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Summary 
Background: The aim of this study was to investigate the
influence of IL-6, TNF-a and hs-CRP on insulin sensitivity
during postoperative follow-up in patients with laparoscop-
ic cholecystectomy (LC) or open hernia repair (OHR). 
Methods: 65 patients were studied: after laparoscopic
cholecystectomy (LC; n=40) or open hernia repair (OHR;
n=25). Glucose, insulin, hs-CRP, IL-6 and TNF-a were
determined at day 0 (before the operation) and at days 1,
3 and 7 (after the operation).
Results: There were no difference between LC and OHR
groups concerning age, BMI, glucose, insulin, hs-CRP, IL-6
and TNF-a at day 0. hs-CRP increased at day 1, 3 and 7
vs. day 0 (p<0.0005), without difference between groups
(p=0.561). IL-6 increased at day 1 and day 3 vs. day 0
(p<0.005). IL-6 was higher at day 1 in OHR group in com-
parison with LC group (p=0.044). There were no differ-
ences in TNF-a levels between LC and OHR groups
(p=0.056). There was increase of HOMA-IR at day 1, 3
and 7 vs. day 0 (p<0.0005) in both groups. Significantly
higher increase of HOMA-IR was in OHR group compared

Kratak sadr`aj
Uvod: Cilj ove studije je bio ispitivanje uticaja sistemskih
nivoa IL-6, TNF-a i hs-CRP na insulinsku senzitivnost to -
kom postoperativnog pra}enja kod bolesnika sa laparo skop -
skom holecistektomijom (LH) ili otvorenom operacijom kile
(OOK).
Metode: 65 bolesnika je ispitivano: posle laparoskopske
holecistektomije (Grupa LH; n=40) ili otvorene operacije
kile (Grupa OOK; n=25). Glukoza, insulin, hs-CRP, IL-6 i
TNF-a su odre|ivani 0 dana (pre operacije) i 1, 3 i 7 dana
(posle operacije).
Rezultati: Nije bilo razlike u po~etnim vrednostima izme|u
LH i OOK grupe za starost, BMI, glukozu, insulin, hs-CRP,
IL-6 i TNF-a u 0-tom danu. hs-CRP se zna~ajno pove}ao u
danima 1, 3 i 7 vs. dan 0 (p<0,0005), bez razlike me|u
grupama (p=0,561). IL-6 se zna~ajno pove}ao 1 i 3 dana
u odnosu na 0 dan (p<0,0005). IL-6 je bio ve}i prvog
dana u OOK grupi (p=0,044). Nije bilo razlike u TNF-a
izme|u grupa (p=0,056). HOMA-IR se zna~ajno pove}ala
u grupi OHR u pore|enju sa LH grupom prvog postopera-
tivnog dana (p=0,045). U OOK grupi postojala je prvog
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Introduction

Metabolic and inflammatory response is a part of
overall stress response on surgical trauma and magnitude
of this response depends of severity of the tissue damage
(1). Surgical stress develops before, during and after oper-
ation as a  result of psychological reaction, tissue injury,
anesthetic agents and impaired local circulation (2, 3).
Surgical trauma elicits marked changes in cytokine levels,
impaired metabolic response and increase of acute phases
proteins (4). Inflammatory response of the body in periop-
erative period is a protective mechanism which promotes
better recovery, while excessive inflammatory response in
severe tissue injury could contribute to development of
complications and impaired wound healing (5). During the
adaptation on surgical stress negative nitrogen balance pro-
vokes peripheral fat utilization and leads to increase in glu-
cose production. The main underlying mechanism for
hyperglycemia in perioperative period is development of
insulin resistance.  Previously it was shown that even a
minor surgery could lead to a transient insulin resistance (6,
7).

Tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6)
and C-reactive protein (CRP) are, among the others, major
regulators of the acute phase response to inflammation and
tissue injury (8). Inflammatory response that is mediated by
cytokines could be one of the molecular triggers for the
metabolic response to surgery (9). TNF-a expression is con-
sidered as connection between fat mass, inflammation and
decrease in insulin sensitivity (10). TNF-a plays one of a key
roles in the acute phase response and induces lipolysis and
muscle metabolism and it is also responsible for postopera-
tive cachexia (11). Macrophages, neutrophils and some
other types of cell are able to product TNF-a which as a cell
signaling protein, contributes to weight loss, reduction of
appetite, insulin resistance, impaired protein, glucose and
lipid metabolism (12). IL-6 is inducer of inflammatory pro-
teins such as CRP. CRP as protein of acute phase starts to
increase 4–6 hours after tissue trauma with peak at 48
hours and decreasing gradually after 72 hours after uncom-
plicated surgical procedure. Concentrations of IL-6 and
CRP in serum depends of magnitude of surgical interven-
tion (4). A correlation between alterations in IL-6 levels and
the development of insulin resistance have been established
in many studies. Also, it was demonstrated that postopera-
tive insulin resistance as a part of metabolic response to sur-
gery correlates with elevated levels of proinflammatory
cytokines (13). 

In early postoperative phase, glucose uptake in peri -
pheral tissue dramatically declines. Lower glucose uptake
correlates with magnitude of surgical trauma. Insulin resist-

ance during surgical stress occurs as a consequence of ele-
vated fatty acid concentrations, increased liver glucose pro-
duction and decreased muscle glucose uptake (14). Insulin
resistance followed by hyperglycemia after surgical proce-
dure could be one of a possible independent factor for
appearance of early and late postoperative complications
(15). Serum glucose increment was demonstrated in open
as well as in laparoscopic surgical procedures, but incre-
ment was lower in laparoscopic operation (16). Glucose
metabolism became normal immediately after patients
recovery (17). 

Relationship between inflammation and insulin resist-
ance in humans is still under the investigation, since much
of the data is from rodent models and it was suggested
recently, that more learning about that relationship is nec-
essary (18).

Cholecystectomy as an intra-abdominal procedure
causes major surgical stress. Laparoscopic approach mini-
mizes peritoneal incision and reduces surgical stress. On
the other hand, open hernia repair is followed by greater
skin damage but there is not peritoneal incision (19). The
aim of our study was to investigate the influence of systemic
levels of IL-6, TNF-a and CRP on insulin sensitivity during
postoperative follow-up in laparoscopic cholecystectomy
and open hernia repair, two types of elective surgery oper-
ations with different skin and peritoneal injury. 

Materials and Methods

The non-randomized, prospective, time-related study
was performed on 65 patients with laparoscopic cholecys-
tectomy (LC) or open hernia repair (OHR). The study was
performed in Clinic for Emergency Surgery in Clinical
Center of Serbia in Belgrade, after getting approval of
Ethical Committee of Faculty of Medicine, University of
Belgrade (No. 29/IV-11). Study was conducted according
to the Helsinki Declaration and each patient gave written
informed consent to participate in the study. Inclusion crite-
ria were: patients undergoing elective laparoscopic chole-
cystectomy or elective open hernia repair. Exclusion criteria
were known diabetes type I or type II, heart, liver or renal
failure (serum creatinine over 150 mmol/L), mental dis-
eases, existing malignancy and severe infection. All the
patients were operated in a period between 2015-2017.
Laparoscopic cholecystectomy was performed in 40
patients and open hernia repair in 25 patients.  Baseline
characteristics of the groups are presented in Table I.

Glucose, insulin, hs-CRP, IL-6 and TNF-a were deter-
mined at day 0 (before the operation) and at days 1, 3 and
7 (after the operation), after overnight fasting. Glucose was

with LC group at day 1 (p=0.045). There was a positive
correlation between hs-CRP and HOMA-IR (r=0.46;
p=0.025) and between IL-6 and HOMA-IR at day 1 in
OHR group (r=0.44; p=0.030).
Conclusions: Significantly higher HOMA-IR was found in
OHR group compared with LC. Positive correlation
between hs-CRP and IL-6 with HOMA-IR in OHR group at
day 1, indicate possible influence of this mediators on
impairment of insulin sensitivity.

