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Serum Leptin, Body Fat, and Nutritional Markers During the Six Months
Post-Kidney Transplantation

Wael El Haggan, Philippe Chauveau, Nicole Barthe, Pierre Merville, Luc Potaux, and Michel Aparicio

eptin is a 16-kd protein that is thought to be a regulator of food intake and body weight. Many previous studies have

eported elevated serum leptin levels in renal failure. In this study, we investigated the outcome of serum leptin and its

elationship to body fat (BF), dietary intake, nutritional, and inflammatory markers after kidney transplantation (KTx). A total

f 41 kidney transplant recipients were followed-up prospectively during 6 months posttransplantation. Serum leptin,

lbumin, transferrin, and C-reactive protein (CRP) were measured at KTx, 15 days, 3, and 6 months later. Dietary intake and

F were determined at KTx, 3, and 6 months later. A decrease in serum leptin was observed early at day 15 after KTx; this

ecrease was significant only in patients with BF > 30% of body weight. The decrease was maintained at 3 and 6 months after

Tx. In multivariate analysis, an independent impact of higher percentage BF at KTx on the decrease of serum leptin was

bserved. Serum leptin correlated positively with BF. Conversely, no correlation was found between changes of serum leptin

nd changes of dietary intake. Leptin correlated positively with CRP at KTx, but not after normalization of renal function.

hanges of serum leptin levels were not correlated with those of serum albumin levels. In summary, hyperleptinemia at KTx

s manifest in patients with a high percentage of BF. An early and maintained correction follows KTx. Serum leptin levels did

ot appear to affect alimentary intake at and after KTx.
2004 Elsevier Inc. All rights reserved.
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EPTIN, THE HORMONAL product of the ob gene, a
16-kd protein, plays an important part in the regulation of

ood intake, energy expenditure, and body weight.1,2 Many
eports have demonstrated elevated serum leptin in end-stage
enal disease (ESRD) patients compared with healthy adults
atched for gender and body mass index (BMI). This has been

eported in predialysis, hemodialysis, and peritoneal dialysis
atients,3-12 whereas fewer cross-sectional reports have dealt
ith renal transplant patients.13-17 Some investigators specu-

ated that hyperleptinemia could contribute to the decrease in
ppetite in ESRD patients. However, to date, no clear proof of
relationship of loss of appetite with an increase in serum

eptin has been reported in renal patients. The present study was
onducted to examine the impact of successful kidney trans-
lantation (KTx) on serum leptin concentrations and particu-
arly to analyze the effect of leptin levels on food intake and
hemical nutritional markers at KTx and during the 6 months
fter KTx.

MATERIALS AND METHODS

atients

We investigated prospectively 47 consecutive cadaver kidney trans-
lant recipients over 6 months posttransplantation. Six patients did not
omplete the study due to a nonfunctioning graft by the end of the sixth
onth. Thus, 41 patients (28 men, 13 women) were analyzed. Before
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ologie et Transplantation Rénale, CHRU Clemenceau, Caen 14033,
rance.
© 2004 Elsevier Inc. All rights reserved.
0026-0495/04/5305-0032$30.00/0
edoi:10.1016/j.metabol.2003.10.034

14
Tx, patients had been on hemodialysis treatment for 45 � 42 months.
atient characteristics at KTx and the underlying causes of ESRD are
rovided in Table 1. At the end of the sixth month, serum creatinine
as below 180 �mol/L in all patients; mean serum creatinine and urea

evels in the overall group were 134 � 31 �mol/L and 9.2 � 3.2
mol/L, respectively, and creatinine clearance calculated by the Cock-

oft and Gault formula18 was 55.1 � 17.8 mL/min.

mmunosuppressive Treatment

A triple immunosuppressive protocol using glucocorticoids (methyl-
rednisolone, prednisone), cyclosporine-A (CsA; Neoral, Novartis, Re-
il Malmaison, France) or FK506 (Prograf, Fujisawa, La Celle Saint-
loud, France), and mycophenolate mofetil (MMF; Cellcept, Roche,
euilly-sur-Seine, France) was used in all patients. Methylpred-
isolone was administered during the first 3 days then substituted with
ral prednisone, which was progressively tapered to reach a daily dose
f 5 mg at the end of the third month. In 14 patients, CsA was given
rally with a mean dose of 5 to 10 mg/kg/d to result in whole blood
evels of 150 to 200 ng/mL. In 27 patients FK506 was given with a
ean dose of 0.1 to 0.3 mg/kg/d to result in whole blood levels of 5 to

