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Abstract

Cardiac autonomic neuropathy (CAN) occurs as a result of cardiac innervation impairment and leads to an increased risk
of cardiovascular morbidity and mortality. There is evidence suggesting that alpha-synuclein protein (SNCA) plays a
significant role in the pathogenesis of cardiac autonomic neuropathy, particularly in relation to heart rate variability, a major
clinical manifestation.

The aim of this study was to investigate the association between two SNCA gene polymorphisms (rs2736990 and
rs2737029) and cardiac autonomic neuropathy in the Kazakh population.

Materials and methods: A case-control study included 82 patients with cardiac autonomic neuropathy, including those
with a diabetic etiology (case group), and 100 individuals without a diagnosis of cardiac autonomic neuropathy (control
group). All participants were of Kazakh ethnicity. Two SNCA gene polymorphisms, rs2736990 and rs2737029, were
investigated. Statistical analysis was performed using chi-square tests, odds ratio calculations with confidence intervals, and
logistic regression (SPSS 26.0).

Results: Among the two SNCA gene polymorphisms studied, only rs2737029 was associated with cardiac autonomic
neuropathy. According to our findings, in a recessive model, the CC genotype increased the odds of having cardiac
autonomic neuropathy by almost 2 times (1.93 (1.06-3.53)). After adjusting for age and sex, the results remained significant.
However, the association between rs2736990 polymorphism and cardiac autonomic neuropathy did not show statistical
significance in any of the models (1.00 (0.63-1.59)).

Conclusions: Thus, the presence of the CC genotype of rs2737029 polymorphism in the SNCA gene may be a
predisposing factor for the development of cardiac autonomic neuropathy, including the diabetic form. However, the
rs2736990 polymorphism in the same gene is not associated with it.

Key words: Cardiac autonomic neuropathy, heart rate variability, synuclein-alpha, genetic polymorphism, Kazakh
population.

AHHOTauus
POJIb MOJIMMOP®UN3MOB rEHA CUMHYKIIEMHA-AJIb®A (SNCA)
B PA3BUTUU KAPOAUATIbLHOU ABTOHOMHOU HEUPONATUMU
Y NN KA3AXCKOU HALMOHANBHOCTMU

Hasupa Bb. bekeHora', Anmwep [1. Autkanuert!, AuHyp C. Cubararoeal,
Cepuk P. Annbekos?, banxan C. Kacuesa?

1 LleHTp MepoHTONnorum, bonbHuua MeauuuHckoro ueHTpa YnpaBneHus genamm MNMpesvaeHTta Pecny6nukn
KasaxcTaHr, r. ActaHa, Pecny6nuka KasaxcTaH.

KapananbHas aBToHOMHas Herponatus (KAH) Bo3HUKaeT Ha poHe HapyLIeHWUs MHHepBaLMK cepaLa W, Kak criefcTeue,
MPUBOANT K MOBLILLEHMIO PUCKA 3a00NEBAEMOCTN U CMEPTHOCTH OT CEPAEYHO-COCYANCTON natonorun. CyLiecTBy0T AaHHbIE
0 TOM, YTO B naToreHe3e BapuabenbHOCTU CEPLEYHOTO PUTMA, KaK OHOrO U3 TMaBHbIX KIMHUYECKUX MPOSIBIIEHMIA, UrpaeT
HemarnoBaxHyto ponb 6enok cuHykneut-anbda (SNCA).

Llenbto gaHHOro uccrnefoBaHWs SBASETCA W3ydveHue accoupauum nonumopcuamoB (rs2736990, rs2737029) reHa
CUHykneuHa-anba (SNCA) ¢ kapauansHoi aBTOHOMHOI HeliponaTueit, B TOM Yucne gnabeTnyeckoil, Cpeam nuL, kasaxckoil
nonynsyum.

