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Abstract Diabetic autonomic neuropathy (DAN) is the second most common form of damage to the nervous system in
diabetes mellitus as a result of disorders of the central and/or peripheral parts of the autonomic nervous system. On average,
its incidence is about 40%, and with an increase in the experience of diabetes mellitus for more than 10 years — 60% or
more. Diabetic autonomic neuropathy is characterized by polysyndromic clinical manifestations. In this regard, there are a
number of forms of diabetic autonomic neuropathy, both in the form of isolated dysfunction of organs and systems, and

with their combined lesion.
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1. Introduction

Vascular and metabolic changes common to the development
of diabetic polyneuropathy play an important role in the
pathogenesis of autonomic neuropathy. The most significant
risk factors for the development of diabetic autonomic
neuropathy are the patient's age, the duration of diabetes
mellitus, and a higher average HbAlc. Diabetic autonomic
cardiovascular neuropathy, when clinical symptoms appear,
not only dramatically reduces the quality of life, leading
to disability, but in some cases is the direct cause of death
in patients with diabetes mellitus. It has been proven that
cardiovascular autonomic neuropathy is associated with
a high risk of arrhythmia and the development of sudden
death syndrome [5]. The detection of signs of autonomic
dysfunction at the preclinical stage makes it possible to
slow down the further progression of autonomic disorders.
Another variant of diabetic neuropathy is autonomic neuropathy
(AN). Neurological autonomic dysfunction can occur in most
body systems, manifesting itself in the form of gastroparesis,
constipation, diarrhea, anhidrosis, bladder dysfunction, erectile
dysfunction, exercise intolerance, resting tachycardia, pain-free
ischemia. The cardiovascular form of diabetic autonomic
neuropathy (DAN CF) is damage to nerve fibers that innervate
the heart and blood vessels, which often causes severe
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arrhythmias, determines the formation of pathology of the
cardiovascular system (CVS), pain-free ischemia of the heart,
complicating the course of DM and leading to death from
cardiovascular catastrophes. Pathological HRV assessment
tests were found in 7% of patients with newly diagnosed
DM type 1 and DM type 2. [1]. The conducted studies
indicate an annual increase in the prevalence of DAN CF in
patients with DM type 2 to 6% and in patients with DM
type 1 to 2%, respectively. In 1998, the Diabetes Control
and Complications Trial (DCCT) research group observed
1,441 DM type 1 patients and demonstrated a decrease in
heart rate variability (HRV) in 6.2% of the subjects, while
Kennedy W. et al. A decrease in HRV was observed during
deep breathing and the Valsalva test in 90% and 88% of
patients, respectively. Ziegler D. et al. A large cohort of
patients with DM type 1 and DM type 2 were studied in
22 medical centers in Austria, Germany, and Switzerland.
Pathological results of heart rate variability (HRV) tests
were obtained in 25.3% of patients with DM type 1 and in
34.3% of patients with DM type 2 [10]. The prevalence
of left ventricular diastolic dysfunction in patients with
DM 2 reaches 30-60%. Despite the high prevalence and such
a serious prognosis, practitioners know quite little about
cardiovascular disorders in DAN CF. According to the
epidemiological study by A.L. Vertkin, O.N. Tkacheva, the
prevalence of DAN in inpatient patients with DM type 1
and DM type 2 in. Moscow accounted for 47.6%: at the
subclinical stage — 28%, and at the clinical stage — 19.6%.
At the same time, CF DAN was indicated in the diagnosis
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in only 2.7% of the total number of patients with this DM
complication. The detection of CF DAN in patients is
important because CF DAN is associated with increased
mortality, cardiovascular disease, chronic Kidney disease,
perioperative mortality and complications of the lower
extremities. Intensive multifactorial intervention aimed at
lifestyle changes, intensive glycemic control and reduction
of glycemic variability, reduction of CVD risk factors
prevents and slows down the progression of CV DAN.

It is known that the pathogenesis of DAN is multifactorial
and metabolic, antioxidant and vascular disorders are a
necessary condition for the formation of this pathology in
patients with DM, but the speed of development also depends
on genetic predisposition.

Polymorphic locus T58C of the SAD2 antioxidant defense
gene is located in exon 3 of chromosome 6 (6025.3),
characterized by the replacement of the thymine nucleotide
at position 58 with cytosine. This nucleotide substitution
leads to a change in the amino acid isoleucine to threonine in
the synthesized enzyme SOD2 and contributes to a significant
decrease in its activity [3,4,8].