0 ng/mL. All patients were given MMF with a mean dose of 2 g/d.
Cumulative steroid dose was calculated from oral and intravenous

oses and was expressed by milligram of prednisone/kg/d. During the
rst 3 months, the mean daily dose of prednisone was 0.58 � 0.43
g/kg (0.61 � 0.51 in men, 0.51 � 0.25 in women, P � .02) and

uring the 6 months, it was 0.34 � .11 mg/kg (0.36 � 0.26 in men,
.31 � 0.13 in women, P � .06).

easurements

Serum leptin was measured by radioimmunoassay (Immunotech,
arseille, France) using a polyclonal antibody raised in rabbits against

urified recombinant human leptin. The first measure was performed
mmediately before KTx (M0); the other measures were performed
fter an overnight fast 15 days (D15) later, then 3 (M3) and 6 (M6)
onths later. Serum albumin, transferrin, C-reactive protein (CRP),

nd creatinine were assayed by standard techniques, at M0, D15, M3,
nd M6.

Mean daily total energy and protein intakes were assessed from
verage of 3-day food records. Patients wrote down everything eaten
uring 2 weekdays and 1 weekend day, including food portion sizes,
nd this was followed by an interview with a specialized dietitian to
nsure accurate reporting. Calculation was completed with a comput-

rized nutrient analysis program (Bilnut 4.0 SCDA Nutrisoft; Le

Metabolism, Vol 53, No 5 (May), 2004: pp 614-619



H
K
w
a

D

t
p
(
r
d
c
v
l
e
w

2
r
w
o
c
e

S

v
e
t
M
m

f
.

L

o
(
f
o
g

l

a

s

t

4

(

c

i

615SERUM LEPTIN AND KIDNEY TRANSPLANTATION
allier, Cerelles, France). The first record was performed 2 days after
Tx to note in retrospect dietary intake at KTx (M0). Later records
ere achieved at M3 and M6. Weight and BMI (kg/m2) were also

ssessed at KTx (M0), then at M3 and M6.

ual Energy X-Ray Absorptiometry

The first investigation was performed 7 � 6 days after KTx (M0),
hen at M3 and M6. A whole-body scan (software 8.19 a: 3) was
erformed using a fan beam model QDR-4500A-DEXA densitometer
Hologic, Waltham, MA). The scan time was 3 minutes and the
adiation dose approximately 2 �Sv per scan. The precision error of
ual-energy x-ray absorptiometry (DEXA) is quite low, allowing ac-
urate longitudinal studies of body composition. The coefficients of
ariation for DEXA measure are 1.1% for total fat mass and 0.8% for
ong-term reproducibility of percentage of body fat (BF) (% fat). The
ffect of hydration on percentage of fat is negligible: less than 0.6%
hen the lean mass hydration varies between 78.2% and 68.2%.19

Serum leptin and leptin/BF ratio values were compared with those of
2 gender-matched, healthy, control subjects with mean BMI compa-
able to those of transplant recipients at M0 (Table 1). The subjects
ere divided into 2 categories according to percent BF (BF � 30%
r � 30%), and plasma leptin levels and leptin/BF ratio values were
ompared in the 2 groups. The study was approved by the hospital
thics committee, and all subjects gave informed consent.

tatistical Analyses

All statistical analyses were performed using software Stat View
ersion 5 for Windows (Abascus Concept, Berkeley, CA). Data are
xpressed as means � SD. To compare paired data at different times,
he Wilcoxon’s test was used. Unpaired data were analyzed using the

ann-Whitney U test. Simple correlations were studied using Spear-

Table 1. Patient Characteristics

Patients Controls

No. 41 22
Age (yr) 43.7 � 10.4 48.2 � 9.4
Gender (M/F) 28/13 15/7
Age (M/F) 44.8 � 12/41.9 � 6.8 49.8 � 12/44.9 � 6.8
Race (white/black) 40/1 22/0
BMI (kg/m2) 23 � 4.1 24.4 � 3.9
BMI (M/F) 23.7 � 3.4/21.6 � 4.8 24.3 � 3.9/22.5 � 3.8
Body fat (kg) 24.4 � 6.7 25.3 � 6.3
Body fat M/F 27.4 � 6.7/24.2 � 4.8 24.2 � 6.7/26.8 � 4.8
Duration of dialysis

