73116 50x14 0.28+0.20 1.28 £0.36 138 +39 140 £ 40 104
No 6917 4715 030022 1.12+£0.26 124+ 36 134 +39 110
P value NS NS NS <0.01 <0.05 NS NS

@ Expressed as Mann-Whitney mean rank
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Table 5 Rclationship between graft function and lipid profile

Correlations with creatinine clearance:

Coefficient (r) P value

Cholesterol -0.1791 0.005
LDL -0.1614 0.011
Triglycerides -0.1856 0.004
HDL 0.0532 NS

Apo Al —0.1534 0.014
Apo B -0.2229 0.001
Apo (a) -0.1775 0.005

Table 6 Factors influencing plasma cholesterol as assessed by mul-
tiple regression analysis

Dependent variable Explanatory variables P value

Cholesterol Age 0.005
Sex 0.03
Creatinine clearance 0.02

Diuretic therapy 0.004

that HDL cholesterol concentrations are usually re-
ported to be normal in this population [22, 24, 29]. The
HDL cholesterol levels in our transplant population
are similar to those reported by other investigators in
comparable study populations, thus raising the possibil-
ity that this lipoprotein, which is thought to protect
against cardiovascular disease, was abnormally low in
the reference population [8, 44]. In addition, since levels
of the major HDL apoprotein, apo Al, were lower in
the transplant patients than in the reference group, the
significance of this finding has to be questioned. Al-
though plasma levels of HDL are reduced in patients
with chronic renal failure, we did not find a correlation
between plasma HDL and creatinine clearance in our
transplant patients [33].

Certain antihypertensive medications were associ-
ated with plasma lipid abnormalities, and the use of
such agents would appear to be an important factor in
the pathogenesis of post-transplant hyperlipidaemia.
Patients receiving either furosemide or atenolol had
higher plasma triglyceride and lower HDL cholesterol
levels than the remainder of the group, whilst the use
of diuretics was also associated with higher plasma cho-
lesterol concentrations. In contrast, calcium antagonists
did not appear to influence plasma lipid levels. The con-
tribution of p-blockers and diuretics to post transplant
dyslipidaemia has been noted by other investigators
and these observations emphasise the importance of
considering adverse effects on lipid profiles when pre-
scribing antihypertensive drugs to renal transplant re-
cipients [5, 10, 19, 23]. Calcium antagonists, a-blockers
and angiotensin converting enzyme inhibitors have little
effect on plasma lipids and may be a more suitable
choice in this respect [2, 30].

The use of immunosuppressive therapy has been im-
plicated in the pathogenesis of post transplant hyperlip-
idaemia. For example, steroid dose has been correlated
with plasma triglyceride levels in several studies [5, 10,
22,23]. We were unable to demonstrate such a relation-
ship although the use of prednisolone in any combina-
tion of immunosuppressive regimen was associated
with higher HDL concentrations. The role of cyclos-
porin in the pathogenesis of post-transplant lipid abnor-
malities has been controversial. Although altered lipid
metabolism has been attributed to cyclosporin therapy
by a number of investigators [4, 16] and improvements
in lipid profiles reported after withdrawing this immun-
osuppressive agent [16], a more recent study has shown
no correlation between plasma levels of cyclosporin
and lipids [41}. In our study there was no association be-
tween cyclosporin usage and lipid abnormalities.

Since hyperlipidaemia is a recognised complication
of chronic renal failure, the possible impact of declining
graft function on the pathogenesis of lipid abnormalities
was examined. Decreased creatinine clearance was as-
sociated with elevated triglyceride, cholesterol and apo
B levels and was an independent risk factor for hyper-
cholesterolaemia in multiple regression analysis. Creati-
nine clearance also correlated inversely with plasma
Lp(a) concentrations. Whilst these relationships could
be causal, hypercholesterolaemia has recently been im-
plicated as an aetiological factor in the pathogenesis of
chronic graft rejection, and the association between
raised plasma lipid concentrations and allograft injury
warrants further investigation [13]. Hyperlipidaemia
may also contribute to the progression of chronic renal
failure in native kidneys [26], and it has been suggested
that individuals possessing apo (a) isoforms associated
with higher Lp(a) levels may be more susceptible to kid-
ney disease in the clinical setting of diabetes [20]. Our
data demonstrating that such isoforms were under-rep-
resented in a population of patients with end-stage renal
failure who had received kidney transplants would not
support this hypothesis.

