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Abstract

Introduction. Cardiovascular diseases, including atherosclerosis (AS), are the leading cause of morbidity and mortality
worldwide, including in Kazakhstan. Lipid metabolism disorders, in particular, hypertriglyceridemia, which is recognized as an
independent risk factor, play an important role in the development of AS. Genetic features associated with genes regulating
lipid and carbohydrate metabolism (GCKR, SLC22A5, LPL, FLCN, LDLR, APOE) have a significant impact on the formation
of dyslipidemia and determine individual metabolic characteristics. Studying the prevalence and effects of these genetic
variants in the Kazakh population is particularly important, given its underrepresentation in global genetic research.

Aim. The objective of this study was to study the frequency of genetic polymorphisms in genes involved in the regulation
of lipid metabolism (GCKR, SLC22A5, LPL, FLCN, LDLR, APOE) in a group of Kazakhstani patients with
hypertriglyceridemia and atherosclerosis. Additionally, we analyzed the relationship of the identified genetic variants with the
biochemical parameters of the lipid profile.

Materials and methods. The study analyzed data from 402 patients with cardiovascular diseases, 144 of whom had
hypertriglyceridemia. To identify the genetic determinants of lipid metabolism disorders, full-exome sequencing was
performed with a focus analysis of the GCKR, SLC22A5, LPL, and FLCN genes. The identified genetic variants were
annotated and classified according to the recommendations of ACMG/AMP. The association of genetic polymorphisms with
lipid profile parameters in patients with AS was studied.

Results. Sequencing of the entire exome of patients with varying degrees of cardiovascular risk revealed genetic
variations affecting triglyceride metabolism. Elevated triglyceride levels were reported in patients of all risk categories, with
the highest frequency in very high-risk individuals (82 patients). Analysis of the lipid profile showed that total cholesterol was
significantly higher in the high-risk group compared with the low-risk group (228.8+35.2 versus 207.8+30.3 mg/dl; p=0.0467).
The level of HDL-C showed an inverse relationship with the level of risk, being the lowest in the very high-risk group
(44.6£10.5 versus 50.1+£9.9 mg/dl; p=0.0411). Although LDL and non-lipoprotein cholesterol did not show statistically
significant differences, there was a tendency to increase them. Triglycerides also tended to increase, but without achieving
statistical significance (p>0.05). There was a significant decrease in apolipoprotein A at high risk (p<0.0001). The distribution
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of APOE genotypes (p.T388C) was similar in all risk groups, with a predominance of the TT genotype (=58-67%) and a rare
occurrence of the CC genotype (<5.3%), without statistically significant differences (p>0.05).

Conclusions. The study did not reveal a statistically significant association between APOE (p.T388C) and GCKR
genotypes with cardiovascular risk. Larger-scale studies are required, taking into account additional factors and an increased
sample size.
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Beepenue. CeppeuHo-cocyaucTble 3abonesaHns, B ToM uncne atepocknepos (AC), sBNSKOTCA OCHOBHOW MPUYMHON
3aboneBaemocTi M CMEPTHOCTM BO BCEM Mupe, BKItovas KasaxcTaH. BakHyto ponb B passutim AC wrpaloT HapyLieHus
nunuaHoro obmeHa, B 4YacTHOCTW, TUNEPTPUIMULEPUAEMUS, KOTOpasi MpU3HaHa CaMOCTOSATENbHbIM (DAKTOPOM puUCKa.
l'eHeTMYeckme 0CODEHHOCTY, CBA3AHHBIE C reHamu, perynupytomm metabonmam nuninaos u yrnesoaos (GCKR, SLC22A5,
LPL, FLCN, LDLR, APOE), oka3blaloT 3HauuTenbHOE BrUSHWE Ha (DOPMUPOBAHWE AWUCIUNMAEMUIA U ONPeaensioT
WHOMBUOYaAmNbHbIE METaboNMMYECKNe XapakTepucTuku. M3yyeHue pacnpoOCTPAHEHHOCTM W BIMSIHUS 3TUX TEHETUMYECKNX
BapMaHTOB B Ka3axCTaHCKON NOMynsiuuM 0COBEHHO BaXHO, yUMTbIBas €€ OrpaHMYeHHOe NPEACTaBUTENBCTBO B rnobanbHbIX
reHETUYECKIX UCCTIEROBAHUSX.

