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ABSTRACT. We compared serum leptin responses during and after laparoscopic and open cholecystectomy, and
assessed their correlation with the responses of inflammatory cytokines. Serum levels of leptin, interleukin-1a
(IL-1a), interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) were measured by an enzyme-linked immunoassay
in 31 patients who underwent laparoscopic cholecystectomy and in 24 patients who underwent open cholecystectomy.
Serum samples were obtained preoperatively, at 10 and 30 min after the commencement of surgery, and at 6 and 24 h
after the operation. The cumulative responses of leptin, IL-1a, IL-6 and TNF-a to surgery were calculated and the
associations between them were evaluated. Serum leptin levels were significantly increased at 24 h after both
procedures. The serum leptin concentration at this time point and the cumulative leptin response were significantly
lower after laparoscopic cholecystectomy than after open cholecystectomy. Changes in serum IL-1a, TNF-a and IL-6
concentrations showed similar kinetics in both groups, with postoperative IL-6 levels being consistently lower in the
laparoscopic cholecystectomy group. Cumulative IL-6 and TNF-a responses were significantly lower after laparo-
scopic cholecystectomy than after open cholecystectomy. The cumulative responses of leptin, IL-1a and IL-6
correlated significantly with each other. Leptin may be involved in the systemic inflammatory response to surgical
injury, and the postoperative leptin elevation and cumulative leptin response are significantly lower after
laparoscopic cholecystectomy than after open cholecystectomy.
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Human leptin, the product of the ob gene, is a non-
glucosylated polypeptide containing a 146 amino-acid resi-
due [1, 2]. Leptin is produced mainly in the adipose tissue.
It was initially thought to play an important role in appetite
control and in the regulation of body weight by targeting
the central nervous system, particularly the hypothalamus.
Subsequent studies, however, have demonstrated that its
effects must be more complicated than simple appetite
regulation, and have assigned a role for leptin as a multi-
potent cytokine implicated in the regulation of systemic
inflammatory and immune responses. Exogenous admin-
istration of leptin upregulates both phagocytosis and the
expression of proinflammatory cytokines in intact, geneti-
cally obese rodents [3]. Conversely, administration of
interleukin-1 (IL-1), tumor necrosis factor-a (TNF-a), and
bacterial endotoxin has been shown to increase leptin gene
expression in the adipose tissue and circulating leptin
levels in fasted mice and hamsters [4, 5]. In addition,
elevated serum levels of leptin have been demonstrated
during surgical stress [6-9] and acute sepsis [10] and after
the administration of interleukin-1a (IL-1a) and TNF-a in
humans [11, 12], thus providing evidence that leptin is
implicated in the acute-phase or stress response.
Laparoscopic cholecystectomy has nowadays replaced the
open procedure for the treatment of symptomatic

cholelithiasis. The laparoscopic procedure is both stan-
dardized and reproducible, and is associated with a mini-
mal impact on human physiology and a better clinical
outcome than the open procedure. In addition, previous
studies have shown that the systemic inflammatory and
neuroendocrine stress responses, as measured by the cy-
tokine, cortisol and catecholamine responses, are signifi-
cantly lower after laparoscopic cholecystectomy than after
open cholecystectomy [13-15].
In this study, we evaluated serum leptin levels and their
response during and after laparoscopic and conventional
open cholecystectomy. Serum levels of a range of inflam-
matory cytokines including IL-1a, interleukin-6 (IL-6),
and TNF-a during and after surgery were also measured,
and their responses correlated with the cumulative leptin
response.

