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Abstract 
 

Background. Miscarriage is relevant medical and social problem, according to WHO its frequency is 20% and has no 
tendency to decrease, despite effective modern methods of diagnosis and treatment. The aim was to study alleles and single 
nucleotide polymorphisms (SNP) population frequencies of the coagulation system and cardiovascular system genes, 
associated with idiopathic recurrent pregnancy loss (iRPL) development as a risk factor in an ethnically homogeneous 
Kazakh population: MTHFR (C677T, A1298C), MTR (A2756G), MTRR (A66G), F5 (A506G), F2 (G20210A), FGB (G455A), 
ITGB (Leu33Pro), PLANH1 (5G / 4G); GPIa (C807T), AGTR1 (A1166C), ACE (I / D), eNOS (Glu298Asp). 

Materials and Methods. The genomic database was analysed based on the results of genotyping of 700 conditionally 
healthy individuals of Kazakh nationality ~2.5 million SNPs using OmniChip 2.5 M Illumina chips at the DECODE Iceland 
Genomic Center as part of the joint implementation of the project “Genetic Studies of Preeclampsia in Populations of Central 
Asia and Europe” (InterPregGen) within the 7th Framework Programme of the European Commission under Grant 
Agreement No. 282540. 

Results. The Kazakh population occupies an intermediate position between Europe and Asia populations described in 
project 1000 genomes by genes of the coagulation and cardiovascular systems. Distribution frequency analysis of the 
studied genotypes in the Kazakh population showed their correspondence to Hardy-Weinberg equilibrium for the majority of 
the studied polymorphisms (p>0.05), significant deviations from the expected heterozygosity demonstrated by the 
polymorphisms A1298C MTHFR gene (p<0.002) and A1166C AGTR1 gene (p<0,0001). 

Conclusion. Coagulation and cardiovascular systems genes studied polymorphisms can be considered as possible 
genetic factors for the development of iRPL, due to the high frequency of this pathology in different populations, and its 
significant contribution to reproduction and fertility indicators. Conduct further studies to determine their significance in the 
development of iRPL in the Kazakh population. 

Keywords: single nucleotide polymorphisms, genotypes, idiopathic recurrent pregnancy loss. 
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Цель исследования: изучить популяционные особенности частота ллелейи генотипов полиморфных вариантов 
генов свертывающей и кардиоваскулярной системы: MTHFR (C677T, A1298C), MTR (А2756G), MTRR (A66G), F5 
(А506G), F2 (G20210А), FGB (G455A), ITGB3 (Leu33Pro), PLANH1 (5G/4G); GPIa (C807T), AGTR1 (A1166C), АСЕ (I/D), 

http://orcid.org/0000-0002-5442-4461
http://orcid.org/0000-0001-5092-3143
http://orcid.org/0000-0002-5442-4461
http://orcid.org/0000-0001-5092-3143


Наука и Здравоохранение, 2023  3 (Т.25)                                       Оригинальное исследование 

129 

eNOS (Glu298Asp), предположительно ассоциированных с развитием идиопатической формы привычного 
невынашивания беременности в этнически однородной популяции казахов.  

Материалы и методы. Проведен анализ геномной базы данных по результатам генотипирования 1800 условно 
здоровых лиц казахской национальности ~2,5 млн SNP с использованием чипов OmniChip 2,5 M Illumina в Геномном 
центре DECODE Iceland в рамках совместного выполнения проекта «Генетические исследования преэклампсии в 
популяциях Центральной Азии и Европы» (InterPregGen) 7 рамочной программы Европейской Комиссии по 
Грантовому соглашению №. 282540.  

Результаты. Казахская популяция по генам свертывающей и кардиоваскулярной системы при сравнении с 
другими популяциями мира занимает промежуточное положение между описанными в проекте 1000 геномов 
популяциями Европы и Азии. Анализ частотного распределения исследованных генотипов в популяции казахов 
показал их соответствие равновесию Харди-Вайнберга для большинства изученных полиморфизмов (p>0,05), 
достоверные отклонения от ожидаемой гетерозиготности продемонстрировали полиморфизмы - A1298С гена 
MTHFR (Р<0,002) и A1166C гена AGTR1 (Р<0,0001). 

