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ABSTRACT

The aim: Is to determine the peculiarities of changes in the gastric acid secretion against the background of diabetic autonomic neuropathy and autonomic dysfunction in
patients with chronic pancreatitis (CP) and type 2 diabetes (T2DM).

Materials and methods: We investigated 64 patients with CP and T2DM, who were included in the first group of the patients examined; Group Il consisted of 40 patients with
T2DM; and Group IIl of the patients examined consisted of 34 patients with CP.

Results: Differences were found in assessing the degree of autonomic nervous system (ANS) dysfunction in the examined patients, namely — the most pronounced ANS
dysfunction according to the Wayne questionnaire was diagnosed in patients Group |, while patients of Group III. Analysis of gastric acid secretion indicates that no patients
of Group Il had normal acidity. Normal acidity is more often found in the second group of subjects. Both in patients with CP and T2DM, and in isolation with CP, moderate
hyperacidity was more often determined.

Conclusions: The predominance of the parasympathetic division of the ANS, as well as manifestations of severe ANS dysfunction, are observed in patients with CP and T2DM.
The prevalence of gastric hyperacidity on the background of DAN was established in patients with CP and T2DM. In this case, the absence of clinical symptoms or their minimal
severity is determined, which indicates the lesion of the digestive tract in these patients.
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INTRODUCTION

Diabetes mellitus (DM) is a specific disease, on the back-
ground of which there has been an increase in comorbid
pathologies in the recent years. Diabetes accounts for
disruption of all types of substances of metabolism and
affects all organs and systems of the body including the
digestive system (esophagus, stomach, intestine, liver
and pancreas) [1]. Of particular interest is the study of the
combined course of chronic pancreatitis (CP) and diabetes
(DM) simultaneously affecting two different functions of
the same organ [2, 3].

Chronic pancreatitis (CP) is one of the most complex
polyethiological and polymorbid diseases [4]. The sum-
mation and potentiation of adverse effects of risk factors
and the action of etiological factor of CP contribute to the
growth of its incidence rate and progressive course, with
exocrine insufficiency of the pancreas, development of mal-
digestion, malabsorption and trophological insufficiency in
patients with impaired metabolism of all substances [5, 6].

Failure of the autonomic nervous system, i.e. diabetic
autonomic neuropathy (DAN) is a serious and common
complication that is observed in 16.8-54.0% of DM pa-
tients. However, DAN remains among the least studied
complications due to its long asymptomatic course. It is
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often diagnosed late, and therefore difficult to treat due
insufficiently developed methods of early diagnosis and
treatment. Diabetic autonomic gastrointestinal neuropa-
thy, with its characteristic gastroparesis, enteropathy and
cholecystoparesis, is one of the main causes of labile course
of the disease. It also increases the risk of gallstone disease
2-5 times in patients with DM compared to the general
population [7].

Given the above facts, detecting DAN in patients with
type 2 diabetes, especially when combined with CP, is of im-
portant diagnostic value for these patients. In this process,
the study of the functional state of the upper abdominal
organs, namely the biliary system, gastroesophageal area
(with the focus on the gastric acid secretion can largely
serve as one of the main elements for early diagnosis of
digestive changes that can aggravate the clinical course of
the existing pathology.

THE AIM

Aim of the research is to determine the peculiarities of
changes in the gastric acid secretion against the back-
ground of diabetic autonomic neuropathy and autonomic
dysfunction in patients with CP and type 2 diabetes.
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Table I. Evaluation of DAN indicators in the examined patients and the control group

Examined patients

Control group

Indicator (n=20) Group | Groupl I Group Il
(n=64) (n=40) (n=34)
Ewing test, beats/min 21.713.15 5.28+0.67%, ++,A 8.67+0.88 *++ 20.35+1.23
Shellong test, 6.781.45 52.137.11 %, +4,A 40714422 % ++ 7.88+1.25
mmHg
Test30:15 2.38+0.27 0.68+0.17 %, ++ 0.92+0.15 %+ 1.89+0.12

Note: between the indicators of the control group and the examined patients of Groups I, Il and I1l the difference is statistically significant: * - p <0.01;
the difference between the indicators in patients of Group IIl and patients of Groups | and Il is statistically significant: + - p <0.05; ++ - p <0.01;
the difference between the indicators in patients of Group | and Group Il is statistically significant: A - p <0.05.

MATERIALS AND METHODS

64 patients with CP and type 2 diabetes were examined and
divided into the first group of the patients (35 male (54.7 %)
and 29 female (45.3 %) of an average age of 48.9 + 6.3).
Group II consisted of 40 patients with type 2 diabetes (22
men (55.0%) and 18 women (45.0%) at an average age of
48.9 + 6.3 years); and Group III of the patients consisted of
34 patients with CP (21 male (61.8%) and 13 female (38.2%)
of an average age of 46.7 + 4.2 years). All examined patients
were either hospitalized in the Endocrinology and Gastro-
enterology Departments of Municipal Non Profit Enterprise
“Transcarpathian Regional Clinical Hospital Named After
Andrii Novak” of Transcarpathian Regional Council or were
on outpatient observation by the district family doctors at the
place of their residence.