Keywords: HOMA-IR, hs-CRP, IL-6, TNF-a, surgery

dana pozitivna korelacija izme|u hs-CRP i HOMA-IR
(r=0,46; p=0,025) i izme|u IL-6 i HOMA-IR (r=0,44;
p=0,030).
Zaklju~ak: Zna~ajno ve}a HOMA-IR je na|ena u OOK
grupi u pore|enju sa LH grupom. Pozitivna korelacija
izme|u hs-CRP i IL-6 sa HOMA-IR u OOK grupi prvog
postoperativnog dana ukazuje na mogu}i uticaj ovih medi-
jatora na o{te}enje insulinske senzitivnosti.

Klju~ne re~i: HOMA-IR; hs-CRP; IL-6;TNF-a, hirurgija 
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measured using commercial assay on Roche Cobas 6000
automated analyzer (Roche Diagnostics, Manheim, Ger -
many). Reference range for glucose was 3.9–6.1 mmol/L.
The serum high-sensitive C-reactive protein (hs-CRP) con-
centration was measured using commercial assays on
Roche Cobas 6000 automated analyzer. Reference range
for hs-CRP was 0–10 mg/L. The serum insulin measure-
ment was done by an electrochemiluminescence immuno -
assay on Roche Cobas 6000 automated analyzer. Insulin
assay has a measurement range of 0.20–1000 mU/mL
with a limit of detection of 0.20 mU/mL. The validation of
the Roche Insulin assay in our laboratory revealed intra- and
inter-assay coefficients of variation between 1.0% and
4.5%. Reference value for fasting insulin was < 25 mU/L.
IL-6 measurement was done by an electrochemilumines-
cence immunoassay on Roche Cobas 6000 automated
analyzer (Roche Diagnostics, Mannheim, Germany).
According to the manufacturer’s package insert, Roche
Cobas Il-6 reagent kit (Roche Diagnostics GmbH,
Germany) had a measurement range of 1,5–5000 pg/mL
with a limit of detection of 1.5 pg/mL. The Roche IL-6
assay revealed intra- and inter-assay coefficients are lower
than 5.3%. The TNF-a levels were measured using com-
mercially available the Human TNF-a Quantikine HS ELISA
(R&D Systems Europe, UK) on ETI-Max 3000 (Diasorin
S.p.A., Italy). The lower detection limit of this ELISA assay
is 0.191 pg/mL and reported intra- and inter-assay coeffi-
cients of variation are lower than 10.4 %. 

Homeostatic model assessment-insulin resistance
(HOMA-IR) is based on fasting glucose and insulin levels
and the index is calculated as follows: HOMA-IR = Go ×
Io/22.5, where Go = fasting glucose concentration
(mmol/L), Io fasting plasma insulin concentration (mU/mL)
(20). 

Quantitative variables with normal distribution are
expressed as mean values with standard deviations.
Medians with interquartile ranges (IQRs) were used to pres-
ent data without normal distribution. 

Kolmogorov-Smirnov test was used to assess the dis-
tribution of data. Categorical data are presented by
absolute and relative frequencies. Baseline characteristics
between groups were compared using the Student t-test or
the Mann-Whitney test. Changes in examined variables
from baseline to the 1st, 3rd and 7th day were evaluated by
general linear model for repeated measures with the chole-
cystectomy or open hernia repair operations as between-
subjects factor. Changes in examined variables according to
study groups are presented by boxplot. Correlation between
variables was evaluated with Pearson or Spearman correla-
tion coefficient according to data distribution. Statistical
analysis was performed using SPSS statistical software
(SPSS for Windows, release 21.0, SPPSS, Chicago, IL). In
all test, p value<0.05 was considered to be statistically sig-
nificant.