Выводы. В связи с высокой частотой идиопатической формы привычного невынашивания беременности (иПНБ) 
в популяциях человека, ее значимым вкладом в показатели репродукции и рождаемости, изученные полиморфизмы 
генов свертывающей и кардиоваскулярной системы можно рассматривать как возможные генетические факторы 
развития данной патологии, провести дальнейшие исследования для определения их значимости в развитии иПНБ в 
казахской популяции. 

Ключевые слова: полиморфизм генов, генотипы, идиопатическая форма привычного невынашивания 
беременности. 
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Зерттеудің мақсаты: популяция ерекшеліктерін зерттеу коагуляциялық және кардиоваскулярлық жүйе 
гендерінің полиморфты нұсқаларының генотиптерінің ллелия жиілігі: MTHFR (C677T, A1298C), MTR (A2756G), 
MTRR (A66G), F5 (A506G), F2 (G20210A), FGB (G455A), ITGB3 (leu33pro), planh1 (5G/4G); Gpia (C807T), AGTR1 
(A1166C), АСЕ (I/D), eNOS (Glu298Asp), болжам бойынша идиопатиялық форманың дамуымен байланысты. 

Материалдар мен әдістер. "Орталық Азия мен Еуропа популяцияларындағы преэклампсияны генетикалық 
зерттеу" (Interpreggen) жобасын бірлесіп орындау шеңберінде decode Iceland геномдық орталығында OmniChip 2,5 M 
illumina чиптерін пайдалана отырып, 1800 шартты дені сау қазақ ұлтының ~2,5 млн SNP генотиптеу нәтижелері 
бойынша геномдық деректер базасына талдау жүргізілді. 282540. 

Нәтижелер. Қазақ популяциясы әлемнің басқа популяцияларымен салыстырғанда ұю және 
кардиоваскулярлық жүйенің геномдары жобада сипатталған Еуропа мен Азияның 1000 геномы арасында аралық 
орынды алады. Зерттелген генотиптердің қазақтар популяциясында жиіліктік таралуын талдау олардың зерттелген 
полиморфизмдердің көпшілігі үшін Харди-Вайнберг тепе - теңдігіне сәйкестігін көрсетті (p>0,05), күтілетін 
гетерозиготалықтан сенімді ауытқулар MTHFR генінің-а1298с полиморфизмдерін көрсетті (Р<0,002) және AGTR1 
генінің A1166C (Р<0,0001). 

Қорытындылар. Адам популяцияларында жүктіліктің әдеттегі түсік түсіруінің идиопатиялық түрінің жоғары 
жиілігіне, оның репродукция және туу көрсеткіштеріне елеулі үлесіне, генді ұю және кардиоваскулярлық жүйенің 
зерттелген полиморфизмдеріне байланысты осы патологияны дамытудың ықтимал генетикалық факторлары 
ретінде қарастыруға, олардың қазақ популяциясындағы жтсб дамуындағы маңыздылығын анықтау үшін одан әрі 
зерттеулер жүргізуге болады. 

Түйін сөздер: гендік полиморфизм, генотиптер, әдеттің идиопатиялық түріжүктілікжүктілікжүктілік. 
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Introduction 
According to WHO, miscarriage is a relevant medical 

and social problem frequency is 20% and does not tend to 
decrease, despite effective modern methods of diagnosis 
and treatment [27]. 

Recurrent pregnancy loss (further RPL), classically 
defined as two or more spontaneous miscarriages up to 20 
weeks of pregnancy, is a heterogeneous disorder affecting 
up to 3% of couples in the reproductive period [9,18]. 

S.Vedishchev et al. (2013) - frequency of spontaneous 
abortion in Russia is high - from 15 to 23% of all recorded 
pregnancies, with about 80% of reproductive losses 
occurring in the first trimester [2]. According to N.M. 
Mamedalieva frequency of miscarriage ranges from 22% to 
31% of all recorded pregnancies in Kazakhstan [3]. 

Despite numerous scientific studies of possible RPL 
causes, such as fetal chromosomal abnormalities, infectious 
agents, adverse environmental factors, bad habits, anatomical 
defects, thrombophilic disorders, etc., the etiology of RPL (up to 
50% of cases) remains unclear [8,11,17,21]. Nowadays, RPL 
doesn't have an understandable etiology and effective therapy, 
which require etiopathogenesis study, considered idiopathic 
RPL (further iRPL). 

As known, the leading cause of RPL is the genetic factor. 
The concept of RPL genetic causes meant the presence of 
chromosomal abnormalities (quantitative or structural 
violations of the karyotype) in both spouses with a history of 
miscarriages and abortions. Currently, new high-tech 
molecular diagnostic methods are applied; the concept of a 
genetic factor includes the study of predisposition genes. 