prior to KTx (mo) 45 � 42
Underlying

nephropathy
Chronic

glomerulophritis 13
Interstitial nephritis 10
Benign

nephrosclerosis 8
Polycystic kidney

disease 3
Hereditary

nephritis 2
Diabetes 2*
Unknown 3

*One patient was taking oral sulfonylurea and the other was taking
nsulin.
an rank test. Lastly, a multiple regression analysis model was per- 1
ormed to examine the predictors of changes in serum leptin levels. P �

05 was considered significant.

RESULTS

eptin

In the whole group, a rapid decline in serum leptin level was
bserved by the 15th day from 22.1 � 45.2 to 8.7 � 7.5 ng/mL
P � .03), at the same time the serum creatinine level decreased
rom 873 � 297 to 287 � 214 �mol/L. Leptin levels in the
verall patients after KTx became comparable to the control
roup (Fig 1).

Fig 1. Changes in serum leptin in transplant patients from base-

ine value at KTx (M0) and 3 and 6 months after KTx (M3, M6), in (A)

ll patients, (B) men, and (C) women. The results include control

ubjects. The mean values of BMI in control subjects were similar to

hose of transplant recipients. Serum leptin (ng/mL): all patients (n �

1); M0: 22.1 � 43.2; M3: 8.8 � 10; M6: 10.1 � 11.3; control: 9.9 � 7.8

n � 22). Men (n � 28), M0: 16.5 � 35.1; M3: 5.3 � 8.3; M6: 5.6 � 7.3;

ontrol: 6.3 � 3.9 (n � 15). Women (n � 13), M0: 33.9 � 61.1; M3:
6.4 � 13.7; M6: 19.7 � 20.2; control: 13.4 � 9.1 (n � 7). *P < .05 v M0.
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616 EL HAGGAN ET AL
When separating patients by gender at M3, the decrease was
ignificant in men (P � .04) and in women (P � .05). How-
ver, leptin levels in female patients tended to remain higher at
3 and M6 than female controls (P � .32, P � .21, respec-

ively) (Fig 1). Regarding BF percentage, the decrease was
ignificant only in patients whose BF was � 30% of body
eight (P � .011); these findings were maintained at M6

Fig 2).

MI and BF

In the whole group, a decrease in BMI was observed at M3
rom 23 � 4.1 to 22.4 � 3.7 kg/m2 (P � .03) followed by an
ncrease to 22.9 � 3.7 kg/m2 at M6 (not significant [NS] v M0).
he decrease was observed only in patients with BF �30%.
egarding BF, in all patients changes were �4.8% at M3 (NS)
nd �4.7% at M6 (NS) compared with M0.

When separating patients by gender, fat mass decreased in
ales �6.8% at M3 and �6.9% at M6 (P � .038 and .04,

espectively), however, it did not change significantly in fe-
ales (�1% at M3 and �2% at M6).

eptin/BF Ratio

Significant decreases in leptin/BF ratio were observed at M3

Fig 2. Changes in serum leptin in transplant patients and control

ubjects from baseline value at KTx (M0) and 3 and 6 months after

Tx (M3, M6). The patients and the control subjects are separated by

F (A) > 30% and (B) BF < 30%. Serum leptin (ng/mL): BF >30% (n �

5); M0: 47.1 � 68.6; M3: 15.8 � 17.6; M6: 18.3 � 20.8; control: 14.7 �

.8 (n � 10). BF < 30% (n � 26); M0: 8.6 � 8.5; M3: 5.2 � 5.3; M6: 5.8 �

.7; control: 4.1 � 3.8 (n � 12). *P < .05 v M0.
nd M6 in both men (P � .041 and .045, respectively) and c
omen (P � .048 and .05, respectively). However, leptin/BF
atio in female patients remained higher at M3 and M6 than
emale controls (P � .049, P � .046, respectively) (Fig 3).

