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Abstract
Objective: To evaluate the effect of chronic pancreatitis (CP) and exocrine insufficiency of
the pancreas on the carotid intima media thickness (cIMT) in patients with type 2 diabetes
mellitus (DM-2). Materials and methods: 91 patients were examined, they were divided into
groups: group 1 – patients with DM-2 (n=31), group 2 – DM-2 combined with CP (n=60).
Fasting plasma glucose (FPG), HbA1c, immunoreactive insulin (IRI), HOMA-IR index,
C-reactive protein (CRP), serum α-amylase and fecal-1 elastase (FE-1) were assessed. In
order to assess the thickness of the cIMT, ultrasonography of the common carotid artery
was performed. The control group of healthy volunteers was representative by age and sex.
Results. In groups 1 and 2, the average value of cIMT was (1.02±0.1 vs. 1.21±0.15) mm.
The parameters of DM-2 management in groups 1 and 2 were (FPG 8.18±0.92 vs. 8.57±
1.2) mmol/l; HbA1c (7.23±0.21 vs. 7.49±0.36)%; IRI (20.31±0.9 vs. 22.53±1.2) μIU/ml;
HOMA-IR (6.55±1.5 vs. 8.38±2.2); PSA (1.3±0.12 vs. 6.77±0.31). HOMA-IR correlated
with: CRP (r=0.43, p <0.05 in group 1; r=0.61, p <0.05 in group 2); FE-1 (r = -0.55,
p <0.05 of group 2); and cIMT (r=0.42, p <0.05 in group 1; r=0.53, p <0.05 in group 2).
IRI have relationship with FE-1 (r=0.41, p <0.05 in group 1; r = -0.3, p <0.05 in group 2);
CRP (r=0.42, p <0.05 in group 1; r = -0.28, p <0.05 in group 2); HbA1c had close relationships
with cIMT (r=0.38, p <0.05 in group 1; r=0.51, p <0.05 in group 2); the relationship
between cIMT and CRP was related in group 2 (r=0.39, p <0.05); with α-amylase (r=0.2,
p <0.01 group 2). There was no significant relationship between cIMT and FE-1 in the
study. Conclusions: the obtained data allow concluding that hyperinsulinemia and insulin
resistance have a direct atherogenic effect on the walls of the blood vessels. It is established
that the accession of the inflammatory process leads to increasing development of
atherosclerotic lesions of the vessel, at the same time, the presence of exocrine dysfunction
of the pancreas does not have a significant direct effect on the cIMT.
Keywords: chronic pancreatitis type 2 diabetes mellitus, atherosclerosis, carotid intima media
thickness.
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Introduction
Modern medicine data show that the pancreas

due to a combination of incretory and excretory
functions is involved in all physiological processes
[1]. Therefore, any disturbance in pancreas
function, like chronic pancreatitis (CP) or type 2
diabetes mellitus (DM-2), leads to disturbance of
stability of the internal environment of the
organism. [2]. The problem of combined pathology
DM-2 and CP, which, according to statistic data,
is diagnosed in 28–36 % of patients with DM-2,

has attracted attention of scientists [3]. In the
study [4], main markers of presence DM-2 were
highlighted, as well as factors of formation CP in
DM-2 patients, the influence of excess body
weight, obesity, hyperglycemia and hyperlipidemia,
development of hyperinsulinemia and insulin
resistance (IR) was recognized as crucial. CP is
the result of long-term chronic inflammation and
fibrosis of the pancreas [5]. Parallel with CP
inflammatory processes the processes of athero-
genesis take place in patients with DM-2. The
pancreas is an organ that undergoes structural
and functional changes due to atherosclerotic
damage. Due to vascular lesions of atherosclerotic
origin in the islets of the pancreas, blood flow is
reduced and hypoxia is observed with a consistent
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functional decrease in beta-cells. The islets
undergo structural changes, accompanied by the
appearance of hyalinosis and loss of beta-cells.
According to D. Rosso et al. [6], 87.5% of
patients with DM-2 have thickening and stenosis
of the arterioles of the pancreas, and in 50 % –
lesions of the islets of Langerhans. Therefore,
development of CP in patients with DM-2 is just
a question of time. The aged-related pancreatic
changes are considered to be related to athero-
sclerosis (of small vessels) by few studies [7].
Researchers drew attention to the more frequent
lesions of the cardiovascular system in patients
with combine DM-2 and CP rather than isolated
disease and suggested the possibility of promoting
development of such lesions by CP [8]. Against
a background of various disorders of the metabolic
process, atherogenesis occurs not only locally in
the vessels of the pancreas, but also in other
vessels. That is why some authors have linked
cardiovascular events (CVE) to exocrine pancreatic
insufficiency [9]. Standard risk factors associated
with the development of CVE include age, high
blood pressure, higher body mass index (BMI),
and smoking which stimulate development of
atherogenesis as well [10]. Atherosclerosis is a
multifactorial disease involving the interplay of
many factors such as hyperlipidemic and
hyperglycemic states, inflammation, however, any
one of these alone is insufficient to produce an
atherosclerotic lesion that is why people with
combined diseases more likely to develop
atherosclerosis.

