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Monumopgusm 2zeHa ANRIL u npedpacnosnoxeHHOCMb K amepocKiepo3y

Tumodeesa C.B., LlepukoBa T.A., LUkypar T.MN.

OXHbBIN GefepanbHbI yHUBepCUTET, AKagemms 61oornn n GroTeXHONorn
344090, r. PoctoB-Ha-[loHy, np. Ctauku, 4. 194/1,

MpoBeneH MeTaaHanm3 AnA oueHKM CBA3N mexay nonumopodusmom ANRIL rs2383207 v npeapacnonoxeHHOCTbIO K aTepoCKneposy.
[nAa BbIABNEHNA NOAXOAALMX NCCNEeAoBaHNIA Obin NPOBeAeH CUcCTeMaTUYeCKUn MOUCK NnTepaTypbl B 6a3ax AaHHbIX Google Scholar
n PubMed. Bcero ana meta aHanm3a 6bino otobpaHo 12 nccnepoBaHuii. AcCoumaLnnio oLeHBany no CTaTMCTUYeCKOMY OTHOLLEHWIO
waHcos (OLL) ¢ 95% posepuTtenbHbiM MHTepBanom (ON). MporpammHoe obecneueHmne RevMan (Cochrane Collaboration, 5.3. KoneHrareH)
ncrnonb3oBany Ana meTa aHanmsa. MNpu obbeanHeHUN nccnefyembix NONyNAUNA B OfHY BbIGOPKY nokasaHo, uto reH ANRIL 6bin
CBAA3aH C PUCKOM aTepocKiepo3a. lanbHenwmi ctpatuGrLMpoBaHHbIA aHanM3 no STHUYECKOMY NpU3HaKy nokasasn, uto reH ANRIL 6bin
CBA3aH C NPefpPacnofioXeHHOCTbIO K aTepoCKNepo3y Kak y a3naTtos, Tak 1 'y eBponeongos. Hawwm pesynbraTbl nokasbisatoT, yto ANRIL
MOXET CNYXWTb reHeTUYeckum 6MomMapKkepom aTepockneposa. [1na noaTsepxaeHna Habnogaemon cBa3n NoTpebyioTca fanbHekwmne
nccnefoBaHuA.
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We conducted this meta-analysis to estimate associations between polymorphisms of ANRIL rs2383207 and susceptibility to
atherosclerosis. A systematic literature research of Google Scholar and PubMed was performed to identify eligible studies. Overall, 12
studies were included for meta-analyses. The association was assessed by statistical odds ratio (OR) with 95% confidence interval (Cl).
RevMan software (Cochrane Collaboration, 5.3. Copenhagen) was used for the meta-analysis. Pooled overall analyses showed that ANRIL
was associated with risk of atherosclerosis in the whole population. Further analyses by ethnicity revealed that ANRIL was associated
with susceptibility to atherosclerosis in Asians and Caucasions. Our results suggest that ANRIL, might serve as genetic biomarkers of
atherosclerosis. Further studies will be required to confirm the observed association.
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1. Introduction

ardiovascular disease (CVD), including the emergence and development atherosclerosis is influenced
atherosclerosis, remain the leading causes of death by epigenetic factors that regulate gene expression, including
worldwide [1]. A number of candidate genes are  non-coding RNA (ncRNAs). NoncodingRNAs are
known to be involved in the etiopathogenesis of transcribed but are not translated into proteins, performing
atherosclerosis, but at the same time, of great importance in  their biological functions at the RNA level [2]. One of the
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most intensively studied biomarkers in recent years are long
non-coding RNAs (IncRNAs), a class of non-coding RNAs
over 200 nucleotides in length. LncRNAs play a regulatory
role in various biological processes, such as apoptosis, cell
cycle, proliferation, cell differentiation, etc [3]. The
development and progression of various diseases including
atherosclerosis, may be associated with both activation and
decrease in the expression of IncRNA in cells. Therefore,
approaches to gene therapy aimed at activating or suppressing
the expression of specific IncRNAs for atherosclerosis are
currently being actively developed [4]. ANRIL is located at
the human CDKN2A/B locus at 9p21.3. There is an
assumption that 9p21.3 region of the genome affects the cell
proliferation and can lead to CVD. The question of the
influence of the 9p21.3 loci is also discussed on the integrity
of the atherosclerotic plaque [5]. Recently, studies have
already investigated potential associations between several
variants CDKN2B-AS polymorphisms and the susceptibility
to atherosclerosis. In contrast to our previous study for
polymorphism rs2383207 in this loci [6], we expanded the
sample by searching for slightly different keywords and found
4 more studies that were included in the meta-analysis.