Llenblo faHHOrO MccnefoBaHus OblNo M3y4uTb YAcTOTbl BCTPEYAEMOCTU TEHETUYECKUX NOMMMOPCU3MOB B reHax,
yyacTBytoWwMx B perynaumm nunugHoro obmena (GCKR, SLC22A5, LPL, FLCN, LDLR, APQOE), B rpynne ka3aXxCTaHCKWX
MaLMEHTOB C rMNEPTPUINULEPUAEMMEN N aTEePOCKNEPO3OM. [JONOMHUTENBHO Mbl @HANM3MPOBaN B3aMMOCBA3b BbISIBIIEHHBIX
reHeTUYECKIX BapUaHTOB C BMOXMMMYECKMMM NapameTpamMm IUMMEHOrO npoduns.

Matepuan u metoabl. B pamkax nccregoBaHus 6bin npoaHanuavpoBaHbl gaHHble 402 nauMeHTOB C CepheyHo-
cocyoucteiMn  3abonesaHusimu, u3 kotopblx 144 umenu runepTpurnuuepugemMuto. [ns BbISBMEHUS TEHETUYECKMX
LETEPMUHAHT HapyLUeHUid NUnNuMAHOro obmeHa Obino BbLIMOMHEHO MONHO3K3OMHOE CEKBEHWMPOBAHWE C aHanW3oM reHOB
GCKR, SLC22A5, LPL n FLCN. BbisiBeHHble reHeTUYecke BapuaHTbl Obimv aHHOTUPOBaHbI W KTaccMUUMpOBaHbl B
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cooTBeTcTBMM C pekomeHgaumamn ACMG/AMP. TlpoBedeHa OLUeHKa accouuaumm reHeTUYEeCKUX MonmMMopdu3MoB C
HapyLLEHWAMM NIMMMAHOMO MPOUNSA B Ka3aXCTaHCKON NMOMyNALMM NaLNEHTOB C CEpPAEYHO-COCYANCTbIMM 3a00NEeBaHMAMN.

Pe3ynbTatbl. CekBeHMPOBAHWE MOMHOMO 3K30Ma MALMEHTOB C Pa3fMYHONA CTENeHb CEepAEevHO-COCYAMCTOro pucka
BbISIBMIO reHeTMYeCkWe Bapuauuu B reHax, BAMAOWME Ha MeTabonuam Tpurnuuepuaos. [OBbILLEHHbIE YPOBHM
Tpurnuuepnaos Obinu 3adUKCMPOBaHbl Y NALMEHTOB BCEX KaTeropuii pucka, ¢ HaubormbLlen 4acToToM Yy NUL C OYeHb
BbICOKMM puckoM (82 naumeHTa). AHanu3 nunugHoro npoduns nokasan, yto o6LMin XonecTepuH Obin CTaTUCTUYECKM
3HAUMMO BbILLE B TPYMne BbICOKOTO pUCKa MO CPaBHEHMIO ¢ Hu3kum (228,8+35,2 npotue 207,8+30,3 wmr/an; p=0,0467).
YposeHb XC-JIMBI gemoHCTpupoBan obpaTHyt0 3aBUCMMOCTb OT YPOBHS pucka, Bydyyn cambiM HWU3KM B FpYNne O4eHb
BbIcOKoro pucka (44,6+10,5 npotus 50,1+9,9 mr/an; p=0,0411). Xota ypoeHu JIMHI He nokasanu cTaTMCTUYECKU 3HAYUMBIX
pasnuuuit, Habnpanacb TEHAEHUMS K WX YBEMWYEHWHD. Tpurnuuepuobl Takke UMENU TEHAEHUMO K pocTy, Ho 6e3
LOCTUKEHUS CTATUCTUYECKOW 3HaummocTu (p>0,05). Bbino OTMEYEHO CyLLECTBEHHOE CHWXEHWE anonunonpoTenHa A B
rpynne Bbicokoro pucka (p<0,0001). Pacnpenenenune reHotuno APOE (p.T388C) Bbino cxoxum BO BCEX rpynnax pucka, ¢
npeobnapaHnem reHotuna TT (=58-67%) u peakoit BcTpeyaemocTbto reHoTuna CC (£5,3%), 6e3 ctatucTnyeckn 3Haunmblx
pasnuuni (p>0,05).