According to many authors, RPL can be considered a 
multifactorial disease. A combination of genetic and 
environmental factors needs to evaluate in each specific 
case of RPL [1,15,16,27]. 

Multifactorial diseases are determined by a whole group of 
"predisposition" genes [1,15,16,27]. The relationship between 
genetic variants and their functions attracts the attention of 
many researchers, as it allows more accurately to determine 
the clinical significance of each specific polymorphism. 

We selected statistically significant SNP polymorphisms for 
independent replicative genotyping in an ethnically 
homogeneous Kazakh population according to Genome-wide 
association studies (GWAS) and meta-studies of the RPL in 
world databases [http://www.ncbi.nlm.nih.gov; 
http://asia.ensembl.org/index.html; www.ncbi.nlm.nih.gov/gap; 
www.genome.gov; 
http://hapmap.ncbi.nlm.nih.gov/index.html.en; www.1000 
genomes.org], QC control (p<5x10-8 cluster plot inspection, 
HWEtest, etc.). 

The Aim was to study the population characteristics of the 
allelic and genotypic distribution of potentially significant 

polymorphisms of genes predisposing to iRPL in coagulation 
and cardiovascular systems (MTHFR (C677T, A1298C), 
MTR (A2756G), MTRR (A66G), F5 (A506G), F2 (G) FGB 
(G455A), ITGB3 (Leu33Pro), AGTR1 (A1166C), ACE (I/D), 
GPIa (C807T), PLANH1 (5G/4G); eNOS (Glu298Asp)) in 
ethnically homogeneous Kazakh population. 

Materials and Methods. 
The study was approved by the bioethical committee of 

the Scientific Center of Obstetrics, Gynecology, and 
Perinatology (Almaty, Kazakhstan). All subjects were 
consulted about the objectives of the project and signed 
informed consent in its participation. 

The material was DNA isolated from the peripheral 
blood of the recruited population control group, is 
represented by 700 conditionally healthy individuals of 
Kazakh nationality. Criteria for selection in the control group 
are ethnicity - Kazakhs, including grandparents; age 18 
years and older, the subject's ability to make an 
independent decision on consent to participate in the 
project. DNA is stored in the Miras biobank of the Scientific 
Center for Obstetrics, Gynecology, and Perinatology 
(SCOGP).  

Molecular genetic studies. The genomic database was 
analysed based on the results of genotyping of 700 
conditionally healthy individuals of Kazakh nationality ~2.5 
million SNPs using OmniChip 2.5 M Illumina chips at the 
DECODE Iceland Genomic Center as part of the joint 
implementation of the project “Genetic Studies of Preeclampsia 
in Populations of Central Asia and Europe” (InterPregGen) 
within the 7th Framework Programme of the European 
Commission under Grant Agreement No. 282540. 

Statistical analysis. Statistical significance tests and 
analysis of the nonparametric criterion χ2 were performed 
using the PLINK software [20]. Hardy-Weinberg balance 
law score was calculated using the HWEtest function of the 
PLINK program. In all cases, the results are considered 
statistically significant at the level of P˂0.05. 

Results. 
Table 1 presents the polymorphisms of the genes with 

the identifier (SNP Identifier), the location of the 
polymorphism on the chromosome, and the physical 
distance in paired bases (base-pair position - bp), the name 
of the polymorphism. 

Table 2 shows the frequencies of genotypes and alleles 
of the coagulation and cardiovascular system genes in the 
Kazakh population. Table 3 presents the comparative 
analysis of the allelic frequencies of the studied genes in 
various world populations, according to GWAS data 
possibly associated with iRPL. Allele frequencies for 
previously studied populations are from the Project 1000 
Genomes Phase III [www.genome.gov]. 
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Table 1. 
Description of genes polymorphisms of the coagulation and cardiovascular system. 

№ Gene Chromosome SNP Identifier Type of polymorphism Position 

1 MTHFR 1 rs1801131 А1298С 11854476 

2 MTHFR 1 rs1801133 C677T 11856378 

3 MTRR 5 rs1801394 А66G 237048500 

4 MTR 1 rs1805087 А2756G 7870973 

5 F5 1 rs6025 А506G 169519049 

6 F2 11 rs1799963 G20210А 46761055 

7 FGB 4 rs4220 G455A 155491759 

8 ITGB3 17 rs5918 Leu33Pro 47283364 

9 PLANH1 7 rs7242 5G/4G 100781445 

10 GPIa 5 rs1126643 C807T 52347369 

11 АСЕ 17 rs4340 I/D 61565892 

12 AGTR1 3 rs5186 A1166C 148742201 

13 eNOS3 7 rs1799983 Glu298Asp 46761055 
 

 
Table 2. 