In the whole group, only patients with BF � 30% decreased
ignificantly leptin/BF ratio at M3 (P � .008), and the decrease
as maintained at M6 (P � .009). There was no significant

hange in leptin/BF ratio in patients with BF less than 30% at
3 or M6. However, leptin/BF ratio in the later group tended

o remain higher at M3 and M6 than controls (P � .29, P � .18,
espectively) (Fig 4).

Fig 3. Changes in leptin/BF ratio in transplant patients from base-

ine value at KTx (M0) and 3 and 6 months after KTx (M3, M6), in (A)

ll patients, (B) men, and (C) women. The results include control

ubjects. Leptin/BF (ng/mL/kg): all patients (n � 41); M0: 0.9 � 1.5;

3: 0.4 � 0.4; M6: 0.5 � 0.6; control: 0.39 � 0.3 (n � 22). Men (n � 28),

0: 0.6 � 1.2; M3: 0.22 � 0.2; M6: 0.3 � 0.2; control: 0.26 � 0.15 (n �

5). Women (n � 13), M0: 1.4 � 2.1; M3: 0.8 � 0.5; M6: 0.9 � 0.9;
ontrol: 0.5 � 0.3 (n � 7). *P < .05 v M0, #P < .05 v M3 and M6.
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617SERUM LEPTIN AND KIDNEY TRANSPLANTATION
ietary Intake

In the overall patients, energy and protein intakes, which
ere, respectively, 29.6 � 7.5 kcal/kg/d and 1.1 � 0.4 g/kg/d

t M0, increased to 31.2 � 7.4 and 1.21 � 0.27 (P � .06 and
� .04, respectively) at M3, then to 32.5 � 6.8 kcal/kg/d and

.36 � 0.33 g/kg/d at M6 (P � .03 and P � .02, respectively
M0).
Patients with BF � 30% increased energy and protein intake

rom 28.9 � 4.5 kcal/kg/d and 1 � 0.41 g/kg/d at M0 to 30.7 �
.4 and 1.22 � 0.24 (P � .05 and P � .03, respectively) at M3,
hen to 32.8 � 8 kcal/kg/d and 1.38 � 0.4g/kg/d at M6 (P �
02 and P � .008, respectively v M0).

Fig 4. Changes in leptin/BF ratio in transplant patients and con-

rol subjects from baseline value at KTx (M0) and 3 and 6 months

fter KTx (M3, M6). The patients and the control subjects are sepa-

ated by BF (A) > 30% and (B) BF < 30%. Leptin/BF (ng/mL/kg): BF >

0% (n � 15), M0: 1.9 � 2.2; M3: 0.6 � 0.5; M6: 0.6 � 0.5; control:

.52 � 0.2 (n � 10). BF < 30% (n � 26), M0: 0.4 � 0.4; M3: 0.3 � 0.3;

6: 0.4 � 0.3; control: 0.26 � 0.16 (n � 12). **P < .01 v M0.

Table 2. Changes in Chemical Mar

M0

Alb (g/L) 43.4 � 6.5 36.
Trf (g/L) 1.92 � .39 1.6
CRP (mg/L) 17.2 � 10.2 20.
Crt (�mol/L) 873 � 297 28
Crt Cl (mL/min) 5.8 � 1.9 22.

Abbreviations: M0, at transplantation; D15, 15 days after transpl
ransferrin; CRP, C-reactive protein; Crt, serum creatinine; Crt Cl, crea
*P � .05, †P � .001, ‡P � .0001 v M0.
Likewise, patients with BF less than 30% increased energy
nd protein intake from 30.1 � 8.8 kcal/kg/d and 1.16 � 0.39
/kg/d at M0 to 31.5 � 6.9 and 1.21 � 0.28 (P � .04 and P �

05, respectively) at M3, then to 32.3 � 6.1 kcal/kg/d and
.34 � 0.3 g/kg/d at M6 (P � .03 and P � .01, respectively v
0).

hemical Markers

Serum albumin, which was 43.4 � 6.5 g/L at M0 decreased
ramatically during the first 2 weeks, then increased to reach
retransplant values at M3 and remained stable at M6.
Serum transferrin decreased abruptly in the first 2 weeks,

hen increased to exceed pretransplant values at M3 and stabi-
ized thereafter (Table 2).

