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Background. Hyperlipidemia is an important com-
plication after organ transplantation and contributes
to the development of posttransplant accelerated cor-
onary artery diseases.

Methods. We have retrospectively evaluated the rel-
ative contribution of various risk factors associated
with the development and progression of hyperlipid-
emia in 194 heart transplant recipients by the use of
mixed effects multiple linear regression analysis. The
demographic characteristics evaluated were primary
diagnosis of ischemic heart disease (IHD), gender, and
age. Postoperative characteristics included number of
treated rejections, dosage of cyclosporine (CYA), ta-
crolimus (TAC), prednisolone and azathioprine, and
concentration of serum creatinine and glucose. The
effects of administration of antihypertensive agents,
diuretics, and lipid lowering agents were also studied.

Results. The total cholesterol concentration increased
significantly in the first 3 months posttransplant but
gradually decreased thereafter. Total cholesterol and
the ratio of low density lipoprotein (LDL) cholesterol to
high density lipoprotein (HDL) cholesterol (LDL-C/
HDL-C) increased to a greater extent in patients with
IHD although female transplant recipients had a greater
increase in the total cholesterol concentration. Each ep-
isode of rejection increased serum cholesterol by 0.306
mmol/liter (0.258, 0.355) [mean (95% C.I.)] and serum tri-
glyceride by 0.164 mmol/liter (0.12, 0.209) although
switching to TAC improved total cholesterol and LDL-C/
HDL-C. Administration of frusemide, increased the total
cholesterol and LDL-C/HDL-C whereas administration
of bumetanide or metolazone increased the concentra-
tion of serum triglyceride. Serum glucose was associated
with hypertriglyceridemia whereas serum creatinine
was associated with increases in the total cholesterol,
LDL-C/HDL-C and triglyceride.

Conclusions. We have identified demographic and
postoperative covariables that predispose heart trans-
plant recipients to hyperlipidemia. Some of these risk
factors, such as the effect of diuretics, have not been
identified before in this group of patients and may be
amenable to modification or closer control. TAC
rather than CYA may be the immunosuppressive of
choice for patients who are at greater risk of develop-
ing hyperlipidemia.

INTRODUCTION

Hyperlipidemia, as defined by elevation in the concentra-
tion of serum lipids, is a frequent complication after organ
transplantation (1). Although some reports indicate that up
to 80% of heart transplant recipients become hyperlipidemic
at some stage posttransplant, the recent registry report pro-
duced by the International Society for Heart and Lung
Transplantation (ISHLT) reveals that by the end of first year
post transplant, 39.3% of heart transplant recipients had
developed hyperlipidemia (2). In the nontransplant popula-
tion, hyperlipidemia is a well-established risk factor for the
development of coronary artery diseases (3). In transplant
recipients it is believed that hyperlipidemia, in association
with immunological and inflammatory factors (4), is the driv-
ing mechanism behind the development of accelerated allo-
graft and nonallograft vascular diseases (1). Hyperlipidemia
may also predispose patients to acute allograft rejection (5),
possibly by reducing the unbound concentration of cyclospor-
ine (CYA) (6).

Posttransplant hyperlipidemia is a multifactorial phenom-
enon and has been attributed to genetic predisposition, diet,
and diabetes (7) in addition to the use of immunosuppressive
agents including CYA and corticosteroids. The concentration
of serum lipids after organ transplant are also influenced by
many other nutritional, metabolic, and pharmacological fac-
tors, for example, the relative contribution of other medica-
tions, including diuretic and �-blocking agents, which are
known to induce dyslipidemia in nontransplant population,
has never been investigated (8–11) in transplant recipients.

The objective of our study was to comprehensively describe
the pattern of development and progression of posttransplant
dyslipidemia in heart transplant recipients and to identify
the relative contribution of the various risk factors for devel-
opment of this condition.

METHODS

Clinical and laboratory information from heart allograft recipients
transplanted between February 1993 and September 1998 was ret-
rospectively reviewed and collected in a database. A total of 194
patients who survived beyond 6 months posttransplant and had a
complete record of clinical and laboratory investigations during both
in- and outpatient hospital periods were included in the study.

