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Abstract

Introduction. It is known that cardiovascular diabetic neuropathy or cardiac autonomic neuropathy plays a role in the
pathogenesis of vascular damage and subsequent cardiac artery disease, which can lead to disability. Currently, genetic
mechanisms in the development of cardiac diabetic neuropathy are of interest.

Objective of the study. To evaluate the association of the polymorphisms rs1011970, rs62560775, rs72652411, and
rs564398 of the ANRIL gene (CDKN2B) with cardiac autonomic neuropathy to identify genetic markers of cardiovascular
complications in diabetic patients of the Kazakh population.

Materials and methods. A case-control study included 67 patients with diabetes complicated by cardiovascular diabetic
neuropathy and 234 individuals in the control group. The research was conducted at the Medical Center Hospital of the
President’s affairs Administration of the Republic of Kazakhstan. Genotyping was performed using real-time PCR. Statistical
analysis was conducted using Chi-square methods and odds ratio (OR) calculation with a 95% confidence interval (CI).
Statistical calculations were carried out using the Gen Expert genetic calculator.

Results. According to the findings, only the polymorphism rs564398 of the ANRIL gene (CDKN2B) was associated with
cardiac neuropathy (p=0.03). The C allele and CC genotype predispose to disease (1.72 (1.10-2.69) and 1.89 (1.08 — 3.31),
respectively). The remaining polymorphisms rs1011970, rs62560775, and rs72652411 were not associated with the outcome
of diabetes in our sample.

Conclusions. Thus, the polymorphism rs564398 of the ANRIL gene (CDKN2B) is associated with a predisposition to
cardiac autonomic diabetic neuropathy. Further research in this area will help assess its impact on the development of
cardiac autonomic neuropathy.

Keywords. Cardiovascular diabetic neuropathy, diabetes mellitus, genetic polymorphism, Kazakh population.
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CBA3b NOJIMMOP®U3MA rs564398 F'EHA ANRIL (CDKN2B)
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1 LleHTp MepoHTOnorun, bonbHuua MeauuuHckoro ueHTpa YnpaBneHusa aenamu MNpe3vgeHTta Pecnyonukm
KasaxcTaH, r. ActaHa, Pecny6nuka KasaxcTaH.

AKTyanbHoOCTb. /I3BECTHO, YTO KapamoBackynsipHas gopma anabeTndeckon Heiponatust (KOOH) wnu kapguansHas
aBTOHOMHas Henponatus (KAH) yyacTByeT B naToreHese MOBPeXAEHUs COCYAOB M MOCMEAYOLLEN MLeMMYECKon BonesHm
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cepaua, YTo MOXET NPUBECTU K MHBaNWAM3aLmn. Ha cerogHsWHMA aeHb NPEeACcTaBnsioT MHTEPEC FeHETUYECKNE MEXaHU3MbI
B Pa3BUTUW KapamarnbHOi auabeTnyeckon HeponaTuu.

Llenb nccnegoBaHma: oueHnTb €BA3b nonumopdmnamos rs1011970, rs62560775, rs72652411, rs564398 reHa ANRIL
(CDKN2B) ¢ kapawanbHON aBTOHOMHOW HeMpomaTWeln Ans BbISIBMEHWSI TEHETUYECKUX MapKepoB pas3BUTUS CEpheyHo-
COCYAMCTBIX OCMOKHEHWI Y BOMbHBIX CaxapHbIM AnabeToM Ka3axckoi nomynsLum.

Matepuansi 1 MeToabl. B uccnegosaHum cryyan-kOHTPONb NPUHANM yyacTne 67 MauMeHTOB C CaxapHbIM auabetom,
OCMOXHEHHBIM KapAMOBaCKyNsipHOM AnabeTnyeckoil Helmponatuen 1 234 yenoBeka KOHTPOMbHOW rpynnbl. MiccnegoBanns
nposoaunnce B bonbHuue MepaumumHckoro ueHTpa ynpaeneHus genamu [pesupgenta (r. Actama, Kasaxcrad). Beino
nposegdeHo reHoTunupoBaHue Metogom [LUP B pexume Pean-taim. CratucTnyeckuin aHanu3 npoBoguncs c
ncnonb3oBaHeM MeToAoB Xu-kBagpaT, pacyeTa oTHowweHus waHcoB (OW) ¢ 95% poseputenbHbiM uHTepBanom (OW).
CraTucTnyeckne pacyeTbl MPOBOAMIMCH C MOMOLLBIO TEHETUYECKOTO KanbkynsaTopa Gen Expert.