2. Materials and methods

2.1. Literature Search and Inclusion Criteria

This meta-analysis conformed with the Preferred Re-
porting Items for Systematic Reviews and Meta-analyses
(PRISMA) guideline [7]. Potentially related literature pub-
lished prior to October 2022 were extracted from Google
Scholar and PubMed using the following key phrases: (AN-
RIL OR CDKN2B-AS long non-coding RNA OR CD-
KN2B antisense RNA) and (allele OR mutation OR gen-
otype OR variant OR polymorphism) and (atherosclerosis
OR coronary heart disease) and (rs2383207).

The inclusion criteria for publications in this meta-anal-
ysis were: (1) Studies evaluating the association between
the r$2383207 polymorphisms and the risk of atheroscle-
rosis using the case-control method; (2) Diagnosis of ath-
erosclerosis confirmed by ultrasound evaluation of the ca-
rotid arteries; (3) Studies with or without Hardy-Weinberg
bias. Equlibrium (HWE) for the control group; (4) DNA co-
py number was measured using previously described meth-
ods based on PCR technology; (5) the sample only includ-
ed adults over the age of 18; (6) all data were presented as
OR and 95% CI.

The main exclusion criteria were: (1) reviews, short
communications, conference abstracts, comments; (2) stud-
ies without case-control statistics; (3) studies without pro-
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viding sample data; (4) research in the field of cerebrovas-
cular diseases; (5) duplicate data.

2.2. Data Extraction and Quality Assessment

In accordance with the selection criteria, all publica-
tions were independently reviewed by two reviewers. The
extracted data included basic information: (a) first author
name, (b) year of publication, (¢) country of origin, (d)
ethnicity, (e) genotyping method, (f) sample size, (g) allele
and genotype frequencies rs2383207. In addition, we also
assessed the methodological quality of the publications in-
cluded in our meta-analysis using the Newcastle—Ottawa
scale (NOS) [8]. The NOS contains 8 items in 3 areas, and
the total maximum score is 9 [9].

2.3. Statistical Analyses

The data were analyzed using Review Manager 5.3 soft-
ware (RevMan 5.3) to calculate odds ratio (OR) with 95%
confidence interval (CI). Heterogeneity was assessed in all
studies using the Cochran and I squared tests [10, 11]. The
total OR was calculated for the dominant (GG+CG vs.CC),
recessive (GG vs. CC + CQG), and allelic (C vs. G) models,
as well as for the homozygous (GG vs. CC) and heterozy-
gous (CG vs. CC) models. Z-scores were used to assess the
statistical significance of pooled ORs, and a p-value <0.05
was considered statistically significant. I squared statistics
were used to assess interstudy heterogeneity. If I squared
was higher than 50%, random effects models were used to
pool the data. Otherwise, fixed effect models were chosen.
Subgroup analyses by ethnicity of participants and type of
disease were also performed. Stabilities of synthetic results
were evaluated with sensitivity analyses, and publication bi-
as was evaluated with funnel plots.

3. Results

We found 138 potential relevant papers. Among these
articles, 12 eligible studies were included for pooled analyses
(Figure 1). The NOS score of eligible articles ranged from
7 to 8, which indicated that they were of high quality. Base-
line characteristics of included studies are shown in Table 1.

3.1. Characteristics of Included Studies

In this meta-analysis, 13842 participants were includ-
ed: 6383 in the atherosclerosis group and 7459 cases in the
control group. Twelve articles were selected, which four in-
vestigated rs2383207 in Caucasian population [12-15], five
investigated rs2383207 in Asian population [16-23].