PATIENTS AND METHODS

Patients

This study involved 31 patients with uncomplicated,
symptomatic cholelithiasis, who underwent elective lap-
aroscopic cholecystectomy, and 24 patients who under-
went open cholecystectomy and who served as the control
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group. Twelve of the control patients underwent open
surgery directly because it was considered either techni-
cally impossible or too dangerous to attempt laparoscopy
due to previous major gastric surgery (n = 3), previous
surgery for abdominal aortic aneurysm (n = 4), or previous
mesh repair of ventral hernias (n = 5). The remaining 12
control patients were initially scheduled for laparoscopic
cholecystectomy. However, after the creation of the pneu-
moperitoneum and the insertion of the laparoscope, evalu-
ation of the abdominal cavity revealed adhesions that ei-
ther prevented adequate visualization or provided
inadequate access to the operative field, and hence per-
forming laparoscopic cholecystectomy was considered
unsafe. In these cases, the pneumoperitoneum was re-
leased soon after its initiation (less than 5 min in all cases)
and an open procedure was performed. The time of skin
incision for the open procedure served as a baseline time
point for subsequent intraoperative serum sampling. None
of these patients was suffering from acute cholecystitis
(confirmed histologically). Patients with endocrine, meta-
bolic, hepatic, or renal disease, morbid obesity (body mass
index greater than 40 kg/m2), and those receiving medica-
tions known to interfere with hormonal responses to stress
(such as corticosteroids, immunosuppressive and nonste-
roidal anti-inflammatory drugs, and drugs affecting the
sympathetic nervous system) were excluded from the
study. The study was performed in accordance with the
Helsinki Declaration and all patients gave their consent for
blood sampling after the aim of the study was fully ex-
plained to them.
All patients were operated on a standardized regime of
general anesthesia at the same time of day (09:00 hours),
after an overnight fast. Anesthesia was induced with fen-
tanyl (2 lg/kg) and thiopentone (5 mg/kg), and was main-
tained with isoflurane (1%) in a mixture of nitrous oxide
(60%) and oxygen (40%), fentanyl, and pancuronium.
Laparoscopic cholecystectomy was performed using a
typical four-trocar technique. Carbon dioxide was used for
peritoneal insufflation with the intraabdominal pressure
maintained at 12 mmHg. During the study period, all
patients received only intravenous Ringer’s solution for
fluid replacement, antibiotic prophylaxis (cefoxitin), and
low-molecular-weight heparin (nadroparine). Patients
were started on clear liquids at 24 h postoperatively after
serum sampling.

Blood samples and assays

Blood samples were taken through an indwelling catheter
inserted into a forearm vein at 08:00 hours on the day of
surgery before premedication, at 10 and 30 min after the
start of surgery, and at 6 and 24 h after surgery (08:00
hours). Blood samples were centrifuged and serum was
stored at - 70 °C until assayed.
Serum leptin levels were determined using a commercial
available enzyme-linked immunoassay (ELISA) designed
to measure soluble human leptin concentrations in cell
culture supernatant, serum, and plasma (Quantikine, R&D
Systems, Minneapolis, MN, USA). This assay has a
threshold sensitivity of less than 7.8 pg/mL. Serum IL-1a,
IL-6 and TNF-a concentrations were also measured by
commercial ELISA kits (Quantikine), whose sensitivities

were 1 pg/mL, 0.7 pg/mL and 0.18 pg/mL, respectively.
Optical densities were measured at 450 nm, with wave-
length correction set to 540 nm using a microtiter plate
reader (MR 5000, Dynatech Laboratories, Chantilly, VA,
USA). Standard curves were generated, from which pro-
tein concentrations were calculated.
All assays were run in the same batch. All samples were
assayed in duplicate, and the average value was used for
the calculation of results.An investigator, who was blinded
to the nature of the study and clinical details, performed all
assays.

Statistical analysis

Statistical analysis was performed using the SPSS statisti-
cal software package. The distributions of the data were
found to be not normally distributed, and hence all data
values are presented as medians and interquartile ranges,
with nonparametric analyses being employed to assess
statistically significant differences. Within-group differ-
ences were evaluated using the Friedman related-samples
analysis of variance, followed by the Wilcoxon signed test
for paired data. Differences between groups were evalu-
ated by the Mann-Whitney test. The area under the curve
(AUC; calculated by the trapezoidal rule) was used to
quantify the cumulative response to surgery, as suggested
by Altman [16]. Correlations were evaluated using the
Spearman rank test. All tests were two-tailed with statisti-
cal significance set at P<0.05.

