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SUMMARY

Introduction/Objective The development of acute insulin resistance after surgery intervention is as-
sociated with the type and magnitude of operation and tissue injury.

The aim of our study was to compare insulin sensitivity assessed by homeostatic model assessment
of insulin resistance (HOMA-IR) and C-reactive protein (CRP) before and after laparoscopic and open
cholecystectomy during seven days follow-up.

Methods In total, 92 patients were divided into two groups: laparoscopic cholecystectomy (Group 1)
(n=61) and open cholecystectomy (Group 2) (n = 31). Glucose, insulin and CRP levels were measured at
day 0 and at postoperative days one, three and seven. Glucose, insulin and CRP were determined using
commercial assay on Roche Cobas 6000 automated analyzer (Roche Diagnostics, Manheim, Germany).
Results There was no statistical difference between studied groups concerning age (p = 0.626), body
mass index (p = 0.548), glucose (p = 0.947), insulin (p = 0.212), HOMA-IR (p = 0.390) and CRP (p = 0.546)
at day 0. At day one, higher values of CRP were found in group 2 compared with group 1 (p = 0.046). At
day three, significantly higher values of glucose and HOMA-IR were found in group 2 compared with
group 1 (p =0.025, p = 0.036, respectively).

Conclusion Increase in CRP precedes deterioration of insulin sensitivity measured by HOMA-IR after
cholecystectomy. Impairment of insulin sensitivity was more pronounced at postoperative day three in
group with open cholecystectomy. On the basis of our results, laparoscopic cholecystectomy induced

less impairment in insulin sensitivity and lower inflammatory response.
Keywords: HOMA-IR; CRP; laparoscopic cholecystectomy; open cholecystectomy

INTRODUCTION

Development of perioperative hyperglycemia
during surgery may result in appearance of in-
sulin resistance [1]. Insulin resistance develop-
ment during perioperative period may induce
complications in major abdominal surgery [2].
It was shown that cholecystectomy may result
in variety of metabolic changes [3].
Definition of postoperative insulin resis-
tance is an effect of insulin below normal for
the effect of insulin for glucose, protein, and/
or fat metabolism in the period after the opera-
tion [4]. Acute insulin resistance development
after elective surgery depends on the type and
magnitude of operation and tissue injury [5, 6,
7]. It was observed that the increase in blood
glucose after operation starts simultaneously
with the decrease in peripheral glucose uptake
due to development of insulin resistance [8].
Such postoperatively developed insulin re-
sistance is temporary phenomenon and last
approximately for at least five days after un-
complicated open cholecystectomy. After that
period insulin sensitivity normalizes with the

recovery of the patient [9]. Homeostatic model
assessment of insulin resistance (HOMA-IR)
is frequently employed method in everyday
practice because of its convenience [7, 10].
HOMA-IR method has been used from prac-
tical standpoints as an alternative to the hyper-
insulinemic normoglycemic clamp in studies
of surgery induced insulin resistance which is
established as a gold standard for the measure-
ment of insulin resistance [2, 11]. Determina-
tion of insulin sensitivity by HOMA IR was
therefore accepted as a simple and inexpensive
alternative to more sophisticated techniques
in the evaluation of in vivo insulin sensitivity
in humans [7, 12]. A direct positive correla-
tion between the concentrations of C-reactive
protein (CRP) and the severity of postopera-
tive inflammation was demonstrated [13, 14]
as well as evidence about link between inflam-
mation and insulin resistance [15, 16].

Hence, the aim of our study was to measure
insulin sensitivity by HOMA-IR and CRP in
a group of our patients after laparoscopic and
open cholecystectomy in early perioperative
period.
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METHODS

The non-randomized, prospective study on 92 patients
with cholecystectomy was conducted at the Clinic for
Emergency Surgery of the University Clinical Center of
Serbia in Belgrade. Exclusion criteria were known diabetes
Type I or II, liver, renal (serum creatinine over 150 mol/l)
or heart failure, mental diseases, malignancy and severe
infection. All the patients were divided into two groups:
group with laparoscopic cholecystectomy and group with
open cholecystectomy. Laparoscopic cholecystectomy was
performed in 61 patients (Group 1) and open cholecystec-
tomy in 31 patients (Group 2).