BriBogbl. ViccnenosaHue He BbISIBUNO CTAaTUCTUYECKM 3HAUMMON cBS3n Mexay reHotunamun APOE (p.T388C) n GCKR ¢
CepAeYHO-COCYaNCTbIM puckoM. TpebyloTcs 6onee macliTabHble UCCNEeAOBaHNS C YYETOM AOMOMHUTENBHBIX (DaKTOPOB W
YBENNYEHHBIM Pa3MepPOM BbIOOPKM.
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Kipicne. Xypek-kaH Tamblpnapbl aypynapbl, OHblH, iWiHAe artepocknepo3 (AC) Oykin anempe, COHbIH illiHAe
KasakCTaHaa aypylawablk NeH eniMHiH, Herisri cebebi 6onbin Tabbinagbl. Jlunuarep anmacyblHbiH, OGy3binybl, atan
alTKaHaa, Teyencia kayin dakTopbl peTiHae TaHbinFaH runeptpurnuuepuaems AC gamybiHaa MaHpI3abl pen atkapagp!.
Nynnatep MeH kemipcynapablH, METAabONMM3MIH PETTENTIH reHaepMeH BannaHbICTbl reHeTukanblk, epekwenikrep (GCKR,
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SLC22A5, LPL, FLCN, LDLR, APOE) gncrvnuoemusHblH, nanga GonyblHa alTapnblkTal acep eTedi XoHe eke
MeTabonukanblk, cunaTTamanapibl aHbiKTangbl. KasakCTaHablk Nonmynauusgarbl OCbl FEHETUKanbIK HyCKanapablH
Tapanybl MEH 9CEPIH 3epPTTEY OHbIH, XahaHAbIK FEeHETUKanNbIK 3epTTeynepaeri WekTeyni eKingiriH eckepe OTbIPbIN, epexLue
MaHbI3abl.

3epTTeyain, Makcatbl. byn 3epTTeygin, MakcaTbl NUNMATEP anMacybiH peTTeyre katbicaTbiH reHpepaeri (GCKR,
SLC22A5, LPL, FLCN, LDLR, APOE), runepTpurinuepuaeMmusichbl xeHe atepockneposbl 6ap KasakcTaHblk, NauueHTTep
ToObIHAAFbI reHeTUKanbIK, nonMmopduaMaepain, nanga 6ony xwiniriH 3epTTey Gonabl. CoHbIMEH KaTap, 0i3 aHbiKTanFaH
reHeTVKarnbIK, HyCKanapablH, TMnuaTi npodunbaiH, GMoXMMKAbIK napameTpnepiMeH 6ainaHbICbiH TanaamblK.

3eptTeyain, agicTepi. 3epTTey GapbiCbiHOA Xypek-kaH Tamblpnapbl aypynapbl 6ap 402 nauueHTTiH, AepexTepi
TangaHael, onapabiH, 144 runepTpurnuuepuoemMus abikTangsl. Jiunuarep anmacyblHbiH, Oy3binybiHbIH, FEHETUKAIbIK,
peTepMuHaHTTapblH aHbiktay yuwiH GCKR, SLC22A5, LPL xsHe FLCN reHgepiHe GarbiTTanfaH Tangay TOMblK, 3K30M
CEeKBeHurney ManimeTTepaeH xacanabl. AHblkTanfsaH reHeTukanblk Hyckanap ACMG/AMP  HyckaynapblHa Calkec
TyCiHAIpiNai XaHe xikrengi. XXypek-kaH Tamblpnapsl aypynapbl 6ap naumeHTTepgin, nunuaTi 6emiHi Oy3binFaH reHeTUKanbIx,
nonumopduamaep KaybiMaacTblFbl 6aranaHgpl.