The control group included 20 healthy individuals (11 male
(55.0%) and 9 female (45.0%) of an average age of 45.2 + 5.1).

All studies were performed with the consent of the patients,
and their methodology was in line with the Helsinki Dec-
laration of Human Rights of 1975 and its revision of 1983,
the Council of Europe Convention on Human Rights and
Biomedicine and the current legislation of Ukraine.

All patients were examined using general clinical, anthro-
pometric, instrumental and laboratory research methods.
All patients also underwent ultrasound examination of the
abdominal cavity by conventional methods. Standard general
and biochemical studies of blood serum were conducted with
an emphasis on carbohydrate metabolism (glucose, glycated
hemoglobin, insulin, C-peptide, proinsulin and glucose
tolerance test).

The diagnosis of CP was established in accordance with
the Marseille-Roman criteria (1989) with the addition of
Ya.S. Zimmerman (1995) and clarifications of ICD-10. A
coprological study was performed, serum amylase and fecal
elastase-1 levels were determined, and *C-mixed triglyceride
(PC-CTDT) and "C-amylase respiratory tests (*C-ADT)
were used to study the exocrine function of the pancreas,

Medical care was provided to the examined patients with dia-
betes according to the clinical protocols of the Ministry of Health
of Ukraine and local protocols. The diagnosis of type 2 diabetes
was established in accordance with the recommendations of the
IDF (2005), as well as taking into account the criteria of a unified
clinical protocol (The Ministry of Health of Ukraine Order of
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21.12.2012 Ne 1118) [8, 9].The severity of type 2 diabetes was
assessed by the level of HbA1c (Normal: up to 6.0%).

To diagnose diabetic autonomic neuropathy (DAN), all
patients underwent a cardiac rhythmogram (with Polar Pro
heart rate monitor), during which heart rate was measured
using a sensor that was applied to the chest over the projection
of the apex of the heart, with the recording of heart contrac-
tions. Assessment of cardiovascular diabetic neuropathy was
performed by standard Ewing tests (assessment of changes
in heart rate (HR) with slow deep breathing (6 breaths per
minute)); Shellong test (orthostatic test) and 30:15 test, as
these tests are proposed as a standard for the diagnosis of
DAN (San-Antonio, 1998).

Detection of autonomic dysfunction (AD) was performed
using the O.M. Wayne's questionnaire (1998). The score above
15 indicated AD. Also, the Kérdd's Vegetative Index was
calculated (KVI) on the basis of hemodynamic parameters
(HR, blood pressure):

KVI = (1-diastolic blood pressure (DBP) / pulse) * 100.

At full vegetative balance (eytonia) the index is in the range
from -10 to +10. With the predominance of sympathetic in-
fluences (sympathicotonia) the value of KVI will be higher
than +10, and with the predominance of parasympathetic
influences (vagotonia) the value of KVI will be lower than -10.

To study the gastric acid secretion of the stomach, patients
underwent intragastric express pH-metry, using a computer
system according to the method of Prof. V.N. Chernobrovy.
The study was conducted in the morning (7.00-9.00 hours).
To accurately assess basal acidity 24 hours before the study,
the use of any antacids was excluded.

Each patient was administered a pH microprobe through
the mouth, the beginning of the pH measurement was carried
out at the level of the transition of the esophagus into the
stomach, which in most patients was 40 cm at the depth of
the probe (from incisors). For the entire length of the stomach
(from the cardia to the pylorus), the pH was measured every
1 cm, each time for 15-20 seconds. The technique of basal
topographic pH-metry requires both the introduction and
removal of the pH microprobe along the entire length of the
stomach. There was a time interval of 5-10 minutes between
the input and output of the probe. To evaluate the results, we
took into account the functional pH interval/range (FI pH)
from 0 to 5 (in the direction of increasing gastric acidity):
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Table Il Indicators of the functional state of the ANS in the examined patients and the control group

Examined patients

. Control grou
Indicator 2o Groupl (CP+T2DM) T o
(n=64)
(n=34) (n=40)

Vege,\;a\t/:/‘;ey:‘fz‘i;g°£i'git° 9.82+0.23 55.713.23%% + 43.17+530% 4+ 28.742.50*
HR per minute 70.40+3.82 98.174.35* 89.56:4.89* 87.11x4.23*
SBP, mm Hg 114.15+7.92 158.26:£5.54* 147.8026.11 130.42+5.34
DBP, mm Hg 74.72+5.81 100.715.34* 98.113.90% 77174532
KV 6.55+-0.44 -13.7041.89% +,A -10.78+1.25% +,A 10.88+2.40*