Frequencies of genotypes and alleles of the genes of the coagulation and cardiovascular system in the Kazakh 
population. 

MTHFR (rs1801133) C677T 

Allele/genotype C T CC CT TT 

n (%) 984 (70.3%) 416 (29.7%) 354 (50.6%) 276 (39.4%) 70 (10.0%) 

MTHFR (rs1801131) A1298C 

Allele/genotype A C AA AC CC 

n (%) 930 (66.4%) 470 (33.6%) 327 (46.7%) 276 (39.4%) 97 (13.9%) 

MTRR (rs1801394) A66G 

 Allele/genotype A G AA GA GG 

n (%) 751 (53.6%) 649 (46.4%) 202 (28.9%) 347 (49.6%) 151 (21.6%) 

MTR (rs1805087) А2756G 

 Allele/genotype A G AA GA GG 

n (%) 1136 (81.1%) 264 (18.9%) 459 (65.6%) 218 (31.1%) 23 (3.3%) 

F5 (rs6025) А506G 

Allele/genotype G A GG GA AA 

n (%) 1386 (99.0%) 14  (1.0%) 687 (98.1%) 12 (1.7%) 1 (0.1%) 

F2 (rs1799963) G20210А 

 Allele/genotype G A GG GA AA 

n (%) 1397 (99.8%) 3 (0.2%) 697 (99.6%) 3 (0.4%) 0 

AGTR1 (rs5186) A1166C 

Allele/genotype A C AA AC CC 

n (%) 1121 (80.1%) 279 (19.9%) 477 (68.1%) 167 (23.9%) 56 (8.0%) 

FGB (rs4220) G455A 

Allele/genotype G A GG AG AA 

n (%) 1197 (85.5%0 203 (14.5%) 515 (73.6%) 167 (23.9%) 18 (2.6%) 

GPIa (rs1126643) C807T 

Allele/genotype C T CC CT TT 

n (%) 939 (67.1%) 461 (32.9%) 322 (46.0%) 295 (42.1%) 83 (11.9%) 

PLANH1 (rs7242) 5G/4G 

Allele/genotype 5G 4G 5G5G 4G5G 4G4G 

n (%) 705 (50.4%) 695 (49.6%) 184 (26.3%) 337 (48.1%) 179 (25.6%) 

ITGB3 (rs5918) Leu33Pro 

Allele/genotype L P LL LP PP 

n (%) 1287 (91.9%) 113 (8.1%) 594 (84.9%) 99 (14.1%) 7 (1.0%) 

ACE (rs4340) I/D 

Allele/genotype I D II ID DD 

n (%) 809 (57.8%) 591 (42.2%) 245 (35.0%) 319 (45.6%) 136 (19.4%) 

eNOS (rs1799983) Glu298Asp  

Allele/genotype G A GG AG AA 

n (%) 856 (61.1%) 544 (38.9%) 257 (36.7%) 342 (48.9%) 101 (14.4%) 
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Table 3. Comparative analysis of the frequency of genotypes and alleles, possibly predisposing to iRPL in the 
Kazakh population and populations of the world. 

 