3epTTeyain, HaTvxkenepi. Xypek-kaH Tamblprapbl Kayni spTypni NauMeHTTepAiH, OyKin SK30MHbIH, PETTIRiriHiH
TpUrNMLepnaTepaiH, MeTabonuamiHe acep eTeTiH reHAepae reHeTukanblK Bapuauusanapapl aHblkTagbl. TpurnuuepnaTepmin,
Xofapbinaybl 6aprbIk Kayin caHaTTapblHAafbl nauueHTTepae Tipkendi, Oyn eTe xofapbl KayinTi agampapga eH, xofapbl
xuinik (82 naumenT). unuati npodunbai Tanaay xanmbl XONecTepUHHIH, TOMEH AeHTeMEH CanbICTbIpFaHaa XKoFapbl Kayin
ToOblHAA CTaTUCTUKANbIK TypFblgaH ailTaprbikTaih Xofapbl ekeHiH KepceTTi (228,8+35,2 kapcel 207,8+30,3 wr/an;
p=0,0467). HDL HDL penreii kayin gexreitiHe kepi 6ainaHbICTbl KepceTTi, byn eTe xofapbl Kayin TOObIHAAFbI EH, TOMEH
(44,6£10,5 kapcbl 50,1+9,9 mr / gn; p=0,0411). LDL xaHe nNunonpoTeNHAIK EMEC XONECTEPUH CTATUCTUKANbIK MaHbi3abl
aibipMaLLbInbIKTapabl kepceTnece Ae, onapablH, ecy TeHaeHumsAckl baikangbl. Tpurnuuepuatep e ecyre 6eiiim Gongpl,
Bipak cTaTucTUKarnblk MaHbI3ablbikKa xeTe anMagbl (p>0,05). A anonunonpoTenHiHiH, XoFapbl ToyeKeNMeH anTaprbiKTail
TemeHgeyi 6aikangbl (p<0,0001). APOE reHotunTepitin, Tapanysl (P.T388C) bapnbik, kayin TonTapbiHaa ykcac 6onasl, TT
reHoTuniHiH, 6acbim Bonybl (=58-67%) xoHe CC reHoTuniHiH, cupek kesgecyi (<£5,3%), cTaTUCTUKanbIk MaHbi3gbl
albipmaLubInbIkTap Xok (p>0,05).

KopbITbiHAbL. 3epTTeyae Xypek-kaH Tambipnapbl kayni 6ap APOE (P.T388C) xeHe GCKR reHotunTepi
CTaTUCTUKanbIk MaHblaabl 6ainaHbic aHbikTanmagsl. byn GipnecTikTepai pactay HeMece XOKKa WblFapy yLiH KOChIMLIA
thakTopnapabl aHe yNriHiH, yIFatoblH eCKepe OTbIPbIM, YIIKEH 3epTTEYNEP KAXET.
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Introduction hypercholesterolemia. Additionally, variations in APOE and

Atherosclerosis (AS) remains the leading cause of  SLC22A5 affect the regulation of lipid and energy
cardiovascular morbidity and mortality worldwide and in  metabolism, which also affects cholesterol and triglyceride
Kazakhstan. Disorders of fat metabolism play a key role in  levels [3, 4].
its development. In addition to the already well-known risk Thus, studying the prevalence of genetic variants in
factor - elevated levels of low-density lipoproteins (LDL),  genes involved in lipid metabolism is important for
hypertriglyceridemia is  essential.  This  condition,  understanding the mechanisms of hypertriglyceridemia
characterized by high triglyceride levels, contributes to  formation and its role in the development of atherosclerosis.
endothelial dysfunction, inflammation of the vascular wall, ~ The present study aimed to analyze such genes (GCKR,
and accelerated formation of atherosclerotic plaques. Thus, SLC22A5, LPL, FLCN, LDLR, APOE) in a cohort of patients
elevated triglycerides are recognized as an independent  from Kazakhstan with atherosclerosis and
and controllable risk factor for cardiovascular diseases,  hypertriglyceridemia. The population of Kazakhstan is still
especially in the context of atherosclerosis [1]. underrepresented in international genetic research. Given

Genetic determinants play a significant role in the  the high prevalence of risk factors for cardiovascular
formation of dyslipidemia. Variants in the genes regulating  diseases such as obesity, metabolic syndrome, and familial
lipid and carbohydrate metabolism (GCKR, SLC22A5, LPL,  hyperlipidemia, it is necessary to study ethnically specific
FLCN, LDLR, APQE) affect the lipid profile and metabolism  genetic variants that may influence risk patterns in different
[2]. Polymorphisms in GCKR and LPL are associated with ~ populations. Identification of common genetic variants
increased triglyceride levels and the development of  associated with hyperlipidemia and their relationship to
hypertriglyceridemia, whereas changes in LDLR, APOB, biochemical parameters of lipid metabolism in patients with
and PCSK9 are associated with  familial  varying degrees of risk of developing AS in the Kazakh
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cohort was performed. The purpose of this study was to
determine the prevalence of genetic variants in genes
involved in lipid metabolism and their relationship to the lipid
and metabolic profile in the Kazakh population with
atherosclerosis.