The lengths of follow-up were as follows: 6 to 12 months (16
patients, 8.2%), 13 to 18 months (28 patients, 14.4%), 18 to 24
months (18 patients, 9.3%), and more than 24 months (132 patients,
68.0%). The total number of cholesterol observations was 3123. In
addition to the pretransplant total cholesterol concentration, be-
tween 4 and 40 observations (median 14) were available for each
patient. Concentration of serum cholesterol and triglyceride was
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measured using standard enzymatic methods and CYA concentra-
tion was determined using EMIT 2000 Cyclosporine Specific Assay
(Syva/Behring, Inc, San Jose, CA).

Statistical analysis. Preliminary statistical analyses were carried
out by the use of the SPSS computer program (ver 9.0, SPSS Inc,
Chicago, IL). Risk factors for hyperlipidemia were analyzed by mixed
effects linear regression analysis using S-Plus package (Mathsoft,
Seattle, WA). The main outcome variable was the total cholesterol
concentration although separate analyses were performed for low-
density lipoprotein cholesterol (LDL-C) (1948 observations), high-
density lipoprotein cholesterol (HDL-C, 2075 observations), LDL-C/
HDL-C (1948 observations), and triglyceride (3081 observations)
concentrations. Within each patient, these concentrations were as-
sumed to be time related increasing during the first 90 postoperative
days and decreasing after this time. Patient-specific risk factors were
gender, date of transplant, a primary diagnosis of ischemic heart
disease, and the presence of diabetes at the time of transplantation.
Time-dependent risk factors included weight adjusted immunosup-
pressive drug doses [CYA, prednisolone, azathioprine, tacrolimus
(TAC)], cumulative number of acute rejection episodes, body mass
index (BMI), serum glucose and creatinine concentrations, and the
administration of diuretic, lipid-lowering, � blocking, and calcium
channel blocking agents.

The association between hyperlipidemia and the above risk fac-
tors was first investigated by univariate regression analysis, ad-
justed for time after transplantation. A multiple regression model
was then developed to assess the predictive value of each risk factor
independently on the lipid level by adjusting for the effects of the
other factors and for time after transplantation. The multiple regres-
sion models were subsequently improved by accounting for “random
effects,” a method that adjusts for any correlation between successive
measurements on each patient and for unobserved differences in
response between patients.

Immunosuppressive drug regimen. The primary immunosuppres-
sive protocol used in Papworth Hospital consists of CYA, azathio-
prine, and corticosteroids. Methyl-prednisolone (500 mg) is admin-
istered i.v. at induction and reperfusion followed by three further
doses of 125 mg in the immediate postoperative period. CYA is given
daily in two divided oral doses to maintain the total CYA concentra-
tion at 300–400 �g/liter in the first 3 postoperative months, 200–300
�g/liter from 3 to 12 months posttransplant and 100–200 �g/liter
thereafter. The maximum daily dose of azathioprine is 2 mg/kg as a
single oral dose in the evening and the doses adjusted to maintain
the white blood cell count between 4–6�109/liter. The oral cortico-
steroid regimen comprises 1 mg/kg/day prednisolone in two divided
doses reducing by 5 to 0.2 mg/kg/day as a maintenance dose. The
decision to wean patients off maintenance prednisolone is based on
consideration of individual patient’s clinical status including the
occurrence of acute rejection episodes, degree of renal dysfunction,
and corticosteroid related side effects. Allograft rejections are
treated with 3 daily doses of 500 or 1000 mg i.v. methylprednisolone
followed by augmentation of oral prednisolone back to 1 mg/kg/day,
tapering again to 0.2 mg/kg/day over 2 weeks. Patients who experi-
ence two or more episodes of treated allograft rejection are generally
switched from CYA to TAC or from azathioprine to mycophenolate
mofetil. None of the patients included in the study received rapamy-
cin or its derivative SDZ-RAD.

Other medications. The influence of lipid lowering, �-adrenocep-
tor blocking, calcium channel blocking, and diuretic agents of serum
lipids were also investigated. HMG-CoA reductase inhibitors were
the only type of lipid lowering agents administered. This included
pravastatin (87 patients, 10–40 mg/day), simvastatin (24 patients,
10–40 mg/day), and atorvastatin (15 patients, 10–80 mg/day).
HMG-CoA reductase inhibitors were generally started between 3
and 6 months posttransplant and the dose increased at clinic visits
with the aim lower total cholesterol less than 5 and LDL-C less than
3 mmol/liter or until maximal recommended doses of drugs were
reached. Pravastatin was generally the first drug used and patients

were changed to simvastatin and latterly to atorvastatin if lipid
levels were still high on 40 mg a day of pravastatin.