PesynbTtatbl. CornacHo MmonyveHHbIM pesynbTataM, Tonbko nonumopdmam rs564398 reHa ANRIL (CDKN2B) 6bin
accoummpoBaH ¢ kapauaneHon Heitponatuen (p=0,03, cootBeTcTBeHHO). Tak, C annenb u CC reHoTMN npegpacnonaraet k
pa3suTuio 3abonesanuit (1.72 (1.10-2.69) n 1.89 (1.08 — 3.31), cootBeTcTBEHHO). OcTaBLumecs nonumopduamel rs1011970,
rs62560775, rs72652411 He Gbinm cBA3aHBI C UCXOA0M caxapHoro auabeTa B Haluei BbiGopke.

BbiBoabI. Takum 0Bpasom, nonumopduam rs564398 rena ANRIL (CDKN2B) accouunpoBaH ¢ npenpacnonoXeHHOCTbIo
K CepAeyqHoOli aBTOHOMHOW [uabeTuyeckon Heiponatuu. [anbHeilune McCrnefoBaHUs B 3TOM HanpaBfieHUM MO3BONST
OL|eHUTb €ro BNMsiHNE Ha pasBuUTUE CepAeYHOIN aBTOHOMHON HermponaTuy.

Knroyeebie crnosa: kapduosackynspHas opma Ouabemuyeckol Heliponamuu, caxapHbil Quabem, 2eHemuyecKull
nonuMopegu3M, ka3axckasi Nonysyus.

Ty#ingeme
KAHT OAUABETIHIH ACKbIHYJIAPbI BAP ANRIL(CDKN2B)
FEHIHIH rs564398 NOJIMMOP®U3MIHIH ACCOLIUALIUACHI
2 TUNTI KAHT OUABETI, ATANN AUTKAHOA OUABETTIK
HEWPONATUAHDbIH XXYPEK-TAMbIP TYPIMEH
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Banepun B. BeHbepuH1,

! KasakcTan Pecny6nukach! Mpe3naeHTiHiK ic 6ackapMackl MeaMUMHaNLIK OpTanbIFbiHbIH AypyXaHachl,
AcTaHa K., KazakctaH Pecny6nukachbl.

Kipicne. [nabetTtik HelponaTusHblH, Xypek-kaHTamblprblk Typi  (OHXKT) Hemece 3ypekTiH BeretaTusTi
HemponaTuacbiHbiH, (XKBH) MyreaekTikke SKeneTiH KaH TamblpnapblHblH, 3aKbIMAAHYbI XSHE KENiHTi KYPEKTiH UWeMUsAnbIK
aypybl naToreHesiHe KaTtbicaTbiHbl Genrini. ByriHri KyHi kapguonorusnelk AuabeTTik HelponaTusHbIH, LaMyblHAAFb
reHeTMKarnblK MEXaHU3MAEp Kbl3bIFYLUbINbIK TyAblpagbl.

3eptTeyaiH Makcatbl: Kasak nonynsuusicblHaarbl KaHT AuabeTiHiH, KypeKk-KaHTaMbIpSibIK acKbiHynapblHa ceGenTi
reHeTukanblk mapkepnapbiH aHbikray ywiH ANRIL renidiH, (CDKN2B) rs1011970, rs62560775, rs72652411, rs564398
nonuMopcuaMaepiHiH, XypPeKTiH, BereTaTUBTi HeiiponaTusicbiMeH GainaHbIChIH 3epTTey.

