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ABSTRACT

Alm: To investigate changes in cholecystokinin (CCK) levels after cholecystectomy in patients with IBS and increased on body mass index (BMI).
Materials and Methods: We examined and treated 57 patients. The examined patients were divided into two groups depending on the method of chole-
cystectomy: group 1 included 35 patients who underwent laparoscopic cholecystectomy (LCE), and group 2 consisted of 22 patients who underwent open

cholecystectomy (OCE). The level of CCK was determined in blood serum.

Results: A correlation was established between BMI and the clinical form of IBS, namely, in patients of group 1, overweight correlated with IBS-D (r=0.86;
p<0.01), while in patients of group 2, obesity of the 3rd degree correlated with IBS-constipation (IBS-C) (r=0.90; p<0.01). A significant increase in the level
of CCKin the blood serum of the examined patients with IBS and anorexia was established even before the CE.

Condlusions: In patients with IBS and GSD, an increase in the level of CCK in the blood serum was found, which increases maximally during cholecystectomy,
especially its open form. A positive correlation was established between the level of CCK and the form of IBS, namely r=0.90; p<0.01 for patients with IBS-
diarrhoea and r=0.96; p<0.01 for patients with IBS-constipation after cholecystectomy.
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INTRODUCTION

Gallstone disease (GSD) are acommon gastrointestinal
disease and one of the main causes of hospitalisation,
which is associated with a significant burden on health
and the economy. The prevalence and incidence rates
are approximately 15.0 % and 0.6 % per year, respec-
tively [1].

Gallstone disease is more common in patients with
excess body weight [2]. The main risk factor associated
with the development of this disease is central obesity,
and given the increasing prevalence of overweight and
obesity worldwide, the prevalence of GSD is expected
to continue torise. Gallstone disease has a high medical
burden due to its treatment, which is mainly surgical [3].

Obesity is recognised as a major risk factor for gall-
stone disease, but this disease has also been described
in patients who are not obese. Therefore, it should be
noted that the development of GSD is determined by
a combination of various modifiable risk factors, such
as physical inactivity, diet, medication and body mass
index (BMI), as well as non-modifiable risk factors,
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such as age, ethnicity, genetics, gender and number of
births. The most common type of stones that form in
obese and non-obese patients are cholesterol stones
(>90%), which are formed as a result of cholesterol
metabolism products and cholesterol oversaturation
of bile. However, other processes are also involved in
the pathophysiology of this disease [3, 4].

The development of GSD is also associated with an
imbalance between the liver, gallbladder and intestine,
where cholesterol synthesis occurs. Changes in these
processes are caused by an imbalance in the transport
of bile lipids, cholesterol esterification enzymes, regu-
latory signalling pathways, and gallbladder motility [3].

Epidemiological studies have shown that 12-43%
of patients with irritable bowel syndrome-diarrhoea
(IBS-D) have excessive bile acid excretion, and nearly
25% of patients with IBS-D suffer from bile acid malab-
sorption [5]. Analysis of bile acid profiles in the faeces
of patients with IBS showed that bile acid levels were
higher in patients with IBS-D and lower in patients with
IBS-constipation (IBS-C) than in healthy control groups
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[6]. Therefore, bile acids play an important role in the
pathology of IBS [7, 8]. Cholecystectomy has a direct ef-
fect on bile acid metabolism [7, 9]. Studies have shown
a higher incidence of IBS in patients with cholelithiasis
and in those with a history of cholecystectomy [10].

Therefore, research into various biologically active
substances that affect gastrointestinal motility in pa-
tients with obesity and IBS after cholecystectomy is
relevant.

AIM

The aim to investigate changes in cholecystokinin
levels after cholecystectomy in patients with IBS and
increased BMI.

MATERIALS AND METHODS

We examined and treated 57 patients with GSD who
had an increased BMI in combination with various
clinical variants of IBS. All patients underwent chole-
cystectomy (CE) in the surgical department No. 1 of the
Municipal Non-Profit Enterprise «St. Martin’s Hospital».