In total, 13 patients received �-blocking agents atenolol (10 pa-
tients, 50–100 mg/day), propranolol (2 patients, 240 mg/day), and
metoprolol (1 patient, 50 mg/day). The calcium channel blocking
agents administered were nifedipine (72 patients, 10–80 mg/day),
amilodipine (19 patients, 5–10 mg/day), diltiazem (6 patients, 90–
1200 mg/day), lacidipine (2 patients, 12 and 16 mg/day), and vera-
pamil (2 patients, 160 mg/day). The most frequently administered
diuretic agent was the loop diuretic, frusemide (157 patients, at
doses of 5–300 mg daily) although 12 patients received frusemide in
combination with the potassium sparing agent, amiloride (5 mg).
Diuretic agents other than frusemide included bumetanide (1–4 mg
daily, 12 patients), and metolazone (2.5–7.5 mg daily, 16 patients).

RESULTS

The demographic characteristics of heart transplant recip-
ients included in the study are shown in Table 1 and the
dosages of immunosuppressive agents administered at vari-
ous time intervals post transplant are shown in Table 2. In
summary, the majority of patients were male (81.3%) and
ischemic heart disease (IHD) was the most common primary
diagnosis for heart transplantation (49%). In addition, Table
3 present a summary of the various factors that increase or
decrease the concentration of serum lipids in the patients
included in this study.

Progression of hyperlipidemia over time. In the first 3
months posttransplant, the cholesterol concentration in-
creased significantly from its pretransplant value but grad-
ually decreased thereafter (Fig. 1). In this period, the concen-
tration of both cholesterol and triglyceride increased by an
average of 0.63 and 0.33 mmol/liter, respectively (Table 4).
The increase in the concentration of total cholesterol was
associated with an increase in the concentration of both
LDL-C [mean (95% CI), 0.347 (0.18, 0.514) mmol/liter] and
HDL-C [0.171 (0.117, 0.225) mmol/liter] whereas LDL-C/
HDL-C decreased by an average of �0.36 (95% CI, �0.57,
�0.15) in this period. Over the subsequent months, the con-
centrations of total cholesterol, triglyceride, and LDL-C/
HDL-C decreased slightly (Table 4). To evaluate the influ-
ence of periodical variations in routine clinical practices on
hyperlipidemia, we have modeled the overall effect of the
year that patients received their organ transplant on lipid
concentrations (years after 1993). The analysis showed that,
although the total cholesterol and triglyceride concentrations
were not influenced by the transplant year, the LDL-C/
HDL-C was significantly decreased reflecting both a decrease
in LDL-C [�0.169 (�0.259, �0.079) mmol/liter] and an in-
crease in HDL-C [0.118 (0.080, 0.154) mmol/liter]. This ob-

TABLE 1. Demographic characteristics of patients

No of patients 194
Gender

Male 157(81.3%)
Female 36(18.7%)

Age in years (range) 20–65
Weight (kg) 75.9�11.8
Mean�SD
Primary diagnosis

IHD 95(49%)
Dilated cardiomyopathy 84(43.3%)
Others 15(7.7%)

IHD, Ischemic heart disease.
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servation is likely to be related to the increasing use of lipid
lowering agents soon after transplantation in the latter years
of this study.

Effect of demographic characteristics. The pretransplant
concentration of HDL-C was lower [0.82�0.28 (SD) vs.
1.01�0.68 mmol/liter; P�0.01] and the LDL-C/HDL-C was
higher (4.96�2.03 vs. 3.90�1.58; P�0.001) in patients with a
history of IHD as compared with other primary diagnosis
although total cholesterol and triglyceride concentration did
not differ (Table 5). After transplantation, total cholesterol
and the LDL-C/HDL-C were also significantly greater in
patients with a primary diagnosis of IHD whereas the tri-
glyceride concentration was not different from that in pa-
tients with other diagnosis (Table 5).

In female transplant recipients, the postoperative increase
in total cholesterol was more pronounced than that in male
patients. However, because the concentration of LDL-C and
HDL-C were equally increased, the change in the LDL-C/
HDL-C remained nonsignificant. Moreover the average num-
ber of treated rejections was 2.5 vs. 2.0 episodes for female
and male transplant recipients respectively. In addition, nei-
ther age at transplant nor increase in BMI influenced the
concentration of serum lipids (Table 5).