Matepuangap MeH apictep. Xafgai-Dakbinay 3epTTeyiHe Kypek-KaHTaMblpnblK AuabeTTik HeponaTusiChIMEH
ackblHFaH KaHT auabeti 6ap 67 naumeHT xaHe 234 cay agam KatbicTbl. 3eptTeynep lNpeaugeHT Ic backapmackiHbiH,
MeouumHanblK opTanbIFbiHbIH aypyxaHacbkiHaa (ActaHa K., KasakcTaH) xyprisingi. HakTbl yakbiT pexumiHge MTP agicimeH
reHoTunTey Xyprisingi. Ctatuctukanelk Tangay Xu-ksagpat oAicTepiH KongaHa oTbipbin, 95% ceHiMainik uHTepBarnsiMeH
(ci) koahdmumeHTTEPaI ecenTey apKbinbl Xyprisingi. CTaTUCTUKanbIK ecenTeyrnep genexpert reHeTukanblk KanbKynsTopbl
apKbInbl XY prisingi.

Hotmxkenep. AnbiHFaH HoTwxenepre caiikec, Tek ANRIL reHiHiH rs564398 nomumopdmami (CDKN2B) xypek
HemponaTusceiMeH bainanbicTsl 6ongel (p=0,03). CoHbiMeH, C annenb xaHe CC reHotun aypynapablH, JamybiHa Geiim
(1.72 (1.10-2.69) xoHe 1.89 (1.08 — 3.31), colikeciHLe).

KopbitbiHabinap. Ocbinaiwa, ANRIL renitiH, (cdkn2b) rs564398 nomvmopdmami xypek aBTOHOMAbI AvabeTTik
Hemponatusra 6GenimginikneH 6ainabiCTbl. Ocbl  GafbiTTaFbl KOCbIMWWA 3€pPTTEYNep OHblH KYPeK aBTOHOMAb
HeMponaTUAChIHbIH JaMyblHa 8cepiH baFanaiabl.

Tytindi ce3dep: duabemmik HellponamusiHbIH XYpPeK-KaHmambIpsbIk mypi, KaHmmbi duabem, 2eHOik NonuUMopgu3aM,
Ka3aK nonynsayuscal.
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Introduction

Type 2 diabetes mellitus (T2DM) is a chronic condition
that negatively affects patients’ quality of life and overall life
expectancy. T2DM is a chronic condition in which the body
cannot effectively use insulin to absorb glucose due to
cellular insensitivity to insulin. As a result, high glucose
levels can damage coronary vessels and nerves that control
heart function [11].

A significant complication of T2DM in terms of predicting
cardiovascular and overall mortality is diabetic cardiovascular
autonomic neuropathy (CAN), characterized by altered
signalling pathways in neuronal cells and a chronic,
progressive, and diffuse course. The development of
diabetes-associated CAN is closely related to the dysfunction
of innervation of the heart and blood vessels because the
high blood glucose levels damage small blood vessels that
nurture the nerves [22]. Typically, the vagal nerve, the longest
parasympathetic nerve, is the first to be affected in CAN. This
initial impairment results in resting tachycardia increased
sympathetic nervous system activity, and abnormalities in
both left ventricular systolic and diastolic functions [3, 21].
Over time, it ultimately leads to impaired cardiovascular
function. As CAN progresses, there is a continued escalation
in sympathetic tone, accompanied by denervation of the
sympathetic nervous system [3]. CAN usually begins as a
subclinical condition, characterized by reduced heart rate
variability (HRV) during deep breathing, and gradually
advances to more severe stages [21]. Advanced stages of
CAN manifest in various clinical conditions, including vessel
atherosclerosis, orthostatic hypotension, and chronic kidney
disease (CKD) [19, 25, 26].

T2DM-associated CAN are heterogeneous and
polygenetic disorders with multifactorial pathogenesis,
influenced by the interplay of different genes and the
environment [3,24].

The chromosomal locus 9p21.3, known as a genomic
risk zone for cardiovascular diseases, includes two distinct
haplotypes, which are widely distributed among different
populations. These haplotypes consist of adjacent blocks of
50-100 single nucleotide polymorphisms (SNPs) separated
by a recombination peak. They exhibit linkage
disequilibrium, ensuring non-random co-inheritance for
each disease [9].

Recent GWAS have identified numerous genetic loci
associated  with  T2DM-associated  cardiovascular
complications, with one of the most consistently significant
loci across multiple populations being the ANRIL (CDKN2B)
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gene on chromosome 9p21.3 [8]. Genetic polymorphisms in
the ANRIL gene have been implicated in developing and
regulating lipid metabolism, nerve repair and regeneration
[5,20,28,30]. However, the polymorphisms as genetic risk
factors for CAN development remain unclear.