Fasting glucose, insulin and CRP were determined be-
fore operation (baseline, day 0) and one, three and seven
days after the operation. Glucose was measured using
commercial assay on Roche Cobas 6000 automated ana-
lyzer (Roche Diagnostics, Manheim, Germany). Reference
range for glucose was 3.9-6.1 mmol/L. The serum CRP
concentration was measured using commercial assays on
Roche Cobas 6000 automated analyzer. Reference range
for CRP was 0-10 mg/L. The serum insulin measurement
was done by an electrochemiluminescence immunoassay
on Roche Cobas 6000 automated analyzer. Insulin assay
has a measurement range of 0.20-1000 uU/ml with a limit
of detection of 0.20 wU/ml. The validation of the Roche
Insulin assay in our laboratory revealed intra- and inter-
assay coefficients of variation between 1% and 4.5%. Ref-
erence values for fasting insulin was < 25 pU/L. Homeo-
static model assessment-insulin resistance (HOMA-IR) is
based on fasting glucose and insulin levels and the index
is calculated as follows: HOMA-IR = Go x Io /22.5, where
Go = fasting glucose concentration (mmol/L), Io fasting
plasma insulin concentration (pU/mL).

Data are expressed as mean + standard deviation (SD).
Student’s t test was used for comparison between groups.
Non-normally distributed data are presented as median
and interquartile range (25%, 75% percentile) and compared
by Mann-Whitney U-test. Pearson’s x> test was used com-
parison between groups for data presented as frequencies
and percentages. Pearson correlation was used for testing
the correlations between the examined variables. General
linear model for repeated measures was used for evaluating
the changes in measured variables from 0 to the first, third
and seventh day and changes are presented by boxplot.
Statistical analysis was performed using IBM SPSS Sta-
tistics for Windows, Version 21.0. (IBM Corp., Armonk,
NY, USA). In all test, p value < 0.05 was considered to be
statistically significant.

The study protocol was approved by Ethics Committee
of Faculty of Medicine, University of Belgrade (No 29/IV-
11), and all patients gave informed consent to participate
in the study.

RESULTS

Baseline anthropometric and laboratory characteristics of
this study population are presented in Table 1. There was
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no statistical difference between studied groups concern-
ing age (p = 0.626), body mass index (p = 0.548), glucose
(p =0.947), insulin (p = 0.212), HOMA-IR (p = 0.390) and
CRP (p = 0.546) at day 0.

Table 1. Baseline characteristics of studied population

. Group 1 Group 2
Variable (n=61) (n=31) p
Age*, years 512+15 |57.5+13.5| 0.626
Male sex, n (%) 29 (48%) 16 (52%) | 0.712
Body mass index*, kg/m? 246+1.2 | 24717 | 0548
Glucose*, mmol/L 46+091 [4.63+0.83| 0.947
Insulin®**, uU/mL 5.7(7.7) 6.6 (5.3) 0.212
queo_statlc_model*issessment 13(1.8) 12(13) | 0390
of insulin resistance
High sensitivity C-reactive
protein®* 8(9.8) 8 (1) 0.546

*Data are presented as mean + standard deviation
**Data are presented as median with interquartile range

Table 2. Changes in glucose, insulin, homeostatic model assessment
of insulin resistance (HOMA-IR) and high sensitivity C-reactive protein
(hs-CRP) during follow-up

Variable Baseline Day 1 Day 3 Day 7
Glucose*, mmol/L

Group 1 | 460+091 | 510£1.09 | 470+0.99 | 463+0.72
Group2 | 463+0.83 | 580+1.58 | 523+1.19 | 471+0.56
Insulin®*, pU/mL

Group 1 5.7(7.7) 10.1(10.7) 9.8 (4.8) 5.7 (6.2)
Group 2 6.6 (5.3) 12.1(9) 10.6 (7.7) 6.9 (4.9)
HOMA-IR**