The purpose of this study was to study the role of
polymorphism of the T58C gene of the SOD2 gene in the
development of the cardiovascular form of DM type 2.

2. Materials and Methods

The study included 135 DM type 2 patients at an average
age of 56.3+2.3 years with a disease duration of 5.6+ 1.2
years who received outpatient treatment in 3 clinics of the
Tashkent Medical Academy. Of these, 69 women at an
average age of 52.3+3.4 years and 66 men at an average age
of 54.3+2.6 years. The control group consisted of 81 people
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with an average age of 53.6 + 2.4 years. All patients were
tested for fasting blood sugar and blood sugar after eating 2
hours later, as well as glycated hemoglobin. As a hypoglycemic
drug, 88 patients received both DPP - 4 and biguanides, and
47 patients received combination therapy with basal insulin.
To identify diabetic autonomic neuropathy of the cardiovascular
form (DAN CVF) in DM type 2 patients, all patients underwent
Holter monitoring. According to the results of the Holter
monitoring parameters, they were divided into 2 groups with
DON KVA (+) and DAN KVF (-).

The results of the study. In patients with DM type 2, the
fasting blood glucose level was 7.6+2.3 mmol/l, 2 hours after
eating 9.6+1.4 mmol/l. Glycated hemoglobin was on average
9.2 £1.2%. According to the results of Holter monitoring
and standard cardiovascular tests, 82 patients (60.7%) were
diagnosed with DAN KVF (+) and 53 patients ((39.2%)
DAN KVF (-). To test the role of the T58C polymorphism of
the SOD 2 gene in the etiopathogenesis of cardiovascular
DAN (CF) in DM type 2 patients, we conducted a comparative
associative study in a sample of patients and conditionally
healthy individuals of Uzbek nationality.

The analysis of associations of the polymorphic locus T58C
of the SOD2 gene with the formation of the cardiovascular
form of DAN in DM 2 patients was carried out by comparing
two samples using the «case-control» platform. The "case"
sample was formed from 216 DM2 patients with (n=82)
without (n=53) cardiovascular DAN. The control group consisted
of 81 conditionally healthy donors of Uzbek nationality
(control n=81).

The results obtained are shown in Tables 1, 2 and Figure 1.

Analysis of the T58C locus of the SOD2 gene revealed a
relative tendency to a statistically insignificant difference
between the compared groups of patients and controls
(x*=1.2 u p=0.3).

Table 1. The frequency of distribution of alleles and genotypes of the T58C (rs1141718) polymorphism of the SOD2 gene in groups of DM2 patients with

and without cardiovascular disease is given and controlled

Frequency of alleles Frequency of genotype distribution
Ne Group T C TIT T/C CIC
n % n % n % n % n %
1 The main group (DM type 2) n=135 268 99.3 2 | 07| 133 98.5 2115 |0 00
1.1 DAN + n=82 163 99.4 41 | 0.6 81 98.7 1(12 |0 00
1.2 DAN - n=53 105 99.1 1 1.9 52 98.1 1119 |0 00
2 Counter. group n=81 162 | 1000 | 0 | 00 | 81 1000 | 0 | 00 | O | 0.0

Table 2. Analysis of the difference in the frequencies of allelic and genotypic variants of the T58C (rs1141718) polymorphism of the SOD2 gene in the

groups of DM2 patients and controls

The number of alleles and genotypes examined
Alleles and genotypes The main group The control group %2 p
n % n %
T 268 99,3 162 100 12 0,3
C 2 0,7 0 0.0 1.2 0,3
TIT 133 98,5 81 100 12 0,3
TIC 2 15 0 0.0 12 0,3
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Figure 1. The frequency of distribution of the T58C polymorphism genotypes of the SOD2 gene in groups of patients with and without DM2 cardiovascular

DAN and control

Table 3. Differences in the frequency of allelic and genotypic variants of the T58C (rs1141718) polymorphism of the SOD2 gene in subgroups of DM2

patients with and without DANCF

The number of alleles and genotypes examined
Alleles and
DANCF + DANCEF - x2 p RR 95%CI OR 95%CI
genotypes
n % n %