Population N MAF χ2 р 

Coagulation and cardiovascular systems genes 

MTHFR (rs1801133) C677T 

Kazakhstan 700 0.30   

Europe** 503 0.37 6.45* 0.012 

East Asia** 504 0.30 0.00 0.989 

South Asia** 489 0.12 52.90* <0.001 

MTHFR (rs180113)1 A1298C 

Kazakhstan 700 0.34   

Europe** 503 0.31 1.19 0.277 

East Asia** 504 0.22 20.42* <0.001 

South Asia** 489 0.42 7.73* 0.006 

MTRR (rs1801394) А66G 

Kazakhstan 700 0.46   

Europe** 503 0.52 4.20* 0.041 

East Asia** 504 0.26 49.98* <0.001 

South Asia** 489 0.53 5.59* 0.019 

MTR (rs1805087) А2756G 

Kazakhstan 700 0.19   

Europe** 503 0.17 0.71 0.399 

East Asia** 504 0.11 14.55* <0.001 

South Asia** 489 0.32 26.05* <0.001 

F5 (rs6025) А506G 

Kazakhstan 700 0.01   

Europe** 503 0.012 0.10 0.750 

East Asia** 504 0 5.07* 0.025 

South Asia** 489 0.011 0.001 0.970 

F2 (rs1799963) G20210А 

Kazakhstan 700 0.002   

Europe** 503 0.008 3.01 0.083 

East Asia** 504 0 0.72 0.396 

South Asia** 489 0 0.70 0.404 

FGB (rs4220) G455A 

Kazakhstan 700 0.15   

Europe** 503 0.20 5.32* 0.022 

East Asia** 504 0.22 9.82* 0.002 

South Asia** 489 0.14 0.28 0.599 

ITGB3 (rs5918) Leu33Pro 

Kazakhstan 700 0.08   

Europe** 503 0.13 7.84* 0.006 

East Asia** 504 0.009 29.92* <0.001 

South Asia** 489 0.11 3.18 0.075 

PLANH1 (rs7242) 5G/4G 

Kazakhstan 700 0.50   

Europe** 503 0.45 3.01 0.083 

East Asia** 504 0.45 2.89 0.090 

South Asia** 489 0.40 11.40* <0.001 

AGTR1 (rs5186) A1166C 

Kazakhstan 700 0.20   

Europe** 503 0.27 8.65* 0.004 

East Asia** 504 0.06 47.69* <0.001 

South Asia** 489 0.07 39.23* <0.001 

ACE (rs4340) I/D 

Kazakhstan 700 0.42   

Germany** 127 0.51 3.69 0.055 

China** 132 0.19 24.98* <0.001 

Korea** 126 0.52 4.68* 0.031 
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Continuation of Table 3. 

 
Population frequency carriage of the unfavorable T 

allele of the MTHFR gene (C677T) in the study sample is 
0.30 (29.7%), which is significantly higher (p <0.001) in the 
Kazakh population compared to the similar indicator for 
South Asia – 0.12, but significantly lower compared to 
Europe – 0.37 (p <0.012). No significant differences with the 
population frequency of the MTHFR allele T gene (C677T) 
in the East Asian population are not detected (p> 0.05). 

The frequency of the C allele of the MTHFR gene 
(A1298C) in the studied Kazakh population is 0,34 (33.6%), 
which do not show any differences from the European 
population (p> 0.05), but exceeded similar indicator of the 
East Asian population – 0.22 (p <0.001). A significantly 
minor allele is found more often in the South Asian 
population – 0.42 (p <0.006). The Kazakh population 
occupies an intermediate position between South and East 
Asia in terms of the frequency of the MTHFR gene (C677T 
and A1298C alleles). 

The frequencies of the MTRR (A66G) and MTR 
(A2756G) alleles in the studied Kazakh population are 0.46 
(46.4%) and 0.19 (18.9%), respectively. Minor alleles of the 
MTRR and MTR genes are significantly lower than in South 
Asia – 0.53 and 0.32 (p <0.01) and significantly higher than 
the frequencies in East Asia (p <0.001). 

Tables 2 and 3 demonstrate that the allele frequencies 
of the F2 (G20210A) and F5 (A506G) genes in the Kazakh 
population turned out to be very low - 0.002 (0.2%) and 
0.01 (1.0%), respectively, which does not significantly differ 
from similar indicators in Europe, East and South Asia 
(P>0.05). 

The frequency of the FGB gene minor A allele (G455A) 
in the Kazakhs is 0.15 (14,5%), which is no different from its 
frequency in South Asia, but lower than the similar 
frequency in Europe – 0.20 (p < 0.022) and East Asia 0.22 
(p <0.002). 

P alleles frequency of the ITGB3 gene (Leu33Pro) in 
the studied Kazakh population is 0.08 (8.1%), which does 
not show a significantly differ from South Asia (p>0.05), but 
exceeds similar indicator in East Asia (p <0.001) and 
Europe (p <0.006) populations. 

The minor allele frequency of the PLANH1 gene 
(5G/4G) in the Kazakh population is 0.50 (49.6%), which is 
no different from Europe and East Asia, but significantly 
exceeds its frequency in South Asia (0.40) (P <0.001) 
populations. 

