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Abstract In order to evaluate the 
effect of a combined kidney-pan- 
creas (KP) transplantation in insu- 
lin-dependent diabetes mellitus 
(IDDM) patients on the lipid and li- 
poprotein profile, 15 KP patients 
were compared with 11 kidney (K)- 
transplanted IDDM patients, 19 
IDDM patients on hemodialysis 
(HD), and 15 nondiabetic control 
subjects. Cholesterol, triglycerides, 
apo AI, and apo B were measured in 
total plasma and in VLDL, LDL, 
and HDL of all participants. VLDL- 
cholesterol, VLDL-triglycerides, 
and VLDL-apo B were significantly 
lower in KP  patients, but not in K 
patients, than in HD patients. In ad- 
dition, patients in the K, but not in 
the KP, group showed high levels of 
apo B in LDL and an increased tri- 
glyceride/apo B ratio in VLDL, 
compared with patients in the HD 
group. The percentage of apo A1 as- 
sociated with HDL was significantly 
higher in both transplanted groups 
than in the HD group. However, 

compared with a nondiabetic con- 
trol population, an increase in 
VLDL particles and in triglyceride 
content in LDL and HDL still per- 
sisted following combined KP trans- 
plantation. Insulin resistance 
(probably due to steroid therapy) 
associated with high peripheral and 
potentially low hepatic insulin levels 
(due to the systemic drainage of the 
transplanted pancreas) could be the 
main causes of the remaining lipo- 
protein abnormalities. 
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Introduction 

Insulin-dependent diabetes mellitus (IDDM) candi- 
dates for combined kidney-pancreas (KP) transplanta- 
tion are uremic patients on dialysis with micro- and 
macroangiopathy in an advanced stage [lo]. In fact, 
combined KP transplantation is performed in order to 
treat metabolic abnormalities and renal failure due to 
diabetes [27] and, hopefully, to prevent and/or to stop 
the progression of degenerative complications. 

Cardiovascular disease is an important cause of 
death in a transplanted population and is frequently as- 
sociated with lipid and lipoprotein abnormalities [28]; 
the occurrence of coronary heart disease in transplant- 
ed patients is several times higher than in a normal po- 
pulation. In the last few years, many studies have dem- 
onstrated that disturbances of lipid and lipoprotein me- 
tabolism are a common problem following organ trans- 
plantation [2 ,5 ,8]  and may be one of the leading causes 
of accelerated atherosclerosis in transplant recipients 
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Table 1 Clinical characteris- 
tics of HD patients, K and KP 
transplanted patients, and con- 
trol (CTRL) subjects. Values 
shown indicate mean * SD 
(n. a. not applicable) 

* P < 0.05 KP vs HD; 
** P <  0.01 Kvs H D  

H D  K KP CTRL 
(n = 19) (n = 11) (n = 15) (n  = 15) 

Age (years) 
Sex (M/F) 
BMI (kglm') 
Duration of diabetes (years) 
Duration of dialysis (months) 
Diuretics (YO) 
Beta blockers (%) 
Rejections (YO)  
Steroid pulses/ 
rejection episodes 

37.2 f 6.7 
7/12 

24.6 & 4.3 
24.0 f 6.0 

8.4 f 7.7 
16 
10 
n. a. 

n. a. 

40.1 f 8.3 42.3 ? 8.5 
5/6 8/7 

23.3 i 1.6 
25.7 + 6.7 
18.8 f 11.7"" 
27 20 
45"" 27 *- 
55 73 

23.2 ri: 3.0 
26.7 f 5.9 
17.7 f 13.3" 

3.1 f 1.5 4.3 ri: 2.3 

40.2 f 5.0 
817 

22.7 f 2.4 
n. a. 
n. a. 
n. a. 
n. a. 
n. a. 

n. a. 

[22]. The cause of post-transplant dyslipidemia is uncer- 
tain. Some authors suggest that immunosuppressive 
treatment could play an important role in the pathogen- 
esis of lipid and lipoprotein abnormalities; in fact, pa- 
tients treated with steroids more frequently develop hy- 
pertriglyceridemia [26], while hypercholesterolemia is 
the most common form of hyperlipidemia observed in 
patients treated with cyclosporin [ll, 211. In addition, 
dietary intake after transplantation may exacerbate the 
tendency toward lipid and lipoprotein disorders [22]. 