Results

Baseline characteristics of the studied patients are
presented in Table I. Patients with laparoscopic cholecystec-
tomy are included in LC group (n=40), patients with open
hernia repair are included in OHR group (n=25).There was
no significant difference between studied groups at base-
line concerning age (p=0.262), BMI (p=0.912), glucose
(p=0.239), insulin (p=0.751), hs-CRP (p=0.082), IL-6
(p=0.567) and TNF-a (p=0.195). In OHR group there
were more males, than females due to rarity of inguinal her-
nia in females. HOMA-IR index did not differ at day 0
between the groups (median values: 1.4 in LC group and
1.3 in OHR group) (p=0.824). Changes in glucose, insulin,
HOMA-IR, hs-CRP, IL-6 and TNF-a during the study period
(from day 0 to day 7) are presented in Table II. Glucose val-
ues increased at day 1, day 3 and day 7 without statistical
significance (p=0.062) in comparison with day 0 in both
groups. There were no differences in glucose level between
two groups (p=0.176). Serum insulin increased significant-
ly at day 1, 3 and day 7 compared with day 0 (p<0.0005)
in both groups. Serum insulin reached maximum level at
day 1 and declined gradually to day 7. There was no signif-
icant difference between two groups (p=0.085). hs- CRP
increased significantly at day 1, 3 and 7 in comparison with
day 0 in LC and OHR group (p<0.0005). There were no
difference in hs-CRP values between LC and OHR group
(p=0.561). IL-6 values increased significantly at day 1 and
day 3 compared with baseline values in LC and OHR group
(p<0.0005).  IL-6 was significantly higher at day 1 in OHR
group (p=0.044) in comparison with LC group. TNF -a
increased significantly at day 1 and day 3 compared with
day 0 in both groups (p<0.0005). There were no differ-
ences among TNF-a levels in LC and OHR group (day 1:
p=0.376; day 3: p=0.189; day 7: p=0.231).

HOMA-IR values increased significantly at day 1, day
3 and day 7 compared with day 0 (p<0.0005) in both
groups. There was significantly higher HOMA-IR in OHR
group compared with LC group at day 1 (p=0.045) (Figure
1). There were no differences in HOMA-IR between groups
for day 3 (p=0.278) and day 7 (p=0.372).

There was a positive correlation between hs-CRP and
HOMA-IR (r=0.46; p=0.025) and between IL-6 and
HOMA-IR at day 1 in OHR group (r=0.44; p=0.030)
(Figure 2 and Figure 3).

Variable LC Group
(n=40)

OHR Group
(n=25) p

Age*, yrs 52.3±14.2 47.8±17.7 0.262

Male sex, n (%) 22 (55) 22 (88) 0.006

BMI*, kg/m2 25.1±1.4 25.1±0.5 0.912

Glucose*, mmol/L 4.7±0.9 4.5±0.8 0.239

Insulin**, mU/mL 6.9 (4.6) 6.3 (4.8) 0.751

HOMA-IR** 1.4 (1.2) 1.3 (1.3) 0.824

hs-CRP**, mg/L 3.3 (6.7) 2.0 (1.5) 0.082

IL-6**, pg/mL 6.1 (5.6) 4.1 (4.7) 0.567

TNF-a**, pg/mL 1.3 (1.1) 1.1 (0.8) 0.195

* Data are presented as mean ± standard deviation
**Data are presented as median with interquartile range
LC: Laparoscopic cholecystectomy
OHR: Open hernia repair

Table I Baseline characteristics of studied population.
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Table II Changes in glucose, insulin, HOMA-IR, hs-CRP, IL-6 and TNF-a during the study period.

Baseline Day 1 Day 3 Day 7

Glucose*, mmol/L

LC 4.75 ± 0.86 5.05 ± 1.15 4.95 ± 1.01 4.77 ± 0.72

OHR 4.49 ± 0.79 4.78 ± 0.99 4.79 ± 0.66 4.56 ± 0.46

Insulin**, mU/mL

LC 6.9 (4.6) 11.7 (8.0) 8.9 (7.5) 7.6 (4.7)

OHR 6.3 (4.8) 12.8 (9.3) 9.1 (4.9) 7.0 (20.3)

HOMA-IR**

LC 1.4 (1.2) 2.3 (1.8) 1.9 (1.7) 1.6 (1.2)

OHR 1.3 (1.3) 2.8 (2.9) 2.1 (4.1) 1.4 (3.8)

hs-CRP**, mg/L

LC 3.3 (6.7) 13.0 (26.3) 25.8 (44.7) 9.0 (25.8)

OHR 2.0 (1.5) 15.7 (25.4) 26.0 (37.7) 9.5 (14.9)