Among the examined patients, there were 42 women
(73.7%), whose average age was 38.9+5.3 years; there
were 15 men (26.3%), whose average age was 42.5+4.4
years.The control group included 20 healthy individuals
(15 (75.0%) women and 5 (43.3%) men). The average
age of women in the control group was 41.7+5.1 years,
and that of men was 39.31+4.7 years.

All examinations were conducted with patient ap-
proval (written authorization for relevant diagnostic
procedures and therapeutic interventions was secured
from every patient and control participant), implement-
ing comprehensive safeguards to maintain confidential-
ity of collected data. The research approach adhered to
the 1975 Helsinki Declaration on Human Rights and its
1983 amendments, the Council of Europe’s Convention
on Human Rights and Biomedicine, as well as Ukrainian
legal requirements.

The exclusion criteria were: age under 18 and over 75;
BMI corresponding to normal body weight or reduced
body weight; cholangiocellular carcinoma, pancreatic
cancer, colon cancer; systemic autoimmune diseases,
including primary sclerosing cholangitis; pulmonary
tuberculosis; mental illnesses that prevent adequate
assessment of the patient’s health and signing of in-
formed consent for diagnosis and treatment; pregnancy
and lactation.

All examined patients underwent general clinical,
anthropometric, instrumental, and laboratory examina-
tions. To confirm the diagnosis, the nature of the com-
plaints and medical history were described in detail.

2064

IBS diagnosis was established according to Rome
IV criteria and clinical recommendations from the
Ukrainian Gastroenterological Association for irritable
bowel syndrome patient management.

The anthropometric assessment involved measuring
height, weight, and waist circumference, with sub-
sequent BMI calculation. Based on WHO standards,
subjects were classified according to BMI ranges: severe
underweight (BMI <16.0); underweight (16.0-18.5); nor-
mal weight (18.5-24.9); overweight (25.0-29.9); Grade
| obesity (30.0-34.9); Grade Il obesity (35.0-39.9); and
Grade lll obesity (BMI >=40.0).

All participants received abdominal ultrasound scan-
ning following standard protocols, with particular focus
on hepatobiliary and biliary tract structures. Measure-
ments of gallbladder and common bile duct dimensions
were obtained, along with identification of the presence
or absence of gallbladder stones.

The examined patients were divided into two
groups depending on the method of cholecystec-
tomy: group 1 included 35 patients who underwent
laparoscopic cholecystectomy (LCE), and group 2
consisted of 22 patients who underwent open cho-
lecystectomy (OCE).

The level of cholecystokinin (CCK) was determined in
blood serum using an enzyme immunoassay with a test
system from ,Peninsula Laboratories” (USA).

Patient data analysis and result processing were ac-
complished using STATISTICA 10.0 statistical software
(StatSoft Inc, USA), applying parametric and non-para-
metric methods for statistical assessment of outcomes.

FRAMEWORK

The study was performed within the framework of
the scientific topics “Intra-abdominal hypertension
(symptoms, pathogenesis, prevention, treatment)
and its impact on the occurrence and development
of pathological syndromes and complicated course
of surgical diseases” researched by the Department
of Surgical Disciplines of State University “Uzhhorod
National University"

RESULTS
Before performing CE, the main clinical and
anthropometric features of the examined patients
were characterized. After analyzing the anthropometric
data, patients in both groups were divided according
to their BMI (Table 1).

As the results indicate, the vast majority of patients
in group 1 who underwent laparoscopic CE were
overweight, while among patients in group 2, grade 3
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Table 1. Indicators of BMI change in the examined patients

Examined patients, Absolute number / %

Indicator
1 group (n=35) 2 group (n=22)
Overweight 16/45.7 % _
Obesity — grade 1 10/28.6 % 3/13.6%
Obesity — grade 2 9/25.7 % 7/31.8%
Obesity — grade 3 12/54.6 %

Source: compiled by the authors of this study

Table 2. Characteristics of clinical forms of IBS in examined patients

Clinical forms of IBS

Examined patients, Absolute number / %

1 group (n=35)

2 group (n=22)

IBS-diarrhoea 19/54.3 % 5/22.7 %
IBS-constipation 9/25.7 % 13/59.1 %
IBS-mixed 5/143% 3/13.6%
IBS-unclassified 2/57% 1/4.6%
Source: compiled by the authors of this study
obesity was more common. These arguments served DISCUSSION

in favor of open HE in patients in group 2.