Materials and methods

Patients

The study was performed according to the Declaration of
Helsinki and was approved by the local Ethics Committee CF
“University Medical Center’, Astana, Kazakhstan (protocol
Ne3/2023/PE from 14 July 2023). Every participant provided
written informed consent before enrollment in the study and blood
samples for DNA extraction.

The study included 402 patients with cardiovascular
diseases aged from 23 to 65 years. Based on triglyceride
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levels, patients with levels above normal were assigned to a
separate group. As a result, 144 such patients were
identified. They were divided into atherosclerosis risk
categories in accordance with the ESC/EAS 2019
recommendations: low risk — 19 patients, high risk — 43
patients, and very high risk — 82 patients. Additionally,
stratification was performed by gender and average age in
each group [Fig. 1], [5].

Genomic DNA (gDNA) was extracted from whole blood
using the lllustra blood GenomicPrep Mini Spin Kit. DNA
concentration was determined spectrophotometrically on a
NanoDrop 2000 instrument. DNA quality was assessed by
electrophoresis in 1% agarose gel, and quantitative analysis

was performed wusing a Qubit 2.0 fluorimeter.
>4 53.9 53,6 53.6
26
5
L
Male Average age
Very high risk

Figure 1. Distribution of patients by cardiovascular risk, quantity of patients, gender, and average age.

Preparation of DNA libraries

DNA libraries for whole exome sequencing were
prepared using the lllumina DNA Prep with Enrichment
protocol. The libraries were sequenced by high-throughput
sequencing on a NovaSeq6000 instrument. Electrophoresis
on a BioAnalyzer 2100 using the Agilent DNA 1000 Kit was
employed to assess the quality of the libraries. The DNA
concentration in libraries was determined by a fluorimetric
method using Qubit 2.0 and Qubit TM ds High Sensitivity
Assay kit.

To identify genetic factors associated with lipid
metabolism disorders analysis of genes involved in lipid
metabolism was performed. The focus of the study was on
the GCKR, SLC22A5, LPL, and FLCN genes, which have
been previously associated with the risk of hyperlipidemia
and cardiometabolic disorders through population-based
and genomic analyses.

A brief description of the functions of each gene follows:

GCKR (glucokinase regulatory protein) - this gene
affects glucose and triglyceride metabolism by controlling
the activity of the glucokinase enzyme [6].

SLC22A5 (carnitine transporter) - mutations in this
gene, which encodes a carnitine transporter, can disrupt the
beta-oxidation of fatty acids, leading to dyslipidemia [7].
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LPL (lipoprotein lipase) - this gene encodes a key
enzyme involved in the breakdown of triglycerides.
Defective variants of LPL are the cause of hereditary
hyperlipidemia type I [8].

FLCN (folliculin) - his gene is associated with energy
metabolism and lipid regulation and may play a role in the
development of metabolic syndrome [9].

Data analysis and classification of genetic variants

Sequenced samples were subjected to further
bioinformatic analysis aimed at identifying genetic
variants in genes associated with susceptibility to
cardiovascular disease. Sequence data processing
involved the wuse of SureCall (version 2.0.7.0),
ANNOVAR, GTK, BWA, Bowtie, Bowtie 2, and VarScan
software packages. International genomic databases,
including ExAC, SIFT, ESP, GenBank, NCBI, EP 6500,
1000 Genomes, MutationTaster, SNPedia, Ensemble,
and ClinVar, were utilized for variant annotation and
filtering. Interpretation of the clinical significance of
identified variants was performed according to the
ACMG/AMP criteria (2015) using the InterVar platform
(https://wintervar.wglab.org/) [10]. Based on this
interpretation, variants were classified into one of five
categories: pathogenic (P), likely pathogenic (LP),
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variant of uncertain significance (VUS), likely benign
(LB), or benign (B) [11]. Normality of data distribution
was checked using the Kolmogorov-Smirnov and the
Shapiro-Wilk test. For the comparison of more than two
groups, One-way ANOVA and Kruskal-Wallis tests were
performed.