IL6**, pg/mL 

LC 6.1 (5.6) 10.3 (17.7) 8.6 (10.3) 5.3 (4.8)

OHR 4.1 (4.7) 16.1 (23.5) 9.3 (5.7) 4.4 (3.1)

TNF-a**, pg/mL

LC 1.3 (1.1) 2.3 (1.6) 1.3 (1.5) 1.0 (0.6)

OHR 1.1 (0.8) 1.5 (1.5) 1.1 (0.5) 0.8 (0.4)

* Data are presented as mean ± standard deviation; **Data are presented as median with interquartile range
LC: Laparoscopic cholecystectomy; OHR: Open hernia repair

Figure 1 Change in HOMA-IR at day 0, 1, 3 and 7.
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Disscusion

The surgical trauma induces inflammatory, metabolic
and neurohormonal response. Previous investigations
demonstrated that laparoscopic surgery is superior to open
surgery concerning  the metabolic changes (21). The res -
ponse on surgical trauma depends of severity of the tissue
damage (1). Metabolic impairment such as insulin resist-
ance develops after elective surgical procedures and per-
sists approximately 5 days after surgery (22). In our study
increase in HOMA-IR was greater in open hernia repair in
comparison with laparoscopic cholecystectomy.

Earlier investigations indicated that the level of IL-6,
as pro inflammatory cytokine, increases already after 60
minutes after surgical trauma with peak at 12–24 hours,
and decreases 48–72 hours after operations without com-
plications. This cytokine is the first released in the cytokine
cascade (23). We achieved compatible results in our
patients; IL-6 achieved peak value at first postoperative day
and decreased during next few days. In our study, the level
of IL-6 was higher in patients undergoing open surgery.
Some authors reported lack of any differences in IL-6 con-
centrations between laparoscopic and open surgery (24),
although some other investigators demonstrated that the
level of IL-6 was lower in laparoscopic in comparison with
open surgery and that was shown in different operations
such as hysterectomy, hernia repair, cholecystectomy and
vascular operations (16, 21, 25–31). Skin incision was
found to be the impulse for cytokine release and laparo-
scopic surgery is followed by less tissue injury and less
inflammation than open approach. The other authors have
shown that IL-6 levels correlate with the surgical tissue
damage and duration of operation, suggesting  therefore
that this marker could be useful to chose most appropriate
surgical method (32).

Previous studies demonstrated that kinetic of IL-1,
TNF-a and IL-6 is quite similar, and all of them achieved

highest values 24 hours after surgery and normalized 7
days after operation, as we found among our patients.
Cytokine levels were higher in the open than in the laparo-
scopic surgery (27). Different values of IL-6 were found
after major abdominal operation such as elective aortic sur-
gery in comparison with open hernia repair. In both groups
levels of IL-6 decreased sharply within 48–72h but concen-
tration of IL-6 was lower after hernia repair. Authors pre-
sumed that these difference in IL-6 concentrations corre-
lates with ischemia and changes in blood pressure during
the aortic surgery (26). In some cases, predominantly in
patients with preoperative high level of IL-6, this cytokine
remained elevated at least 14 days after surgery. In these
patients persistent elevation of IL-6 could be associated with
psychological stress and preoperative anxiety in operating
theatre (33). It was suggested that perioperative measure-
ment of IL-6 can be useful for identifying patients with high-
er risk of complications (26).

TNF-a induces lipolysis, muscular catabolism, stimu-
lates coagulation and release of adhesion molecules (11).
In our study levels of TNF-a achieved peak value at first
postoperative day and decreased continuously till day 7
when returned on preoperative values. We did not find sig-
nificant differences between LC and OHR group concern-
ing TNF-a level. Similar results were published by other
investigators who demonstrated lack of differences in TNF-
a levels after laparoscopic and open hernia repair (13, 18)
as well as after laparoscopic and open cholecystectomy (30,
35). Lahat et al. (36) reported similar increase of TNF-a after
open cholecystectomy or after coronary arter y bypass graft-
ing (CABG), but TNF-a level was higher in a group with
CABG, probably due to more tissue damage. Some authors
reported significant reduction in TNF-a, IFN-g and IL-2
after open procedures in comparison with laparoscopic
cholecystectomy (37), while others described greater
increase of IL-6 and TNF-a after open cholecystectomy in
comparison with laparoscopic cholecystectomy (38). 