Note: between the indicators of the control group and the examined patients of Groups I, Il and I1l the difference is statistically significant: * - p <0,05;
**-p <0.01; the difference between the indicators in patients of Group Ill and patients of Groups | and Il is statistically significant: + - p <0,05; ++-p
<0.07; the difference between the indicators in patients of Group | and Group Il is statistically significant: A - p <0,05.

pH 7,0 - 7,5 (FI pHO - anacidity);

pH 3,6 - 6,9 (FI pH1 - pronounced hypoacidity);

pH 2,3 - 3,5 (FI pH2 - moderate hypoacidity);

pH 1,6 - 2,2 (FI pH3 - normal acidity);

pH 1,3 - 1,5 (FI pH4 - moderate hyperacidity);

pH 0,9 - 1,2 (FI pH5 - pronounced hyperacidity).

According to the method of basal topographic pH-metry,
it is important to characterize the distribution of FI pH (in
percent) over the entire length of the stomach, which included
the individual functional maximum acidity of the stomach.
On this basis, gastric acidity is divided into:

- minimal (up to 25% of the total number of pH measure-

ments);

- selective (26-50% of the total number of pH measurements);
- absolute (51-75% of the total number of pH measurements);
- subtotal (76-99% of the total number of pH measurements);
- total (100% of pH measurements).

Criteria for exclusion of patients from the study were: type 1
diabetes, type 2 diabetes (severe with severe manifestations of
diabetic angioneuropathy), active gastric and duodenal ulcers,
erosive gastroduodenitis, gastroesophageal reflux disease, and
the presence of Helicobacter pylori.

The analysis and processing of the results of the examination
was carried out by means of the STATISTICA 10.0 computer
program (StatSoft Inc., USA) using parametric and nonpara-
metric methods for evaluating the results.

RESULTS

In all examined patients, the determination of DAN was
performed according to the above methods. The results
are presented in Table 1.

Evaluating the obtained data, DAN was detected in
patients of Group I (patients with CP and type 2 dia-
betes) and Group II (patients with type 2 diabetes), as
evidenced by a decrease in heart rate with slow deep
breathing, which confirms the violation of parasympa-
thetic innervation of the heart. Thus, this indicator was
significantly lower in patients of Groups I and II, with a
significant difference between these surveyed groups, i.e.
worse indicators were observed in patients with CP and

type 2 diabetes (5.28 + 0.67 beats / min) than in patients
of Group II (type 2 diabetes without CP) -8.67 + 0.88
beats / min, respectively, (p <0.05). The result of this test
was within normal limits in patients with CP and did
not differ significantly from the control group. As for the
results of the orthostatic test, this figure was increased
in patients of Groups I and II. In addition, there was a
significant difference between this indicator in patients
with CP and those without CP - and amounted to 52.13
+7.11 mm Hg and 40.71 + 4.22 mm Hg. correspondingly.
This may indicate a violation of sympathetic innervation
and, accordingly, DAN. Another diagnostic criterion for
DAN is the 30:15 test. The indicators of this test were also
significantly higher in patients of Groups I and II, while
in patients with CP (group III), the indicators did not
differ significantly from the control group.

The analysis of research on the definition of ANS dys-
function indicates its presence in the examined patients
also mainly I and II groups according to the results of the
questionnaire (O.M. Wayne questionnaire) and KVI. In-
dicators of the functional state of the autonomic nervous
system (ANS) in the examined patients are presented in
table 2.

The analysis of the obtained clinical data indicates that
the majority of examined patients of Groups I and II
complained of frequent emotional stress, mood lability,
increased irritability, anxiety, sleep disturbances, headache,
fatigue, heart palpitations, and heart failure due to negative
emotions. In addition, differences were found in assessing
the degree of ANS dysfunction in the examined patients,
namely - the most pronounced ANS dysfunction according
to the Wayne questionnaire was diagnosed in patients with
CP in combination with type 2 diabetes (group I) - 55.71 +
3.23 points, while patients of Group III (patients with CP)
had the lowest values (28.74 £ 2.50 points) on this scale.