Group 1 1.3(1.8) 2.3(3) 2(1.3) 1.2(1.4)
Group 2 1.2(1.3) 2.9(2.9) 2.2(1.8) 1.3(1)
CRP**, mg/L

Group 1 8(9.8) 36 (77.9) 43.5 (64.4) 23(51.6)
Group 2 8(1) 56 (39.6) 72.1 (55.2) 27 (45)

Group 1 - laparoscopic cholecystectomy; Group 2 — open cholecystectomy
*Data are presented as mean + standard deviation
**Data are presented as median with interquartile range

Changes in glucose, insulin, HOMA-IR and CRP during
the study period (from day 0 to day seven) are presented
in Table 2.

There was significant difference in glucose over time in
group 1 (p = 0.017) and group 2 (p < 0.001). In group 1,
glucose levels were significantly higher the first day after
operation compared with baseline 0 day (p = 0.024), con-
tinue to decrease significantly on day three and reach its
lowest level at day seven, significantly lower than day one
(p = 0.042). The glucose levels in group 2 follow the same
trend, but with more significant increase of glucose the
first day after operation (p < 0.001) and decrease of glucose
values at day seven compared with day one (p = 0.001).

There was significant difference in insulin over time
in group 1 (p < 0.001) and group 2 (p < 0.001). In group
1, insulin had its highest level at day one, decreased sig-
nificantly at day three (compared with dayl) (p = 0.001)
and finally reached its lowest level at day seven compared
with values measured at day three (p = 0.012). In group 2,
the same trend was noticed: insulin increased significantly
after operation compared with values at day 0 (baseline
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Figure 1. Homeostatic model assessment of insulin resistance (HOMA-
IR) at day zero and one, three, and seven after laparoscopic cholecys-
tectomy (LC) and open cholecystectomy (OC)

value) (p < 0.001), and significantly decrease at day seven
(compared with day three) (p < 0.001).

Changes of HOMA-IR at day 0 and one, three and seven
after laparoscopic and open cholecystectomy are presented
at Figure 2. In group 1, HOMA-IR values increased sig-
nificantly at day one compared with day 0 (p < 0.001) and
significantly decreased at day seven compared with day
three (p = 0.012). In group 2, HOMA-IR was significantly
higher at day one (after operation) compared with baseline
and it significantly decrease at day seven compared with
day three (p < 0.001).

There is significantly higher values of glucose and
HOMA-IR at day three (p = 0.025, p = 0.036, respectively)
in group 2 in comparison with group 1.

Changes of CRP at day 0 and one, three and seven after
laparoscopic and open cholecystectomy are presented at
Figure 2. CRP increased significantly at day one, three,
and seven in comparison with day 0 (p < 0.001) in both
groups. At day one, CRP was significantly higher in group
2 (56.0 = 39.6 vs. 36.0 £ 77.9; p = 0.046) in comparison
with group 1 (Figure 2).

DISCUSSION

Stress response to surgery depends on the extent of the
injury. Insulin resistance during the surgery may be associ-
ated with increased inflammation, organ dysfunction and
mortality [17, 18]. It was demonstrated that cholecystecto-
my may increase insulin resistance and diabetes, although
mechanisms of connections between cholecystectomy and
insulin release and sensitivity are still not clear [19]. It was
suggested that abnormal metabolic consequences may be
generated by abnormal transintestinal flow of bile acids
that produce metabolic signals that are performed without
gallbladder rhythmic function [20].

