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Lipid abnormalities in stable liver
transplant recipients effects of
cyclosporin, tacrolimus, and steroids
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Abstract Dyslipidemia is common
after liver transplantation, but the
underlying mechanisms are largely
unknown. We studied the lipid profile of 27 liver transplant recipients
randomized to receive either cyclosporin (CyA, IZ = 14) or tacrolimus ( n = 13) and compared them
with 20 healthy, matched controls.
Before transplantation, patients
presented low total and low-density
lipoprotein (LDL) cholesterol (as
compared to controls) that increased shortly, i. e., 3 months, after
transplantation. Eighteen months
post-transplantation, total and LDL
cholesterol levels decreased to pretransplant values but tended to remain higher in CyA-treated patients. However, at that time, prednisone treatment was more prevalent among CyA-treated than tacrolimus-treated patients and fully
accounted for the difference in cholesterol levels. Indeed, regardless of
therapy, patients not receiving pred-

Introduction

Hyperlipidemia has been described as a complication in
long-term survivors of liver transplantation and is associated with impaired liver [17, 181 and renal function,
overweight, and hyperglycemia [17]. It has been suggested that immunosuppressive drugs may play a role
in post-transplant dyslipidemia. In fact, some reports
have shown that cyclosporin (CyA) is associated with
increased cholesterol levels in liver transplant recipients
more frequently than tacrolimus [ l , 6,9,11, 15,261. Cor-

nisone exhibited lower cholesterol
levels than prednisone-treated patients and controls. We conclude that
prednisone therapy, rather than
CyA or tacrolimus immunosuppression, seems to be the major determinant of increased cholesterol levels.
Key words Lipoproteins, liver
transplantation,
immunosuppression . Liver
transplantation, lipoproteins,
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ticosteroids have also been implicated in the hyperlipidemia of these patients, and an improvement in the lipid
profile has been described after corticosteroid withdrawal [2, 19, 23, 271. Interestingly, the corticosteroid
dose (daily and cumulative) in liver transplant recipients on CyA therapy is generally higher than in patients
given tacrolimus. This fact may underlie the increased
incidence of post-transplant hyperlipidemia described
in CyA-treated patients.
The aims of this study were: (1)to evaluate the evolution of the lipid profile in short and long-term stable liv-
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Table 1 Characteristics of liver
triinsplnnted patients randomized to cyclosporine or tacrolimus

Values are means t SD or
numbers of cases ( % )
NS: not significant

Cyclosporin
17=

Age (years)
Male ( % )
Body mass index (kglm?)
Indications for transplantation:
Alcoholic cirrhosis
Postnecrotic cirrhosis
Cryptogenic cirrhosis
Primary biliary cirrhosis
Hernangioendothelioma
Idiopathic adult ductopenia

er transplant recipients, (2) to compare the lipid abnormalities between patients receiving CyA and those receiving tacrolimus as immunosuppression therapy. and
(3) to evaluate the potential role of corticosteroids in
these alterations.

Patients and methods
Seventy-eight patients with end-stage liver disease underwent liver tranplantation between November 1993 and June 1995 in University Hospital "12 de Octubre" in Madrid, Spain. Twenty-seven
of them (19 men and 8 women). in whom basal lipid profile ( u p to
3 months before tranplantation) was availahle. were randomized
to receive either CyA (17 = 14) or tacrolimus ( 1 7 = 13) immunosuppression after liver transplantation. All patients were also treated
with corticosteroids for at least 3 months after transplantation.
Steroid treatment was as follows: methyl-prednisolone, lo00 mg
i.v.. was given intraoperatively: it was tapered from 2 to 0.3 mg/
kg per day over a period of 8 davs. and the patients were then
switched to prednisone. This was gradually reduced to
O.l4).2 mg/kg per day hy 6 months post-transplantation. Prednisone withdrawal was done according tu the clinical evolution.
Patients on CyA therapy also received azathioprine during the
first 3 months post-transplantation. The CyA dose was adjusted
to blood levels between 100-750 ng/ml. as determined by radioimmunoassay (Instar. Stillwater, Minn., USA). Tacrolimus was adjusted to hlood levels hetween 5-10 ng/ml. as determined by enzyme immunoassay (Abbot, Chicago, Ill., USA). All episodes of
acute rejection were treated with pulse corticosteroids ( 3 g methylprednisolone in 3 days). followed by a rapid tapering (within
3 days) toward the previous prednisone maintenance dose. Corticoresistant cases were treated with the monoclonal antibody
OliT3.
Parameters evaluated in all patients were: age at transplantation. scs. presence of diabetes. arterial hypertension. number of
acute rejection episodes, body mass index (BMI: kg/m'), serum
creatinine and glucose (mg/dl), prednisone dose (average in mg/
day and cumulative in g). and fasting lipid profile. Lipid profile included: total serum cholesterol, high-density lipoprotein ( H D L )
cholesterol, low-density lipoprotein ( L D L ) cholesterol. very lowdensity lipoprotein (VLDL) cholesterol. total serum triglycerides,
VLDL triglycerides. and lipoprotein(a) [Lp(a)]. Lipoproteins
were isolated by an ultracentrifugation method [ S ] . Cholesterol
and triglycerides in the different fractions were assayed enzymatically (Boehringer Mannheim. Mannheim, Germany). Lp(a) was
measured by nephelometry (Behringwerke, Marburg. Germany).
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Tacrolimus