RESULTS

Patient characteristics, preoperative serum leptin, IL-1a,
IL-6 and TNF-a levels, anesthesia and operating time were
similar between the two study groups (table 1). Preopera-
tive routine laboratory tests (hemoglobin, hematocrit, leu-
kocytes, platelets, glucose, urea, creatinine, sodium, potas-
sium, direct and total bilirubin, aspartate and alanine
aminotransferases, gamma-glutamyl transpeptidase, alka-
line phosphatase, and amylase) were all normal and did not
differ significantly between the two groups, and are not
reported here. There were no postoperative complications
during the study period. Blood loss was minimal in both
groups, with no transfusions being required. None of the
patients had a postoperative temperature > 37.8 °C during
the observation period.
Serum leptin levels progressively increased to reach peak
values at 24 h after both laparoscopic (7.91 (4.53-18.93)
ng/mL) and open (18.93 (10.19-52.61) ng/mL) cholecys-
tectomy, with the levels being significantly higher than
their corresponding preoperative values (figure 1A). Se-
rum leptin concentrations at 24 h were significantly lower
(P = 0.001) after laparoscopic cholecystectomy than after
open cholecystectomy.
Serum IL-1a concentrations showed similar kinetics in
both groups. The highest values were observed at 30 min
after the beginning of surgery (0.21 (0.08-1.03) pg/mL for
laparoscopic and 0.3 (0.081-1.01) pg/mL for open chole-
cystectomy), and these were significantly higher than the
preoperative values (figure 1B). Thereafter they fell pro-
gressively and returned to preoperative values on the first
postoperative day in both groups. There was no significant
difference between the two groups at any time point.
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The serum IL-6 level had increased significantly at 30 min
after the commencement of surgery and remained elevated
throughout the study period in both groups (figure 1C).
During the postoperative period, serum IL-6 levels were
significantly lower after laparoscopic cholecystectomy
than after open cholecystectomy.
The serum TNF-a level had increased significantly com-
pared to preoperative values at 6 h after surgery in both
groups (figure 1D). There was no statistically significant
difference (P = 0.095) in TNF-a levels at this time point
between laparoscopic cholecystectomy (3.67 (3.15-4.85)
pg/mL) and open cholecystectomy (4.68 (3.56-6.30)
pg/mL).
The cumulative responses (as estimated by the AUC deter-
minations) of leptin, IL-6, and TNF-a were significantly
lower after laparoscopic cholecystectomy than after open
cholecystectomy (5.89 (3.68-14.21) ng/mL versus 13.63
(7.42-23.08) ng/mL, 30.14 (26.9-35.13) pg/mL versus
54.38 (35.52-70.55) pg/mL, and 3.34 (2.64-4.14) pg/mL
versus 3.89 (3.19-4.51) pg/mL, respectively). There was
no significant difference in the cumulative IL-1a response
between laparoscopic and open cholecystectomy (0.10
(0.05-0.54) pg/mL versus 0.12 (0.04-0.49) pg/mL, respec-
tively; P = 0.95). The cumulative response of leptin corre-
lated significantly with both IL-1a and IL-6 responses.
There was also a significant association between IL-1a and
IL-6 responses (table 2). These associations were evident
when correlation analysis was applied to the entire study
population, and remained valid in both laparoscopic and
open cholecystectomy subgroups.

DISCUSSION

This report describes perioperative changes in serum leptin
levels after laparoscopic cholecystectomy and after open
cholecystectomy. The serum leptin concentration was sig-
nificantly elevated at 24 h after both procedures, but was
lower after laparoscopic cholecystectomy than after open
cholecystectomy. The cumulative response of leptin to
surgery correlated significantly with both IL-1a and IL-6
responses, and was significantly lower after laparoscopic
cholecystectomy than after open cholecystectomy.
Leptin is produced by adipose tissue, and circulating leptin
levels have a diurnal pattern with the lowest values ob-
served in the morning (around 09:00-10:00 hours) and
with a peak occurring around midnight [17, 18]. These
levels are also influenced by food intake, with short-term
(24-72 h) fasting resulting in a large reduction in plasma