Insulin resistance develops after surgery as a part of the
metabolic response to stress [21]. The degree of insulin
resistance is related to the magnitude of operation [10, 22].
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Figure 2. Changes in high sensitivity C-reactive protein (hs-CRP) at day
zero and one, three, and seven after laparoscopic cholecystectomy (LC)
and open cholecystectomy (OC)

Postoperative insulin resistance is mainly developed due to
two reasons — perioperative starvation and release of stress
hormones and inflammatory cytokines, including CRP
among them. Development of insulin resistance among
elective surgical patients in modern surgical practice may
be harmful since it prolongs recovery and leads to post-
operative complications [21, 22]. Earlier published data
indicate that the decrease in insulin sensitivity lasts over
a week even after moderate surgical stress [23]. In clinical
practice, different methods were used for the measurement
of perioperative changes of insulin sensitivity, from simple
methods based on fasting plasma glucose and insulin, like
HOMA-IR, up to more laborious ones, like minimal model
(intravenous glucose tolerance test with frequent sampling
of glucose and insulin) up to gold standard for the mea-
surement of insulin sensitivity, like hyperinsulinemic eu-
glycemic clamp [7, 21]. Based on the experience of the
investigators and the equipment which they used, different
proposals were published — from one that the static simple
methods are suitable for clinical studies, up to the claims
that clamp method is superior to all the others, and that it
measures changes in insulin sensitivity, while HOMA-IR
measures something different [2, 24]. Previously, it was
suggested that HOMA-IR can be used to assess the ef-
fects of treatment [25]. It was suggested that HOMA-IR
estimates of insulin sensitivity are usually not normally dis-
tributed [25]. Our findings confirmed this statement and
we used medians with interquartile ranges to present data
without normal distribution (Table 1). Our results dem-
onstrated that HOMA-IR, as marker of insulin resistance,
significantly increased in a group with open cholecystec-
tomy. Similar results with the increase in insulin resistance
in the first day after surgery was demonstrated by others
[26]. There was no significant difference in HOMA-IR
between day 0 and day seven (p > 0.05). Previous studies
have shown that administration of different forms of oral
carbohydrate supplementation before the cholecystectomy
resulted in lower values of postoperative HOMA-IR [26,
27]. In a study with a hyperinsulinemic normoglycemic
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clamp the fall in insulin sensitivity after surgery was lower
in patients after laparoscopic cholecystectomy (22 +/- 2%)
compared with patients after open cholecystectomy (49
+/- 5%) [28]. Different results were reported concerning
postoperative levels of CRP - from lack of significant dif-
ference in the CRP levels between open and laparoscopic
cholecystectomy [29], to a significantly higher increase in
serum CRP levels in patients following open cholecystec-
tomy in comparison to laparoscopic cholecystectomy [13].
Our study indicates that the level of CRP increased signifi-
cantly during early postoperative period in both groups in
comparison with day 0, but significantly higher increase
of CRP was established at day one in the group with open
cholecystectomy in comparison with the group with lapa-
roscopic cholecystectomy. This result is consistent with
findings of other investigators and support assumption that
minimal invasive surgical procedures such as laparoscopic
cholecystectomy impairs inflammatory response less [30].

CRP is a protein of acute phase and starts to increase 4-6
hours after tissue trauma and reaches its peak at 48 hours
and starts to fall gradually after 72 hours after surgery with-
out complications [16]. In our study CRP increased at first
and third days after operation in both groups and gradually
falls at day seven. Peak CRP values were achieved in both
groups at day three. CRP peak values were higher in a group
with open cholecystectomy. In early postoperative period
we observed a decrease in insulin sensitivity, measured
through an increase in HOMA-IR index. Values of HOMA-
IR were higher in a group with open cholecystectomy than
in a group with laparoscopic cholecystectomy, indicating
a greater magnitude of surgical trauma. Previously it was
shown that insulin resistance during surgical trauma is
produced by elevated fatty acid concentration, decreased
uptake of glucose in muscled and increased production of
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NanapocKoNCKe U 0TBOPEHE XONELUCTEKTOMM]E Y TOKY NPBUX ceflam

nocronepatuBHUX AaHa

[Jywan Muuyuh'?, CHexara MonosuHa®, 3natnbop JloHuap'?, Kpctha Joknectuh'? Maene Mperopuh'?, Bnagummnp ApceHujeBuh'?,

MurbaH hepanuh'?, [paraH Muuyuh?, Henag VBaHueBuh'>

'YHuBep3utet y beorpagy, MeguumHcku dakynter, beorpag, Cpbuja;