Although lipid levels have been measured in most of 
the studies of KP patients, there is still little and conflict- 
ing data concerning lipoprotein profile [3,4, 13-16,25, 
321. Therefore, we have designed a protocol to investi- 
gate and, ultimately, identify a specific lipid and lipopro- 
tein profile associated with KP transplantation in 
IDDM patients. 

Patients and methods 

Patients 

The study was carried out with two groups of transplanted patients 
[15 KP recipients and 11 kidney (K) recipients], 19 IDDM patients 
on hemodialysis (HD), and 15 healthy nondiabetic control sub- 
jects. Clinical characteristics of the study population are reported 
in Table 1. Retinopathy, neuropathy, and macroangiopathy affect- 
ed all three groups of patients similarly. End-stage renal failure 
was secondary to diabetes mellitus in all patients. Kidney trans- 
plantation was performed according to conventional techniques 
[17]. Pancreatic duodenocystostomy was carried out according to 
Leach's technique [17]. Pancreas transplantation was performed 
using the segmental neoprene-injected technique [6]. All trans- 
planted patients were treated with the same immunosuppressive 
protocol that consisted of (a) antilymphocyte globulins during 
the first 10 days; (b) cyclosporin A (CyA: 7.5 mg/kg), monitored 
with blood levels; (c) steroids (methylprednisolone: 500 mg before 
surgery, then 1 mg/kg/day, tapered in the postsurgical period and, 
ultimately, 10 mg/day chronically; pulses of 500 mg only in case of 
kidney rejection); and (d) azathioprine (50-150 mg/day). The num- 
ber of steroid pulses, the requirement of diuretic drugs, and the ep- 
isodes of kidney rejection were similar in both transplanted groups. 

However, the use of beta blocker drugs was significantly higher in 
both transplanted groups than in the H D  group ( P  < 0.01 vs K; 
P < 0.05 vs KP). H D  patients were adequately treated 4 h a day, 3 
days a week; however, the duration of dialysis treatment was signif- 
icantly higher in both K ( P  < 0.01) and KP ( P  < 0.01) patients than 
in H D  patients. KP patients were not receiving any exogenous in- 
sulin, whereas K and HD patients were on conventional subcuta- 
neous insulin therapy. All patients were instructed to follow a 
weight-maintaining diet throughout the study. Healthy control 
subjects were 15 nondiabetic volunteers carefully matched with 
the KP group for age, sex, and BMI. None of the participants was 
taking lipid-lowering drugs. 

The study protocol was approved by the Ethics Committee of 
the San Raffaele Institute, and informed consent was obtained 
from each subject participating in the study. 

Study design 

Blood samples were obtained at 8:OO a.m. after an overnight fast 
with the subjects in recumbent position. Total cholesterol, triglyce- 
rides, and apo A1 and B were measured in plasma and in major li- 
poprotein fractions (VLDL, LDL, and HDL). Glycometabolic 
control and renal function were evaluated by determining HbA,,, 
free insulin, and creatinine concentrations. Blood samples were 
obtained 18 f 3 (SEM) months after transplantation, and thus 
quite some time after the treatment with steroid pulses following 
episodes of kidney rejection. 

Methods and assays 

Human VLDL (d < 1.006 g/ml) was isolated from plasma by ultra- 
centrifugation [9] using a Beckman ultracentrifuge with a TLA 
100.3 rotor at 100,000 rpm for 2.5 h. HDL fraction was separated 
from plasma by precipitation of apo B-containing lipoproteins 
with polyethilene glycole [33]. LDL fraction was calculated as the 
difference between bottom (infranatant after flotation of VLDL) 
and HDL fraction. Plasma apo A1 and apo B were determined fol- 
lowing an immunonephelometric procedure [20] using a Behring 
Nephelometric Analyzer (Behring, Germany); antisera for apo 
A1 and apo B were commercially available (Behring, Germany). 
Total cholesterol and triglycerides were measured by enzymatic 
methods using a Ciba Corning 550 Express Analyzer (Ciba, Italy) 
[30]. HbA,, was evaluated via a chromatographic method (normal 
values 4.0 Yo-6.0 YO), and crcatinine via an automated analysis ac- 
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Table 2 Plasma concentrations of glucose, HbA,,, creatinine, cy- 
closporin, and insulin in HD patients, K and KP transplanted pa- 
tients, and control (CTRL) subjects. Values shown indicate 
mean f SD (n. a. not applicable) 

KP group, the control group was only compared to the double 
transplanted group. 