Further analysis of the indicators of the functional state
of the ANS indicates the predominance of the influence
of its parasympathetic division in patients of Groups I and
I1. It should be noted that according to the results of KVI
statistically significant difference between the examined
patients of Groups I and II was not established. In patients
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Table Ill. Characteristics of gastric acidity in the examined patients

Examined patients, %

Indicator Group 1(CP+T2DM) f;;’;‘:nf G'(‘é‘l‘,';' 2
(n=64) (n=34) (n=40)
Moderate hypoacidity: 4.7 %* 11.7% _
selective 333%** _ _
absolute 66.7 % * 50.0 % _
subtotal _ 50.0 % ** _
Normal acidity: 219%* 353 % 25.0%
selective 214 % 41.7 % 10.0 %
absolute 35.7 %+ 333 % 50.0 %
subtotal 42.9 % 25.0% 40.0 %
Moderate hyperacidity: 422 % 324 % 45.0% *
minimal 3.7% 18.2% _
selective 7.4 % 36.4 % 27.8 % ++
absolute 222% 27.2% 333%*
subtotal 29.7 % ++ 18.2% 16.7 %
total 37.0 % **, + _ 22.2 % **
Pronounced hyperacidity: 31.2%* 20.6 % 30.0%
minimal _ 42.8 % _
selective 20.0% 28.6 % 25.0%
absolute 25.0% 143 % 25.0%
subtotal 30.0%* 143 % 333%*
total 25.0 % ** 16.7 % *

Note: the difference between the indicators in patients of Group Il and patients of Groups | and Ill is statistically significant: * - p <0,05; ** - p <0.01; the
difference between the indicators in patients of Group | and Group Il is statistically significant: / - p <0,05.

of Group III (patients with CP) indicators of the functional
state of the ANS indicates a slight predominance of the
sympathetic division.

Analysis of gastric acid secretion indicates that no pa-
tients of Group IIT had normal acidity. Normal acidity is
more often found in the second group of subjects (with
type 2 diabetes). Both in patients with CP and type 2
diabetes, and in isolation with CP, moderate hyperacidity
was more often determined (in 42.2% of patients of I and
45.0% of patients of Group III). At the same time, in pa-
tients of Group I moderate hyperacidity was mostly total
and subtotal, while in patients of Group III - more often
selective and absolute. Severe hyperacidity is also more
common in CP and in patients with a combination of CP
and type 2 diabetes. In patients of Group I, pronounced
hyperacidity was more often subtotal, total and absolute,
and in patients of Group III - total, absolute and selective
hyperacidity were more often diagnosed. Patients of Group
IT (patients with type 2 diabetes) are more likely to have
normal acidity and moderate hyperacidity.

It should be noted that in characterizing the clinical
manifestations of gastric dyspepsia, such signs as heart-
burn, acid regurgitation and epigastric pain occurred only
among the examined Group III. In patients of the Groups I
and II signs of biliary dyspepsia (bitter taste in the mouth,
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belching with bitter aftertaste), and also heaviness mainly
in the right upper quadrant came to the fore.

DISCUSSION

Diabetic autonomic neuropathy (DAN) is a serious and
common complication of diabetes, often overlooked and
misdiagnosed. Diabetic autonomic neuropathy may involve
the cardiovascular, genitourinary, and the neuroendocrine
systems as well as the upper and lower gastrointestinal (GI)
tract. Abnormalities of GI function in diabetics are thought
to be related, at least in part, to autonomic neuropathy [10].

Our studies indicate that in patients with type 2 diabetes,
especially in combination with CP, there is an impairment
of gastric acid secretion, which is mainly manifested by
hyperacidity. However, in these patients symptoms of
gastrointestinal lesions are not pronounced against the
background of DAN and autonomic disorders, and this in
many respects complicates timely diagnosis and adequate
pathognetically substantiated treatment.

The professional literature discusses the violation of
the acid-forming function of the stomach, mainly in the
defeat of the upper gastrointestinal tract and in its com-
bination with other pathological conditions. Skubytska
LD, Severynovska OV (2015) indicate the dependence of
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the values of gastric juice acidity on the digestive func-
tion of the alimentary tract in the diseased with several
pathologies - chronic gastritis and with accompanying
pancreas affection — has been investigated. The decrease of
acid production of the stomach in the diseased I (chronic
gastritis) and the diseased II (chronic gastritis with pan-
creas affection) has been detected, with more noticeable
effect in the group with accompanying pathology [11].

Therefore, further study of gastric acid secretion, as well
as the influence of DAN on its production against the
background of autonomic disorders in patients with CP
and type 2 diabetes has important diagnostic value in these
patients for the selection of adequate treatment. Further
research should also be conducted in this direction to reveal
the relationship between DAN and digestive tract lesions,
including CP in patients with type 2 diabetes.

CONCLUSIONS

1. Ewing, Shellong and 30:15 tests are effective methods for
detecting DAN in patients with CP and type 2 diabetes.

2. The predominance of the parasympathetic division of the
ANS, as well as manifestations of severe ANS dysfunction,
are observed in patients with CP and type 2 diabetes.

3. The prevalence of gastric hyperacidity on the background
of DAN was established in patients with CP and type 2
diabetes. In this case, the absence of clinical symptoms
or their minimal severity is determined, which indicates
the lesion of the digestive tract in these patients.
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