The allele frequencies at each generation are obtained
by pooling together the alleles from each genotype of the
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same generation according to the expected contribution
from the homozygote and heterozygote genotypes. All
investigated polymorphisms contain a major allele (M) and a
minor allele (m), the genotypic distributions of investigated
polymorphisms were summarized by MM/Mm/mm.

3.2. Overall and Subgroup Analyses

To investigate potential associations of ANRIL
rs2383207 polymorphism with susceptibility to
atherosclerosis 12 studies were included for analyses.
Significant association with atherosclerosis in total group
was observed for rs2383207 only in dominant model
(P =<0.00001, OR 0.84, 95%CI: 0.79 - 0.90) Figure 2.

Records identified
through electronic
database searching
(n=138)

Medical genetics 2023.Vol. 22. Issue 4

No significant associations were observed in overall
analyses for other genetic models (allele model: P= 0.96,
OR 1.00, 95%CI: 0.87, 1.15; recessive model: P=0.60, OR
1.06, 95%CI: 0.86-1.29; heterozygous model: P =0.13, OR
0.94, 95%CI: 0.86-1.02; homozygous model: P =0.80, OR
1.04, 95%CI: 0.75-1.46).

Further subgroup analyses by ethnicity revealed that
1s2383207 investigated polymorphism were significantly
associated with susceptibility to atherosclerosis in Asians
in several models (allele model: P =0.05, OR 0.89, 95%CI:
0.80-1.00; heterozygous model: P =0.04, OR 0.92, 95%ClI:
0.85-1.00; dominant model: P = <0.00001, OR 0.84,
95%CI: 0.78-0.91). Moreover, rs2383207 polymorphism

Additiional records
identified through other

Records after duplicates removed

(n=69)

Records screened
(n=62)

Articles assessed for
eligibility
(n=27)

Studies included in
qualitative synthesis
(systematic review)
(n=12)

Studies included in
quantative synthesis
(meta-analysis)
(n=12)

PuicyHoK 1. Brnok-cxema Bbibopa nccnenoBaHmin Afif HACTOALLETO aHaNM3a.

Figure 1. Flowchart of study selection for the present study.

Records excluded
after reading titles and
abstracts
(n=35)

Articles excluded with
reasons
(n=15)
Reviews comments
letters (n=7)
Incomplete data (n=4)
No control (n=4)
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Case Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
3.1.1 Asian
Zhou, 2008 520 1360 605 1360 20.7% 0.77 [0.66,0.90] 2008 -
Chen, 2009 69 212 114 232 41% 0.50[0.34,0.73] 2009 —
Kumar, 2011 124 301 190 424 51% 0.86 [0.64,1.16] 2011 -1
Lin 2011 274 687 609 1377 13.5% 0.84 [0.69,1.01] 2011 -
Zhang 2012 743 1657 796 1664 24.3% 0.89[0.77,1.02] 2012 -
El-Menyar, 2015 77 236 58 152  26% 0.78[0.51,1.200 2015 T
Yang, 2018 236 540 251 548 7.8% 092[0.72,1.17] 2018 -1
Wang, 2021 254 567 247 552 77% 1.00[0.79,1.27] 2021 -1
Subtotal (95% ClI) 5560 6309 857% 0.84[0.78,0.91] (]
Total events 2297 2870
Heterogeneity: Chi*=11.54, df=7 (P=0.12); F= 39%
Test for overall effect: Z= 4.60 (P < 0.00001)
3.1.2 Caucasian
Abdulah, 2008 121 310 277 560 B.7% 0.65[0.49,0.87] 2008 -
Cakmak, 2015 101 220 118 240 3.4% 0.88 [0.61,1.27] 2015 T
Ferreira, 2019 92 195 114 243 29% 1.06[0.73,1.54] 2019  —
Garcia-Gonzalez, 2021 53 98 51 101 1.3% 1.15[0.66,2.01] 2021 S
Subtotal (95% ClI) 823 1150 14.3%  0.83[0.70,1.00] L 2
Total events 367 560
Heterogeneity: Chi*=5.77, df=3(P=012), F= 48%
Test for overall effect: Z=1.96 (P = 0.05)
Total (95% CI) 6383 7459 100.0%  0.84[0.79, 0.90] (]
Total events 2664 3430

e AhiE = .l _ CE— ' ' L ),
Heterogeneity: Chi*=17.32, df=11 (P=0.10); F=37% 001 01 10 100