We also assessed the clinical form of IBS in our pa-
tients with GSD against the background of increased
BMI (Table 2).

It was found thatin group 1 of the examined patients,
IBS-D individuals predominated, while in group 2 of
patients, IBS-C was more common. A correlation was
established between BMI and the clinical form of IBS,
namely, in patients of group 1, overweight correlated
with IBS-D (r=0.86; p<0.01), while in patients of group 2,
obesity of the 3rd degree correlated with IBS-C (r=0.90;
p<0.01).

The level of CCKin the blood serum of the examined
patients was assessed before and after CE (Table 3).

A significant increase in the level of CCK in the blood
serum of the examined patients with IBS and anorexia
was established even before the CE. As the obtained
results indicate, open CE contributes to a more pro-
nounced increase in the level of CCK in these patients
(Table 4).

The analysis conducted indicates a relationship
between the change in the level of CCK in the blood
serum and the clinical form of IBS in the examined
patients. At the same time, in patients of group 1, the
correlation was established with the predominance of
diarrhea, while in patients of group 2 - constipation in
the examined patients with IBS and GSD.

Therefore, the study of changes in the level of
regulatory gastrointestinal hormone in patients
with GSD and IBS may open new perspectives on
the development and progression of comorbid
pathology.

A study by Peng D. et al (2024) highlights the potential
increase in therisk of developing IBS after cholecystec-
tomy. The role of many factors in this regard remains
unclear, requiring further research to confirm the causal
relationship and study the underlying mechanisms [11].

The small intestine hormone CCK is known to be
the primary stimulator of gallbladder contraction
after a meal. Reduced gallbladder motility may lead
to gallstone formation by nucleation of cholesterol
into solid cholesterol monohydrate crystals when
the cholesterol saturation index in gallbladder bile
exceeds the solubility limit. In addition, impaired
gallbladder motility has been observed in patients with
cholesterol gallstones. These observations have led to
the suggestion that reduced plasma CCK levels may
contribute to the development of cholelithiasis [12].

On the other hand, Simrén M et al. (2018) found that
mucosal and plasma CCK levels were significantly high-
er in IBS patients than in controls. Abdominal pain was
identified as the dominant symptom in IBS patients,
and pain scores, pain symptoms, and pain frequency
were positively correlated with mucosal and plasma
CCKlevels [13, 14].

Another study evaluated the sensory impact on
serosal and mucosal receptors in IBS (12 patients with
IBS underwent a procedure of gradual rectal stretching
during infusion of CCK and placebo in random order).
Ten other healthy individuals from the control group and
ten patients with IBS underwent intermittent stretching
during infusion of CCK and placebo in random order.No
differences in rectal elasticity during stretching were
found between patients with IBS and the control group.
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Table 3. Level if CCK in blood serum in examined patients

Level of CCK, ng/ml
Examined patients After CE
Before CE
day 1 day 7 day 14 day 21
Control group (n=35): 0.67+0.04
1 group (n=35) 0.98+0.05* 2.86+0.09 2.03+0.07 1.85+0.06 1.44+0.04
2 group (n=22) 1.05+0.09% 3.41+0.08 4.11£0.10 3.46+0.08 2.96+0.07
+ ++ ++ ++

Note: the difference between the control group and the group examined is significant; * — p<0.05; ** — p<0.01; the difference between the groups of
examined patients is significant; + — p<0.05; ++ — p<0.01
Source: compiled by the authors of this study

Table 4. Comparison of CCK levels with the clinical variant of IBS in examined patients
Level of CCK, ng/ml

Clinical forms of IBS 1 group (n= 35) 2 group (n=22)
Before CE After CE (day 1) Before CE After CE (day 1)
IBS-diarrhoea r=0.76; p<0.01 r=0.90; p<0.01 _ _