Matepuanbl u meToabl. B nccnegosaHue Tuna «Cryvain-KoOHTPOMby ObIno BKYEHO 82 mauueHTa C kapauanbHoM
aBTOHOMHOW HelponaTtuen (cryyam), B TOM yucne guabetuyeckoir atmonorum, n 100 YenoBek C MCKIMHOYEHHBIM AUArHO30M
KapamarbHOW aBTOHOMHOWM HewponaTum (KOHTponu). Bce yyaCTHWKM uccnefoBaHust Bbinv Ka3axCkoW HaLMOHAmbHOCTM.
Bbinu nccnenoBaHbl ABa nonumopduama reHa cuHyknenHa-anba (SNCA): rs2736990, rs2737029. Cratuctudeckas
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00paboTka AaHHbIX NPOBOAMMNACH C MPUMEHEHUEM KpuTepueB Xu-kBagpat, pacyeta OLU ¢ 1M, Jloructnyeckoir perpeccum
(SPSS 26.0).

PesynbTtatbl. /3 ABYyX M3yyeHHbIx Hamu nonumopcuamoB reHa SNCA Tonbko rs2737029 6bin accoummpoBaH ¢
KapaMOoBacKynspHOM aBTOHOMHOW HeiponaTuen. Mo pe3ynbTaTam Hallero UccnefoBaHws, B peleccuHon mogenn CC
FEHOTUN YBENMYMBAET LUAHCHI HanM4yusi KapOuOBaCKyNsSPHOA ABTOHOMHOW HeponaTuu Yy MauMeHTOB MoyTW B 2 pasa
(1.93(1.06-3.53)). Mocne koppekuu Ha BO3PACT M MO MOKa3aTeNnu 3HAYMTENbHO He momeHsnuck. OpHako, W3yuyeHue
accouuauuv nonumopduama rs2736990 ¢ kapamanbHOi aBTOHOMHOW HEMPONATUEN He BbISBUMIO CTAaTUCTUYECKM 3HAYNMON
CBAi3K He B ogHOM u3 mogdenei (1.00(0.63-1.59)).

BbiBoab!. Takum obpasom, Hocutenscteo CC reHotuna nonumopduama rs2737029 reHa SNCA moxeT 6biTb (hakTopom
NpeLpacrnonoXeHHOCTN K PasBUTUIO KapAuanbHON aBTOHOMHOM HelponaTiu, B TOM Yucie AnabeTnyeckoi, B TO BPEMS Kak
nonumopcmnam rs2736990 aToro xe reHa He CBs3aH C HUM.

Knrouesble crnoea: kapduanbHasi asmoHOMHas Helponamusi, eapuabenbHOCMb CepAeYHO20 PUMMa, CUHYKIIEUH-
anbgha, nonuMopghu3M 2eH08, Kasaxckasi nonynsyus

Tywingeme
CUHYKINEUH-AJNIbO®A lN'EHIHIH (SNCA) NOJIMMOPOU3MAEPIHIH
KA3AK ¥NTbl ABAMOAPBIHAOAFbI KAPOUANBbAObLI ABTOHOMADbI
HEMPOMNATUSAHbIH BAMYbIHOAFbI PO

Hasupa B. BekeHoBa', Anmwep [1. Autkanues', AuHyp C. Cubararosal,

Cepuk P. Anubekor1, BanmxaH C. Kacuega'

! KasakcTaH Pecny6nukach! Mpe3naeHTiHiK ic 6ackapMackl MeanumHanbIK opTanbiFbiHbIH AypyXaHachl,
AcTaHa K., KazakctaH Pecny6nukachbl.

Kapavwansabl aBToHomabl Henponatist (KAH) xypek nHHepBaumsChiHbIH, Oy3binybl cangapbiHaH nanga 6onagbl xeHe
HOTWKECIHAE ON XYPEeKk-KaH Tamblpnapbl naTonoruscbiHaH GonaTbiH aypy MeH eniM KayniHiH, XoFapbinaybiHa akenegi.
JKypek blpFaFblHblH, ©3repriluTiriHiH, NaToreHesiHAe Herisri KNMHWKANbIK KepiHicTepaiH, Oipi peTiHoe CuHyknewH-anbda
akybiabl (SNCA) maHbI3fbl pen atkapaTbiHbl Typanbl gepekTep bap.