The prevalence of deletion D frequency in the ACE 
gene (I/D) is 0.42 (42.2%), significantly exceeding a similar 
indicator in Chinese – 0.19 (p <0.001), lower than its 
frequency in Korea – 0.52 (p <0.03). 

The occurrence of C allele frequency in the AGTR1 
gene (A1166C) is 0,20 (19,9%), which is significantly higher 
than its frequency in populations of East and South Asia, 
slightly exceeds similar indicator in Europe (0.27; p <0.001). 

The population frequency of T allele GPIa gene 
(C807T) carriage does not differ from the corresponding 
frequencies of East and South Asia, but it is significantly 
lower than that of Europe (p <0.014). 

The frequency carriage of the A allele of the eNOS3 
gene Glu298Asp polymorphism in the Kazakh population is 
0.39 (38.9%), this is comparable with Europeans, but it is 
significantly higher than its population frequency in East 
Asian and South Asian countries (p <0.001). 

Hardy-Weinberg equilibrium of coagulation and 
cardiovascular system genes in the Kazakh population. In 
medical genetics, the Hardy – Weinberg law makes it 
possible to assess the population risk of genetically 
determined diseases because each population has its allele 
pool and different frequencies of unfavorable alleles [8,21].  

Frequency distribution of alleles and genotypes for 
coagulation and cardiovascular systems genes in the 
Kazakh population: MTHFR (C677T, A1298C), MTR 
(A2756G), MTRR (A66G), F5 (A506G), F2 (G20210A), FGB 
(G455A), ITGB3 (AGTR1Pro) (A1166C), ACE (I/D), GPIa 
(C807T), PLANH1 (5G / 4G), eNOS3 (Glu298Asp), 
obtained as a result of statistical processing in the PLINK 
program using the HWEtest function, are presented in 
Table 4. 

According to table 4, the observed and expected 
heterozygosity distribution of genotypes is under Hardy-
Weinberg equilibrium (p> 0.05) for all the studied 
polymorphisms in the Kazakh population, except folate 
metabolism gene MTHFR A1298C polymorphism 
(rs1801131) (P <0.002), cardiovascular system gene 
AGTR1 A1166C polymorphism (rs5186) (P <0.0001). It may 
be due to the insufficient sample size with a high level of 
population heterozygosity and the historical patterns of the 
Kazakh population formation. Our results confirm the 
effectiveness of the study to identify microevolutionary 
changes in an ethnically homogeneous Kazakh population. 

Population N MAF χ2 р 

Coagulation and cardiovascular systems genes 

GPIa (rs1126643) C807T 

Kazakhstan 700 0.33   

Europe** 503 0.40 6.16* 0.014 

East Asia** 504 0.28 3.46 0.063 

South Asia** 489 0.33 0.001 0.979 

eNOS3 (rs1799983) Glu298Asp 

Kazakhstan 700 0.39   

Europe** 503 0.34 3.15 0.077 

East Asia** 504 0.13 96.85* <0.001 

South Asia** 489 0.17 66.59* <0.001 

Note: N - number of DNA samples; MAF - frequency of the minor allele; χ2 - Chi-square test; P - statistical 
significance; * - differences are statistically significant (p <0.05);**- www.1000 genomes.org 
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Table 4. 
Distribution correspondence of genotypes to Hardy-Weinberg equilibrium for coagulation and cardiovascular 
systems genes in the Kazakh population (700 Kazakhs). 

Gene name Chromosome SNP Identifier Position 
Hardy-Weinberg equilibrium 

Ho He P 

1 2 3 4 5 

Coagulation and cardiovascular systems genes 

MTR А2756G 1 rs1805087 7870973 0.311 0.306 0.712 

MTHFR A1298C 1 rs1801131 11854476 0.394 0.446 0.002 

MTHFR C677T 1 rs1801133 11856378 0.394 0.418 0.147 

MTRR A66G 1 rs1801394 237048500 0.496 0.49763 0.940 

F5 А506G 1 rs6025 169519049 0.017 0.020 0.064 

F2 G20210А 11 rs1799963 46761055 0.004 0.004 1.0 

AGTR1 A1166C 3 rs5186 148742201 0.239 0.319 ˂0.0001 

FGB G455A 4 rs4220 155491759 0.239 0.248 0.289 

GPLaC807T 5 rs1126643 52347369 0.421 0.442 0.231 

PLANH1 5G/4G 7 rs7242 100781445 0.481 0.500 0.326 

ITGB3 Leu33Pro 17 rs5918 47283364 0.141 0.148 0.202 

ACE I/D 17 rs4340 61565892 0.456 0.488 0.088 

eNOS Glu298Asp 7 rs1799983 46761055 0.489 0.475 0.475 

Ho – observed heterozygosity,     He – expected heterozygosity;       P – statistical significance 

