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Abstract
In recent years, scientists are increasingly interested in the problem of influence of metabolic syndrome (MS) on gastrointesti-
nal diseases. The aim of the study was to investigate the structure and the function of the pancreas in patients with a combina-
tion of chronic pancreatitis and metabolic syndrome. The higher BMI by 17.14%, waist circumference by 21.49%, WHR by 17.14%, 
WTR by 9.52%, WAR by 9.37%, WHtR by 30.00% have been found in patients with comorbid CBP and MS in comparison with 
the same in patients with isolated CBP (p<0.05).Among the patients with CBP, the liver stiffness index was (6.88±0.24) kPa and 
it was significantly higher by 30.2% than that in the control group (p<0.05). In patients with CBP+MS, the liver stiffness index 
was (7.70±0.15) kPa, which was higher by 37.6% and 10.6% than that in the control group and patients with CBP, respectively 
(p<0.05). The pancreas stiffness index was (7.08±0.11) kPa in patients with CBP and MS and it was higher by 34.0% and 8.6% 
compared to the same indexes in healthy people and those suffering from CBP, respectively (p<0.05). The concentration of fecal 
α-elastase 1 in patients with CBP+MS was (114.52±2.79) μg/g, which was significantly lower than the same in patients with CBP 
without MS (158.60±5.55) μg/g (p<0.05). The obtained results proved an aggravating effect of comorbid metabolic syndrome 
on the structure of the liver and on the structure and function of the pancreas in patients with chronic biliary pancreatitis.
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Introduction

In recent years, scientists are increasingly interest-
ed in the problem of influence of metabolic syndrome 
(MS) on gastrointestinal diseases [1, 2]. This research 
direction is important and relevant, since pathological 
changes in the liver and the pancreas in MS, contrib-
ute to the progression of it and the development a lot of 
complications.

The prevalence of MS is quite high [2, 3]. Experts 
estimate that the number of adults with MS is 25–40% 
[3]. In industrialized countries, the prevalence of MS 
among the population over 30 years old is 10–20% [4].

Insulin resistance (IR) is the main factor contributed 
to MS [3, 5]. IR is a prognostic factor in the development 

of a number of diseases (ischemic heart disease, diabetes 
mellitus, hypertension), as well as an independent fac-
tor in the development of atherosclerosis [4–6]. In many 
cases, excess body weight is the trigger for IR [7].

Metabolic syndrome (MS) is a complex of metabol-
ic, hormonal, and clinical disorders that are linked by 
common pathogenetic links [6, 8].

About 15% of all people aged 40 to 75 years suffer 
from chronic pancreatitis (CP) [9–13] in combination 
with MS (impaired glucose tolerance or diabetes melli-
tus (DM) type 2, abdominal obesity, dyslipidemia, arte-
rial hypertension, hyperuricemia, microalbuminuria 
etc) [14, 15].

As the pancreas has exocrine and endocrine func-
tions, it takes part in many physiological processes [16–18]. 
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The unique value of the pancreas is producing a number 
of hormones, which are opposite in action and closely 
interact with each other, maintaining homeostasis in 
a dynamic equilibrium [2]. Therefore, diseases of the 
pancreas, including chronic pancreatitis (CP), are con-
sidered as diseases that affect on the exocrine and en-
docrine parts of the organ, which leads to homeostasis 
violation, metabolic disorders [19]. Endocrine insuf-
ficiency leads to the manifestation of metabolic dis-
orders; and damage of acinar cells and pancreas ducts 
correlates with a endocrine dysfunction [7]. Therefore, 
a violation of the interrelationships of these pancreas 
functions can lead to chronic pancreatitis (CP), while 
the cause will be metabolic disorders that lead to IR and 
compensatory hyperinsulinemia [2, 20, 21].

Comorbid pathologies complicate each other’s 
clinical course, leads to difficulties in diagnosis and a 
treatment strategy, and significantly worsen the pa-
tient’s quality of life [5, 22]. An important clinical and 
social problem is the necessity of improving diagnosis 
and treatment of diseases associated with MS, as they 
lead to early disability and high mortality [1, 4, 23, 24].