In recent GWAS studies, several variants were
identified at the CDKN2B gene locus as risk for coronary
artery disease (CAD) / myocardial infarction (M) in ethnic
Saudi Arabs [23]. These SNPs included among others, the
rs10738607,  rs564398,  rs1412829,  rs10120688,
rs4977756, rs10757274, rs4977574 and rs1333045.

Abdul Azeez et al. revealed that three of the SNPs, the
rs564398, rs4977574 and rs1333042, were strongly
associated with CAD/MI in the Arabian population [1]. Some
of these SNPs have further been implicated in CAD/MI in
various other ethnic groups [1,2,10,18], pointing to the
likelihood of this genomic locus constituting an important
risk candidate for the cardiovascular complications.
Therefore, validation studies are required to confirm the
significance of this genomic locus as a cardiovascular risk
factor for any ethnic group.

Objective of the study is to evaluate the association of
the polymorphisms rs1011970, rs62560775, rs72652411,
and rs564398 of the ANRIL gene (CDKN2B) with cardiac
autonomic neuropathy in order to identify genetic markers
for the development of cardiovascular complications in
diabetic patients of the Kazakh population.

Materials and methods

Study Design and patients’ selection

The study included 67 patients with CAN and 234
patients without CAN regardless of diabetes presence
(overall group). All study participants were of Kazakh
nationality. Patient recruitment took place in the therapeutic
department of the Medical Centre Hospital of the
President's Affairs Administration of the Republic of
Kazakhstan from September 2017 to August 2022. The
control group was formed from individuals undergoing
preventive check-ups at the same hospital.

The diagnosis of type 2 diabetes was established
according to the American Diabetes Association (ADA,
2019) criteria. The diagnosis of CAN was established based
on Holter monitoring indicators. A 24-hour Holter monitoring
system, Medilog DARWIN ECG from Switzerland, was used
for this purpose. The following parameters were evaluated:
SDNN, RMSSD, pNN50, HRV, HF, LF, and HF/LF. If three
or more indicators were outside the normal range, a
diagnosis of CAN was made.
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Individuals in the control group were excluded from
having diagnoses of diabetes and CAN based on historical,
objective, and laboratory/instrumental data (glucose level
determination, treadmill test, electrocardiography, and
Holter monitoring results).

The inclusion criteria for the case group were confirmed
diagnosis, age 18 years and older, and Kazakh nationality.
Exclusion criteria included genetic diseases in medical
history, hypothyroidism or hyperthyroidism, arrhythmias,
implantation of LVAD within the last 3 months, regular
alcohol consumption (more than 80 mg/day), anemia
(Hb<110), cancer, kidney disease, severe cardiovascular
diseases, liver disease, terminal stage of hematopoiesis,
autoimmune diseases affecting autonomic nerve fibres such
as systemic lupus erythematosus,  concomitant
degenerative diseases (e.g., Parkinson's disease or multiple
system atrophy), medications affecting heart rates such as
beta-blockers, verapamil, diltiazem, amiodarone, or nitrates,
and pregnant or lactating women.

The inclusion criteria for the control group were the
exclusion of diabetes, CAN diagnoses, age 18 years and
older, and Kazakh nationality. Exclusion criteria were
analogous to those of the case group.

Demographic data including gender, age, height,
weight, and ethnic background were obtained from the
medical records of the study participants.

Fasting glucose levels were determined from venous
blood samples. Blood samples were taken from the
antecubital vein in the procedure room after a 12-hour fast.
Plasma was separated by centrifugation at 1000xg (4°C)
for 10 minutes. Plasma for further biochemical analysis was
stored at -30°C. The serum obtained after centrifugation
was used for analysis on the same day as the blood draw.
Levels of glucose, total cholesterol, triglycerides (TG), HDL
cholesterol (HDL-C), and LDL cholesterol (LDL-C) were
measured using an enzymatic method on an automated
biochemical analyzer, the Architect s 8000, manufactured
by Abbott Laboratories, USA.