Byn 3epTTeydiH MaKcaThbl Kasak nonynauuscbl apacbiHia kapauanbabl aBTOHOMAbI HEMponaTus MeH, OHbIH, iliHae
puabeTTik HemponaTtust MeH cuHyknewH-anba (SNCA) reHiHiH,  nonumopdmamaepidiv, - (rs2736990, rs2737029)
accoumaumscelH 3eptTey 6onbin Tabbinagb!.

Matepuanpgap MeH apictep. «Kargai-6akeinay» TypiHgeri 3epTreyre AuabeTTik 3TMONMOMMSHBI KOCa anFaHaa,
kapauanbbl aBTOHOMAbI HermponaTuschl (arFgannapsl) 6ap 82 nauWeHT xoHe kapawarnbibl aBTOHOMAbl HEMpOnaTUsChH
(bakbinay) anarHosbl xok 100 agam KaTbiCTbl. 3epTTeyre KaTbiCywWwbinapabiH, 6apnbifbl Kasak yntbl. CuHyknenH-anbga
reHiHiH (SNCA) eki nonumopduami 3epttengi: rs2736990, rs2737029. [epektepdi craTucTukanslk eHaey Xu-kagpart
kputepuitnepid, CA meH MK ecenteyiH, lToructukansik perpeccusiHbl (SPSS 26.0) kongaHa oTbIpbIn Xyprisingi.

Hatnxenepi. bi3 3eptrereH SNCA reHiHiH eki nonumopduaminib, Tek rs2737029 kapamoBackynspnblK aBTOHOMAbI
HelponaTusmeH GannaHbichl 6onatbiHbl aHbiKTangbl. bisaiH 3epTTey HaTuxenepi 6oibiHwa, peueccusti CC mopeniHaeri
FEeHOTUN NauMeHTTEpPAE KapAMOoBacKynsApIbIK aBTOHOMAbI HEAPONaTMsAHbLIH, 60y MyMKIHAIMNH WaMameH 2 ece apTTbipadbl
(1.93 (1.06-3.53)). Xac neH xblHbICka OaiinaHbICTbI KOPCETKILUTEP alTaprblKTal e3repreH oK. Ananga, rs2736990
nonuMopeuaMiHiH  kapauanbabl aBTOHOMAbl HelponaTusMeH 6ainaHbiCbiH - 3epTTey  bapbiCbiHAa  MOAENbAEPaiH
eLUKaNCbIChIHAA CTAaTUCTUKANbIK MaHbI3abl 6arnaHbic 6ap exeHi aHbikTanFaH xok (1.00 (0.63-1.59)).

KopbiTbiHabl. ConabiktaH, SNCA reHitiH rs2737029 nonumopdmam reHotuniHiH, CC TacbiMangaybl Xypek aBToHOMZb!
HEeMpOoNaTUSAChIHBIH, COHbIH, iinae AnabeTTik HelponaTtus AamybiHblH, BeriMainik akTopbl BoNMybl MYMKIH, an COM reHHiH
rs2736990 nonumopchnami OHbIMEH BalnaHbIChl XOK.

Tyliindi ce3dep: kapduanbObl Helponamusi, XypPeK bipFafbl XuinieiHiH e3zepeimiei, CuHykneuH-anba, e2eHoep
nonuMopegu3Mi, ka3ak nonynayusiChbI.
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Introduction

Cardiac autonomic neuropathy (CAN) is a complication
of diabetes mellitus (DM) that leads to impaired nerve
supply to the heart and, as a result, increases the risk of
morbidity and mortality [15, 25, 34]. It is characterized by a
dysfunction of the autonomic control of the cardiovascular
system [26, 30]. However, there is increasing evidence that
cardiac autonomic neuropathy can occur even before the
development of diabetes. According to some authors,
prediabetes and metabolic syndrome may serve as
precursors to CAN [25]. Prediabetes, as defined by the
World Health Organization, includes impaired fasting
glucose and impaired glucose tolerance [22, 35]. It is also
believed that the early onset of autonomic neuropathy is
characteristic of insulin-dependent diabetes [1].