leptin concentrations in both normal-weight and obese
subjects [18, 19]. Our study was limited to a 24-h
follow-up period because of the early discharge of patients
undergoing laparoscopic cholecystectomy. All patients
were fasting for this period and receiving only intravenous
fluid replacement whereas baseline and end-point serum
samplings were taken at the same time of the day (08:00
hours). The highest serum leptin levels were reached in the
morning of the first postoperative day, when reduced levels
would have been expected. Thus, the significant increase
observed at that sampling point might underestimate the
impact of surgery on circulating levels of leptin, although
disturbance of diurnal leptin rhythmicity during and/or
after surgery cannot be excluded. Nevertheless, serum
leptin concentrations at 24 h postoperatively as well as the
cumulative leptin response to surgery were significantly
lower after laparoscopic cholecystectomy than after open
cholecystectomy. This finding provides further evidence
that laparoscopic cholecystectomy has a reduced impact
on human physiology compared with open cholecystec-
tomy.
Previous studies have shown similar changes to ours in
circulating leptin levels after different types of surgery.
Stratton et al. [8] measured circulating leptin concentra-
tions up to the eighth postoperative day in six patients
undergoing elective total hip replacement, and detected
significantly increased leptin concentrations only on the
first postoperative day (a 56% increase compared with
preoperative values). Kain et al. [6] measured plasma
leptin levels in 21 women before, during, and after total
abdominal hysterectomy. They reported that leptin levels
were maximally decreased at 2 h after surgery, which was

Table 2
Associations between cumulative responses (AUC)

of leptin, IL-1a, IL-6 and TNF-a in the entire study population

Leptin IL-1a IL-6
IL-1a r = 0.80

P < 0.001
IL-6 r = 0.81 r = 0.52

P < 0.001 P < 0.001
TNF-a r = 0.20 r = 0.029 r = 0.23

P = 0.14 P = 0.83 P = 0.09

AUC: area under curve; IL-1a: interleukin-1a; IL-6: interleukin-6; TNF-a: tumor
necrosis factor-a. r Spearman’s rank correlation coefficients.

Table 1
Preoperative clinical details of patients undergoing laparoscopic or open cholecystectomy

LC (n = 31) OC (n = 24) P Value*
Age (years) 53 (43-61) 60 (49-73) 0.11
Gender (M/F) 17/14 13/11 1.0†
BMI (kg/m2) 25.88 (23.14-27.77) 23.85 (21.12-26.90) 0.07
Leptin (ng/mL) 5.29 (2.22-8.18) 4.92 (2.19-10.23) 0.91
IL-1a (pg/mL) 0.14 (0.02-0.52) 0.09 (0.02-0.36) 0.83
IL-6 (pg/mL) 2.88 (1.90-7.72) 5.02 (3.37-6.80) 0.11
TNF-a (pg/mL) 2.90 (2.76-3.27) 2.89 (2.41-3.28) 0.66
Operative time (min) 60 (45-80) 65 (45-79) 0.91
Anesthesia time (min) 70 (60-90) 78 (56-90) 0.74

Values are median (interquartile range). LC: laparoscopic cholecystectomy; OC: open cholecystectomy; BMI: body mass index; IL-1a: interleukin-1a; IL-6: interleukin-6;
TNF-a: tumor necrosis factor-a. * Mann-Whitney test except as noted. † Fisher’s exact test.

Leptin response to laparoscopic and open cholecystectomy 93



followed by an increase to just above preoperative values
at 24 h postoperatively. Wallace et al. [9] studied serum
leptin changes in nine patients receiving an elective mini-
laparotomy cholecystectomy, and detected that leptin lev-
els peaked at 18 h after surgery. These discrepancies in the
peak leptin levels may be related to differences in study
populations and methods of leptin evaluation, different
grades of surgical injury, and different sampling times.
Laparoscopic cholecystectomy has nowadays replaced the
open procedure for the treatment of cholelithiasis. Hence,
ethical considerations make it impossible to perform a
randomized study. In the present study, the control group
consisted of patients in whom open cholecystectomy was
undertaken for safety-related reasons or in whom laparo-
scopic cholecystectomy was converted early to an open
procedure again for safety reasons. Consequently, statisti-
cal analysis was performed on a treatment-received basis