14

17

47.5 f 8.9
10 (71)
76.4 7.4

41.3 f 8.9
9 (69)
25.1 f 3.0

4

5
5
1

*

7
1
1
0
1

P

= 13

NS
NS
NS
NS

1

1
0

Pretransplant lipid profile was determined within the 3 months
preceding transplantation. The first post-transplant lipid profile
was obtained 3 months after transplantation (early) and the second
one between 1.5 and 3.5 years (mean 77.4f 3.7 months) posttransplantation (late). Graft function was stable in all cases except
for one tacrolimus-treated patient, who suffered a systemic vasculitis 16 months after transplantation and was excluded from longterm evaluation.
The control group consisted of 20 healthy volunteers who were
matched for age (45.3 9.5 years) and gender (70% males). None
was receiving any medication known t o alter lipid parameters.
Their BMI (74.7 f 2.8 kg/m') did not differ from that of patients
at either short or long-term evaluation.
All statistical calculations were performed with the SAS software package (SAS 6.11. 1989-196. SAS Institute, Caryn. N.J..
USA). The comparison of means for parametric variables was performed with Student's t-test or a one-way ANOVA for repeated
measures. followed by the Student-Newman-Keuls test, when appropriate. Nonparametric variables were compared with the Wilcoxon test or a one-way ANOVA on ranks for repeated measures.
followed by the Dunn test, as appropriate. Qualitative variables
were compared with the chi-square and the Fisher exact tests. The
association between continuous variables was assessed by linear
regression. The differences were considered significant when P
was less than 0.05

*

Results

Clinical characteristics were similar in patients assigned
to CyA and to tacrolimus immunosuppression (Table 1). Before liver transplantation, patients had reduced total and LDL cholesterol compared to controls
(total cholesterol 160 49 mg/dl vs 190 33; P = 0.015;
LDL cholesterol 97 44 vs 125 f 32; P = 0.020, Fig. 1).
Basal lipid profiles were similar for the CyA and tacrolimus groups (Table 2).
In the early period after liver transplantation
(3 months), when all patients were receiving prednisone. there was an increase in total, LDL, and VLDL
cholesterol and VLDL triglyceride levels in the entire
group of transplant recipients (Fig. 1) that approached
that of controls. In contrast, H D L cholesterol and total
triglyceride levels did not change significantly (Fig. 1).
At this time, there were n o significant differences be-
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+

*
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Table 2 Lipid profile in patients

Total cholesterol:
Pre
Early
Late
LDL cholesterol:
Pre
Early
Late
HDL cholesterol:
Pre
Early
Late
VLDL cholesterol:
Pre
Early
Late
Triglycerides:
Pre
Early
Late
VLDL Triglycerides:
Pre
Early
Late

Cyclosporin
n = 13

Tacrolimus
n = 13"