T 163 99,4 105 91 | g1 |0g | 10 |007-1527 | 1,6 | 0,1-24,55
C 1 0,6 1 0,9 1,0 | 0,06-15,31 | 0,6 | 0,04 - 10,19
T/T 81 98,8 52 98,1 1,0 | 0,07-15,42 | 1,6 | 0,1-24,91
T/IC 1 1,2 1 1,9 0,6 0,04-9,9 0,6 | 0,04-10,26

As expected, the wild T58 allele (providing normal expression
of the SOD2 enzyme) and the protective homozygous T/T
genotype prevailed in the studied samples by frequency of
distribution, which were observed in 99.3% and 98.5% of
cases among patients and in 100.0% of cases in the control
group (Table 1). An unfavorable allelic variant of this locus,
which is associated with a decrease in the expression of the
SOD2 enzyme, was found in 0.7% of cases in the group of
patients (y2=1.2; p=0.3) (Table 2).

Functionally weak heterozygous T/C genotype was found
in the group of patients in 1.9% of cases. On the contrary,
this unfavorable variant was not detected in the control
sample. The statistical difference in the possibilities of detecting
this genotype was insignificant among patients compared
with conditionally healthy men (1.9% vs. 0.0, respectively;
¥’*=1.2; p=0.3), due to the low frequency of occurrence of
an unfavorable allele variant of the polymorphic locus T58C
of the SOD2 gene in our population. This means that in
patients with the presence of this mutational genotype in the
genotype, the risk of developing DM2 increases statistically
insignificantly.

At the same time, none of the 135 studied patients and
81 conditionally healthy individuals was a carrier of the
mutational homozygous genotype C/C polymorphism rs1141718
of the SOD2 gene associated with destabilization of the
neutralizing ability of the antioxidant system.

Table 3 shows statistical differences in the frequency of
occurrence of alleles and genotypes of the T58C (rs1141718)
polymorphism of the SOD2 gene between subgroups of DM
type 2 patients with and without the cardiovascular form of
DAN.

3. Results and Discussions

It should be noted that in this part of the work, there was
no clear relationship between the polymorphism of the T58C
SOD2 gene and the development of the cardiovascular form
of DAN in DM type 2 patients. Allelic variants of this locus
within the studied subgroups of patients with and without
cardiovascular manifestations were distributed evenly. As
can be seen from the table, in the subgroup of patients
with the cardiovascular form of DAN, the frequency of the
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mutational allele C was slightly lower than in the subgroup
without DANCF - (0.6% vs. 0.9%, respectively, at ¥’=0.1 u
p=0.8). The relative risk of the formation of the cardiovascular
form of DAN was also below OR=0.6 with a confidence
interval of 95%CI: 0.04 — 10.19. When comparing the
frequencies of genotypes, the revealed differences were not
statistically significant and did not even allow us to detect
trends towards differences in their distribution (p>0.05).

In a subgroup of patients with cardiovascular syndrome,
there was a tendency to decrease the frequency of the T/S
genotype compared with patients with DM2 without the
cardiovascular form of DAN (1.2% vs. 1.9%, respectively,
at -2=0.1 and p=0.8).

Thus, a functionally unfavorable allele may not play a
significant independent role in the pathogenesis of the
cardiovascular form in patients with DM type 2 DAN and
is not a significant prognostic marker in our population.
Unfortunately, there is no data in the literature on the
association of this polymorphism with DAN in patients
with DM type 2, which does not allow us to fully interpret
the data we have obtained. It is also not possible to conduct
a comparative analysis with other ethnic groups. However,
it should be emphasized that insignificant differences in
statistical processing in comparative samples are undoubtedly
related to the low frequency of the mutational allele with a
more effective antioxidant protection system. Therefore, it
cannot be excluded that this polymorphic locus of the SOD2
gene has a functional significance and is linked to another
functionally important polymorphic marker of this gene.
As is known, with a low frequency of a certain allele in
comparative groups, significant differences, i.e., a significant
effect can be detected only with a large sample size of more
than 1000-2000 individuals.

4. Conclusions

In the development of diabetic autonomic neuropathy of
the cardiovascular form, the unfavorable allele of the T58C
polymorphism of the SOD2 gene does not play a significant
role and is not a prognostic marker in patients with type 2
diabetes mellitus in our population. However, insignificant
differences in statistical processing in comparative samples
are associated with a low frequency of the mutation allele
with a more effective antioxidant protection system.
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