H D  K KP CTRL 
(n = 19) (n = 11) (n  = 15) (n = 15) 

Glucose 
(mmolil) 13.3 k 4.8 10.8 k 4.4 5.0 i 0.8*',*2 4.7 i- 0.6 
HbA,, (%) 8.3 i 1.4 8.0 i- 0.9 5.6 k 1.0*',*2 5.0 f 0.8 
Creatinine 
(pmolil) 760 f 194 124 f 44*3 106 k 26*2 80 f 44 
Cyclosporin 
( n g W  n. a. 462i-258 299k 146 n.a 
Insulin 
(pmolll) 227 f 138 172 f 79 108 k 47'*~*~ 66 i- 40 

*' P < 0.01 KP vs K; *2 P < 0.01 KP vs HD; " P < 0.01 K vs HD; 
*4 P < 0.05 KP vs control 

cording to the Jaffi method. Free immunoreactive insulin was aa- 
saved according to the method of Nakagawa et al. [23]. Blood cy- 
closporin concentration was evaluated by radioimmunoassay tech- 
niques on whole blood using monoclonal antibodies. 

Statistical analysis 

Chi-square analysis was used to compare clinical variables. Non- 
parametric analysis using the Mann-Whitney U-test was carried 
out to compare the different groups (differences of P less than 
0.05 were considered significant). Since the control subjects were 
carefully matched (for number, age, sex, and BMI) only with the 

Table 3 Lipid and apolipopro- 
tein (apo) concentrations in 
plasma and lipoprotein frac- 
tions of H D  patients, K and KP 
transplanted patients, and con- 
trol (CTRL) subjects. Values 
shown indicate mean f SD 

*I P < 0.05; *2 P < 0.01 KP vs 
HD; *' P < 0.05 KP vs K; 
*4 P < 0.05 K vs HD; 
*' P < 0.05; '' P < 0.01 KP vs 
control 

Results 

The HbA,. concentration was lower in the KP group 
than in either the H D  ( P  < 0.01) or K group ( P  < 0.01; 
Table 2). Normal renal function was achieved in both 
transplanted groups, as indicated by creatinine values 
( P  < 0.01 vs HD; Table 2). Plasma free insulin concen- 
trations were markedly lower in the KP group than in ei- 
ther the HD ( P  < 0.01) or K group ( P  = 0.06); however, 
KP patients still showed significantly higher plasma in- 
sulin levels than controls ( P  < 0.05; Table 2). 

Total plasma triglyceride levels in KP patients were 
still significantly higher than those in control subjects 
( P  < 0.01; Table 3). VLDL-cholesterol, VLDL-triglyce- 
rides, and VLDL-apo B significantly decreased in the 
KP group as compared to the HD group; however, 
these VLDL components still remained significantly 
higher than those in the control group (Table 3). The tri- 
glyceride-to-apo B ratio in VLDL of the K group was 
markedly higher than in both the HD ( P  < 0.05) and 
KP groups ( P  = 0.08). No significant changes were ob- 
served between the HD group and the two transplant- 
ed groups with regard to LDL- and HDL-triglycerides: 
consequently, KP patients still showed significantly 
higher levels of both LDL-triglycerides ( P  < 0.05) and 
HDL-triglycerides ( P  < 0.01) than control subjects. To- 

H D  K KP CTRL 
(n = 19) (n  = 11) (n = 15) (n = 15) 