The aim of the study was to investigate the struc-
ture and the function of the pancreas in patients with 
chronic pancreatitis and metabolic syndrome. 

Material and methods

A number of 137 patients with chronic biliary pan-
creatitis (CBP) were examined. Patients were divided 
into 2 groups: the main group included 115 patients 
with CBP in combination with MS; the comparison 
group included 22 patients with isolated CBP. Control 
group consisted of 20 practically healthy people. 

The average age of the patients was (52.4±3.2) 
years. The patients were representative in terms of age, 
sex, disease duration, and socio-economic conditions. 
Examination of patients was carried out with their 
consent. The average duration of CBP was (7.7±2.4) 
years. The presence of MS was assessed according to 
the guidelines of the National Heart, Lung and Blood 
Institute (NHLBI) and the American Heart Association 
(AHA) in which at least 3 of the 5 MS criteria were diag-
nosed (increased waist circumference, elevated serum 
triglycerides (TG), decreased high-density lipoprotein 
(HDL), fasting hyperglycemia, high blood pressure). 
The diagnosis of CP was based on Marseille-Cambrige 
classification.

The structure of the liver and the pancreas was es-
timated by shear wave elasticity imagining (SWEI) us-

ing ultrasound device Ultima PA (“Radmyr”, Kharkiv, 
Ukraine) with a linear detector on frequency of 
2–5 MHz at depth of 10–50 mm.

Inclusion criteria in research study: presence 
of CP of biliary genesis, body mass index (BMI) over 
30.0 kg/m2, the ratio of waist circumference to hip 
circumference (WC/HC) over 1.0 for men and 0.8 for 
women, hypertension and/or carbohydrate metabo-
lism disorders.

Exclusion criteria in research study: diabetes mel-
litus requiring insulin and drug therapy, hepatitis and 
cirrhosis, including viral etiology, oncology, decom-
pensated pathologies, patients’ refusal to participate in 
research study.

The study was conducted according to World 
Medical Association Declaration of Helsinki “Ethical 
principles for medical research involving human sub-
jects” by the decision of the Ethics Committee of I. Hor-
bachevsky Ternopil National Medical University of the 
Ministry of Health of Ukraine (protocol № 6/2021).

The blood glucose level and HbA1c were calculated 
according to generally accepted criteria. HOMA-IR was 
calculated according to the formula:

HOMA-IR = fasting insulin × fasting glucose/22.5 (1)

The following obesity indices were used [25, 26]:
•	 WHR (waist-hip ratio). WHR is the ratio of the cir-

cumference of the waist to that of the hips. Nor-
mal WHR is <0.85 for women and <1.0 for men;

•	 WTR (waist-thigh ratio). WTR is the ratio of the 
circumference of the waist to that of the thigh. 
Normal WTR is <1.5 for women and <1.7 for men;

•	 WAR (waist-arm ratio). WAR is the dimension-
less ratio of the circumference of the waist to that 
of the arm. Normal WAR is <2.4 for all people;

•	 WHtR (waist-heigh ratio). WHtR is the dimen-
sionless ratio of the circumference of the waist 
to the heigh. Normal WHtR is <0.5 for all people.

Fecal elastase-1 was evaluated by enzyme-linked 
immunosorbent assay using ELASTASE 1-ELISA kits 
(BIOSERV). The severity of exocrine pancreatic in-
sufficiency (EPI) was evaluated according to the fecal 
elastase-1 level: severe EPI – <100 μg/g; moderate EPI – 
100–150 μg/g; mild EPI – 150–200 μg/g; normal pancre-
atic function (without EPI) is considered when fecal 
elastase-1 level is >200 μg/g.

Statistical processing of the obtained research 
data was processed using the software Excel (Micro-
soft, USA) and Statistica.10.1 (StatSoft USA), using the 
Mann-Whitney U-test and the Student’s test (t). When 
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a P-value was less than 0.05, the results were considered 
statistically significant.