Effect of immunosuppressive agents

Every episode of treated rejection increased the concentra-
tions of total cholesterol and triglyceride by an average of
0.306 and 0.164 mmol/liter, respectively, whereas rejection
did not influence the LDL-C/HDL-C. In addition CYA dose
had a minimal effect on the serum lipids although the daily
dose of maintenance prednisolone and azathioprine had no
significant effect on the serum concentration of lipids (Table
6).

Maintenance oral prednisolone was discontinued in 66 pa-
tients at an average time of 415 days posttransplant and it
had a beneficial effect on the lipid profile (total cholesterol
concentration was 6.8�1.3 vs. 5.6�1.3 mmol/liter, P�0.0001;
total triglyceride: 2.4�1.0 vs. 2.1�1.1 mmol/liter, P�0.01;
HDL-C: 1.1�0.4 vs. 1.1�0.3, P�0.23 and LDL-C: 4.5�1.2 vs.
3.5�1.0, P�0.0001, before and after prednisolone discontin-
uation, respectively).

Administration of TAC in place of CYA also had beneficial
effects on the serum cholesterol concentration. The total cho-
lesterol and LDL-C concentrations were significantly lower
and the HDL-C concentration was higher in patients after
switching to TAC whereas the concentration of triglyceride
did not differ from baseline (Fig. 2). In addition the daily dose
of prednisolone was not significantly different before and
after switch to TAC (1.25�0.39 vs. 1.12�0.44 mg/kg/day,
respectively, P�0.2).

Lipid lowering therapy

The administration of HMG-CoA reductase inhibitors was
associated with a significant reduction in total cholesterol
[�0.39 (�0.54, �0.24) mmol/liter] and LDL-C [�0.51 (�0.66,
�0.36] mmol/liter) concentrations as well as a reduction in
LDL-C/HDL-C [�0.56 (�0.75, �0.37)]. Figure 3 compares
the effect of pravastatin and simvastatin administration on
the concentration of serum lipids indicating that the magni-
tude of change in total cholesterol concentration was similar
for both statins although pravastatin lowered the LDL-C to a
greater extent than simvastatin (P�0.05).

Diuretic agents

Frusemide significantly increased total [0.20 (0.08, 0.32)
mmol/liter] and LDL [0.17 (0.05, 0.28) mmol/liter] cholesterol
concentrations but did not influence HDL-C and triglyceride
concentrations. Additionally, administration of bumetanide
or metolazone significantly increased the concentration of
serum triglyceride [0.365 mmol/liter (0.135, 0.595)] (Fig. 4).

Administration of �-blockers and calcium channel block-
ers. Univariate analyses revealed that administration of the
antihypertensive agents, �-blockers, or calcium channel
blockers did not have a significant effect on serum lipid
concentrations.

Serum glucose and creatinine. Diabetic patients had sig-
nificantly higher total cholesterol [0.175 (0.0087, 0.343)
mmol/liter] and triglyceride [0.313 (0.159, 0.467) mmol/liter]
concentrations whereas the multivariate analysis revealed
that an increase of 1 mmol/liter in the serum concentration of
glucose was associated with a slight but significant increase
in the concentration of cholesterol and an average of 0.106
mmol/liter increase in the concentration of serum triglyceride
(Table 7).

Significant associations were found between total choles-
terol, triglyceride, and LDL-C/HDL-C and the reciprocal of
creatinine concentration (Table 7). This indicates that for an
average patient with a creatinine concentration of 100 �mol/
liter, an increase of 11 �mol/liter in creatinine concentration
was associated with a 0.07 mmol/liter (CI; 0.037, 0.103) in-
crease in total cholesterol, 0.127 mmol/liter (0.0957, 0.158)
increase in triglyceride and 0.103 (0.0651, 0.142) increase in
LDL-C/HDL-C.

DISCUSSION

In this study we have used uni- and multivariate linear
regression analyses to identify the risk factors for the devel-
opment and progression of hyperlipidemia after heart trans-
plantation. In this way, we have avoided the commonly used
approach that assigns patients to two groups of normo- or
hyperlipidemics by the use of clinically relevant cut-off val-
ues for cholesterol or triglyceride.