Plasma 
Cholesterol (mmolil) 5.56 i 1.37 5.84 & 1.11 5.20 i 1.16 5.04 i 0.90 
Triglyceride (mmolil) 2.29 i 1.05 1.96 k 0.75 1.62 i O.7Se6 0.89 i 0.25 
Apo A1 (mgidl) 142 f 36 143 f 25 129 f 40 145 f 2.5 
Apo B (mgidl) 120 i 35 126 f 28 103 f 29 102 f 14 
VLDL 
Cholesterol (mmolll) 0.93 i 0.52 0.62 f 0.44 0.49 + 0.36'2,*5 0.23 i 0.10 
Triglyceride (mmol/l) 1.41 i 0.88 1.13 f 0.64 0.80 f 0.5~0*',*~ 0.40 f 0.16 

TriglycerideiApo B 4.9 f 1.9 7.8 k 3.9*4 5.9 i 3.2 4.6 i 1.4 
(molimg) 
LDL 
Cholesterol (mmolil) 3.41 i 0.98 3.85 i 0.90 3.34 i 0.90 3.31 i 0.67 
Triglyceride (mmolil) 0.54 i 0.24 0.50 k 0.25 0.52 i 0.30"' 0.34 i 0.09 
Apo B (mgidl) 89 i 27 109 i- 2SS4 88 i 2S3 92 i 23 
CholesteroliApo B 3.9 f 0.5 3.6 i 0.4 3.9 k 0.6 3.7 f 0.5 
(molimg) 
HDL 
Cholesterol (mmolil) 1.21 i 0.46 1.40 k 0.39 1.37 i 0.57 1.47 f 0.31 
Triglyceride (mmoV1) 0.34 * 0.26 0.32 k 0.22 0.30 i 0.12*6 0.14 i 0.06 
Apo A1 (mgidl) 97 i- 25 122 i- 31*4 106 f 39 126 i 28 
CholesteroliApo A1 1.3 rt 0.4 1.2 & 0.3 1.3 i- 0.3 1.2 rt 0.3 
(molimg) 

Apo B (mgidl) 31 f 21 17 k 11 16 f 11*2'*5 9 f 3  



193 

'0 
c 
.I! 

m 0 
n 
0 

7 
0 a 
0 

Lc 
0 
x 

* 
100 r * 

HD K KP CTRL 
Fig.1 Mean + SD percentage of total apo A1 associated with HDL 
in HD patients, K and KP transplanted patients, and control 
(CTRL) subjects. * P < 0.05 vs HD 

tal plasma apo B levels in HD and K patients were 
slightly higher than in KP patients ( P  = 0.06; Table 3). 
The high total apo B levels in K patients were mainly 
due to the significant elevation of apo B in the LDL 
fraction, in comparison with H D  ( P  < 0.05) and KP pa- 
tients ( P  < 0.05). Apo A1 levels in the HDL of K pa- 
tients were significantly higher than in H D  patients 
( P  < 0.05; Table 3). 

It is interesting to note from Fig. 1 that only an aver- 
age ( f SD) of 70 % ( f 18 %) of total apo A1 was associ- 
ated with HDL in the H D  group, as compared with 85 % 
( f 13 %) for K ( P  < 0.05) and 81 % ( f 12 %) for KP 
transplants ( P  < 0.05). The percentage of apo A1 associ- 
ated with HDL was 87 YO ( f 8 YO) for nondiabetic con- 
trol subjects. 

Discussion 

The most important beneficial effect of combined KP 
transplantation on lipoprotein metabolism is represent- 
ed by a significant reduction in VLDL particles circulat- 
ing in plasma, compared with IDDM uremic patients. 
This effect is not so evident in IDDM patients undergo- 
ing kidney transplantation alone; these patients also 
showed larger VLDL, as indicated by the increased tri- 
glyceride/apo B ratio. The normalization of renal func- 
tion is certainly one of the causes of the reduction in 
VLDL particles in KP patients. It is accompanied by im- 
portant metabolic changes, such as a reduction in insulin 
resistance [18] and, consequently, in plasma insulinemia. 
However, a peripheral hyperinsulinernia in KP patients 
still persists, due to both nonportal venous drainage of 
the transplanted pancreas and a certain degree of per- 
sisting insulin resistance [HI. In fact, recent data have 
shown a reduction in insulin resistance in insulin-depen- 

dent diabetic patients undergoing combined KP trans- 
plantation, although peripheral insulin sensitivity is still 
slightly different from that in normal control subjects 