Patients were evaluated comprehensively, considering
both biochemical indicators of lipid profile and genetic
variants associated with hyperlipidemia.

Results

During the sequencing of the whole exome, genetic
variants associated with disorders of triglyceride
metabolism were identified in patients with varying degrees
of cardiovascular risk: 19 cases in the low-risk group, 43
cases in the high-risk group, and 82 cases in the very high-
risk group. A comparative analysis of the biochemical
parameters of triglycerides between these groups is
presented in Table 1.

Table 1.
Comparative characteristics of biochemical parameters in patients with different levels of cardiovascular risk.
Variables Low risk (n=19) High risk (n=43) Very high risk (n=82) P-value
Age 44.649.6 52.3£7.9 56.3+6.1 0.000001
Body mass index (kg/m2) 30.7+4.7 31.545.3 30.845.5 ns
Total cholesterol (mg/dL) 207.8+30.3 228.8+35.2 217.9+51.2 0.0467*
LDL-C (mg/dL) 139.3+30.5 156.3+27.5 149.2+43.6 ns
HDL-C (mg/dL) 50.1£9.9 47.8+£10.7 44.6+10.5 0.0411*
Non-HDL-C (mg/dL) 157.74£30.4 181+33.6 173.4447.9 ns
Glucose (mg/dL) 101.148.3 118.3145.3 135.4+60.5 0.0004*
Apolipoprotein A (g/L) 1.4+0.3 1.3+0.3 1.1£0.3 <0.0001
Apolipoprotein B (g/L) 1.1+0.2 1.2+0.2 1.2+0.3 ns
Triglycerides (mg/dL) 206.5+73.1 256.8+214.1 241.9+96.7 ns
Lipoprotein (a) (mg/dL) 47.3161.3 26.94£32.3 27+38.9 ns
Creatinine (mg/dL) 0.840.2 0.94£0.2 0.9+0.2 ns
C- reactive protein (mg/L) 0.3£0.4 0.3£0.2 0.743 ns
Homocysteine (umol/L) 10.3+2.1 11.2+2.8 10.8+2.9 ns

Analysis of the lipid profile and markers of atherosclerosis
depending on the degree of cardiovascular risk (low, high and
very high) revealed several statistically significant differences.
Total cholesterol was significantly higher in the high-risk group
(228.8+35.2 mg/dl) compared with the low-risk group
(207.8£30.3 mg/dl, p=0.0467). LDL (LDL-C) and non-
lipoprotein cholesterol (non-HDL-C) levels did not differ
statistically significantly between the groups (p>0.05), but there
was a tendency to increase them in the high- and very high-risk
groups. The level of high-density lipoprotein cholesterol (HDL-
C) decreased with increasing cardiovascular risk and was
significantly lower in the very high-risk group (44.6+10.5 mg/dl)
compared with the low-risk group (50.1£9.9 mg/di, p=0.0411).
Triglyceride  concentrations increased in the high-risk
(256.8+214.1 mg/d)) and very high-risk (241.9£96.7 mg/dI)
groups compared with the low-risk (206.5+73.1 mg/dl) groups,
but the differences did not reach statistical significance
(p>0.05). There was also a significant decrease in the level of
apolipoprotein A (p<0.0001) with increased risk, which may
indicate a decrease in the atheroprotective activity of high-
density lipoproteins in these groups.

The analysis of genotype frequencies in the study cohort
revealed statistically significant differences in a number of
genes. In particular, the GCKR variant (c.G1004A) was
exclusively represented in the low-risk group, where all
participants had the GG genotype, and was completely absent
in patients with high and very high risk. For another variant of
GCKR (c.G307A), the GG genotype was dominant (94.7-
100%), whereas the heterozygous GA variant was found only
in low (5.3%) and very high (2.4%) risk groups. A similar
pattern was observed for the genes SLC22A5 (c.G1451T,
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c.G364T, ¢.C1400G), FLCN (c.G918A), LPL (c.G484A) and
LDLR (c.C419T): homozygotes prevailed in all groups (up to
100%), and heterozygotes were detected in isolated cases or
very rarely (about 1%). The APOE polymorphism (c.T388C)
demonstrated a more pronounced distribution: the TT genotype
was dominant in all groups (57.9-67.4%), the TC genotype
was found in 28-36.8% of patients, and the CC genotype was
rare (0-5.3%). For the APOE polymorphism (¢.C526T), the CC
genotype was found in the vast majority of patients (86-96.3%),
while CT heterozygotes accounted for up to 14%. The
MYO15A polymorphism (c.G5925A) was also characterized by
a predominance of the GG genotype, and the GA variant was
found in only one patient classified as a very high-risk group.