IBS-constipation

Source: compiled by the authors of this study

r=0.84; p<0.01 r=0.96; p<0.01

CCK did not affect the perception of urgeand paininthe  perspectives for a deeper study of the pathogenetic
control group and patients with IBS. Similar results were  mechanisms of the course of comorbid pathology.
obtained during intermittent stretching, but at higher

stretching pressures, CCK significantly increased rectal

sensitivity in patients with IBS. The authors concluded CONCLUSIONS

thatinfusion of exogenous CCKto plasma levels typically 1. In patients with IBS and GSD, an increase in the

observed in the postprandial state did not affect rectal level of CCK in the blood serum was found, which

motor function or sensation during distension, but sig- increases maximally during cholecystectomy,

nificantly increased pain sensation in patients with IBS especially its open form.

during rapid intermittent distension [15]. 2. A positive correlation was established between the
Our results also indicate an increase in the level of CCK level of CCK and the form of IBS, namely r=0.90;

in patients with IBS, especially in the early stages of the p<0.01 for patients with IBS-diarrhoea and r=0.96;

postoperative period in GSD. Therefore, the study of p<0.01 for patients with IBS-constipation after cho-

the level of gastrointestinal hormones may open new lecystectomy.

REFERENCES

1. Wang X, Yu W, Jiang G et al. Global Epidemiology of Gallstones in the 21st Century: A Systematic Review and Meta-Analysis. Clin
Gastroenterol Hepatol. 2024;22:1586—1595. doi:10.1016/j.cgh.2024.01.051. Cbol&

2. SunK, Kyung S, Soo C, Seong J. Big data and analysis of risk factor for gallbladder disease in the young generation of Korea. PLoS One.
2019;14(2):1-13. doi: 10.1371/journal.pone.0211480. (pore

3. Parra-Landazury NM, Cordova-Gallardo J, Méndez-Sanchez N. Obesity and Gallstones. Visc Med. 2021;37(5):394-402. doi:
10.1159/000515545. (poi&

4. Kharga B, Sharma BK, Singh VK et al. Obesity not necessary, risk of symptomatic cholelithiasis increases as a function of BMI. J Clin Diagn
Res. 2016;10(10):PC28-32. doi: 10.7860/JCDR/2016/22098.8736. ‘pol&

5. Peleman C, Camilleri M, Busciglio | et al. Colonic Transit and Bile Acid Synthesis or Excretion in Patients With Irritable Bowel Syndrome-
Diarrhea Without Bile Acid Malabsorption. Clin Gastroenterol Hepatol. 2017;15(5):720-727.e1. doi: 10.1016/j.cgh.2016.11.012.

DOI

6. Zhao J, Tian L, Xia B et al. Cholecystectomy is associated with a higher risk of irritable bowel syndrome in the UK Biobank: a prospective
cohort study. Front. Pharmacol. Sec. Gastrointestinal and Hepatic Pharmacology. 2023;14. doi:10.3389/fphar.2023.1244563. (bol&

7. Hu H, Shao W, Liu Q et al. Gut microbiota promotes cholesterol gallstone formation by modulating bile acid composition and biliary
cholesterol secretion. Nat Commun. 2022;13(1):252. doi: 10.1038/s41467-021-27758-8. (boi&

2066


https://www.cghjournal.org/article/S1542-3565(24)00205-2/fulltext
https://www.cghjournal.org/article/S1542-3565(24)00205-2/fulltext
https://doi.org/10.1016/j.cgh.2024.01.051
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
https://doi.org/10.3389/fphar.2023.1244563
http://www.doi.org/
http://www.doi.org/

Level of cholecystokinin after cholecystectomy in patients with irritable bowel syndrome and obesity

10.

11.

12.

13.

14.

15.