Some authors [l] have also demonstrated a signifi- 
cant positive correlation between VLDL triglycerides 
and insulin resistance, independent of insulin concentra- 
tions. The reduction in VLDL particles could also be 
due to a decreased synthesis of hepatic VLDL, conse- 
quent to probably decreased levels of hepatic insulin 
[29]. However, K patients still present increased levels 
of VLDL, in spite of a normal function. The persistence 
of diabetes mellitus in K patients, with all of the related 
metabolic abnormalities, could be one possible explana- 
tion: the glucose (a main substrate for VLDL produc- 
tion) flux to the liver is certainly decreased in KP pa- 
tients, but not in K patients (this can be argued from gly- 
cosylated hemoglobin concentrations). As for the cata- 
bolic rate of VLDL, a preliminary report has shown 
high lipoprotein lipase activity accompanied by low he- 
patic lipase activity in combined transplant patients. It 
has been suggested that this may be due to peripheral 
hyperinsulinemia associated with a low level of portal 
insulin [ 121. 

It is important to state that our results were not influ- 
enced by diuretic and/or beta blocker therapy (data not 
shown). In fact, we obtained the same statistical differ- 
ences when we eliminated the few patients receiving 
these drugs from the analysis. 

The number of LDL particles was significantly in- 
creased in K patients in comparison with both HD and 
KP patients, as indicated by significantly high levels of 
LDL apo B. This could be explained by the presence in 
K patients of larger VLDL that might direct these parti- 
cles toward different catabolic routes, resulting in high 
levels of LDL. Also, elevated glycemic levels in K pa- 
tients could increase the concentration of circulating 
glycosylated LDL, which are catabolized much more 
slowly [19]. 

The importance of normal kidney function in the cat- 
abolism of apo A1 is confirmed by the percentage of apo 
A1 not associated with HDL (free apo AI) that is clearly 
increased in H D  patients compared to both transplant- 
ed groups [7,24,31]. The percent increase in apo A1 as- 
sociated with HDL in K patients is mainly due to the re- 
duction in free apo AI, in comparison with the HD 
group. 

Even though many studies [3, 4, 13-16, 25, 321 have 
shown the behavior of the lipid profile after KP trans- 
plantation, the data still remain difficult to interpret. 
This is due, first of all, to the fact that most of these in- 
vestigations are published in the form of proceedings 
and, therefore, represent preliminary results [4, 13, 14, 
25,321. Secondly, other studies either have a small num- 
ber of patients (n  = 6) [3] or take into consideration only 
total cholesterol, triglycerides, and HDL cholesterol [3, 

P I  * 
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15,161. However, most of the authors agree on the ten- 
dency toward a decrease in total cholesterol and tri- 
glycerides and an increase in HDL cholesterol after 
combined KP transplantation. 

Although the lipid and lipoprotein profile in KP pa- 
tients markedly improved in comparison with H D  pa- 
tients, it still remained significantly different from that 
of a nondiabetic control population, at least in some as- 
pects. In fact, in KP patients, VLDL particles still seem 
to be higher than in nondiabetic control subjects, proba- 
bly due to the remaining insulin resistance (and subse- 
quent hyperinsulinemia) caused by the immunosuppres- 
sive treatment (especially prednisone) [26, 341. The in- 
crease in triglyceride content in LDL and HDL, some- 
times occurring in IDDM, is still evident in KP patients 
compared with a nondiabetic control population. The 

possibility of low levels of portal free insulin could pro- 
duce low hepatic lipase activity, and this could explain 
the high triglyceride concentration in LDL and HDL. 
Alternatively, the increase in triglycerides in HDL 
could mean an increase in CETP (cholesterol ester 
transfer protein) activity. 

In conclusion, combined KP transplantation near- 
normalizes the lipoprotein profile in IDDM uremic pa- 
tients. However, compared with a nondiabetic control 
population, a slight increase in VLDL particles and in 
triglyceride content in LDL and HDL still persists fol- 
lowing KP transplantation. Insulin resistance (probably 
due to steroid therapy) associated with high peripheral 
and low hepatic insulin levels (due to the systemic drai- 
nage of the transplanted pancreas) seem to be the main 
causes of the remaining lipoprotein abnormalities. 
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