Testfor overall effect: Z=5.00 (P = 0.00001)
Test for subgroup differences: Chi*=0.01, df=1 (P =0.94), F=0%

Case Control

PucyHOK 2. Pe3ynbTaTbl aHanm3a AOMUHAHTHOM reHeTnyeckon mogenm accoumaumm ANRIL rs2383207 c aTepock/iepo3om Ansa espone-
OWAHOrO 1 a31aTCKOro HaceneHnsa C UCNoib30BaHMEM MOAENN C PUKCUPOBaAHHbBIMU 3ddeKTamu.

Figure 2. Forest plots for dominant genetic models of ANRIL rs2383207 for Caucasian and Asian population, using a fixed-effects model.

Ta6nuua 1. XapakTepucTukiy BKIIOUYEHHbIX B aHaNU3 NCCNefoBaHUIA
Table 1. The Characteristics of | ncluded Studies

) o ) Genotype distribution (MM/Mm/mm) P value NOS
First author, year Country Ethnicity Sample size Cases control for HWE score
Abdulah, 2008 United States Caucasian 310/560 139/121/50 147/2717/136 0.88 8
Zhou, 2008 China Asia 1360/1360 702/520/138 592/605/163 0.75 8
Chen, 2009 China Asia 212/232 107/69/36 71/114/47 0.96 8
Kumar, 2011 India Asia 301/424 137/124/40 174/190/60 0.63 7
Lin, 2011 China Asia 687/1377 65/274/288 172/609/568 0.75 8
Zhang, 2012 China Asia 1657/1664 214/743/700 216/796/652 0.42 8
Cakmak, 2015 Turkey Caucasian 220/240 83/101/36 102/118/20 0.21 7
El-Menyar, 2015 Egypt Asia 236/152 146/77/12 84/58/10 1 7
Yang, 2018 China Asia 540/548 247/236/57 244/251/53 0.49 8
Ferreira, 2019 Brasilian Caucasian 195/249 36/92/67 100/114/35 0.85 7
Garcia-Gonzalez, 2021 Yucatan Caucasian 98/101 23/53/22 26/51/24 0.94 8
Wang, 2021 China Asia 567/552 253/254/60 243/247/62 0.97 8
Abbreviations: HWE, Hardy-Weinberg equilibrium; NOS, Newcastle-Ottawa scale.
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was associated with susceptibility to atherosclerosis in
Caucasians (dominant model: P=0.05, OR 0.83, 95%ClI:
0.70 — 1.00), Table 2.

3.3 Sensitivity Analyses

We accomplished sensitivity analyses to test stabilities of
pooled results by excluding studies that violated the HWE.
Altered results were not noticed in any comparisons, which
suggested that our findings were statistically stable.

3.4. Publication Biases

We used funnel plots to assess publication bias. We did
not find obvious asymmetry of funnel plots in any compar-
isons, which suggested that our findings were unlikely to be
severely impacted by publication bias.

4, Discussion

Recent studies have reported an association of the
1s2383207 (A) risk allele with cardiovascular disease (CHD)
[24], CAD manifestation [25], and CAD severity [22]. Aki-
niemi et al. reported that rs2383207 increased the incidence
of ischemic stroke (IS) in native West African men [26]. In
addition, GWAS has also been used to demonstrate that
the CDKN2B-AS rs2383207 variant increases the risk of
IS and coronary heart disease in the Caucasoid population
[27, 28]. It is noteworthy that, studying variants of chromo-

Ta6nuua 2. Pe3ynbTtaTbl 06LLErO aHanNM3a 1 aHanmnsa Noarpynm.
Table 2. Results of Overall and Subgroup Analyses.