Results 

Table 1 shows the parameters of glucose metabo-
lism, which can be used to characterize the endocrine 
function of the pancreas in patients with CBP and MS.

The statistically significant higher HbA1c level was 
found in patients with CBP and comorbid MS compared to 
the same in patients with CBP [(6.10±0.14) % vs. (5.47±0.15) 
%]. Also, the significantly higher HbA1c level was found 
in patients with isolated CBP compared to that in the con-
trol group, which with a high degree of probability can 
indicates on high risk of the developing of pre-diabetes, 
while in patients with CBP+MS the HbA1c level was be-
tween 5.7% and 6.4%, which is considered pre-diabetes. 
Also the significantly higher blood glucose level was es-
tablished in patients with CBP+MS [(5.99±0.29) mmol/l 
compared to the same in patients with CBP (5.31±0.12) 

mmol/l]. ThesSignificantly higher HOMA-IR was also 
found in patients with CBP+MS compared to the same in 
patients with CBP (p<0.05) – 2.60±0.10 vs. 1.84±0.09.

The significantly higher HOMA-IR level was also 
found in patients with CBP+MS compared to the same 
in patients with CBP (2.60±0.10 vs. 1.84±0.09, p<0.05). 
HOMA-IR level in patients with CBP+MS was abnormal 
(optimal values are considered to be 1.7–2.0), which con-
firmed the presence of IR in patients with comorbidity, 
while in patients with isolated CBP this parameter was 
normal. Table 2 shows anthropometric parameters of 
patients with CBP and MS.

The significantly higher BMI, waist circumference, 
and abdominal obesity indices were found in patients 
with CBP+MS compared to the same in patients with 
CBP (p<0.05).

The higher BMI by 17.14%, waist circumference by 
21.49%, WHR by 17.14%, WTR by 9.52%, WAR by 9.37%, 
WHtR by 30.00% have been found in patients with co-
morbid CBP and MS in comparison with the same in pa-
tients with isolated CBP (p<0.05).

Table 1: Comparative analysis of glucose metabolism parameters of patients with CBP and MS.

Note: * – statistically significant difference between index in CBP and MS group, CBP group compared to that in 
the control group (p<0.05); ** – statistically significant difference between index in CBP and MS group compared 
to that in CBP group (p<0.05).

Glucose metabolism parameter
Groups of comparison

Control group (n=20) CBP (n=22) CBP+MS (n=115)

Fasting blood glucose, mmol/l 4.70±0.11 5.31±0.12* 5.99±0.29**

HbA1c, % 4.55±0.11 5.47±0.15* 6.10±0.14**

HOMA-IR 1.47±0.07 1.84±0.09 2.60±0.10**

Table 2: Anthropometric parameters of patients with CBP and MS.

Note: * – statistically significant difference between index in CBP and MS group, CBP group compared to that in 
the control group (p<0.05); ** – statistically significant difference between index in CBP and MS group compared 
to that in CBP group (p<0.05).

Parameter Normal range Control group (n=20)
Groups of comparison

CBP (n=22) CBP+MS (n=115)

BMI, kg/m2 18.5–24.9 23.46±0.68 25.58±1.06 31.84±0.34**

Waist circumference, cm ≤94 in men 
≤80 in women 77.30±2.59 79.76±1.79 101.60±0.82**

WHR <1.0 in men 
<0.85 in women 0.79±0.01 0.87±0.02 1.05±0.02**

WTR <1.7 in men  
<1.5 in women 1.60±0.03 2.09±0.03* 2.31±0.04**

WAR <2.4 2.45±0.03 2.90±0.02* 3.20±0.01**

WHtR <0.5 0.45±0.01 0.42±0.02 0.60±0.01**
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All of the above indicate on the presence of excess 
body weight and obesity in patients with CBP, which 
was more significant in those patients with MS.