The steepest increase in the concentrations of cholesterol
and triglyceride occurred in the first 90 days posttransplant
although the concentrations of both lipids gradually declined
after this time period. The explanation for this phenomenon
may lie with both physiological changes in lipid concentra-
tion associated with recovery from advanced heart failure
and the impact of pharmacological agents used posttrans-
plantation. In the first few postoperative months heart trans-
plant recipients are prone to a significant weight gain. The
dosage of immunosuppressive and diuretic agents is also

TABLE 2. Dosage of immunosuppressive agents

Months
posttransplant

Cyclosporine
(mg/kg/day)

Azathioprine
(mg/kg/day)

Prednisolone
(mg/kg/day)

1 6.79 � 2.57 1.61 � 0.52 0.47 � 0.94
6 4.68 � 2.04 1.19 � 0.89 0.39 � 1.27

12 4.18 � 2.01 0.87 � 0.77 0.36 � 1.28
24 2.66 � 2.05 0.80 � 0.79 0.12 � 0.64

Data are mean�SD.
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higher in this period as is the risk of allograft rejection, which
both factors collectively contribute to the development of
hyperlipidemia.

Despite the increase in the total cholesterol concentration,
the LDL-C/HDL-C is significantly reduced in the first 90
days posttransplant as well as in subsequent 90-day periods.
This was due to a proportionately greater increase in the
HDL-C to the LDL-C that may support the notion that
chronic administration of corticosteroids increases the
HDL-C (12, 13).

The effect of transplant year on serum lipids, was another
significant finding of this study. Because this study extended
over a 5-year period, we included this factor in the multivariate
model to account for periodical variations in routine clinical
practices. The influence of transplant year on the LDL-C/

HDL-C was most probably a reflection of the growing recogni-
tion that hyperlipidemia as an important comorbidity factor
after transplantation and the consequent ever-increasing use of
HMG-CoA reductase inhibitors in the later years of this study.

We observed that the postoperative increase in the total
concentration of cholesterol was more pronounced in female
than male transplant recipients although a similar observa-
tion was made in the liver transplant population (14). One
probable explanation may be that female transplant recipi-
ents are more prone to allograft rejection and therefore re-
quire high-dose corticosteroid treatment more often. We have
also observed that the clearance of oral prednisolone was
significantly lower in female than in male transplant recipi-
ents (unpublished observation) which may expose female
patients to more steroid-related side effects.

The use of immunosuppressive agents CYA and corticoste-
roids are frequently attributed to the development of post-
transplant hyperlipidemia. It is believed that these agents
increase production and/or reduce catabolism of lipoproteins
(7, 8). CYA has also been shown to increase the oxidizability
of LDL in vitro, which may in turn increase the risk of
coronary artery disease (15). Indeed, in this study we dem-
onstrated that every episode of organ rejection was associ-
ated with a significant increase in the concentration of total
cholesterol and triglyceride but not in the LDL-C/HDL-C.
Treatment of rejection episodes involves administration of
high doses of methylprednisolone (usually 1000 mg/day for 3
days) followed by an increase in the oral prednisolone dose.
Despite the adverse effects on total cholesterol and triglycer-
ide, this regimen does not seem to significantly elevate LDL-
C/HDL-C, possibly because corticosteroids increase the con-
centrations of both LDL and HDL cholesterols (16).

TABLE 3. Summary of contribution of various factors on the concentration of serum lipids

Variable Total
cholesterol LDL-C/HDL-C Triglyceride

Time posttransplant
1st 3 months a s a
Subsequent months s s s
Transplant year — s —

Demographic characteristics
Primary diagnosis of IHD a a —
Gender: female a — —
Age — — —
BMI — — —

Immunosuppressive agents
Rejection episodes a — a
CYA dose a s (slightly) —
Prednisolone (maintenance dose) — — —
Tacrolimus dose s s —

Other medications
HMG-CoA reductase inhibitors s s —
Diuretics

Frusemidea a a —
Othersb — — a

� Blockers — — —
Calcium Channel Blockers — — —

Serum biochemistry
Glucose a (slightly) — a
Serum Creatinine a a a

a Frusemide or in combination with Amiloride.
b Bumetanide or Metolazone.
a, Increase; s, decrease, — no effects; IHD, ischemic heart disease; BMI, body mass index; CYA, cyclosporine; TAC, tacrolimus.