Due to the limited research on cardiac autonomic
neuropathy, data on its prevalence vary. Moreover, data
analysis is primarily based on systematic reviews and meta-
analyses. Some studies have found that cardiac autonomic
neuropathy occurs in 90% of populations with diabetes [29].
According to other sources, its prevalence ranges from 2% to
91% in type 1 diabetes mellitus (DM1) and from 25% to 75%
in type 2 diabetes mellitus (DM2) [32, 33]. However, the
frequency of CAN occurrence increases with the duration of
diabetes. Studies have shown that the prevalence of
neuropathy among patients with DM1 and a disease duration
of over 15 years was 60% [4, 12]. Early-stage CAN, as
diagnosed in the Diabetes Control and Complications Trial
(DCCT), is found in 1.6-2.6% of patients [11].

Mortality rates from cardiac autonomic neuropathy are
also of significant importance, as there is a risk of death
even in the asymptomatic stage [23]. Studies have shown
that the five-year mortality rate of CAN ranges from 15% to
60% [7, 16, 24]. A decrease in heart rate variability is
considered an early sign of cardiac dysautonomia [27, 33].

Since neuropathy occurs in the longest nerve fibres, the
earliest manifestations of autonomic neuropathy in diabetes
occur because of impaired innervation of the
parasympathetic nervous system and changes in heart rate
variability (HRV) [7,31]. However, most studies claim the
primary involvement of the parasympathetic nervous
system suppression [22, 28]. Various factors have been
associated with HRV in individuals with prediabetes,
including age, body mass index (BMI), waist circumference,
other components of metabolic syndrome, hypertension and
antihypertensive medications, fasting glucose level, and
glucose level 2 hours after a glucose load [13, 36].

Genetic factors may also contribute to the development
of cardiac autonomic neuropathy. Several genes and their
polymorphisms have been studied in relation to neuropathy
[9, 10]. For example, in the Italian population, the C allele of
the rs2910164 single nucleotide polymorphism (SNP) in
MIR146A was associated with a reduced risk of developing
CAN, while the rs895819 polymorphism in MIR27A was
associated with a higher risk of developing the condition at
early stages [10]. The rs3746444 polymorphism of the
MIR499A gene has also been linked to early-onset cardiac
autonomic neuropathy [9].

The protein alpha-synuclein encoded by the SNCA
gene has been implicated in the pathogenesis of heart rate
variability. The deposition of phosphorylated alpha-
synuclein in the brainstem nuclei, which modulate the
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autonomic nervous system, leads to atrophy of the vagus
nerve [5, 8], which underlies some clinical manifestations of
CAN. It is believed that orthostatic hypotension, one of the
most significant symptoms of CAN, is due to atrophic
changes in the vagus nerve and its reduced influence on
the cardiovascular system. Additionally, alpha-synuclein
plays a role in maintaining synaptic vesicle tropism in
presynaptic terminals by clustering synaptic vesicles and
regulating dopamine release, which in turn affects heart rate
variability [20]. Animal studies have shown that electrical
stimulation of dopamine receptors increases blood pressure
and heart rate in awake and anesthetized animals [6].
However, these mechanisms are not yet fully understood,
and the studies conducted so far have focused mainly on
the interactions between alpha-synuclein and dopamine in
Parkinson's disease. Many researchers believe that there
are common mechanisms underlying both
neurodegenerative diseases and complications of diabetes,
as both conditions are characterized by autonomic
dysfunction [14, 18, 2]. Therefore, the polymorphisms
rs2736990 and rs2737029 of the SNCA gene, which have
been associated with a predisposition to Parkinson's
disease, are of interest when studying genetic markers of
cardiac autonomic neuropathy, including diabetic origin.

The aim of this study is to investigate the association of
the SNCA gene polymorphisms (rs2736990, rs2737029)
with cardiac autonomic neuropathy.

Materials and Methods

Group selection

The study consisted of 82 patients with CAN (case
group) and 100 patients without CAN (control group). The
case group was selected continuously from the therapeutic
department of the Medical Centre Hospital of the
President’s Affairs Administration of the Republic of
Kazakhstan between September 2017 and August 2019.
The control group was formed from individuals who
underwent preventive examinations in the same hospital
and did not have a diagnosis of CAN.