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

Isolation of DNA and Genotyping

DNA extraction from blood samples was carried out
using kits from the DSMZ-German Collection of
Microorganisms and Cell Cultures (Germany, catalogue
number ACC11) following the manufacturer's instructions.
DNA extraction was performed automatically using the
AutoMate Express™ Instrument. The iPrep™ Purelink™
gDNA Blood Kit was used for this purpose. Initially, tubes
were prepared and labelled according to the DNA samples.
Subsequently, 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. Then,
2 pl of the buffer and reagent mix were combined with 2 pl
of DNA. The concentration of DNA was assessed using the
Qubit™ 4 Fluorometer with the Qubit® dsDNA BR Assay
Kits.

Genotyping was carried out using the innovative
OpenArray technology, which enables reactions in very
small volumes. Specifically designed OpenArray slides,
each containing 3,072 data points, were utilized in this
process. To perform genotyping, the previously extracted
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DNA samples were combined with the reaction mixture in a
384-well sample plate. For each sample, 3.0 ul of
OppenArray Real-time master mix and 2.0 pl of DNA
sample with a concentration of 50 ng/ul were required. The
total volume of the reaction mixture per well was 5 pl, and
each sample was duplicated. The plate was thoroughly
mixed using a shaker and then centrifuged. Probes were
designed using the QuantStudio OpenArray AccuFill Plate
Configurator and dried assays were provided in the
designated throughholes of the genotyping plates. These
plates were specifically designed with two allele-specific
probes, a minor groove binder, and two PCR primers to
ensure accurate and precise genotyping calls.

Statistical analysis

The dataset for the analysis consisted of personal
information, laboratory data, and genotyping data from a
total of 301 individuals. The analysis was performed using
SPSS (IBM) version 26.0. Quantitative data were presented
as medians, upper and lower quartiles (M+SD), and Me (Q
1, Q 3) and were used as continuous variables. Qualitative
data is presented as frequencies and proportions. Were
dichotomized: gender (male/female) and presence of
diabetes mellitus (yes/no).

Quantitative data with non-normal distribution were
analyzed using the non-parametric Mann-Whitney test for
independent groups, and the results were reported as
median (Q1; Q3). The normality of the data distribution was
assessed using the Shapiro-Wilks criterion. Dichotomous
and categorical variables were analyzed using the Chi-
square test. A significance level of p<0.05 was considered
for determining statistically significant differences.

Allele and genotype frequencies of gene polymorphisms
between groups were compared using Pearson's chi-
squared test and odds ratios (OR) with 95% confidence
intervals (Cl). Comparisons of genotype and allele
frequencies were checked against Hardy-Weinberg
equilibrium. Statistical calculations were conducted using
the Genetic Expert calculator for genetic analysis
(http:/lgen-exp.ru/calculator_or.php).

Ethics

The research adhered to ethical principles and was
approved by the Hospital's Local Commission on Bioethics,
with permission note No. 5 issued on September 27, 2017.
All medical procedures and tests were conducted under the
approved standard operating procedures of the Hospital.
Before participation, all individuals willingly consented to be
part of the study and provided informed consent by signing
appropriate documentation.

Results

Comparison of Clinical and Demographic Indicators
of Patients with CAN and the Control Group

The average age of patients with CAN was significantly
higher compared to patients without CAN ((58(51.5-63) and
53(69-57) respectively, p<0.001)). Among patients with
CAN, men predominated with a statistical significance
(p<0.001) (Table 1).

As seen in Table 1, when comparing BMI, glucose,
triglycerides, total cholesterol, HDL, and LDL, significant
differences were found between participants with CAN and
the control group.
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Table 1.
Anthropometric and clinical characteristics of 410 patients with type 2 diabetes.
CAN
Case (n=67) Control (n=234) p

Age 58(51.5-63) 53(49-57) <0.0010
Male 46(68.6%) 75(32.1%) <0.0012
Female 21 (31.3%) 159 (67.9%) '
BMI (kg/m2) 30.5 (27.1-33.8) 25.96 (23.3-30.1) <0.001®
Glucose (mmol/L) 8.72 (6.8-11.21) 5.17 (4.87-5.44) <0.001®
TG (mmol/L) 1.92 (1.34-2.97) 1.36 (0.92-1.57) <0.0010
Total cholesterol 5 (4.25-6.14) 5.46 (4.85-6.10) 0,040
Low-density lipoprotein (LDL) 2.85(2.33-3.59) 3.48 (2.87-4.03) <0.001®
High-density lipoprotein (HDL) 1.06 (0.95-1.27) 1.39 (1.25-1.53) <0.001®

a- comparisons were made using the Chi-square test;