FIGURE 1. Percent increase in total cholesterol concentration
from pretransplant baseline over time posttransplant.
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Although the association between the maintenance dose of
prednisolone or CYA and serum lipids was very weak, with-
drawal from prednisolone or a switch from CYA to TAC had
beneficial effects on serum lipids. Favourable effects of TAC
on serum lipids have been noted by others (17, 18). We have
also observed that the dosage of oral prednisolone before and
after switching to TAC was not different indicating that the
effects of TAC administration on lipid concentrations were
independent of prednisolone dosage.

Secondary dyslipidemia induced by the administration of
diuretic agents has previously been identified in non-trans-
plant populations (8, 10, 11, 19). The exact mechanism of
diuretic-induced dyslipidemia is not known. However, it has
been speculated that it may be related to a reduction in
vascular volume, a decrease in the catabolism of lipoproteins
or the induction of hypocalemia by these agents (11). The
most likely mechanism of this effect, however, may be related
to the induction of insulin non-responsiveness in the periph-
eral tissues frequently seen after treatment with diuretic
agents (11). Our observation is consistent with earlier re-

ports that administration of frusemide significantly in-
creases the concentration of total cholesterol and LDL-C (20,
21).

We also noted that the administration of other diuretic
agents, including bumetanide and metolazone, significantly

FIGURE 4. Effect of diuretic agents on serum lipids over time
post transplant (A) frusemide and cholesterol concentration,
(B) diuretics other than frusemide and triglyceride concen-
tration. (Data are presented as mean and SEM.)

TABLE 4. Association between lipid concentration and time related variables

Total cholesterol
(mmol/liter) LDL-C/HDL-C Triglyceride

(mmol/liter)

Pretransplant baseline 5.26 (5.06–5.46) 4.53 (4.26–4.81) 1.63 (1.53–1.73)
1st 90 days

posttransplantation
0.63 (0.45, 0.80) �0.36 (�0.57, �0.15) 0.33 (0.16, 0.50)

Subsequent days (for
each 90 days)

�0.08 (�0.09, �0.06) �0.11 (�0.13, �0.09) �0.04 (�0.06, �0.03)

Transplant year �0.08 (�0.19, 0.03) �0.47 (�0.58, �0.36) �0.04 (�0.12, 0.04)

Data are mean (95% confidence interval).

TABLE 5. Influence of demographic characteristics on serum lipids

Total cholesterol
(mmol/liter) LDL-C/HDL-C Triglyceride

(mmol/liter)

Primary diagnosis IHD 0.55 (0.23, 0.88) 0.62 (0.30, 0.94) 0.10 (�0.14, 0.34)
Female gender 0.73 (0.34, 1.13) 0.09 (�0.30, 0.94) 0.18 (�0.12, 0.47)
Age at transplant

(for every 10 yr increase)
0.088 (�0.087, 0.262) 0.12 (�0.05, 0.30) 0.034 (�0.096, 0.165)

BMI (for 1 kg/m2) �0.044 (�0.088, 0.0005) 0.002 (�0.042, 0.046) 0.0159 (�0.018, 0.050)

Data are mean (95% confidence interval).
LDL-C/HDL-C, Ratio of LDL to HDL cholesterols; IHD, ischemic heart disease; BMI, body mass index.

FIGURE 2. Effect switch from cyclosporine to tacrolimus on
serum lipids (data are mean�SE of the mean).

FIGURE 3. Effect of the HMG-CoA reductase inhibitors, sim-
vastatin and pravastatin, on serum lipid concentrations.
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increased the triglyceride concentration. Bumetanide is a
loop diuretic that is used instead of frusemide because of its
superior oral absorption. In a randomized placebo-controlled
clinical trial in hypertensive population, administration of
bumetanide resulted in 5 and 12% increase in the concentra-
tion of total cholesterol and triglyceride, respectively (21).
Furthermore, anecdotal evidence indicates that the adminis-
tration of metolazone may be associated with the develop-
ment of diabetes mellitus or the aggravation of this condition
(22) that in turn may produce hypertriglyceridemia. In our
transplant recipients, frusemide is used either on its own or
in combination with amiloride as the first line diuresis treat-
ment to reduce edema. Patients are switched to bumetanide
if they do not respond to oral frusemide administration or to
metolazone if the edema persists. Another possible explana-
tion for the observation is that patients requiring bumet-
anide or metazolone may have a more profound renal impair-
ment and the hypertriglyceridemia is secondary to this
condition (23).