To be included in the case group, patients needed to
have a confirmed diagnosis of CAN, be 18 years or older,
and be of Kazakh nationality. Exclusion criteria included a
history of genetic disease, hypothyroidism or
hyperthyroidism, heart rhythm disturbances, recent
placement of a left ventricular assist device (LVAD) within
the past 3 months, regular high alcohol consumption,
anaemia (Hb <110), cancer, kidney disease, severe
cardiovascular diseases, liver disease, end-stage blood
disease, autoimmune diseases that affect autonomic nerve
fibres (such as systemic lupus erythematosus), concurrent
degenerative diseases (like Parkinson's disease or multiple
system atrophy), medications that affect heart rate (such as
beta-blockers, verapamil, diltiazem, amiodarone, or
nitrates), and pregnancy or lactation.

Inclusion criteria for the control group were the absence
of a CAN diagnosis and no history of the disease, age 18
years or older, and Kazakh nationality. The exclusion
criteria for the control group were the same as those for the
case group.

Data collection

Out of the total patient population, 82 individuals
showed signs of CAN based on 24-hour Holter monitoring
using the Medilog DARWIN ECG Holter monitoring system
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from Switzerland. Data collection focused on specific
parameters as follows: [list parameters].

Average Standard Deviation of NN Intervals (SDNN
av) (ref interval 53-279 m/sec)

e Median of Standard Deviation of NN Intervals
(SDNN med) (> 53.8 m/sec)

o Average Standard Deviation of Average NN
Intervals (SDANN av) (ref interval 45-261 m/sec)

e Average Root Mean Square of Successive
Differences (RMSSD av) (ref interval 7-103 m/sec)

e Median of Root Mean Square of Successive
Differences (RMSSD med) (> 46.6 (28.8-71.9) m/sec)

o Average Percentage of NN Intervals differing by
more than 50 ms (pNN50 av) (ref interval 0-137 %)

e Median Percentage of NN Intervals differing by
more than 50 ms (pNN50 med) (22.6(6.0-44.1) %)

Heart Rate Variability Triangular Index (HRV)
High-Frequency Power (HF) (> 56.4(16.3))
Low-Frequency Power (LF) (<43.6(16.3))

e The ratio of High-Frequency Power to Low-
Frequency Power (HF/LF) (<0.8(0.5-1.2))

CAN was defined as abnormalities in three or more
Heart Rate Variability (HRV) measurements, using
thresholds specific to age and sex. These measurements
included SDNN, RMSSD, HF, LF, and HF/LF.

HT (hypertension) was identified by observing an
increase in systolic blood pressure (SBP) of 140 mm Hg or
higher and/or diastolic blood pressure (DBP) of 90 mm Hg
or higher. This determination was made either by regularly
monitoring blood pressure or by confirming the use of
antihypertensive medication. The BTL-08 ABPM ambulatory
blood pressure recorder, produced in Great Britain, was
utilized for daily blood pressure monitoring. The diagnosis
of diabetes mellitus followed the clinical protocol set by the
Ministry of Health of the Republic of Kazakhstan. To
diagnose diabetes, specific laboratory parameters were
used, including fasting glucose concentration (= 6.1 mmol/l)
and glycosylated haemoglobin (= 6.5% or 48 mmol/mol).

Body mass index (BMI) was calculated by dividing
weight in kilograms by the square of height in meters.

For blood sample collection, the cubital vein was
accessed in the treatment room after a 12-hour fast. The
blood was then centrifuged at 1000xg (4°C) for 10 minutes
to separate the plasma, which was stored at -30°C for
further biochemical analysis. The serum obtained after
centrifugation was analysed on the same day as blood
collection for glucose, total cholesterol, triglycerides (TG),
high-density lipoprotein (HDL), and low-density lipoprotein
(LDL) levels using the enzymatic method on an Architect s
8000 automatic biochemical analyzer manufactured by
Abbott Laboratories in the USA.