P

154 k 50
718 k 47
195 k 53

164 k 46
195 k 65
161 k 34

0.57
0.32
0.07

106 k 31
171 61
93 k 33

+

0.31
0.18
0.08

53 20
55klI
54 f 14

51f21
5 9 + 12
53 18

+

0.78
0.41
0.90

9f5
15510
30 5 19

3+3
15 13
16 13

+
+

0.02
0.63
0.58

101 5 51
116f55
127 87

76 5 53
94 k 57
97 k 55

0.73
0.35
0.32

38 k 37
46 & 47

13k8
36 37
44 k 46

0.17
0.91
0.89

+

89 45
153 k 46
121 k 43

+

+
19 + 13

a

Control
*0°

b

+

All values are in mgidl; LDL: low density lipoprotein: HDL: high
density lipoprotein; VLDL: very low density lipoprotein: Pre: pretransplant: Early: 3 mo. post-transplant: Late: 218 mo. post-transplant: "N = 13 in Late.

tween the CyA and tacrolimus groups with regard to the
lipid profile (Table 2), BMI (23.7 k 2.0 vs 24.0 k 4.1 kg/
m'; P = 0.97), daily prednisone dose (19.6 f 5.3 vs
16.6 k 4.9 mg/dl; P = 0.15), serum creatinine levels
(1.0 f 0.2 vs 1.0 k 0.0 mg/dl; P = 0.69), or serum glucose
levels (116 f 73 vs 108 f 34 mg/dl; P = 0.77).
In the late period after liver transplantation
(2 18 months), total and LDL cholesterol levels decreased to just above pretransplant values (Fig. 1). In
contrast, VLDL cholesterol and VLDL triglyceride
levels in the late period failed to decline, i.e., they remained similar to those early after transplantation,
perhaps reflecting the recovery of liver synthetic function. HDL cholesterol and total triglycerides were not
significantly different in the pretransplant early, posttransplant, and late post-transplant periods. There
were no significant differences in Lp(a) levels between CyA- and tacrolimus-treated patients and controls (median values 14.5, 14, and 8.5 mg/dl, respectively; P = 0.67).
In the late period after transplantation, there was a
trend towards higher total and LDL cholesterol levels
in the CyA group than in the tacrolimus group
( P = 0.07 and P = 0.08, respectively; Table 2). At this

T

Early

Pre

Late

T

Control

Pre

Early

Late

Fig. 1 Evolution of cholesterol and triglycerides in liver transplant
recipients. The mean k SD of cholesterol and triglycerides in different lipoprotein fractions in controls and patients before tranplantation (Pw)and in the early period (3 months) and the late period ( 2 18 months) after tranplantation are represented (LDL lowdensity lipoprotein, H D L high-density lipoprotein, V L D L very
low-density lipoprotein) *P < 0.05 vs control values; **P < 0.05 vs
pretransplant values; ***P < 0.05 vs early post-transplant values.
a - -B- Total cholesterol; - LDL cholesterol: - - A -- HDL
cholesterol, - VLDL cholesterol. b -0-Total triglycerides;
- VLDL triglycerides

-+-

-+-

-.-

-

time, 11 patients on CyA and 4 patients on tacrolimus
therapy were receiving prednisone ( P = 0.01), the others
having undergone prednisone withdrawal at least
2 months before the study period. There were no significant differences in the average prednisone dose, but
there was a trend towards increased cumulative prednisone dose in patients given CyA. The interval posttransplantation, the number of acute rejection episodes,
BMI, and serum creatinine and glucose levels did not
differ between the two treatment groups. However,
CyA-treated patients more frequently developed posttransplant diabetes and hypertension (Table 3). Antihypertensive treatment did not include beta-adrenergic
antagonists in any case.
The lipid profile in the late period was also examined in terms of the presence or absence of active steroid treatment, regardless of the type of immunosuppression given (Table 4). Patients on active prednisone
treatment showed total and LDL cholesterol levels
similar to those of controls. In contrast, patients not receiving steroids exhibited lower total and LDL choles-
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Table 3 Clinical data in late
period in liver transplanted patients

Values are means SD or
numbers of cases (YO)

Time from transplantation (months)
No. of acute rejections
No. diabetes
No. hypertension
Body mass index (kg/m')
Serum creatinine (mgidl)
Serum glucose (mgidl)
Prednisone dose (mg/day)
Prednisone cumulat& dose ( g )
No. (YO) on prednisone therapy

Table 4 Lipid profile in the late post-transplant period in liver
transplant recipients: impact of prednisone treatment.