We found that an increase in the concentration of serum
glucose was associated with an increase in the triglyceride
concentration. The association between glucose metabolism
and hypertriglyceridemia is well-established (24). Indeed, a
positive correlation between hypertriglyceridemia and insu-
lin concentration has been identified that raises the possibil-
ity that hypertriglyceridemic patients may be inherently re-
sistant to insulin (24). Based on our study, however, we
cannot identify the cause and effect relationship between
serum glucose and triglyceride particularly when other con-
founding factors such as obesity may equally influence both
variables.

We have also observed that dyslipidemia is strongly asso-
ciated with the degree of renal failure. Patients with chronic
renal failure are at greater risk of fatality from cardiovascu-
lar diseases (25) although elevated serum lipids are a well-
established biochemical abnormality associated with end
stage renal disease (23). In hemodialysis patients very low-
density lipoprotein (VLDL) and intermediate-density li-
poprotein (IDL) are elevated whereas HDL is reduced (23) as
is the case in renal allograft recipients with chronic graft
dysfunction (26). The association between serum lipids and

creatinine found in this study is compatible with such
observations.

In summary, we have shown that hyperlipidemia after
heart transplantation is a complex condition influenced by a
wide array of pre- and postoperative factors. Although many
of the observations of our study had been described by others,
this report is somewhat unique because it describes the vary-
ing degree of involvement of many risk factors that contrib-
ute to the development of posttransplant hyperlipidemia in
the form of one coherent investigation.

In the context of prevention and treatment of hyperlipid-
emia, consideration of demographic and biochemical risk fac-
tors is essential to achieve desirable lipid concentrations in a
given transplant recipient. At present, therapeutic interven-
tions in the treatment of hyperlipidemia, in particular the
administration of HMG-CoA reductase inhibitors, have been
proving successful (27). The result of these interventions may
be further improved if the risk factors identified in this study
are considered. When possible we recommend the use of
diuretic agents in moderation and greater attention to the
treatment of renal impairment. Furthermore, in patients
who are more susceptible to the development of lipid abnor-
malities, such as those with renal insufficiency or those with
a history of IHD, administration of lipid friendly immuno-
suppressive agents, including tacrolimus, may prove useful
in controlling the development of posttransplant hyperlipid-
emia. As a future direction, it may be warranted to study the
incidence of atherosclerosis and the interplay of lipid concen-
trations on this condition in the context of a long-term inves-
tigation in heart transplant recipients.
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DECREASED SERUM AND BRONCHOALVEOLAR LAVAGE LEVELS
OF CLARA CELL SECRETORY PROTEIN (CC16) IS ASSOCIATED
WITH BRONCHIOLITIS OBLITERANS SYNDROME AND AIRWAY

NEUTROPHILIA IN LUNG TRANSPLANT RECIPIENTS1

MAGNUS NORD, KATJA SCHUBERT, TOBIAS N. CASSEL, OLOF ANDERSSON, AND GERDT C. RIISE2

Department of Medical Nutrition, Karolinska Institute, NOVUM, Huddinge University Hospital, Stockholm, Sweden

Background. The major hinderance for long-term sur-
vival after lung transplantation is chronic rejection in
the form of bronchiolitis obliterans syndrome (BOS).
BOS is a fibrosing process in the small airways causing
irreversible airway obstruction. BOS is associated with
increased oxidative burden and activation of inflamma-

tory and growth-stimulating mediators. The Clara cell
secretory protein (CCSP or CC16) is a secreted differen-
tiation marker for the bronchiolar epithelium with both
antioxidative and antiinflammatory/immmunomodula-
tory properties. We asked whether this molecule could
have a role in the development of BOS.

Methods. Serum and bronchoalveolar lavage (BAL)
fluid samples were collected from 22 consecutive lung
transplant recipients, the majority (19) was followed
for 2 years. Six patients developed BOS. CCSP in se-
rum was measured in 162 samples from 19 patients
with an ELISA method, and CCSP in 191 BAL samples
from 22 patients with quantitative Western blot.

Results. CCSP in both serum and BAL was signifi-
cantly lower in BOS compared with acute rejection or
no rejection. After the first postoperative month, se-
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