rather than on an intention-to-treat basis. In the laparo-
scopic cholecystectomy group, the first sampling point
(10 min after skin incision) reflected in fact, the creation of
the pneumoperitoneum, whereas the second sampling
point (at 30 min) corresponded in most cases to the dissec-
tion of the cystic pedicle. Serum leptin levels at the 30-min
time point showed a mild decrease compared with preop-
erative values (3.62 (2.21-8.84) ng/mL versus 5.29 (2.22-
8.18) ng/mL, respectively) although the difference was not
statistically significant. Pneumoperitoneum-related ab-
dominal distention has been suggested to be a stimulus for
the sympathetic stress response [15], but the effect of
pneumoperitoneum (if any) on leptin release is currently
unknown. Despite these methodological constraints, this
study still demonstrates that the postoperative increase in
serum leptin levels and its cumulative response were
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Figure 1
Changes in serum concentrations of A) leptin, B) IL-1a, C) IL-6, D) TNF-a during and after laparoscopic and open cholecystectomy.
LC: laparoscopic cholecystectomy; OC: open cholecystectomy. The data represent the median value, the interquartile range (box plots) and the
absolute range (whiskers) of values. a Statistically significant differences vs. preoperative values. b Statistically significant differences,
laparoscopic vs. open cholecystectomy.
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smaller after laparoscopic cholecystectomy than after
open cholecystectomy.
In our study, the changes in serum IL-1a, TNF-a and IL-6
concentrations showed similar kinetics in both groups,
with postoperative IL-6 levels being consistently lower
after laparoscopic than after open cholecystectomy. The
cumulative IL-6 and TNF-a responses to laparoscopic
cholecystectomy were also significantly lower compared
to those after open cholecystectomy. IL-6 is the major
mediator of the systemic stress response, with serum IL-6
levels reflecting the grade of surgical injury and the sever-
ity of the acute phase response [20, 21]. Several cytokines,
including IL-1a, IL-6, and TNF-a have been shown to
induce leptin expression and to increase circulating leptin
levels in rodents [4, 5] and humans [11, 12]. A positive
association between the circulating levels of leptin and
soluble TNF-a receptor, which has been validated as a
sensitive indicator of activation of the TNF-a system, has
been reported in both diabetics and healthy subjects [22].
In our study, the peaks in IL-1a, IL-6, and TNF-a levels
preceded the leptin peak by approximately 18 h. Further-
more, the cumulative responses of leptin, IL-1a, and IL-6
correlated significantly with one another. These findings
suggest that elevations in leptin and cytokine are coordi-
nated during the systemic inflammatory stress response.
However, since the mechanism of the induction of leptin
release by cytokines is at present unclear, a potential role of
individual cytokines in modifying leptin secretion and its
circulating level is speculative, at best. Experimental stud-
ies have provided evidence of a direct action of cytokines
on fat cells, resulting in leptin release from an existing pool
[23, 24]. However, the existence of a paracrine or autocrine
mechanism for cytokine-stimulated leptin secretion can-
not be excluded. Alternatively, cytokines can act indirectly
through activation of the hypothalamic-pituitary-adrenal
axis and subsequent elevation of serum glucocorticoster-
oid levels, which are capable of stimulating leptin expres-
sion, and secretion as has been shown in both animal
models and humans [25-27]. In this context, the reduced
neuroendocrine stress response after laparoscopic chole-
cystectomy [13-15] may explain our findings of lower
serum leptin concentrations at 24 h and a lower cumulative
leptin response after laparoscopic cholecystectomy than
after open cholecystectomy.
In conclusion, this study has revealed that the serum leptin
concentration is significantly elevated at 24 h after both
laparoscopic and open cholecystectomy. The leptin level at
this time point and its cumulative response was lower after
laparoscopic cholecystectomy than after open cholecys-
tectomy. The cumulative responses of leptin, IL-1a, and
IL-6 to surgery correlated significantly with each other,
which suggests a role for leptin in the systemic inflamma-
tory response to surgical injury.
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CORRECTION

In European Cytokine Network’s last issue (Vol. 15 n° 4, December 2004) please read in the article Interleukin-7
(IL-7): immune function, involvement in the pathogenesis of HIV infection and therapeutical potential, by S. Beq,
J.F. Delfraissy and J. Theze p. 286 :
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