 
Comparative analysis of the studied polymorphisms 

frequencies showed that the Kazakh population occupies 
an intermediate position between Europe and Asia 
populations described in the project 1000 genomes in terms 
of the most polymorphic loci frequencies of coagulation and 
cardiovascular systems genes: MTHFR (C677T, A1298C), 
MTR (A2756G), MTRR (A66G), F5 (A506G), F2 
(G20210A), FGB (G455A), ITGB3 (Leu33Pro), AGTR1 
(A1166C), ACE (I /D), GPIa (C807T), PLANH1 (5G / 4G), 
eNOS (Glu298Asp). 

Discussion 
The discussed question is the legitimacy of the studied 

genetic polymorphisms choice based on a modern 
understanding of the physiology of implantation processes, 
which is a long and complex process of balanced 
interaction between the mother and the fetus mediated 
through the placenta. Violations of this process at all stages 
can lead to abortion, which influenced the choice of specific 
maternal genomic polymorphisms involved in implantation 
and placentation processes, its include genes for 
hemostatic system proteins, platelet receptors, proteins 
involved in the pathogenesis of endothelial dysfunction, in 
blood pressure regulation [22,23,25]. 

According to the literature, genes are most fully 
described as associated with developing immunotolerance 
and inflammation, as well as changes in maternal 
metabolism and blood coagulation. Almost 90 different gene 
polymorphisms were studied, most of which showed a low 
relationship with the development of iRPL, some significant 
polymorphisms were not confirmed or showed contradictory 
results in subsequent replicative studies in other 
populations [1,12,15,15]. 

Thrombophilia makes a significant contribution to iRPL 
predisposition [13,19] due to thrombocytosis, increased 
platelet aggregation, level of blood coagulation factors 

activity, due to fibrinolytic inhibitors excess [4]. The most 
significant for increasing the genetic risk of thrombophilia in 
the genesis of RPL are FV mutations – Leiden factor 
(G1691A), prothrombin FII G20210A gene, variants of the 
MTHFR C667T genotypes encoding the enzyme 
methylenetetrahydrofolate reductase with low activity 
[22,23,25] and tissue plasminogen activator inhibitor type I 
PAI-1 4G/5G [7,26]. However, these associations may not 
be observed with iRPL, which requires further study of new 
predisposing factors, including other blood coagulation and 
cardiovascular systems genes [6,23,25]. However, 
numerous studies linking these genes with the development 
of iRPL are very controversial [4, 4,19,23,26]. 

It should be noted that the literature data are 
contradictory on coagulation and cardiovascular systems 
genes possibly associated with iRPL, due to several 
objective reasons: the lack of clear definitions of iRPL, 
complexity of recruiting, therefore the small sample size; 
lack of replicative studies in ethnically homogeneous 
populations [1,4,5,6,10,14,19,24]. 

Outcome 
For the first time, the population features of genotypes 

and alleles distribution frequency of coagulation and 
cardiovascular systems genes were studied, showing a high 
genetic heterogeneity in the population group of Kazakhs, 
numbering 700 people. The obtained results reflect the 
characteristics of the Kazakh population structure, formed 
as a result of complex evolutionary and migration processes 
due to the mid-geographical location between populations 
of Asia and Europe. 

We expected that the Kazakh population does not differ 
in frequency of minor alleles polymorphisms of FII and FV 
genes from previously studied world populations, which is 
due to their influence on the vital functions of blood 
coagulation and reflects their involvement in natural 
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selection processes. The highest allelic frequencies of 
unfavorable alleles polymorphisms were found for PLANH1, 
MTRR, and ACE genes (49.6%; 46.4%, and 42.2%, 
respectively). 

iRPL is a stressful state for a married couple who 
cannot obtain information about the cause of miscarriages 
and, accordingly, are deprived of effective etiopathogenetic 
therapy. Due to the high frequency and lack of reliable data 
on iRPL, it becomes necessary to find genetic markers to 
predict the development of the disease. It is necessary to 
conduct a replicative study in an ethnically homogeneous 
population of Kazakhs with clear recruiting criteria, selection 
of etiopathogenetic polymorphisms of iRPL. 
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