Since an association between proteinuria and hyper-
lipidaemia is well recognised and has been demon-
strated in renal transplant recipients [5, 22, 23], we ex-
amined the possible impact of urinary protein excretion
on plasma lipid levels in our study population. Only
10 % of patients had urinary protein losses greater than
or equal to 3.0 g/l and no significant correlation was
found with any of the lipid parameters studied.

A number of recent studies have documented ele-
vated levels of Lp(a) in patients with chronic renal fail-
ure [11, 12, 15, 35, 39]. This abnormality appears to be
present prior to institution of dialysis treatment [15]
and cannot be accounted for by genetic factors {12].
Lp(a) is also elevated in proteinuric patients with mod-
erately impaired renal function but does not correlate
with creatinine clearance in this group, suggesting that
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different mechanisms are involved [37, 40]. Lp(a) is
synthesised in the liver and both uraemia and pro-
teinuria may lead to an increase in hepatic production
[34]. Indeed, increased hepatic lipoprotein synthesis is
one mechanism by which urinary protein loss may lead
to elevated plasma lipid levels in the nephrotic syn-
drome [46]. Alternatively, the kidney may play a role
in Lp(a) catabolism, although at present there is no ex-
perimental evidence to support this possibility. Studies
examining Lp(a) levels in renal transplant recipients
have produced conflicting results, with both normal [6,
18] and elevated [8, 17, 44] levels reported. Cyclosporin
therapy was identified as one possible factor contribut-
ing to an increase in Lp(a) concentrations [45]. We
found slightly lower levels of this lipoprotein in our
transplant population than in the reference group, a dif-
ference that could be entirely accounted for by the dif-
ference in distribution of Lp(a) phenotypes between
the two groups. Furthermore, we found no association
between Lp(a) concentrations and the use of cy-
closporin. This would suggest that Lp(a) levels are not
influenced by renal transplantation. We did note a posi-
tive association between Lp(a) and cholesterol levels,
and whilst there was a tendency for plasma concentra-
tions of this lipoprotein to correlate with urinary pro-
tein excretion, this association did not reach conven-
tional statistical significance, possibly because of the
small number of patients involved. In a multiple regres-
sion analysis, creatinine clearance was of borderline sig-
nificance in determining plasma Lp(a) levels, a finding

that supports earlier studies demonstrating elevated
plasma levels of this lipoprotein in uraemia [11, 12, 15,
35, 39].

The discrepancy between Lp(a) levels reported in
this and other studies could be due to a number of differ-
ent factors. Since more than 90 % of the variability of
plasma Lp(a) is genetically determined, it is possible
that the presence of different alleles on the apo(a) locus
may account for some of the variation between study
populations. Four studies did not include Lp(a) isoform
data, raising the possibility that differences between ref-
erence and study groups were biased by genetic factors
[6, 8, 17, 18]. However, despite noting elevated Lp(a)
levels, Webb et al. reported similar distributions of Lp
(a) isoforms [44]. Other factors that might influence
Lp(a) levels, such as graft function and urinary protein
excretion, might differ between our own and the other
study populations.

In conclusion, our results identify non-immunosup-
pressive drugs, particularly diuretics, and impaired renal
function as important factors associated with hyperlip-
idaemia complicating renal transplantation. In contrast
to several previous studies, we demonstrated normal
plasma levels of Lp(a) in renal transplant recipients.
Since Lp(a) is elevated in uraemic individuals, renal
transplantation may have a beneficial effect in terms of
correcting cardiovascular risk factors in patients with
chronic renal failure. When treating hypertension in
such individuals, it may be prudent to choose drugs that
do not exacerbate plasma lipid abnormalities.
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