Cyclosporin
( n = 14)

Tacrolimus
( n = 12)

21.2 f 3.6
0.8 k 0.7
5
8
36.4 k 2.1
1.2 k 0.2
114k42
6.3 f 3.5
9.4 3.4
11

33.5 f 3.8
0.8 k 0.8

*

P
0.13
0.96
0.05

0

1
26.3 f 4.3
1.1 f 0.1
103 33
8.7 f 4.7
7.2 k 3.8
4

*

0.01
0.76
0.24
0.56
0.22
0.09
0.01

and LDL cholesterol and CyA, tacrolimus blood levels,
or prednisone dose.

Prednisone treatment
Total cholesterol
LDL cholesterol
HDL cholesterol
VLDL cholesterol
Trig1ycerides
VLDL triglycerides

Yes ( n = 15)

No ( n = 11)

700 f 49
127 k 40
53 k 14
23 k 18
133 k 82
57 k 49

152 f 30"
85 k 29"
5 4 k 18
I1 f 11
86 53
31 +39

*

All values are in mgidl. Included are all patients on cyclosporin and
tacrolimus therapy. ( L D L low-density lipoprotein, H D L high-density lipoprotein, V L D L very low-density lipoprotein)
* P < 0.05 for patients not on prednisone treatment versus those on
prednisone and controls

terol than both steroid-treated patients and controls
( P < 0.01 for both).
As mentioned, CyA treatment was associated with a
trend towards increased cholesterol levels in the late period. We used a two-way ANOVA to evaluate the relative contribution of the type of immunosuppression
(CyA or tacrolimus) and late steroid treatment to the
long-term increase in cholesterol levels. When the effect
of steroids was taken into account, the contribution of
the type of immunosuppressant used to increased total
or LDL cholesterol levels completely disappeared
( P = 0.51 for total cholesterol, P = 0.59 for LDL cholesterol). In contrast, allowing for the effect of the immunosuppressant, the effect of steroids remained significant
for both total ( P = 0.034) and LDL cholesterol
( P = 0.048). The two-way ANOVA did not detect any
significant interaction effect between the type of immunosuppression and steroids on the late cholesterol levels
( P = 0.181 for total cholesterol, P = 0.387 for LDL cholesterol). In addition, steroid-treated patients had higher serum triglycerides than controls ( P = 0.02). BMI
and other lipid parameters did not differ between the
groups.
There were no significant correlations during either
the early or late post-transplant periods between total

Discussion

End-stage liver disease is associated with abnormalities
in lipid metabolism that generally subside within a few
months after transplantation [16,21]. In this study, total
and LDL cholesterol levels were lower in patients prior
to liver transplantation than they were in controls. This
was no longer true during the early or late period after
transplantation. Lipid levels in the pretransplant and
early post-transplant periods were similar in CyA- and
tacrolimus-treated patients. In contrast, late after transplantation, CyA-treated patients tended to have higher
total and LDL cholesterol levels than patients assigned
to tacrolimus.
CyA has been implicated in the hyperlipidemia of renal [7, 14,241 and liver [ l , 6, 9, 11, 15, 20,261 transplant
recipients, although other studies have failed to find
such a relationship [3, 4, 101. Some authors have described tacrolimus treatment as being less commonly associated with hypercholesterolemia than CyA therapy
in liver transplant recipients [ l , 6, 9, 11, 15,261. However, corticosteroid therapy (number of patients and
dose) is also generally higher in patients given CyA. In
addition, Krentz et al. [13] have reported that, shortly
after liver transplantation and following steroid withdrawal (6 weeks before the study), total cholesterol is
similar in CyA and tacrolimus-treated patients and that
it is even lower than in age-matched, healthy controls.
In our study, when treatment with CyA or tacrolimus
and steroids was analyzed simultaneously with a twoway ANOVA, only steroids were associated with increased total and LDL cholesterol levels. Moreover,
some authors have reported a positive correlation between prednisone dose and total cholesterol in renal
transplant recipients [8, 12, 281, and steroid withdrawal
has been associated with improvement in the lipid profile in renal [22, 251 and liver [19, 231 transplant recipients.