In addition to standard ultrasound, the structure 
of the liver and the pancreas, was estimated by share 
wave elasticity imaging- SWEI (Table 3).

In the control group, the liver stiffness index and 
pancreas stiffness index were (4.80±0.24) kPa and 
(4.67±0.12) kPa, respectively. That’s mean that the 
structure of the liver and the pancreas had no changes.

Among the patients with CBP, the liver stiffness 
index was (6.88±0.24) kPa and it was significantly high-
er by 30.2% than that in the control group (p<0.05). In 
patients with CBP+MS, the liver stiffness index was 
(7.70±0.15) kPa, which was higher by 37.6% and 10.6% 
than that in the control group and patients with CBP, 
respectively (p<0.05). The pancreas stiffness index was 
(7.08±0.11) kPa in patients with CBP and MS and was 
higher by 34.0% and 8.6% compared to the same index-
es in healthy people and those suffering from CBP, re-
spectively (p<0.05).

It was also found that the liver stiffness index was 
significantly higher than the pancreas stiffness index 
(p<0.05) in the patients with CBP and MS.

The concentration of fecal α-elastase 1 in patients 
with CBP+MS was (114.52±2.79) μg/g, which was signif-
icantly lower than the same in patients with CBP with-
out MS (158.60±5.55) μg/g (p<0.05).

Discussion

The increased blood glucose level and HbA1c in-
dicate the aggravating role of MS on the formation of 
endocrine insufficiency in patients with chronic pan-
creatitis and motivates for early investigation of DM 
markers in CBP in combination with MS. The signifi-
cantly higher HOMA-IR level in patients with CBP+MS 
compared to that in patients with isolated CBP confirms 
the presence of IR in patients with the comorbidity.

Patients with CBP and MS had significantly in-
creased stiffness indices of both the pancreas and the 
liver (p<0.05) in comparison with such patients with-
out comorbid MS. The presence of comorbid MS not 
only aggravated the course of CBP, but also led to an in-
creased structural damage of the liver and the pancreas 
and their influence on each other.

In patients with CBP and MS, the pancreas stiff-
ness index was significantly lower than that of the liver 
(p<0.05), which indicates more severe damage of liver 
parenchyma compared to the pancreas parenchyma.

Assesment of exocrine function of the pancreas 
showed a mild degree of EPI in patients with CBP while 
medium degree in patients with CBP and comorbid MS. 
More severe EPI in patients with CBP and MS compared 
to the those patients without MS (p<0.05) indicates the 
aggravating effect of MS on the course of CP.

Conclusions

It was established that glucose metabolism disor-
ders were more severe in the patients with chronic bil-
iary pancreatitis combined with metabolic syndrome 
compare with those without obesity by the level of 
fasting blood glucose, HbA1c and HOMA-IR (by 11.54%; 
10.32% and 29.23%, respectively), which proved more 
severe endocrine dysfunction in formation of diabetes 
mellitus in combination of chronic pancreatitis and 
metabolic syndrome.

It was established significantly higher BMI, waist 
circumference, and indices of abdominal obesity 
which indicate the presence of fat metabolism disor-
ders, excess body weight and abdominal obesity in pa-
tients with chronic biliary pancreatitis and metabolic 
syndrome.

More significant structural disorders of the liver 
and the pancreas (increased stiffness indexes by 10.64% 
and 8.61%, p<0.05, respectively) were established (ac-
cording to share wave elasticity imaging data) in patients 

Table 3: Indices of liver stiffness and pancreas stiffness in patients with CBP and MS.

Note: * – statistically significant difference between index in CBP and MS group, CBP group compared to that in the 
control group (p<0.05); ** – statistically significant difference between index in CBP and MS group and that in CBP 
group (p<0.05); *** –statistically significant difference between the liver stiffness index and the pancreas stiffness 
index in patients with CBP+MS (p<0.05).