DNA isolation was performed using the AutoMate
Express™ Instrument, utilizing the iPrep™ Purelink™
gDNA Blood Kit. Tubes were prepared and labelled for each
DNA sample, and the Qubit® working solution was created
by diluting the Qubit® dsDNA BR Reagent in the Qubit®
dsDNA BR Buffer at a ratio of 1:200 for each patient. A
mixture of 2 pl of the buffer and reagent mix with 2 pl of
DNA was prepared, and the concentration of DNA was
assessed using the Qubit™ 4 Fluorometer with the Qubit®
dsDNA BR Assay Kits.
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Genotyping

The genotyping process employed the advanced
OpenArray technology, which enables reactions in small
volumes. Custom-designed OpenArray slides, containing
3,072 data points each, were used. DNA samples that had
been previously extracted were combined with the reaction
mixture in a 384-well sample plate for genotyping. Each
sample required 3.0 pl of OppenArray Real-time master mix
and 2.0 pl of DNA sample with a concentration of 50 ng/pl.
The total volume per well was 5 pl, and each sample was
duplicated. The plate was mixed thoroughly and
centrifuged. Probes were designed using the QuantStudio
OpenArray AccuFill Plate Configurator and dried assays
were provided in specific throughholes of the genotyping
plates. These plates were specially designed to include two
allele-specific probes, a minor groove binder, and two PCR
primers to ensure accurate and precise genotyping calls.
The OpenArray technology employs nanolitre fluidics and
can be customized with up to 3,072 through-holes in
various formats.

A plate setup file was created to outline the protocol for
the applied samples, including analysis information. This file
was uploaded into the QuantStudio™ 12K Flex software to
generate and conduct the experiment. The prepared chips
were inserted into the QuantStudio 12K Flex instrument
using disposable genotyping blocks. The amplification
reaction occurred using real-time PCR microfluidic
technology. The resulting data from the amplification
reaction were analysed using online tools provided by the
Thermo Fisher Cloud service. The bioinformatics analysis
results allowed for the classification of the studied genes as
homozygotes for the major allele, homozygotes for the
minor allele, or heterozygotes.

Statistical analysis

The dataset used for analysis included personal
information, laboratory data, and genotyping data from a
total of 182 individuals. The analysis was conducted using
SPSS (IBM) version 26.0. Non-normally distributed
quantitative data were analysed using the non-parametric
Mann-Whitney test for independent groups, and the results
were presented as median [Q1; Q3]. Categorical data were
compared using the chi-square test, and the results were
reported as percentages. The normality of data distribution
was assessed using the Shapiro-Wilks criterion. A
significance level of p < 0.05 was considered to determine
statistically significant differences.

To evaluate the association between Single Nucleotide
Polymorphisms (SNPs) and phenotype, a case-control
design was employed by comparing the CAN- and CAN+
groups. A generalized linear model was used to assess the
association between genotype and phenotype. Four
inheritance models were examined: dominant, co-dominant,
recessive, and log-additive models. Adjustments were
made for age and gender, as there were no significant
differences between the CAN- and CAN+ groups in terms of
the studied parameters.

Ethics

The study was conducted in accordance with ethical
guidelines and received approval from the Hospital's Local
Commission on Bioethics with permission note No. 5 issued
on September 27, 2017. All medical tests and examinations
followed the approved standard operating procedures of the



Hayxa u 3apaBooxpanenne, 2023 4 (T.25)

Opnrm{anbnoe HCCJIeAOBAaHHUE

Hospital. Before participating in the study, all individuals
voluntarily agreed to participate and provided informed
consent by signing relevant documentation.

Results

There were no significant differences in the mean age
between the groups with and without CAN, with values of
54.649.1 and 54.7+10.6 years, respectively. In terms of
gender, there were no significant differences between the
patients, although the number of men was higher than
women in both the CAN+ and CAN- populations. Both

groups had a similar proportion of non-smokers. Patients
with CAN had slightly lower BMI compared to those without
CAN, but this difference was not statistically significant. The
heart rate was slightly lower in patients with CAN compared
to those without CAN. The respiratory rate, diastolic and
systolic blood pressure, as well as triglyceride levels, were
similar regardless of the presence of CAN. In terms of the
prevalence of CAN among patients with DM2, it was
observed in one-third of the patients which can be observed
in Table 1.