141

Altogether, and in agreement with the results of the
present paper, these data suggest that corticosteroid
therapy may be the main factor responsible for increased cholesterol levels after liver transplantation. If
immunosuppression with tacrolimus makes complete
steroid withdrawal increasingly possible, then the use
of this agent may offer better control of lipid abnormalities [6].
Accordingly, hyperlipidemia in liver transplant recipients does not seem to be a major problem after corticosteroid withdrawal. However, the presence of hypercholesterolemia could predispose patients with it to cardiovascular disease. Moreover, as in our series, corticosteroid therapy is associated with an increased prevalence of diabetes and hypertension, which could further

increase the cardiovascular risk in liver transplant recipients.
In conclusion, the lipid profile of liver transplant recipients seems to basically reflect the effect of steroid
treatment, which is associated with the development of
diabetes and hypertension. The use of immunosuppressants that require lower doses of steroids, such as tacrolimus, may therefore keep cardiovascular risk factors under control. These data further underscore the need for
new immunosuppressive therapies lacking adverse metabolic effects.
Acknowledgements The authors are grateful to F. J. Jimenez (Instituto de Investigacion Medica, Fundacion Jimenez Diaz, Madrid)
for providing valuable assistance with the statisticals.

References
1. Abouljoud MS, Levy MF, Klintmalm
GB, and the US Multicenter Study
Group (1995) Hyperlipidemia after liver transplantation: long-term results of
the FK506icyclosporine A US multicenter trial. Transplant Proc 37:
1131-1 133
3. Andrews WSS, Shimaoka S, Sommerauer J, Moore P, Hudgins P (1994) Steroid withdrawal after pediatric liver
transplantation. Transplant Proc 26:
159-160
3. Bumgardner GL, Wilson GA, Tso PL,
Henry ML, Elkhammas EA, Davies
EA, Qiu W, Ferguson RM (1995) Impact of serum lipids on long-term graft
and patient survival after renal transplantation. Transplantation 60:
1418-147 1
4. Castelao AM, Barbera MJ, Blanco A,
Fiol C, Griiio JM, Bover J, Gil-Vernet
S, Andres E, Serdn D, Castifieiras MJ,
Alsina J (1993) Lipid metabolic abnormalities after renal transplantation under cyclosporine and prednisone immunosuppresssion. Transplant Proc 24:
96-98
5. Fontanals-Ferrer N, Serrat-Serrat J,
Sorribas-Vivas A, Gonzalez-Garcia C ,
Gonzalez-Sastre F, Gomez-Gerique J
(1988) Quick method of determining
lipoproteins, including those of intermediate density, in serum. Clin Chem
34: 1753-1757
6. Guckelberger 0 ,Bechstein WO, Neuhaus R, Luesebrink R, Lemmens HP,
Kratschmer B, Jonas S, Neuhaus P
(1997) Cardiovascular risk factors in
long-term follow-up after orthotopic
liver transplantation. Clin Transplant
11: 60-65

7. Harris KPG, Russell GI,Parvin SD,
Veitch PS, Walls J (1986) Alterations in
lipid and carbohydrate metabolism attributable to cyclosporin A in renal
transplant recipients. BMJ 393: 16
8. Ibels LLS, Alfrey AC, Weil R (1978)
Hyperlipidemia in adult, pediatric and
diabetic renal transplant recipients. Am
J Med 165: 634-642
9. Imagawa DK, Dawson S 111, Holt CD,
Kirk PS, Kaldas FM, Shackleton CR,
Seu P, Rudich SM, Kinkhabwala MM,
Martin P, Goldtein LI, Murray NGB,
Terasaki PI, Busuttil RW (1996) Hyperlipidemia after liver transplantation.
Natural history and treatment with the
hydroxy-methilglutaryl-coenzyme A
reductase inhibitor pravastatin. Transplantation 63: 934-942
10. Isoniemi HM, Ahonen J, Tikkanen MJ,
Willebrand EO, Krogerus L, Eklund
BH, Hockerstedt KVA, Salmela KE,
Hayry PJ (1993) Long-term consequences of different immunosuppressive regimens for renal allograft. Transplantation 55: 494499
11. Jindal RM, Popescu I, Emre S,
Schwartz ME, Boccagni P, Meneses P,
Mor E, Sheiner P, Miller CM (1993) Serum lipid changes in liver transplant recipients in a prospective trial of cyclosporine versus FK506. Transplantation 57: 1395-1398
12. Kasiske BL. Umen AJ (1987) Persistent
hyperlipidemia in renal transplant patients. Medicine 66: 309-316