Ñarotid intima-media thickness (cIMT) is a
diagnostic marker of subclinical atherosclerosis
in the population [11]. According to numerous
studies, cIMT associated with prediction of
cardiovascular risk in population [12–14]. cIMT
has been correlated with CVE [15] and mortality
among people with chronic disease and DM [16].
In individuals with DM-2, CIMT has been
reported as a predictor of adverse cardiovascular
outcomes in previous longitudinal studies [17– 19].

According to statistic data, 75 % of patients
with DM-2 die from the causes associated with
atherosclerosis, namely, coronary heart disease,
ischemic stroke, heart failure [20, 21]. Researchers
note that the atherosclerotic vascular lesions in
people with DM-2 develop 7–10 years earlier than
in people without DM [22]. Thus, the frequency
of CVE in patients with DM-2 is associated with
atherosclerosis development and the inability to
compensate the changes caused by it [23, 24].

The risk of CVE in patients with combined
DM-2 and CP is many times higher, because

relationship between insulin resistance, hyperglycemia,
inflammation and development of atherosclerosis
is very complex and covers many factors. A
meta-analysis showed that an increase of cIMT
by 0.13 mm is associated with increasing risk of
CVE by almost 40% in patients with DM-2 [25].

In the available literature, we have not found
the data about relationship between exocrine
function of the pancreas and the development of
atherosclerosis in patients with DM-2 and CP,
which was the reason for this study.

2. Purpose, subjects and methods:
2.1. The purpose To evaluate the effect of

exocrine insufficiency of the pancreas and
parameters of carbohydrate metabolism on the
carotid intima media thickness in patients with
diabetes mellitus type 2 and chronic pancreatitis.

2.2. Subjects & Methods
The study involved 91 patients with DM-2

who were divided into groups: group 1included
the patients with DM-2 (n=31); group 2 – patients
with DM-2 and chronic pancreatitis (n=60). The
diagnosis of DM-2 was established based on the
local guidelines (based on the recommendations
of the European Association for Diabetes 2017).
The diagnosis of CP was established based on
local guidelines and recommendations of the
Association of European Gastroenterology (UEG)
for the diagnosis and management of CP 2017.
The control group included 20 age-matched
healthy individuals (10 men). All patients were
informed about the study procedure and signed a
written consent for participation.

In the study, the parameters of carbohydrate
metabolism compensation were determined:
fasting plasma glucose level (FPGL) – glucose
oxidant method, glycosylated hemoglobin (HbA1c)
by immunoturbidimetric method, immunoreactive
insulin (IRI) which was determined by the enzyme-
linked immunosorbent assay. The HOMA-IR index
was calculated using the formula – (FPGL*IRI)/22.
The functional state of the pancreas was determined
by the content of α-amylase in the blood plasma
and fecal elastase-1 (FE-1). The level of quantitative
C-reactive protein (CRP) was assessed. The body
mass index was calculated according to the
formula Kettle – body weight (kg) / height (m2).

cIMT was assessed using ultrasonography
(SIEMENS ACUSON S3000) in the proximal and
distal parts of the carotid artery. cIMT was
measured in B-mode, in the longitudinal section
of the artery 1–1.5 cm proximal to the bifurcation
along the posterior wall of the artery. The value
of the CIMT of the carotid artery was measured
three times on each side, and then the average
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value for the right and left carotid artery was
calculated on the basis of the obtained data from
the three-time measurement. The atherosclerotic
plague was considered to be a focal structure that
protrudes into the lumen of the vessel by 0.5 mm or
50% more than the value of the cIMT of the
adjacent areas of the artery, or an increase of
cIMT more than 1.3 mm. The thickness norm of
cIMT corresponded to the recommendations of
the European Society of Hypertension (ESH) and
the European Society of Cardiology (ESC) in 2013
and was 0.9 mm.

The obtained data were processed using the
package Statistica Basic Academic 13 for Windows
En. Quantitative indicators are given in the form
of median (Me) and interquartile range (LQ –
lower quartile, UQ – upper quartile), as well as
in the form of M ± m, where M is the sample
mean, m is the standard deviation. Kolmogorov-
Smirnov criterion was used to verify the compliance
of the distribution of quantitative indicators with
the normal law. Because the law of distribution
of numerical indicators differed from normal, non-
parametric statistical methods were used:
Kruskal-Wallis test (KWT) and Mann–Whitney
U-test (MWT). To determine the existence of
functional relationships between the parameters,
the nonparametric rank correlation coefficients
of Spearman (r) was calculated, which was
considered statistically significant at p < 0.05.
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3. Results & discussion
The main results of the study are presented

in the Table. The studied indicators significantly
depended on the group (CCU, p <0,05).