Medical genetics 2023.Vol. 22. Issue 4

some 9p21 in Chinese populations, they came to the con-
clusion that mutations in rs2383207 can reduce the risk of
IS [24]. In the present study, we focused on the relationship
between atherosclerosis and rs2383207.

This is not our first meta-analysis study on rs2383207
(9p21.3) polymorphism and the risk of atherosclerosis [6].
Previously we also conductected meta-analysis in Cauca-
sian and Asian populations, but in this study we expanded
count of samples. We changed keywords during the search
of suitable publications. Thus, we included 13842 samples
from participants in this meta-analysis. The atherosclerosis
and control groups contained 6383 and 7459 individuals, re-
spectively. Statistical significance existed only in heterozy-
gous model comparisons of rs2383207. With the significant
outcome in allele comparison, we can come to the conclu-
sion that carrying the mutated allele G on rs2383207 asso-
ciated with atherosclerosis. Subgroup analysis represented
relation between rs2383207 and atherosclerosis for recessive
model in Caucasian subgroup and for homozygous model
in Asian population. However, studies include no environ-
ment factor such as smoking and alcohol.

Thus, rs2383207 is a variant of atherosclerosis suscep-
tibility in Caucasian and Asian populations. Interesting-
ly, even by expanding the sample, the overall results of our
previous and this study do not differ, which only confirms
the significance of the studied locus as a biomarker for the
diagnosis of atherosclerosis. In our opinion, it is necessary

Number Test of association Test of heterogeneity
Genetic model Population .

of studies OR (95%CI) P P, 2,% M
Cvs.G Total 12 1.00[0.87, 1.15] 0.96 <0.00001 85 R
allele Asian 8 0.89 [0.80, 1.00] 0.05 0.0008 72 R
Caucasian 4 1.3510.91, 2.00] 0.13 <0.0001 88 R
CGvs. CC Total 12 0.9410.86, 1.02] 0.13 <0.00001 84 R
hetero Asian 8 0.92[0.85, 1.00] 0.04 <0.00001 80 R
Caucasian 4 1.01 [0.75, 1.35] 0.96 <0.00001 91 R
GGvs. CC Total 12 1.04 [0.75, 1.46] 0.80 <0.00001 87 R
homo Asian 8 0.9310.72, 1.19] 0.54 0.001 71 R
Caucasian 4 1.47 10.40, 5.34] 0.56 <0.00001 95 R
GG+CGvs.CC Total 12 0.8410.79, 0.90] <0.00001 0.10 37 F
dominant Asian 8 0.8410.78, 0.91] <0.00001 0.12 39 F
Caucasian 4 0.83[0.70, 1.00] 0.05 0.12 48 F
GGvs.CC+CG Total 12 1.06 [0.86, 1.29] 0.60 <0.00001 76 R
recessive Asian 8 1.0210.93, 1.12] 0.64 0.42 1 F
Caucasian 4 1.3910.59, 3.30] 0.45 <0.00001 92 R

Abbreviations: CI, confidence interval; OR, odds ratio; M, model; F, fixed model; R, random model.
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to continue studying this polymorphic variant of ANRIL in
conjunction with environmental factors.

5. Conclusion

Thus, based on the obtained results, it can be assumed
that the ANRIL rs2383207 polymorphism may be associ-
ated with the risk of atherosclerosis among the Asian and
Caucasian population. More studies with larger samples
from other ethnic groups are needed to refute or confirm
the current findings.

Author Contributions: Conceptualization, S.V.T. and
T.P.S.; methodology, T.A.S.; formal analysis, S.V.T. and
T.A.S.; data curation, T.A.S.; writing—original draft prepa-
ration, S.V.T.; writing—review and editing, T.P.S.; visuali-
zation, S.V.T.; supervision, T.P.S. All authors have read and
agreed to the published version of the manuscript.

References

1. Ding X.-Q., Ge P.-C., Liu Z., et al. Interaction between microRNA
expression and classical risk factors in the risk of coronary heart
disease. Scientific Reports. 2015 (9):14925.

2. Ballantyne M.D., McDonald R.A., Baker A.H. IncRNA/MicroR-
NA interactions in the vasculature. