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Abstract

In the pathogenesis of cardiac autonomic neuropathy, disruptions in lipid metabolism occur, which subsequently
influence the reduction of neural blood flow, leading to decreased conductivity in the heart. It is commonly believed that the
fat mass and obesity-associatedFTO gene is a predisposing gene for obesity, and its polymorphism rs12149832 plays a
crucial role in obesity processes, particularly among the Asian population. However, as of today, there is a lack of studies
examining the association of this polymorphism with cardiac autonomic neuropathy in the Kazakh population.

The aim: To investigate the association between the rs12149832 polymorphism of the FTO gene and cardiac autonomic
neuropathy among individuals of Kazakh population.

Materials and Methods: A case-control study included 147 patients with cardiac autonomic neuropathy (cases) and 153
patients without cardiac autonomic neuropathy (controls). 300 individuals of Kazakh population were recruited from a hospital
affiliated with the RSE "Medical Center Hospital of the President's Affairs Administration of the Republic of Kazakhstan."
Genotyping for five polymorphisms of FTO gene was performed for all patients using real-time PCR. Statistical analysis
involved Chi-square methods, calculation of odds ratios (OR) with 95% confidence intervals (Cl). Statistical analysis was
performed in a gene calculator Gen Expert.

Results: As a result of preliminary genetic analysis, we found that of the 5 FTO gene polymorphisms, only the
rs12149832 polymorphism was associated with cardiac autonomic neuropathy. In logistic regression analysis, rs12149832
polymorphism was associated with cardiac neuropathy in the group of patients without diabetes mellitus (2.98 (1.11-8.03)
and 3.66 (1.24-10.77), respectively), while it was not associated in the overall group and the group with diabetes mellitus,
both before and after adjustment for age, gender, total cholesterol, BMI, TG, HDL, LDL, glucose.

Conclusion: Therefore, thers 12149832 polymorphism of the FTO gene is associated with a predisposition to cardiac
autonomic neuropathy. Further research aimed at exploring the relationship of this polymorphism with cardiac neuropathy in
conjunction with lipid metabolism indicators would allow for an assessment of its impact on the development of cardiac
autonomic neuropathy.
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1 LleHTp MepoHTONoruu, BonsHuua MeguumHckoro ueHTpa YnpaBneHus genamu MpesngeHta Pecny6nuku
KasaxcTaH, r. ActaHa, Pecny6nuka KasaxcTaH.

B naToreHese kapamarnbHO aBTOHOMHO HEPOMaTI M MMEKOT MECTO HapyLLEHIS! B XKUPOBOM OOMEHE, KOTOPbIE B AarbHENLIEM
BMUSIIOT HA CHWWKEHWe HeBpanbHOrO KPOBOTOKA M, COOTBETCTBEHHO, MPMBOZAT K CHIKEHMIO MPOBOAMMOCTY B cepaue. MpuHaTto
cumtath, yto reH FTO (fatmass and obesity associated) sBnseTcs reHOM NpeapacronoXeHHOCT K OXWPEHUO, a €ro
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MONMMOPCM3MbI UTPAKOT BaXkHYI0 POMb B MpoLeccax oxupenus. OOHaKo, Ha CeroaHsLWHIA AeHb OTCYTCTBYHOT MCCIIEA0BaHNS Mo
W3y4eHuto accoumaLim nonmmopduamos reHa FTO npu kapavanbHO aBTOHOMHOW HeponaTK Cpeay Kazaxckon NonynsLum.

Llenb uccnepoBaHus: u3yuntb CBA3b NonuMopduamoB reHa FTO ¢ kapauanbHOW aBTOHOMHOM HendponaTven Cpeam
UL, Ka3aXCKON HAaLMOHANbHOCTMU.

Martepuanbi n meTtoAbl. B nccnegoBaHuy cryuaii-koHTponb NpuHanu yuactue 147 nauynento ¢ KAH (cnyvam) n 153
naumeHTa 6e3 KAH (koHTponb). Vccnegosanue npoBoamnoch B «bonbHuue MeauumHCKoro LeHTpa YnpaeneHus aenamu
MpesngenTta Pecnybrvkm KasaxctaH». Bcem naumeHTam 6bino npoBeeHO reHoTUMMpOBaHWE Mo 5 nonmMmopguamam rexa
FTO metogom MNLP B pexume Pean-taiim. CTaTMCTUYECKUIN aHANW3 NPOBOAMICA C UCMOMNb30BaHWEM METOLOB XM-KBadpar,
pacyeTa oTHoweHus waHcoB (OW) ¢ 95% poseputenbHbiMM MHTepBanamu (OW), GUHapHOM NOrUCTUYECKON perpeccum.
CraTucTnyeckne pacyeTbl MPOBOAMIMCH C MOMOLLBIO reHeTUYeCKoro kanbkynsatopa GenExpert, SPSS 26.0.

PesynbTatbl. B pesynbrate npegBaputencHOTO reHETUYECKOrO aHann3a Mbl BbISBAMK, YTO M3 5 monumopdmamoB reHa
FTO Tonbko nonumopdmam rs12149832 Obin accoummpoBaH ¢ KapavanbHON aBTOHOMHOM Herponatueit. Mpy npoBeaeHum
aHanusa noructuyeckon perpeccun nonumopdmam rs12149832 6bin accounmpoBaH ¢ KapauanbHOW HelponaTuen B rpynne
naumeHToB Be3 caxapHoro anabeta (2.98(1.11-8.03) n 3.66(1.24-10.77), COOTBETCTBEHHO), B TO BPEMS KaK He Obin CBS3aH B
obueit rpynne u rpynne ¢ caxapHbiM guabetom, kak [0 KOppeKkUuu, Tak U Mocrne KOppeKuuu Ha BO3pacT, nor, obuimi
xonectepud, BMI, TT, NINBMA, JINHM, rniokoay.

BbiBogbl. Takum obpasom, nonumopduam rs12149832 reHa FTO cBsisaH ¢ NpeapacnonoXeHHOCTbIO K KapavarnbHOM
aBTOHOMHOW HeWponaTuu. [anbHemume MccnefoBaHusi, HanNpaBneHHbIe Ha W3yyeHWe CBA3M AAHHOMO nommMopduama c
KapamarnbHOM HEMpOMaTMENBO B3aMMOCBSA3N C NOKa3aTeNsAMM XMPOBOro 0OMeHa, No3BONMAM Bbl OLEHUTL BRUSHUE €r0 Ha
pasBuUTHeE KapaWanbHON aBTOHOMHOW HenponaTum.

Knrouesnble cnoea: kapduasnsHasi asmoHoMHas Heliponamus, 2eH FTO, xupogoll 0bMeH, Kasaxckas nonynsiyusi.

Tyvingeme
KA3AK nonynsaunAaCbiHOAFbl ADAMOAP APACbBbIHOAfBI
KAPOUANAObLI ABTOHOMAObI HEUPONATUALOAfFDBI FTO FEHIHIH

noNMMMOPOPU3IMAEPIHIH POl
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1 KasakctaH Pecny6nukachi Npe3unaeHTiHiH ic 6ackapmackl MeauumMHanbik opTanbIfbiHbIH AypyxaHachl,
AcTaHa K., KasakctaH Pecny6nukacsi.

Kapavangbl aBToHOMZb! HEMponaTUsiHbIH, NaToreHesiHaAe Mal anmacybiHaa bysbinynap 6ap, onap keniHHeH HEMPOHABIK,
KaH afbiMbIHbIH, TOMEHAEYIHe acep eTefi XoHe CalKeCiHLLE XypekTe eTKi3riLTiKTiH, TemeHaeyiHe akeneai. FTO (fatm mass
and obesity associated) reni cemiagikke 6enimginik reHi Oonbin caHanagbl XoHE OHbIH, MONMMMOPGU3MAEPI CeMiamik
npoLecTepiHae MaHpI3abl pen atkapadbl. Ananga, OyriHri TaHaa kasak, nonynsauMsachl apackbliHaa kapavanabl aBTOHOMEbI
HemponaTus kesiHae FTO reHiniv, nonuMopduamaep KaybiMaacTbiFbiH 3epTTey DOMbIHLLA 3epTTeyNnep XOK.

3eptrey makcatbl: FTO reniHin, nonumopduaMaepiHis, Kasax yNiTbl apacbliHaa kapanangbl aBTOHOMIb! HeponaTus
MeH DainaHbICbIH 3epTTey.

Matepuanpap meH apictep. XKargaigsl Oaxpinay 3epTreyiHe 147 KAH (xargannapsl) nauueHTTepi xaHe KAH ok,
153 naumeHT (b6akbinay) katbicTbl. 3epTTey «KasakcTaH Pecnybrvkackl lNpesuaeHTiHiv Ic 6ackapmackl MeguumHansik
OpTanblifblHbIH, aypyXaHacbiHAa» XKyprisingi. bapnbik nauyneHTTepre HaKThl yakbiT pexumiHge MTP agicimeH FTO reHitiy, 5
nonumopcuami GolbIHWA reHoTUnTey Xyprisingi. CtaTucTukanblk Tangay xwu-keagpaTt SfiCTepiH KongaHa oTbipbin, 95%
ceHimainik uHTepsanbiMeH (Cl) koadhuUMEHTTI ecenTey, eKinik NOrUCTUKanbIK PEerpeccus  apkplibl Xyprisingi.
Cratuctukanslk, ecenteynep GenExpert reHeTukanbik, kanbkynsaropsl, SPSS 26.0 kemeriMeH xyprisingi.

Hatuxkenep. AngbiH ana reHeTukanblk Tangay HatvkeciHpe 6i3 5 FTO reHiHin, nonumopdmamaepiHeH Tek rs12149832
Kapamanbasl aBTOHOMIbI HerponaTusMeH GaiinaHbICTbl 6onFaHbiH aHbIKTagbIK. JIorMCTUKanbIk perpeccusHbl Tangay KesiHge
rs12149832 nonvmopdomami KaHT auabeTi XOk naumeHTTep ToObIHOarbl Xypek HeipornatusicbiMeH GannaHbiCTbl Gonppl
(conkeciHwe 2.98(1.11-8.03) xaHe 3.66(1.24-10.77)), an xanmbl TomTa Ty3eTyre AEHiH Ae, XacblHa, XbIHbIChIHA, Xanmbl
xonecteputre, BMI, T, HDL, LDL, rntoko3ara Ty3eTyAeH KeNiH AexaHe KaHT anabeTiMeH baiinaHbICTbl eMec.

KopbiTbiHAbl. Ocbinanwa, FTO reHiHin, rs12149832 nonumopdmami  kapamangsl aBTOHOMAbl HelponaTtusira
GeiiimainikneH GainaHbicTbl. Ocbl NONMMOPGU3MHIH, Kapauanabl HerponaTusMeH OalnaHbiCbiH, Mal anMacyblHbiH,
KepceTkiTepimeH OainaHbiCbiH  3epTTeyre GarbiTTanFaH KOCbIMILA 3€pTTeynep OHblH,  Kapauangbl aBTOHOMLb
HelponaTusiHbIH, JamyblHa acepiH baranayra MymkiHaik 6epesi.

Tyihin ce3pep: kapamnangsl aBToHoMAb! Heriponatus, FTO reHi, Mait anmacybl, kasak nonynsaumschb
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Introduction

Cardiac autonomic neuropathy (CAN) is a complication
of diabetes mellitus (DM) that disrupts heart innervation and
increases the risk of morbidity and mortality [1-3]. Although
cardiac autonomic neuropathy is considered a complication
of diabetes [4, 5], there is evidence that CAN can manifest
even before the onset of diabetes, with prediabetes and
metabolic syndrome being potential precursors [5].

Established risk factors for CAN include poor glycemic
control and a combination of hypertension and obesity. The
pathogenesis of cardiac autonomic neuropathy involves
hyperglycemia, insulin deficiency, and lipid metabolism
disorders [21], which subsequently affect nerve blood flow,
leading to decreased cardiac conductivity. Axonal atrophy
and demyelination of nerve fibers, resulting from reduced
nerve blood flow, also contribute to decreased conductivity
in the heart. Therefore, certain polymorphisms of functional
significance in lipid metabolism, nerve fiber myelination, and
insulin resistance are of interest.Among various genes, the
fat mass and obesity (FTO) genestandsout as the gene with
the strongest significant association with obesity across all
populations. The FTO gene, encoding a nucleic acid
demethylase, controls eating behaviour and energy
expenditure(10).

Genotyping of 26 polymorphisms of the FTO gene in
intron 1 showed an association with obesity for the following
polymorphisms:  rs9939609, rs8050136, rs1121980,
rs1421085, rs17817449, and rs3751812(11). The
polymorphism rs9930506 is the most studied polymorphism
of the FTO gene, which shows a more significant
association with obesity. Although it is associated with
smaller phenotypic effects(12), the A allele of the
rs9930506 polymorphism, even after adjusting for age and
sex, was associated with obesity in the Spanish population
(p=0.013)(13).

The rs17817449 polymorphism is also located in the
first intron of FTO, which is a region closely associated with
obesity in humans (12, 14, 15). According to Price et al., the
G allele of this polymorphism is a risk factor for extreme
obesity in women from Spain (16). However, Gonzalez JR
et al. reported that the T allele was associated with severe
obesity in people from Western Spain (17). At the same
time, some authors argue that it is related to severe obesity
in many populations (16, 18, 19).

The rs17817449 polymorphism has been associated
not only with an increased body-mass index (BMI) but also
with fasting insulin levels, particularly the G allele (20).
Among the polymorphisms of the FTO gene, rs1121980
and rs11075995 are the least studied.
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Studies conducted in the Roma population have
revealed that FTO gene polymorphisms, including
rs1121980, significantly impact obesity. Specifically,
rs1121980 has been associated with waist circumference
(21). Current research on the rs11075995 polymorphism
has primarily focused on its associations with oncological
diseases. Limited studies on its connection with metabolic
disorders indicate that in pregnant women, the TT genotype
of rs11075995 polymorphism reduced the risk of gestational
diabetes even after adjustment in logistic regression (OR =
0.59, 95% ClI: 0.35-0.89)(22).

Another polymorphism that caught our attention is
rs12149832 of the FTO gene. As is known, most obesity
loci were discovered using GWAS in individuals of
European descent. Recent studies conducted in an Asian
population among 62,245 participants from East Asia
revealed a significant association of the rs12149832
polymorphism of the FTO gene (p = 4.8x10-22)(23). All the
aforementioned  polymorphisms ~ were significantly
associated with fat metabolism; however, they have not
been studied in CAN(24).

Thus, the aim of the study is to investigate the
relationship between FTO gene polymorphisms and cardiac
autonomic neuropathy among individuals of Kazakh
nationality.

Materials and methods

This research was designed as a case-control study
involving 147 patients with CAN and 153 patients without
CAN, irrespective of their diabetes status. All participants
were of Kazakh nationality. Patient recruitment occurred in
the therapeutic department of the Medical Center Hospital
of the President’s Affairs Administration of the Republic of
Kazakhstan from September 2017 to August 2020.

Cases were continuously identified from the therapeutic
department during the same timeframe, with a total hospital
turnover of 25,454 patients at the beginning of the study in
2017. The control group comprised individuals who
received routine health screenings at the same hospital and
were verified as free from CAN.

Demographic information was collected from the
participants' medical records. Blood samples were taken
after fasting to measure levels of glucose, glycated
hemoglobin, cholesterol, triglycerides, HDL, and LDL using
standard laboratory techniques.

The diagnosis of CAN was based on Holter monitoring
indicators. The 24-hour Holter monitoring was conducted
with Switzerland's Medilog DARWIN ECG monitoring
system. The following parameters were evaluated: SDNN,
RMSSD, pNN50, HRV, HF, LF, and HF/LF. If three or more
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parameters were outside the normal range, a diagnosis of
cardiac autonomic neuropathy was made.

Blood samples were collected from the cubital vein in
the procedural room after a 12-hour fasting period. Plasma
was separated by centrifugation at 1000xg (4°C) for 10
minutes and stored at -30°C for subsequent biochemical
analysis. The serum obtained after centrifugation was
analyzed on the same day as the blood collection. Glucose,
total cholesterol, triglycerides, HDL, and LDL levels were
measured using the enzymatic method on the Architect
8000 automated biochemical analyzers manufactured by
Abbott Laboratories, USA. Body Mass Index (BMI) was
calculated by dividing weight in kilograms by the square of
height in meters.

The inclusion criteria for the case group included a
confirmed diagnosis of CAN, regardless of diabetes status,
age 18 years or older, and Kazakh nationality. Exclusion
criteria consisted of genetic disorders in medical history,
hypothyroidism or hyperthyroidism, cardiac  rhythm
disturbances, LVAD placement within the previous three
months, regular alcohol consumption exceeding 80 mg/day,
anemia (Hb < 110), cancer, kidney disease, severe
cardiovascular conditions, liver disease, and medications
influencing heart rate, as well as pregnant or lactating
women.

For the control group, inclusion criteria required the
absence of a CAN diagnosis, age 18 years or older, and
Kazakh nationality. The exclusion criteria mirrored those of
the case group.

Genotyping

The genotyping used advanced OpenArray technology,
which facilitates reactions in small volumes. Custom-
designed Open Arrayslides, each containing 3,072
datapoints, wereutilized. Pre-extracted DNA samples were
combined with there action mixturein a 384-well sample
plate for genotyping. Each sample necessitated 3.0 plof
OppenArray Real-timemaster mix and 2.0ul of DNA sample
with a concentration of 50 ng/ul. The total volume per well
was 5y, with each sample duplicated. After thorough mix in
gand centrifugation, probes were designed using the Quant
Studio OpenArray Accu Fill Plate Configurator, and dried
assays were place dinspecific through-holes of the
genotyping plates. These plate swere specially engineered
to accommodate two allele-specific probes, a minor groove
binder, and two PCR primers, ensuring precise and
accurate genotyping calls. The OpenArray technology util
izesnanoliter fluid icsand can be tail or ed with up to 3,072
through hole sinvarious configurations.

A plate set up file was gene rated to deline at the
protocol for the applied samples, in corporating analysis
details. This file was the nup load edin to the QuantStudio™
12K Flex software for experiment generation and execution.
The prepared chips were insert edin to the QuantStudio
12K Flex instrument using disposable genotyping blocks.
Amplification reaction occurred through real-time PCR
micro fluid ictechnology. There sultant data from the
amplification reaction were analyzed using online tools
provided by the ThermoFisher Cloudservice. The
bioinformatics  analysis  outcomes  facilitated  the
categorization of the studied genes as homozygotes for the
major allele, homozygotes for the minor allele, or
heterozygotes.
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Statistical analysis

Quantitative data were presented as means (M+SD),
medians, upper and lower quartiles and Me (Q 1, Q 3), and
were used as continuous variables. The normality of data
distribution was assessed using the Shapiro-Wilk test. A
significance level of p<0.05 was considered for determining
statistically significant differences. Qualitative data were
presented as frequencies and proportions. Variables were
dichotomized: gender (male/female) and presence of
outcome or feature (yes/no).

Allele and genotype frequencies of FTO gene
polymorphisms between groups were compare dusing
Pearson'schi-square test and odds ratios (OR) with 95%
confidence intervals (Cl). Comparisons were first made
among 147 patients with CAN and 153 patients without
CAN regardless of the presence of diabetes. Then, only
patients with diabetes were selected for analysis from this
sample, and each group was further divided into subgroups:
patients with CAN (n=67) and patients without CAN (n=72).
Similarly, patients without diabetes were also divided into 2
subgroups: patients with CAN without diabetes (n=80) and
patients without CAN and diabetes (n=81). Comparisons of
genotype and allele frequencies were tested for compliance
with Hardy-Weinberg equilibrium. Statisticalcal culations
were initially performed using a calculator for genetic
calculations using the GenExpert program. Further
calculations were carried out using binary logistic
regression to assess the influence of other risk factors for
CAN (age, gender, total cholesterol, BMI, triglycerides,
HDL, LDL, glucose). Quantitative data were analyzed using
the non-parametric Mann-Whitney test for independent
groups. Data analysis was conducted using the statistical
software SPSS 26.0.

Ethics

The study was conducted in accordance with ethical
standards and was approved by the Local Commission on
Bioethics at the Hospital, with permission documented as
No. 5 on September 27, 2017. All medical procedures and
tests were carried out following the Hospital's established
standard operating procedures. Before participating, all
individuals voluntarily agreed to take part in the study and
provided informed consent by signing the required forms.

Results

Comparison of Lipid Metabolism and Glucose
Indicators in Different Groups of Patients Depending on
the Presence of CAN

The average age of patients with CAN was slightly
higher compared to patients without cardiac neuropathy.
Among patients with CAN, males predominated. However,
there were no statistically significant differences in age and
gender between the groups, as seen in Table 1. Age and
gender also did not affect the risk of CAN in any of the
groups in the logistic regression analysis. The data is
illustrated in Table 2.

When comparing BMI, glucose, triglycerides, total
cholesterol, high-density lipoprotein (HDL), and low-density
lipoprotein (LDL) in the overall sample of patients (both with
and without diabetes), no significant differences were found
between participants (Table 1).

However, logistic regression analysis revealed that the
total cholesterol levels increase was associated with a
higher likelihood of CAN development.



Original article

Science & Healthcare, 2024 Vol. 26 (4)

Table 1.
Clinical and demographic parameters of patients.
General cohort Patients with DM2 Patients without DM2
Case Control p Case Control p Case Control p
(n=147) (n=153) (n=67) (n=72) (n=80) (n=81)
Age 56(48-60) | 55(46-60) | 0.442 | 59(49-63) | 58(52-63) | 0.632 | 54(44-58) | 51(44-56.5) | 0.082
Male 88 (59.5%) 89 0.822 46 51 41 38 0.212
(58.2%) (68.7%) (70.8%) [0.782| (51.3%) (46.9%)
Female 60 64 21 21 39 43
(40.5%) (41.8%) (31.3%) (29.2%) (48.7%) (53.1%)
BMI,kg/ 30,8 30.1 0.27» 30.49 29.28 |0.21 30,0 28.7 0.07°
m?(Q1,Q3) (28.0;36.1) | (27.2;35.1) (27.1;33.6) | (27.2;32.1) (27.5;33.6) | (26.1;31.5)
Glucose 6.21 5.96 0.51v 8.59 8.39 0.500 547 5.25 0.01°
(mmol/L) (5.3;9.4) (5.1;8.2) (6.67;11.06) |(6.92;11.98) (5.1;5.98) (4.9;5.6)
TG (mmol/L) 1.66 1.73 0.83v 1.92 1.93 0.86p 1.34 1.73 0.380
(1.18;2.97) | (1.12; 2.94) (1.34; 2.96) | (1.38;2.74) (1.06; 1.95) | (0.87;1.89)
Total 5.60 5.38 0.06° 5.59 5.26 0.03v 5.78 5.38 0.05°
cholesterol (4.72-6.33) | (4.68-6.04) (4.68-6.37) | (4.44-5.93) (4.91-6.50) | (4.77-6.04)
Low-density 3.49 3.56 0.880 2.86 3.21 0.09v 3.62 343 0.14>
lipoprotein (LDL) | (2.76-4.45) | (2.72-4.47) (2.33-3.58) | (2.53-4.08) (2.96-4.21) | (2.77-4.01)
High-density 117 1.24 0.13v 1.07 1.13 0.11b 1.18 1.25 0.150
lipoprotein (HDL) | (0.98-1.45) | (1.07-1.53) (0.95-1.27) | (1.03-1.29) (0.98-1.45) | (1.06-1.55)

a - comparisons were made using the Chi-square test
b - Mann - Whitney U-test was usedto compare mean values

Other factors did not influence the risk of developing
cardiac neuropathy as illustrated in Table 2.

When comparing parameters in the group of patients
with diabetes, differences were only found in the total
cholesterol level. Total cholesterol in the group of
patients with diabetes and CAN was higher than in the
group of patients with diabetes but without CAN. Other
parameters did not significantly differ between patients
with CAN and those without. However, binary logistic

association between CAN, total cholesterol, and other
factors (Tables 1 and 2).

As for the parameters in the group of patients without
diabetes, despite glucose and total cholesterol levels being
within normal ranges, they were statistically significantly
higher in the group of patients with CAN compared to those
without. No significant differences were found between the
groups regarding BMI, triglycerides, HDL, and LDL. Binary
logistic regression showed no statistically significant

regression revealed no statistically significant  association between factors and CAN (Tables 1 and 2).
Table 2.
Relationship between the clinical and demographic factors and CAN in binary logistic regression.
General cohort Patients with DM2 Patients without DM2
OR(95% Cl) p OR(95% Cl) p OR(95%Cl) p
Age 1.00(0.98-1.03) 0.68 0.99(0.97-1.04) 0.95 1.05(0.99-1.10) 0.07
Gender 1.00(0.62-1.65) 0.97 1.83(0.76-4.39) 0.18 0.88(0.43-1.80) 0.73
BMIkg/ m¥(Q1,Q3) 1.05(0.99-1.10) 0.06 1.04(0.96-1.13) 0.33 1.05(0.96-1.14) 0.12
Glucose (mmol/L) 0.98(0.91-1.05) 0.53 - - - -
TG (mmoliL) 0.92(0.80-1.06) 0.26 1.14(0.92-1.42) 0.23 0.96(0.67-1.38) 0.83
Total cholesterol 1.45(1.12-1.89) | 0.005 | 0.65(0.42-1.01) 0.06 1.24(0.71-2.16) 0.45
Low-density lipoprotein (LDL) | 0.83(0.62-1.11) 0.21 1.07(0.65-1.75) 0.79 1.16(0.65-2.08) 0.62
High-density lipoprotein (HDL) | 0.47(0.20-1.13) 0.09 0.31(0.05-1.78) 0.19 0.41(0.12-1.40) 0.16

Distribution of alleles and genotypes in Hardy-
Weinberg equilibrium

The allele and genotype distributions were in Hardy-
Weinberg equilibrium (p=0.003) for most polymorphisms
except for rs17817449 in the FTO gene for patients with
CAN (n=147). Similarly, this polymorphism did not adhere to
Hardy-Weinberg equilibrium in the sample of patients
without diabetes with or without CAN (p=0.006 and p=0.03,
respectively). The adherence to Hardy-Weinberg
equilibrium was observedin the other groups and for the
other polymorphisms.

Association of FTO gene polymorphisms with CAN
among patients with and without diabetes (overall

group).
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Preliminary genetic analysis revealed that out of the 5
FTO gene polymorphisms, only the rs12149832
polymorphism was associated with CAN (Table 3).

However, logistic regression analysis did not show an
association between this polymorphism and CAN (both
before and after correction for age, gender, total
cholesterol, BMI, triglycerides, HDL, LDL, and glucose
levels) (p=0.49 and p=0.53) as seen in Table 4.

Association of FTO gene polymorphisms with cardiac
autonomic neuropathy among patients with diabetes.

None of the FTO gene polymorphisms were associated
with CAN in this samplein the preliminary analysis.
Additionally, binary logistic regression results did not reveal
any associations with rs12149832 (Tables 3 and 4).
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Table 3.
Relationship between the SNPs and CAN in preliminary genetic analysis.
Polymorphisms | Alleles / General cohort Patients with DM2 Patients without DM2
Genotypes |  OR(95%Cl) | p OR(B%C) | »p OR(B%C) [ p
FTO
rs12149832 G 0.57(0.41-0.80) | 0.003 | 0.98(0.60-1.61) 0.94 | 0.49(0.31-0.79) 0.003
A 1.76(1.25-2.46) 1.02(0.62-1.68) 2.03(1.27-3.25)
GG 0.57(0.29-1.11) | 0.008 | 0.95(0.34-2.62) 0.99 | 0.53(0.21-1.35) 0.008
GA 0.61(0.38-0.96) 1.01(0.52-1.98) 0.49(0.26-0.94)
AA 2.21(1.38-3.52) 1.01(0.52-1.98) 2.71(1.43-5.13)
rs17817449 G 0.69(0.36-1.31) 0.22 | 1.08(0.21-5.43) 0.93 | 0.64(0.32-1.32) 0.22
T 1.45(0.77-2.74) 0.93(0.18-4.68) 1.55(0.76-3.17)
GG 0.86(0.26-2.89) 0.41 | 0.35(0.01-8.82) 0.35 | 1.01(0.28-3.64) 0.41
GT 0.54(0.21-1.39) 3.33(0.34-32.81) 0.33(0.10-1.10)
1T 1.60(0.75-3.42) 0.61(0.10-3.77) 1.94(0.80-4.70)
rs1121980 A 0.93(0.65-1.32) 0.5 | 1.04(0.63-1.72) 0.88 | 0.84(0.57-1.51) 0.5
G 1.07(0.76-1.53) 0.96(0.58-1.60) 1.19(0.73-1.94)
AA 0.79(0.38-1.65) 0.82 | 0.79(0.26-2.40) 0.76 | 0.79(0.29-2.11) 0.82
AG 1.07(0.67-1.70) 1.28(0.65-2.50) 0.91(0.47-1.76)
GG 1.03(0.65-1.62) 0.86(0.44-1.67) 1.20(0.64-2.21)
rs11075995 A 1.04(0.73-1.48) 0.77 | 1.19(0.71-1.98) 0.51 | 0.93(0.73-1.48) 0.77
T 0.96(0.68-1.36) 0.84(0.50-1.41) 1.08(0.66-1.74)
AA 1.36(0.60-3.10) 0.76 | 1.56(0.47-5.19) 0.74 | 1.20(0.38-3.74) 0.76
AT 0.89(0.56-1.40) 1.01(0.52-1.98) 0.79(0.42-1.48)
1T 1.03(0.65-1.61) 0.86(0.44-1.68) 1.19(0.64-2.21)
rs9939609 T 0.91(0.63-1.30) 0.18 | 1.19(0.71-2.00) 0.52 | 0.71(0.43-1.17) 0.18
A 1.10(0.77-1.58) 0.84(0.50-1.42) 1.42(0.85-2.35)
1T 1.13(0.51-2.50) 0.2 | 1.26(0.43-3.68) 0.83 | 1.01(0.31-3.29) 0.2
TA 0.77(0.48-1.24) 1.12(0.56-2.24) 0.56(0.29-1.07)
AA 1.22(0.77-1.92) 0.82(0.42-1.61) 1.72(0.91-3.22)
Table 4.
Relationship between the SNPs and CAN under multiple models of inheritance.
Crudeanalysis Adjusted*
Genotypes OR(95%Cl) | p OR(95%Cl) | p
General cohort
rs12149832
GG 1 0.49 1 0.53
GA 0.87(0.40-1.88) 0.73 0.89(0.40-2.01) 0.79
AA 1.17 (0.55-2.49) 0.68 1.20(0.55-2.63) 0.65
Patients with DM2
rs12149832
GG 1 0.26 1 0.30
GA 1.30(0.48-3.59) 0.60 1.61(0.55-4.74) 0.39
AA 2.12(0.75-5.97) 0.15 2.35(0.77-7.16) 0.13
Patients without DM2
rs12149832
GG 1 0.01 1 0.01
GA 1.14(0.42-3.09) 0.80 1.24(0.42-3.64) 0.70
AA 2.98(1.11-8.03) 0.03 3.66(1.24-10.77) 0.02