Figure 2 Correlation between HOMA-IR and hs-CRP at
day 1

Figure 3 Correlation between HOMA-IR and IL-6 at day 1
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CRP as protein of acute phase starts to increase 4–6
hours after tissue trauma with peak at 48 hours and falls
gradually after 72 hours after uncomplicated surgical pro-
cedure. Concentrations of  IL-6 and CRP in serum depends
of magnitude of surgical intervention and its invasiveness
(4, 23, 39). Delayed increase of CRP in comparison with
the increase in IL-6 suggests that CRP is less powerful pre-
dictive marker for surgical complications (26). On the other
hand, fail in decrease in CRP levels within 48h after opera-
tion is followed by more increase in IL-6 and indicate higher
risk for postoperative complications (40). Shorter preopera-
tive fasting time is associated with less increase of CRP,
reduction in insulin resistance and reduction in stress
response (41). In our study CRP increased at first and third
day after operation and decreased at almost preoperative
value seven days after the operation. Pinato et al. (40) sug-
gested  age-related delay in CRP clearance due to unop-
posed IL-6 release in elderly patients. 

The maximum reported values of CRP after surgery
vary between 52 mg/L after cholecystectomy up to 163
mg/L after aortic aneurism repair (4). Takahara et al. (42)
reported  higher CRP values after laparoscopic then in open
hernia repair. Some other authors have shown that levels of
CRP were equal in both surgical approaches (24, 43). 

In early postoperative phase, glucose uptake in
peripheral tissue dramatically declines. Lower glucose
uptake correlates with magnitude of surgical trauma.
Insulin resistance during surgical stress occurs due to ele-
vated fatty acid concentrations, increased liver glucose pro-
duction and decreased muscle glucose uptake (14). In our
study insulin increase was observed at day 1 and day 3 in
both groups. However, insulin increase was greater in OHR
group in comparison with LC group. Also, we found impair-
ment of insulin sensitivity in early postoperative period in
both groups. HOMA-IR increase was significantly higher in
a OHR group than in LC group. HOMA-IR was normalized
seven days after surgery in both groups. Insulin resistance
was found to be an independent factor for surgery out-
comes and length of stay in hospital (44). Previously, in a
study performed among patients undergoing open chole-

cystectomy and open hernia repair it was reported that
dynamic changes of IL-6 and markers of insulin resistance
in postoperative period could be in relationship (6). In our
investigation we have found correlation between hs-CRP
and HOMA- IR and between IL-6 and HOMA-IR in OHR
group at day 1. These findings may indicate that postoper-
ative increase of cytokines may be interrelated with the
observed impairment of insulin sensitivity, demonstrated
through the increase of HOMA-IR. Comparison between
open and laparoscopic cholecystectomy demonstrated less
postoperative reduction of insulin sensitivity as beneficial
factor for faster recovery after laparoscopic procedure (45).
In early investigations, marked insulin resistance was sug-
gested as a consequence of major abdominal surgery irre-
spective of surgical technique (46). 

Limitation of our study was the relative limited num-
ber of patients and further studies are necessary to confirm
our findings. 

In conclusion, we demonstrated in our patients after
laparoscopic cholecystectomy or open hernia repair a tran-
sitory increase of inflammatory markers such as hs-CRP, IL-
6 and TNF-a  with simultaneously increase in HOMA-IR as
an index of insulin resistance. Open surgery procedures
produce greater increase of observed cytokines and greater
impairment of insulin sensitivity. HOMA-IR significantly
increased at day 1 in OHR group in comparison with LC
group. Correlations that was found between hs-CRP and
HOMA-IR and IL-6 and HOMA-IR at day 1 in OHR group
indicate possible influence of these mediators on the
impairment of insulin sensitivity. Further studies are neces-
sary to confirm these observations. Laparoscopic approach
causes less surgical stress, less increase of cytokines and
less impairment of insulin sensitivity which may be benefi-
cial factor for faster postoperative recovery.
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