13. Krentz AJ, Cramb R, Dousset B, Mayer
D, Mcmaster P, Buckels J, Smith JM,
Nattrass M (1994) Serum lipids and
apolipoproteins in liver transplant recipients: a comparative study of cyclosporin A and FK506. J Lab Clin Med
134: 381-385
14. Kuster GM, Drexel H, Bleisch JA,
Rentsch K, Pei P, Binswanger U,
Amann FW (1994) Relation of cyclosporine blood levels to adverse effects on lipoproteins. Transplantation
57: 1479-1483
15. Loss M, Winkler M, Schneider A,
Brinkmann C, Manns M, Ringe B,
Pichlmayr R (1 995) Influence of longterm cyclosporine or FK506 therapy on
glucose and lipid metabolism in stable
liver graft recipients. Transplant Proc
27: 1136-1139
16. Malmendier CL, Lontie JF, Mathe D,
Adam R, Bismuth H (1992) Lipid and
apolipoprotein changes after orthotopic
liver transplantation following endstage liver diseases. Clin Chim Acta
309: 169-177
17. Mathe D, Adam R, Malmendier C, Gigou M, Lontie JF, Dubois D, Martin C ,
Bismuth H, Jacotot B (1992) Prevalence of dyslipemia in liver transplant
recipients. Transplantation 54: 167-170
18. McDiarmid SV, Gornbein JA, Fortunat
M. Saikali D, Vargas JH, Busuttil RW,
Ament ME (1993) Serum lipid abnormalities in pediatric liver transplant patients. Transplantation 53: 109-115
19. McDiarmid SV, Farmer DA, Goldstein
LI, Martin P, Vargas J, Tipton JR, Simmom F3Busuttil RW (1995) A randomized prospective trial of steroid withdrawal after liver transplantation.
Transplantation 60: 1443-1450

142

Munoz SJ, Deems RO, Moritz MJ,
Martin P, Jarrell BE, Maddrey WC
(1991) Hyperlipidemia and obesity after orthotopic liver transplantation.
Transplant Proc 13: 1480-1483
Palombo JD, Lopes SM, Zeisel SH,
Jenkins RL, Albers JJ, Blackburn GL,
Bistrian BR (1987) Effectiveness of orthotopic liver transplantation on the
restoration of cholesterol metabolism in
patients with end-stage liver disease.
Gastroenterology 9311 170-1 177
Pirsch JD, Armbrust MJ, Iinechtle SJ,
Reed A, D’Alessandro AM, Sollinger
HW, Belzer FO (1991) Effect of steroid
withdrawal on hypertension and cholesterol levels in living related recipients. Transplant Proc 23: 1363-1364

23. Punch JD, Shieck VL, Campbell DA,
Bromberg JS, Turcotte JG, Merion RM
(1995) Corticosteroid withdrawal after
liver transplantation. Surgery; 118:
783-788
24. Raine AE, Carter R, Mann JI, Morris
PJ (1988) Adverse effect of cyclosporine on plasma cholesterol in renal
transplant recipients. Nephrol Dial
Transplant 3: 458-463
25. Schulak JA, Hricik DE (1994) Steroid
withdrawal after renal transplantation.
Clin Transplant 8: 311-316
26 Steinmiiller TM, Graf KJ, Schleicher J,
Leder K, Bechstein WO, Muck AR,
Dette K, Schulz E, Neuhaus P (1994)
The effect of FK506 versus cyclosporine
on glucose and lipid metabolism - a
randomized trial. Transplantation 58:
669-671

27. Tchervenkov J1, Tector AJ, Cantarovich M , Tahta SA, Asfar A, Naimi J,
Elias N, Barkun J (1996) Maintenance
immunosuppression using cyclosporine
monotherapy in adult orthotopic liver
transplant recipients. Transplant Proc
18:2247-3249
98. Vathsala A, Weinberg RB. Schoenberg
L, Grevel J, Goldstein RA, Van Buren
CT, Lewis RM, Kahan BD (1989) Lipid
abnormalities in cyclosporine-prednisone-treated renal transplant recipients. Transplantation 48: 37-43