The prevalence of alleles and genotypes of gene
polymorphisms among patients with CAN and
individuals in the control group

According to our results, the frequency of the G allele in
rs1011970 predominated in both the case group and the
control group (87.8% and 88.5%, respectively) over the
frequency of the T allele (12.2% and 11.5%, respectively).
The distribution of genotypes was also nearly identical in
both groups. The GG genotype was most frequently
observed: 78.9% in the group of patients with CAN and
79.9% in the control group. The heterozygous GT genotype
was less common in both groups (17.7% and 17.1%,
respectively). The TT genotype was rare, occurring in only
3.4% of patients with CAN and 3.0% of individuals in the
control group (Table 2).

For the rs62560775 polymorphism in cases of CAN, the
A allele was more prevalent compared to the G allele
(91.5% and 8.5%, respectively). Similarly, in the control
group, the A allele predominated over the G allele (89.7%
and 10.3%, respectively). The frequency of genotype
distributions was also similar between patients with CAN
and the control group. In both patient and control groups,
the AA genotype was most frequently observed (86.4% and
83.8%, respectively). The heterozygous AG genotype was
less common (10.2% and 12.0%, respectively). The GG

b- Mann-Whitney U-test was used to compare mean values

genotype was very rare, occurring in only 3.4% of patients
with CAN and 4.2% of individuals in the control group
(Table 2).

The allele frequencies of the rs564398 polymorphism
differed between patients with CAN and the control
group. Specifically, the C allele was found in 77.6% of
patients and 70.9% of controls, while the less frequent T
allele was observed in 22.4% of patients and 29.1% of
controls. Regarding genotypes, the CC genotype was
present in approximately 64% of patients with CAN
compared to 48.7% in the control group. The CT
genotype occurred less frequently, at 27.2% among
cases and 36.3% among controls. The TT genotype was
less common in patients with CAN (8.8%) compared to
controls (15.0%) (Table 2).

Association of 9p21.3 Locus Polymorphisms with
CAN in Patients with T2DM

The study's results associating locus 9p21.3 with CAN
exhibited the same results as CAD associations. Among the
four polymorphisms on locus 9p21.3, only rs564398 was
associated with cardiac neuropathy. Carriers of the C allele
and CC genotype had 1.72 and 1.89 times higher risk of
developing  CAN,  respectively.  The  remaining
polymorphisms, rs1011970 and rs62560775, showed no
association with the disease (Table 2).

Table 2.

The prevalence of alleles and genotypes of gene polymorphisms among patients with CAN and the control group.

Polymor- Alleles/ Frequencies HWE
ph)i(sms Genotypes | Case(n=67) Control (n=234) X P OIR (942 Case | Control
G 59(87.8%) 207(88.5%) 002 | 09 0.96 (0.53-1.74)
T 8(12.2%) 27(11.5%) ' ' 1.04(0.57-1.88)
rs1011970 GG 53 (78.9%) 187 (79.9%) 0.95(0.49-1.86) 0.48 0.12
GT 12 (17.7%) 40 (17.1%) 0.02 | 099 | 1.06(0.52-2.15) '
GG 2 (3.4%) 7 (3.0%) 1.00(0.20-4.92)
A 61(91.5%) 210(89.7%) 049 | 048 1.28(0.64-2.54)
G 6(8.5%) 24(10.3%) ' ' 0.78(0.39-1.55)
rs62560775 AA 58 (86.4%) 196 (83.8%) 1.25(0.57-2.73) 0.003 011
AG 7(10.2%) 28 (12.0%) 0.37 | 0.83 0.86(0.36-2.06) ' '
GG 2 (3.4%) 10 (4.2%) 0.69(0.15-3.23)
T 15(22.4%) 68(29.1%) 564 | 0.02 0.58 (0.37-0.91)
C 52(77.6%) 166(70.9%) ' ' 1.72(1.10-2.69)
rs564398 T 6 (8.8%) 35 (15.0%) 0.56(0.22-1.39) 0.19 0.06
TC 18 (27.2%) 85(36.3%) 471 | 0.03 0.64(0.35-1.18) ' '
cC 43 (63.9%) 114(47.8%) 1.89(1.08-3.31)
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Discussion

The SNPs of the genetic locus 9p21.3, particularly
rs564398 of the ANRIL gene, involved in the balance of
cellular functions (cell cycle control, proliferation), may
contribute to the development of CAN and represent
potential for further exploration of their application in early
diagnostics and managing diabetes.