Table 1.
Clinical and demographic parameters of patients.
CAN + (n=82) CAN-(n=100) p
Age (M+SD) 54.6+9.1 54.7+£10.6 0.97a
Gender (absolute value, %)
male 52 (63.4%) 60 (60%) 0.64°
female 30 (36.6%) 40 (40%)
Smoking (absolute value, %)
nonsmokers 70 (85.4%) 82 (82%) 0.54°
smokers 12 (14.6%) 18
BMI 28,8 30.6 0.13¢
Me (Q1,Q3) (27.1;30.9) (27.0;32.0)
Heart rate (bpm) 72 74 044 ¢
(68;76) (70;78)
Respiratory rate (per minute) 17 17 0.46¢
(16;18) (16;18)
SBP (mm Hg) 130 130 0.99¢
(120;130) (120;131.3)
DBP (mm Hg) 80 80 041c¢
(80; 90) (80;90)
Blood glucose (mmol/L) 6.5 6.2 049¢
(5.5;9.4) (5.4;,8.5)
Triglyceride (mmol/L) 1.66 1.67 0.92¢
(1.23; 2.54) (1.22; 2.62)
DM2 presence (abs, %)
Yes 26 (31.7 %) 45 (45%) 0.07®
No 56 (68.3) 55 (55%)

a-gtatistical calculations were carried out using Student's t -test
b-statistical calculations were carried out using the Chi-square test
c-statistical calculations were carried out using the Mann-Whitney test

Alleles and genotypes Distribution of in Hardy-
Weinberg equilibrium.

After conducting the study, it was found that out of the
initial 113 polymorphisms analysed, 7 specific polymorphisms
(rs2736990, rs2737029, and others) were associated with
cardiovascular autonomic neuropathy. It was observed that
these polymorphisms followed the Hardy-Weinberg
equilibrium in both the case and control groups, indicating no
significant deviation (p>0.05). To further investigate the
relationship, these polymorphisms were studied using four
inheritance models: codominant, dominant, recessive, and
additive.

Binary logistic regression analysis was carried out
considering different inheritance models (codominant,
dominant, recessive, and log-additive) (Table 2).
Adjustments were also made for gender and age.

Association of the SNCA gene (synuclein alfa gene)
SNP with CAN.

The frequency of occurrence of the AA genotype of the
rs2736990 polymorphism was less in the case group, while in
the control group, the GG genotype was less common

63

compared to patients with CAN. Heterozygous AG was more
common in patients compared to controls.

However, the study of the association of rs2736990
polymorphism with CAN did not reveal a statistically
significant relationship in any of the models.

The CC genotype was the most common in patients,
the CT genotype was comparingly less common, and the
TT genotype was the least common. Carriers of the
heterozygous variant of the CT genotype prevailed among
the persons of the control group. Carriers of the CC
genotype prevailed over carriers of the TT genotype,
however, there were fewer carriers of the CC genotype
among the control group than among patients with CAN.

Of the two SNCA gene polymorphisms we studied, only
rs2737029 was associated with CAN. According to the results
of our study, in the recessive model of CC, the genotype
increases the chances of having CAN in patients by almost 2
times (1.93 (1.06-3.53)). After adjusting for age and gender,
the scores did not change significantly. However, in other
models, no statistically significant association of CAN with
rs2737029 of the SNCA gene was found.
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Table 2.
Relationship between the SNPs and CAN under multiple models of inheritance.
SNP ID Model Genotype | CAN | CAN Crude analysis Adjusted
) | ¢
OR (95% CI) p OR (95% Cl) p
rs2736990 | Codominant | AA 10 12 | 1.24(0.37-3.30) 1.30 (0.49-3.47) 0.36
AG 59 40 | 0.71(0.37-1.33) 0.72 (0.38-1.37)
GG 31 30 1 1
Dominant AA 10 12 1 1
0.43 0.49
GG+ AG 90 70 | 0.78(0.42-1.44 1.25 (0.67-2.33)
Reccesive GG 31 30 | 1.28(0.69-2.38) 1.25(0.67-2.33)
0.43 0.49
AA+ AG 69 52 1 1
Log-additive | 1,2,3 - 0.98 (0.62-1.54) 0.92 1.00 (0.63-1.59) 0.99
Codominant | CC 40 33 1.29 (0.56-3.0) 0.55 1.28 (0.55-2.97) 0,57
CT 27 51 | 0.57 (0.24-1.31) 0.19 0.56 (0.24-1.30) 0.18
T 15 16 1 1 1 1
rs2737029 | Dominant T 15 16 1 1
0.68 0.65
CC-CT 67 84 | 0.85(0.39-1.85) 0.84 (0.39-1.82)
Reccesive CcC 40 33 | 1.93(1.06-3.53) 1.92 (1.05-3.53)
0.04
TT-CT 42 67 1 1
Log-additive | 1,2,3 - 1.30(0.86-1.96) | 0.032 1.29 (0.85-1.95) 0.23
Discussion Opposite results regarding the association of this