. GuY,LiL, Yang M et al. Bile acid-gut microbiota crosstalk in irritable bowel syndrome. Crit Rev Microbiol. 2023;49 (3):350-369. doi:

10.1080/1040841X.2022.2058353. <poi&

. MaY, QuR, Zhang Y et al. Progress in the Study of Colorectal Cancer Caused by Altered Gut Microbiota After Cholecystectomy. Front

Endocrinol (Lausanne). 2022;13:815999. doi: 10.3389/fend0.2022.815999. (boi&

de Jong JJ, Latenstein (SS, Boerma D et al. Functional Dyspepsia and Irritable Bowel Syndrome are Highly Prevalent in Patients With
Gallstones and Are Negatively Associated With Outcomes After Cholecystectomy: A Prospective, Multicenter, Observational Study
(PERFECT - Trial). Ann Surg. 2022;275(6):766-e772. doi: 10.1097/SLA.0000000000004453. <ol

Peng D, Yang S, Zhai H. The causal relationship between cholecystectomy and IBD/IBS and the role of bile acids and gut microbiota: a
two-sample Mendelian randomization study. Int J Colorectal Dis. 2024:39:149. doi: 10.1007/500384-024-04726-4. (bol&

Shahid RA, Wang DQ, Fee BE et al. Endogenous elevation of plasma cholecystokinin does not prevent gallstones. Eur J Clin Invest.
2015;45(3):237-46. doi: 10.1111/eci.12400. boi&

Simrén M, Tornblom H, Palsson 0S et al. Visceral hypersensitivity is associated with Gl symptom severity in functional Gl disorders:
consistent findings from five different patient cohorts. Gut. 2018;67:255—-262. doi: 10.1136/gutjnl-2016-312361. <pol

Qin G, Zhang Y, Yao SK. Serotonin transporter and cholecystokinin in diarrhea-predominant irritable bowel syndrome: Associations with
abdominal pain, visceral hypersensitivity and psychological performance. World J Clin Cases. 2020;8(9):1632-1641. doi: 10.12998/wijcc.
v8.i9.1632. (0@

van der Schaar PJ, van Hoboken E, Ludidi S, Masclee AAM. Effect of cholecystokinin on rectal motor and sensory function in patients
with irritable bowel syndrome and healthy controls. Colorectal Desaese. 2013;15(1):e29-e34. doi: 10.1111/codi.12034. ‘pol&

CONFLICT OF INTEREST
The Authors declare no conflict of interest

CORRESPONDING AUTHOR

Stanislav M. Mushak

Uzhhorod national university

148 Sobraniecka St., 88000 Uzhhorod, Ukraine
e-mail: stas.myshak@gmail.com

ORCID AND CONTRIBUTIONSHIP

Stanislav M. Mushak: 0009-0007-8376-6448 & ¢
Stepan S. Sirchak: 0009-0001-8049-8464 A F
Olgha M. Vaynahiy: 0000-0001-5143-9724 8 ¢
Olesia P. Balazh: 0000-0001-7559-0672 8 'k

Vasilij I. Griga: 0000-0003-3666-8910 '8

Lyubov Yu. Pushkash: 0000-0003-4651-4608 B
Emiliya Arhij: 0000-0002-2342-6747 & ¥

A —

Work conceptand design, ‘B —Data collection and analysis, ‘¢ —Responsibility for statistical analysis, ' —Writing the article, ‘e —Critical review, ‘F — Final approval of the article

RECEIVED: 22.05.2025
ACCEPTED: 19.09.2025 CREATIVE COMMONS 4.0

2067


http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
https://onlinelibrary.wiley.com/authored-by/van+der+Schaar/P.+J.
https://onlinelibrary.wiley.com/authored-by/van+Hoboken/E.
https://onlinelibrary.wiley.com/authored-by/Ludidi/S
https://onlinelibrary.wiley.com/authored-by/Masclee/A.+A.+M.
https://doi.org/10.1111/codi.12034
http://www.doi.org/
mailto:stas.myshak@gmail.com
https://orcid.org/0000-0001-5143-9724
https://orcid.org/0000-0003-3666-8910%20ResearcherID AAC-6640-2019
https://orcid.org/0000-0003-4651-4608