T2DM-associated CAN is  heterogeneous and
polygenetic disorder with multifactorial pathogenesis,
influenced by the interplay of different genes and the
environment [3, 24].

The main result of the current paper is the significant
association between the rs564398 polymorphism of the ANRIL
gene with CAN. The study suggests the CC genotype of the
rs564398 polymorphism predisposes Kazakh individuals with
T2DM to the development of both CAN. The SNP rs564398 is
situated approximately 100 kb upstream of the CDKN2A/2B
genes, which is comprised of two proteincoding genes and a
long non-coding RNA known as CDKN2B-AS (antisense to
CDKN2B) or ANRIL: CDKN2B encodes p15INK4B and tumour
suppressor protein (INK)-4 protein p15INK4B, while CDKN2A
encodes p16INK4a [17]. These genes encode key tumour
suppressor proteins regulating the cell cycle and TGF-
transformation through which it may confribute to the
pathogenesis of atherosclerosis [16].

The Phenome-wide association (PheWAS) plot
indicated the significant (p<0.05) associations of rs564398
for CAD, myocardial infarction, abnormal aortic aneurysm,
T2DM, heart failure, leukemia, and glaucoma esophageal
squamous cell carcinoma [3,13,14].

The molecular manifestations of SNP rs564398
contribute to atherosclerosis development. Namely, two
studies indicate that this SNP is strongly associated with
ANRIL expression: it is predicted to interfere with the Ras-
responsive element binding protein 1 (RREB1) binding site
within the 9p21 locus (17, 34). While Ras oncogenes are
widely recognized for their involvement in cancer
development, they also play a role in atherosclerosis by
promoting vascular aging and stimulating the expression of
pro-inflammatory cytokines [6,7].

T2DM is characterised by impaired B-cell function and
decreased B-cell mass: f-cells fail to adequately
compensate  for insulin  resistance, leading to
hyperglycaemia, which subsequently causes disruptions in
lipid metabolism and further deterioration of B-cell function
[27]. The T allele of rs564398 was linked to a decreased
rate of B-cell proliferation: the CT and TT genotypes
significantly suppressed (p<0.0001) glucose induction of f3-
cell proliferation in a study conducted by Y. Kong et al,
indicating a practical significance of this SNP in the
development or sustenance of human B-cell quantity [17].

rs564398, either individually or in combination with
neighbouring SNPs, may act as an indicator of reduced f-cell
proliferative capacity [17]. This concept aligns with the widely
accepted notion that SNPs in the CDKN2A/B genes influence
B-cell proliferation due to the known cell cycle-regulating
functions of the locus genes p14, p15, and p16 [12].

In our study, rs564398 increased the risk of developing
CAN. Xubin Yang et al. observed that patients with newly
diagnosed T2DM and CAN exhibited reduced residual -cell
function compared to diabetic patients without CAN and the
control group, concluding that reduced B-cell function is closely
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associated with CAN in Chinese patients with T2DM [29]. With
prolonged b-cell function (insulin secretion) and [-cell
proliferation dysfunction or inhibition, parasympathetic nerve
function may be more susceptible to hyperglycaemia damage
than sympathetic nerve function [15]. Consequently, CAN,
particularly parasympathetic nerve dysfunction, may manifest
soon after the diagnosis of T2DM. Though no other studies
identified rs564398 as a genetic indicator for CAN
pathogenesis, we might assume that this SNP might increase
CAN progression through the inhibition of B-cell proliferation
and function.

Several limitations should be considered when interpreting
the results of this study. Firstly, the sample size was relatively
small, which could impact the generalizability of the findings.
Secondly, the patients enrolled in this study were recruited
under hospital-based circumstances, potentially limiting their
representativeness of the broader diabetic population with
CAN, in this case ethnically Kazakh population.

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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