2YHUBE3UTETCKM KNMHNYKN LeHTap Cpbuje, KnuHmKa 3a ypreHTHY Xupyprujy, YpreHTHu LieHTap, beorpag, Cp6uja;
YHUBeP3NUTETCKM KNMHUYKY LeHTap Cpbuje, KnuHuka 3a eHBoKprHonorujy, aujabetec n 6onectn metabonuama, beorpag, Cpbuja;
‘Cpncka akagemuja Hayka v ymeTHocTI, Ofierberbe MeaunuMHCKMX Hayka, beorpag, Cpbuja

CAMETAK

YBoa/Uwnm Pa3Boj akyTHe NHCYNMHCKe pe3uncTeHLuje nocne
XUPYPLIKE NHTEPBEHLMjE je NOBe3aH Ca TUMOM W BENNYNHOM
onepauyje n owTeherem TKMBa.

Linrb Hawe cTyauje je nopeherbe MHCYNMHCKe CEH3UTUBHOCTM
npoLietbeHe NPUMEHOM XOMEOCTaTCKOr Mofiesia 3a MPOLIEHY UH-
cynuHcke pesucteHumje (XOMA-UP) n Li-peakTuBHOT npoTtenHa
(LIPM) npe 1 nocne nanapackomncke 1 0TBOPEHE XONEeLNCTEKTO-
MUje TOKOM NPBMX ceflam NOCTonepaTuBHNUX AaHa.

Metope VcnnTaHa cy 22 6onecHuKa Koju Cy MOAe/beHU y fBe
rpyne: rpyna ca slanapackornckom xoneymcrektomujom (rpyna
1) (n=61) n rpyna ca OTBOPEHOM XOJIELCTEKTOMMjOM (Fpyna 2)
(n=31). Tnnkemmja, HcynuH v LIPT cy MmepeHn y HynTom fiaHy 1
MoCTONepaTUBHO y NpBoMm, Tpehem 1 cegmom faHy. Mrkemuja,
nHcynuH v LIPT cy ogpehBann Kopuwherwem Komepumjan-
Hor Npubopa Ha ayTomaTckom aHanv3atopy Roche Cobas 6000
(Roche Diagnostics, MaHxajm, Hemauka).

Srp Arh Celok Lek. 2023 Sep-Oct;151(9-10):561-565

PesynTtatu Huje 6110 CTaTMCTUYKM 3HaYajHe pasnuke n3mehy
UCNUTMBAHUX rpyna y nornegy crapoctu (p = 0,626), UHAEK-
ca TenecHe mace (p = 0,548), rnukemuje (p = 0,947), uHcynuHa
(p=0,212), XOMA-WP (p = 0,390) n LIPI (p = 0,546) y HynTom
pany. Mpsor aaHa, suwe BpeaHocTy LIPM HaheHe cy y rpynu 2
y nopehemy ca rpynom 1 (p = 0,046). Tpeher gaHa, 3HauajHO
BuLLe BpegHocTy rmukemuje n XOMA-VIP HaheHe cy y rpynu 2
y nopehemy ca rpynom 1 (p = 0,025, p = 0,036, pecneKkTrBHO).
3aksyuak [osuwwetrbe LIPIT npeTxoan noropluakby UHCYANH-
CKe ceH3uTnBHOCTY n3mepeHe nomohy XOMA-VP nocne xo-
neyuctekTomuje. Owrehere NHCYNMHCKE CEH3UTUBHOCTM je
6uno n3paxeHuje Tpeher nocTonepaTMBHOT faHa y rpynu ca
OTBOPEHOM XOJleLMcTeKToMmjoM. Ha OCHOBY Halumx pe3ynTara,
nanapackorncka xofeLucTeKTommja 13asnea Makbe owTtehere
VHCYNVHCKE CEH3UTVBHOCTY U HVXKW HGNaMaTOPHI OAroBOp.
Kmbyune peun: XOMA-UP; LIPTT; nanapackoncka xoneumncrek-
TOMWja; OTBOPEHA XOJeLMCTEKTOMMja
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