“adjusted for age, gender, BMI, glucose, TG, total cholesterol, LDL, HDL.

Association of FTO gene polymorphisms with
cardiac autonomic neuropathy among patients without

diabetes.

As seen in Table 3, only the rs12149832 polymorphism
was associated with CAN during the analysis of FTO gene
polymorphisms among patients without diabetes. Further
analysis of rs12149832 in logistic regression revealed that
the AA genotype increases the risk of developing CAN by
nearly 3 times (2.98 (1.11-8.03), p=0.03). After correction
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for other factors, the risk of development was 3.66 (3.66
(1.24-10.77), p=0.02). The data is shown in Table 4.

Discussion

Thus, risk factors for the development of cardiac
autonomic neuropathy in the absence of diabetes may
include the rs12149832 polymorphism in the FTO gene
(with the AA genotype increasing the risk by nearly 3 times),
while an increase in total cholesterol levels elevates the risk
of neuropathy regardless of diabetes.




Original article

Science & Healthcare, 2024 Vol. 26 (4)

The rs12149832 polymorphism is one of the most well-
studied polymorphisms of the FTO gene (36). According to
the results, the AA genotype increases the risk of
developing CAN in patients without diabetes. However, in
our previous studies, it was found to increase the risk of
CAN in both diabetic and non-diabetic patients(37).It is
known that variations in the FTO gene are associated with
obesity phenotypes in many European and some Asian
populations, and an increased BMI is closely linked to CAN
according to some data(38). However, no significant
differences in BMI were found between the groups in our
study. Nonetheless, a certain trend can still be observed,
with BMI values in patients with CAN to the first degree of
obesity. Perhaps further studies with a larger sample size
will allow us to identify the association of genetic mutations
in the FTO gene with cardiovascular autonomic neuropathy,
mediated through obesity.

Among the limitations of our study, the small sample
size stands out as the primary one. A larger sample size
might have allowed us to identify the association of
polymorphisms with cardiac neuropathy in patients with
diabetes. Secondly, we did not assess the influence of FTO
gene polymorphisms on the level of lipid metabolism
indicators. Studying the impact of gene mutations on protein
production would expand our understanding of the
pathogenetic  significance of the APOE gene in the
development of cardiac neuropathy. Additionally, the patient
set was recruited only within one hospital, which does not
allow us to extrapolate our results to the entire population,
that is, to the entire Kazakh population.

Among the advantages of our study is the first attempt
to explore genetic markers of cardiac autonomic neuropathy
in individuals of Kazakh nationality, and predisposition and
resistance factors to neuropathy based on gene
polymorphisms were identified.

Thus, despite CAN being considered a complication of
diabetes, in our study, it was diagnosed even in patients
without diabetes. However, we cannot assert that these
patients have no risk of developing diabetes. We can only
speculate that CAN may develop long before the diagnosis
of diabetes. Therefore, further observations in cohort
studies are necessary. Nonetheless, we have identified
some patterns that may play an important role in the
pathogenesis of CAN. For example, in the development of
CAN both in the context of diabetes and in its absence, a
phenotypic factor (elevated cholesterol levels) may be
involved. In contrast, in patients without diabetes, the risk of
developing CAN was associated with a genetic factor.

These conclusions necessitate conducting further
research to identify early and late markers of cardiac
autonomic neuropathy.
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