The table shows an analysis of the relationship between
APOE (c.T388C) genotypes and treatment response rates
according to various genetic models (codominant, dominant,
recessive, overdominant, and log-additive). The average
response ranges from 1.36 to 1.6, depending on the genotype.
However, in all models, the differences between the groups did
not reach statistical significance. The highest response was
observed in carriers of the C/C genotype (1.6 £ 0.4), however,
due to the small number of the group (n=5), the confidence
interval was wide, and the difference with other genotypes
turned out to be statistically insignificant (for example, p=0.66 in
the codominant model). In all models, p-values > 0.05,
including: Codominant model: p = 0.66 Dominant model: p =
0.55 Recessive model: p = 0.61 Overdominant model: p = 0.41
Log-additive model: p = 0.73. Also, the AIC and BIC indicators
do not show an improvement in the model when APOE
(c.T388C) is included, which additionally indicates the absence
of a significant association.
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Table 2.

Distribution of lipid-associated gene genotypes among patients with varying degrees of cardiovascular risk.

Genes Low risk (n=19) High risk (n=43) Very high risk (n=82)
GCKR (c.G1004A)
GG (%) 19 (100 %) 0(0 %) 0(0 %)
GA (%) 0(0%) (0%) (0 %)
AA (%) 0(0%) (0%) (0 %)
GCKR (c.G307A)
GG (%) 18 (94.7 %) 43 (100 %) 80 (97,6 %)
GA (%) 1(5.3%) 0(0 %) 2(24 %)
AA (%) 0(0 %) 0(0 %) 0(0 %)
SLC22A5 (c.G1451T)
GG (%) 0(0 %) 42 (97.7 %) 82 (100 %)
GT (%) 0(0 %) 1(5.3%) 0(0 %)
TT (%) 0(0 %) 0(0 %) 0(0 %)
SLC22A5 (c.G364T)
GG (%) (0 %) (0 %) 82 (100 %)
GT (%) (0 %) (0 %) 0(0 %)
TT (%) (0 %) (0 %) 0(0 %)
SLC22A5 (c.C1400G)
CC (%) 0(0 %) 0(0 %) 81(98.8 %)
CG (%) 0(0 %) 0(0 %) 1(1.2%)
GG (%) 0(0%) 0(0 %) 0(0 %)
FLCN (c.G918A)
GG (%) 0(0 %) 0(0 %) 81(98.8 %)
GA (%) (0 %) (0 %) 1(1.2%)
AA (%) (0 %) (0%) 0(0 %)
LPL (c.G484A)
GG (%) 0(0%) (0 %) 81(98.8 %)
GA (%) 0(0%) (0 %) 1(1.2%)
AA (%) 0(0%) 0(0 %) 0(0 %)
APOE (c.T388C)
TT (%) 11(57.9 %) 29 (67.4 %) 55 (67.1 %)
TC (%) 7 (36.8 %) 14 (32.6 %) 23 (28 %)
CC (%) 1(5.3%) 0(0 %) 4(4.9 %)
APOE (c.C526T)
CC (%) 17 (89.5 %) 37 (86 %) 79 (96.3 %)
CT (%) 2(10.5 %) 6 (14 %) 3(3.7%)
TT (%) 0(0%) 0(0 %) 0(0 %)
LDLR (c.C419T)
CC (%) 0(0%) 0(0 %) 81(98.8 %)
CT (%) 0(0%) 0(0 %) 1(1.2%)
TT (%) 0(0%) 0(0 %) 0(0 %)
MYO15A (c.G5925A)
G (%) 0(0%) 43 (100 %) 81(98.8 %)
A (%) 0(0%) 0 (0 %) 1(1.2 %)
AA (%) 0(0%) 0(0 %) 0(0 %)

Table 3.