CRP remained above normal range during the first 2 weeks,
nd then stabilized at near normal level thereafter (Table 2).

orrelations

A strong correlation was observed between leptin and BF
hrough the whole study; M0, r � .85 (P � .0001); M3, r � .77
P � .0001); and M6, r � .81 (P � .0001).

Also, as expected, leptin correlated with BMI; M0, r � .5
P � .001); M3, r � .4 (P � .01); and M6, r � .46 (P � .002).
he decrease in serum leptin correlated positively with the

mprovement of creatinine clearance in patients with BF �
0% (r � .76, P � .003), but not in patients with BF �30% of
ody weight.
Leptin correlated positively with CRP at KTx (M0) and early

15 days) after KTx (r � .33, P � .02 and r � .7, P � .009,
espectively), but not later after KTx (M3 and M6).

No correlation was found between leptin and both energy
nd protein intakes at M0, M3, and M6. Additionally, no
orrelation was found between changes in leptin levels and
hanges in energy and protein intakes from M0 to M3 and M6.
lso, no correlation was found between changes in leptin levels

nd changes in serum albumin.
Lastly, to examine the predictors of changes in serum leptin

evels, a stepwise multiple regression analysis model was per-
ormed; changes in leptin between M0 and M3 were used as
ependent variable beside 7 independent variables including:
ender, cumulative steroid dose, average creatinine clearance
etween M0 and M3, changes in CRP levels, %BF at M0,
hanges of BMI and changes in BF between M0 and M3. The
ecrease in serum leptin levels was highly associated with the
BF higher than 30% at M0 (R2 � .48, P � .007). However,
trend of influence of the increase in creatinine clearance

in the Overall Group (41 patients)

M3 M6

.6‡ 42.2 � 3.7 42.7 � 3.2
‡ 2.2 � .48‡ 2.2 � .47†

3.9 7.8 � 7.1* 6.4 � 7.7*
14‡ 132 � 44‡ 134 � 31‡
5.2‡ 55.8 � 18.6‡ 55.1 � 17.8‡

ion; M3, M6, 3, 6 months after transplantation; Alb, albumin; Trf,
clearance.
kers

D15

2 � 4
1 � .4
6 � 1
7 � 2
3 � 1

antat
tinine
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618 EL HAGGAN ET AL
etween M0 and M3 on the decline in leptin levels (R2 � .12,
� .09) was noticed.

DISCUSSION

Many previous investigators have taken interest in leptin
etabolism in predialysis, hemodialysis, and peritoneal dialy-

is patients, whereas fewer reports have dealt with the course of
eptinemia after renal transplantation. In this longitudinal study
f 41 kidney recipients with a functioning graft, an early
ecrease of serum leptin was observed and was maintained
uring the 6-month follow-up. Serum leptin was closely related
o fat mass, but only patients with BF higher than 30% de-
reased significantly leptin/BF ratio after KTx. Lastly, no cor-
elation was observed between leptin and energy and protein
ntakes.

In our study, the early decrease in serum leptin was found at
ay 15 posttransplantation; this decrease was maintained at M3
nd M6 and was observed in both men and women. This
nding is in agreement with those of Landt et al13 and Kokot et
l,14 who also reported a posttransplant decrease in serum leptin
and 23 days, respectively, after KTx. This rapid decrease in

erum leptin could be attributed to the improvement of graft
unction, because the kidney has been considered as the major
ite of leptin clearance.20-22 However, our results demonstrated
hat such a decrease was only significant in patients with BF �
0% of body weight; simultaneously, no significant change was
bserved in those with BF less than 30%. The multivariate
nalysis confirmed the independent impact of higher %BF on
he decrease of serum leptin observed at M3. These observa-
ions further support the hypothesis suggesting that ESRD
atients may be able to maintain a relatively average leptin/BF
atio due to a possible compensatory mechanism in extrarenal
eptin degradation sites. An oversaturation of such degradation
ites would occur after a threshold of increased leptin produc-
ion due to excessive adiposity.13,20 On the other hand, while
eptin/BF ratio in female patients remained to some extent

igher at M3 and M6 than female controls, in male patients, it T
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