SWEI index Control group (n=20)
Groups of comparison

CBP (n=22) CBP+MS (n=115)

Liver, kPa 4.80±0.24 6.88±0.24* 7.70±0.15***

Pancreas, kPa 4.67±0.32 6.47±0.29* 7.08±0.11**
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with chronic biliary pancreatitis with comorbid meta-
bolic syndrome.

It was established more severe exocrine pancreatic 
insufficiency in patients with chronic biliary pancrea-
titis and metabolic syndrome compared to those with-
out metabolic syndrome by the level of fecal α-elastase 
1 (by 27.8%, p<0.05).

The obtained results proved an aggravating effect 
of comorbid metabolic syndrome on the structure of 
the liver and on the structure and function of the pan-
creas in patients with chronic biliary pancreatitis.

Conflict of interest

The authors declare no conflict of interest.

References

1.	 Després JP, Lemieux I. Abdominal obesity and metabolic syn-
drome. Nature. 2006. 444(7121):881–887. DOI: 10.1016/j.athero-
sclerosis.2012.05.016

2.	 Khrystych TN, Hontsaryuk DA. Khronichnyy pankreatyt 
pry komorbidnomu perebihu z metabolichnym syndromom. 
Vesnyk kluba pankreatolohov. 2019. 2 (43): 15–19.

3.	 Ferfetsʹka KV, Fediv OI. Rolʹ metabolichnoho syndromu v roz-
vytku khronichnoho pankreatytu (ohlyad literatury). Buk-
ovynsʹkyy medychnyy visnyk. 2013. 17(2): 174-178.

4.	 Bi Y, Wang J-L, Li M.-L. et al. The association between pancreas 
steatosis and metabolic syndrome: A systematic review and me-
ta-analysis. Diabetes/Metabolism Research and Reviews. 2019. 
35 (5): e3142 DOI: 10.1002/dmrr.3142

5.	 Babinets LS, Melnyk NA. Comparative analysis of life quality 
parameters of patients with a combination of stable coronary 
artery disease and metabolic syndrome. Romanian Journal of 
Diabetes Nutrition and Metabolic Diseases. 2022. 29(2): 167–172. 
10. DOI: 10.46389/rjd-2022-1088

6.	 Koh JC, Loo WM, Goh KL. et al. Asian consensus on the relation-
ship between obesity and gastrointestinal and liver diseases. 
Journal of Gastroenterology and Hepatology. 2016. 31:1405–1413. 
DOI: 10.1111/jgh.13385

7.	 Girman CJ, Kou TD, Cai B et al. Patients with type 2 diabetes 
mellitus have higher risk for acute pancreatitis compared with 
those without diabetes. Diabetes, Obesity and Metabolism. 
2010.12(9):766–771. DOI: 10.1111/j.1463-1326.2010.01231.x

8.	 Uygun A, Kadayifci A, Demirci H. et al. The effect of fatty pan-
creas on serum glucose parameters in patients with nonalcohol-
ic steatohepatitis. European Journal of Internal Medicine. 2015. 
26: 37–41. DOI: 10.1016/j.ejim.2014.11.007

9.	 DiMagno EP, DiMagno MJ. Chronic pancreatitis: landmark pa-
pers, management decisions, and future. Pancreas. 2016. 45(5): 
641– 650. DOI: 10.1097/MPA.0000000000000599

10.	 DiMagno MJ, DiMagno EP. Chronic pancreatitis. Current Opin-
ion in Gastroenterology. 2012. 28(5):523-31. DOI: 10.1097/01.mog. 
0000175543.42582.55

11.	 Domínguez-Muñoz JE, Phillips M. Nutritional therapy in 
chronic pancreatitis. Gastroenterology Clinics of North Amer-
ica. 2018.47(1):95-106. DOI:10.1016/j.gtc.2017.09.004

12.	 Lohr JM, Dominguez-Munoz E, Rosendahl J. et al. United Eu-
ropean Gastroenterology evidence-based guidelines for the 
diagnosis and therapy of chronic pancreatitis (HaPanEU). Unit-
ed European Gastroenterology Journal. 2017. 5:153–199. DOI: 
10.1177/2050640616684695

13.	 Rodrigues E, Caldeira A., Soares JB. et al. Clube Portugues do 
Pancreas Recommendations for Chronic Pancreatitis: Etiology, 
Natural History, and Diagnosis (Part 1). Portugese Journal of 
Gastroenterology. 2019. 26: 346–355. DOI: 10.1159/000497388

14.	 Babinets LS, Kytsai KY, Kotsaba YY et al. Improvement of the 
complex medical treatment for the patients wіth chronic biliary 
pancreatitis. Wiadomosci lekarskie. 2017. 70(2):213-216. 

15.	 Scherer J, Singh VP, Pitchumoni CS, Yadav D. Issues in hyper-
triglyceridemic pancreatitis: an update. Journal of Clinical Gas-
troenterology. 2014. 48(3):195–203. DOI: 10.1159/000497388

16.	 Dominguez-Muñoz JE. Management of pancreatic exocrine in-
sufficiency. Current Opinion in Gastroenterology. 2019. 35 (5): 
455-459 DOI: 10.1097/MOG.0000000000000562

17.	 Habtezion A. Inflammation in acute and chronic pancreatitis. 
Current Opinion in Gastroenterology. 2015. 31(5):395–399. DOI: 
10.1097/MOG.0000000000000195

18.	 Kromrey M-L, Friedrich N, Hoffmann R-T et al. Pancreatic Ste-
atosis Is Associated with Impaired Exocrine Pancreatic Func-
tion. Investigative Radiology. 2019. 54: 403–408. DOI: 10.1097/
RLI.0000000000000554

19.	 Lohr JM, Oliver MR, Frulloni L. Synopsis of recent guidelines 
on pancreatic exocrine insufficiency. United European Gastro-
enterol Journal. 2013. l(2):79-83. DOI: 10.1177/2050640613476500

20.	 Chan TT, Tse YK, Lui RN-S. et al. Fatty Pancreas Is Independent-
ly Associated with Subsequent Diabetes Mellitus Develop-
ment: A 10-Year Prospective Cohort Study. Clinical Gastroen-
terology and Hepatology. 2021. 20: 2014–2022. DOI: 10.1016/j.
cgh.2021.09.027

21.	 Redkva OV, Babinets LS, Нalabitska IM. Evaluation of parame-
ters of actual typical pathogenetic syndromes in comorbidity of 
type 2 diabetes mellitus and chronic pancreatitis. Wiadomosci 
lekarskie. 2021. 7(10): 2557–2559.

22.	 Alkully T, Darr U, Renno A et al. Su1327 Endoscopic Ultrasound 
Findings of Fatty Pancreas; Incidence, Etiology, and Clinical 
Implication. Gastrointestinal Endoscopy. 2016. 83(5):AB353 
DOI:https://doi.org/10.1016/j.gie.2016.03.900

23.	 Majumder S, Philip NA, Takahashi N. et al. Fatty Pancreas: 
Should we be concerned? Pancreas. 2017. 46: 1251–1258. DOI: 
10.1097/MPA.0000000000000941

24.	 Melitas C, Meiselman M. Metabolic Pancreatitis: Pancreatic 
Steatosis, Hypertriglyceridemia, and Associated Chronic Pan-
creatitis in 3 Patients with Metabolic Syndrome. Case Reports in 
Gastroenterology. 2018. 12:331–336. DOI: 10.1159/000490042

25.	 Danielsson O, Nissine MJ, Jula a et al. Waist and hip circumfer-
ence are independently associated with the risk of liver disease 
in population-based studies. 2021. Liver international. 41(12): 
2903-2913 DOI: 10.1111/liv.15053

26.	 Yu Q., Pang B., Liu R. et al. Appropriate Body Mass Index and 
Wairst-hip Ratio Cutoff Points for Overweight and Obesity in 
Adults of Nothest China. Iran Journal of Public Health. 2017. 46 
(8): 1038–1045.