The obtained data of carbohydrate metabolism
suggest that accession of chronic pancreatitis
leads to more poor management of DM-2. FPGL
in group 1 is higher than in group 2 (8.18±0.92
vs. 8.57±1.2) mmol / l; management of DM not
only in short period of time is poor, but also during
a longer period of time according to HbA1c level
(7.23±0.21 vs. 7.49±0.36) %; IRI (20.31±0.9 vs.
22.53±1.2) μIU/ml; HOMA-IR (6.55±1.5 vs. 8.38
±2.2) μIU/ml*mmol/l. Poor management of DM-2
in group 2 can be explained by the fact of loss of
glucagon response to hypoglycemia and
disturbance of carbohydrate absorption. The signs
of inflammation were obtained in group 2. In
comparison to group1, group 2 in our study had
higher level of CRP (1.3±0.12 vs. 6.77±0.31). The
signs of pancreas exocrine disturbance were present
only in group 2: α-amylase 29.1 (26.39– 32) vs.
32.64 (29.15–35.40) g/g*L; and FE – 1 – 292.4
(271.1–302.27) vs. 137.51 (131.55–142.2) µg/g.
These results confirmed the presence of exocrine
pancreatic dysfunction in patients of group 2. In
groups 1 and 2 the average value of cIMT was

Indicators of carbohydrate metabolism, inflammation, functional state of the pancreas and
the level of adipocytokines and CMI ICA in the examined patients (Me (LQ–UQ))

Note. The difference is statistically significant (p <0.05) when comparing indicators:
*) – probable when comparing identical parameters in control patients;
***) – probable when comparing identical parameters between the groups 1 and 2.
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(1.02±0.1 vs. 1.21±0.15) mm with relatively equal
duration of DM-2 (9.02±1.85 vs. 9.61±2.13) in
the studied groups.

The correlation relationship between the
studied parameters was as follows: HOMA-IR
correlated with CRP (r=0.43, p <0.05 in group 1;
r=0.61, p <0.05 in group 2; FE-1 in group 2
r = -0.55, p <0.05; cIMT in group 1 r=0.42,
p <0.05; and in group 2 r=0.53, p <0.05. IRI
relationship was associated with: FE-1 r = 0.41,
p <0.05 in group 1; and r = -0.3, p <0.05 in group 2;
CRP (r=0.42, p <0.05 in group 1; r = -0.28,
p <0.05 in group 2; HbA1c had close relationships
with cIMT r = 0.38, p <0.05 in group 1; r=0.51,
p <0.05 in group 2, this finding can be explained
by the fact that HbA1c is a marker reflecting the
compensation of DM over a long period of time
in comparison to FPGL. However, the study
conducted by Gomez-Marcos MA et al. [25]
showed that HbA1c level did not correspond to
carotid atherosclerotic parameters in the overall
population without carbohydrate metabolism
disturbance. The relationship between cIMT and
CRP in our study was reliable in group 2 (r=0.39,
p <0.05), practically the same results were obtained
in the study conducted by Magdalena Boncler et
al. [26], where CRP correlated with CVE. In our
case this relationship in group where patients have
chronic inflammation can be explain in the
following way: CRP plays a key role in all phases
of chronic inflammation and atherosclerosis as
well, CRP have directly influences the progression
of atherogenesis: such as complement activation,
apoptosis and thrombosis according to Elaine et al.
study [27]. In the same time, research by Steyers
CM et  al. [28] maintain that chronic inflammation
has been found to be associated with accelerated
atherosclerosis and increased risk of CVDs.

There was no significant relationship between
cIMT and FE-1 such as a sign of exocrine dysfunction
of the pancreas in any of the studied groups.

Conclusions
Many patients with DM-2 as the underlying

disease also suffer from CP, which remains
underestimated. It can be concluded that parameters
of carbohydrate metabolism (HOMA-IR, IRI,
HBA1c) are directly involved in progression of
atherosclerosis in DM-2 patients. These parameters
increase their influence in addition to the inflammatory
disease against a background of CP, the main ones
are IRI and FPG level. It was found that the
accession of chronic inflammatory process to the
existing DM-2 could lead to significant activation
of processes that stimulate the growth of cIMT
and enhance the development of atherosclerotic
lesions. At the same time, parameters of pancreatic
dysfunction (alpha-amylase, fecal elastase-1) do
not directly affect the state of cIMT, but they
influent on the success of DM-2 management.

Therefore, it can be argued that the deterioration
of the metabolic process, namely the existing
endocrine dysfunction, the disturbance in glucose
metabolism, represented by hyperglycemia,
hyperinsulinemia and insulin resistance, has a
direct atherogenic effect. The activity of the atherogenic
effect can be enhanced in the presence of exocrine
dysfunction of the pancreas, since there is an
acceleration of atherosclerotic changes in the
state of cIMT in patients with DM-2 and CP, which
doubles the risk of developing cardiovascular
diseases in such patients [29]. Thus, the relationship
between CP and CVD in patients with DM-2 appears
to exist, but its strength, mechanism of development
and importance of existence exocrine insufficiency
of the pancreas are not well understood yet in process
of atherogenesis, which requires further study.
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