Analysis of the association of APOE (c.T388C) polymorphism with treatment response in various genetic models (n=144)

APOE (c.T388C) association with response Status (n=144, crude analysis)

Model Genotype | n | Response mean (s.e.) Difference (95% Cl) P-value AIC BIC
T 95 1.46 (0.07) 0
Codominant TIC 44 1. 36 (0.11) -0.10(-0.36 - 0.16) 0.66 3188 | 330.7
C/IC 5 6 (0.4) 0.14 (-0.51-0.78)
. T 95 1 46 (0.07) 0
Dominant | 7c.cic | 49 139 (0.11) 008(032-017) | 0% | 3173 | 3%2
. TA-T/IC | 139 1 43 (0.06) 0
Recessive o 5 6(0.4) 0.47 (047 - 0.81) 0.61 3174 326.3
. TT-C/IC | 100 1 47 (0.07) 0
Overdominant TC 4 136 (0.11) 2041 (0.36 - 0.15) 0.41 317 325.9
Log-additive -0.04 (-0.25-0.18) 0.73 317.6 3265
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Conclusion: According to the results of the analysis,
there was no statistically significant relationship between
the APOE (c.T388C) polymorphism and the level of
response to treatment in any of the tested genetic models.
The data suggests that APOE (c.T388C) probably has no
significant effect on this phenotype in this sample. For a
more accurate estimate, an extended analysis is needed,
taking into account covariates and increasing the sample
size.

Discussions.

This study is the first to analyze the genetic variants
involved in the regulation of lipid metabolism in a Kazakh
cohort of patients with hypertriglyceridemia and
atherosclerosis. The results obtained convincingly
demonstrate that triglyceride metabolism disorders are one
of the fundamental factors determining increased
cardiovascular risk. Despite the absence of statistically
significant differences in triglyceride levels between risk
groups, there was a marked tendency for their increase in
high- and very high-risk groups. This phenomenon
correlates with data from international studies highlighting
the role of hypertriglyceridemia in synergy with elevated
LDL cholesterol levels in accelerating the atherosclerotic
process through the induction of inflammation and
endothelial dysfunction. The observed decrease in HDL
cholesterol and apolipoprotein A levels in high-risk patients
indicates a compromise of the atheroprotective potential of
high-density lipoproteins, which is a pathognomonic sign of
dyslipidemia in atherosclerosis. This highlights the
importance of an integrated approach to assessing the lipid
profile in the context of risk stratification. Genetic analysis of
the APOE polymorphism (p. T388C) did not reveal
significant differences between risk groups, which may
indicate a limited contribution of this particular variant to the
formation of cardiovascular risk in the studied sample.
However, the potential effect of other APOE variants, as
well as polymorphisms in the GCKR, LPL, and SLC22A5
genes, which, according to literature data, have a significant
effect on triglyceride metabolism, remains the subject of
further research. It should be noted that the limited sample
size (n=144 patients) could affect the statistical power of the
study. Large-scale studies involving diverse ethnic groups
and the use of advanced multifactorial analysis methods are
needed to more accurately validate the associations
between genetic variants and the risk of atherosclerosis in
the Kazakh population. Thus, this study confirms the critical
role of hypertriglyceridemia as a predictor of increased
cardiovascular risk. The study of the genetic determinants
of lipid metabolism opens up new horizons for the
development of highly accurate risk stratification methods
and the creation of personalized strategies for the
prevention and freatment of atherosclerosis, which is
important for public health in Kazakhstan.

Conclusions.

In a study of Kazakhstani patients with atherosclerosis
and elevated triglyceride levels, genetic features related to
the regulation of fat metabolism were found. High
triglyceride levels are known to be associated with an
increased risk of cardiovascular disease. This confirms the
importance of this indicator as an independent factor
affecting heart health. In high-risk patients, there was a
decrease in "high" HDL cholesterol and apolipoprotein A,
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which indicates a weakening of the protective mechanisms
preventing the development of atherosclerosis. The genetic
variant APOE (C. T388C) was equally common in all risk
groups, so its association with the risk of cardiovascular
diseases in this sample was not established. The data
obtained emphasize the need for further research aimed at
identifying specific genetic variants characteristic of the
population of Kazakhstan that affect lipid metabolism and
the risk of atherosclerosis.
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