Therefore, carrying the CC genotype of the rs2737029
polymorphism in the SNCA gene may be a predisposing
factor for the development of cardiac autonomic
neuropathy, while the rs2736990 polymorphism of this gene
is not associated with it.

The SNCA gene is located on the long arm of
chromosome 4 in the 4q21-22 locus and encodes the
alpha-synuclein ~ protein. The exact physiological
significance of this protein remains unknown. However, it is
known that alpha-synuclein can influence intracellular
dopamine content by directly interacting with proteins
involved in dopamine synthesis and reuptake. It acts as a
regulator of dopamine toxicity by controlling the influx and
efflux of dopamine into the cell [3].

According to our findings, the rs2737029 polymorphism
may predispose individuals to cardiac neuropathy.
Unfortunately, there is no available literature data on the
association of this polymorphism with autonomic cardiac
neuropathy. However, studies have shown that rs2737029
increased the risk of Parkinson's disease in the European
population. In contrast, in the same study, another
polymorphism, rs2736990 of the SNCA gene, increased the
risk of Parkinson's disease in the Asian population [37].
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polymorphism with Parkinson's disease were obtained in
studies conducted in the Chinese population, where
rs2736990 was found to reduce the risk of the disease [17].
The lack of associations with the rs2736990 polymorphism
in our study may be attributed to the sample size.
Conducting further studies with a larger sample size may
increase the chances of identifying associations between
the rs2736990 polymorphism of the SNCA gene and
cardiac autonomic neuropathy in the Kazakh population.
Moreover, despite the similarities in the pathogenesis of the
two diseases, the role of gene polymorphisms in the
development of specific features may vary between these
diseases. The future perspective would include conducting
further research to identify specific patterns in the
pathogenesis of cardiac autonomic neuropathy associated
with SNCA gene polymorphisms.

Indeed, our attempts were made to explain how alpha-
synuclein may be associated with cardiac neuropathy. The
unclear mechanisms of phosphorylated alpha-synuclein
deposition in the brainstem nuclei, leading to atrophy of the
vagus nerve, and the link between alpha-synuclein
overexpression and dopamine deficiency with subsequent
effects on heart rate variability may be partially influenced
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by polymorphisms in the SNCA gene [21]. According to
some data, the C allele of the rs356219 polymorphism in
the SNCA gene correlated with higher levels of alpha-
synuclein in the plasma in an additive model [19]. All of this
motivates further research aimed at studying the rs2737029
polymorphism of the SNCA gene in the pathogenesis of
cardiac autonomic neuropathy in relation to dopamine
receptors.

As for the limitations of our study, firstly, the small
sample size only allowed us to detect relatively strong
associations. However, even with this sample size, we were
able to identify statistically significant differences. It is also
worth noting that the study was conducted within a single
medical organization. Therefore, we cannot extrapolate our
results to the entire population, that is, the entire Kazakh
population. The third limitation is that only two
polymorphisms of a single gene were studied. Examining
multiple polymorphisms of the same gene, especially those
located close to each other, and their influence on protein
production would allow for the identification of specific
patterns in the pathogenesis of the disease.

Despite potential limitations, our study has distinct
advantages. We were the first to investigate genetic
markers of cardiac autonomic neuropathy in individuals of
Kazakh nationality and identified predisposing factors for
neuropathy based on gene polymorphism
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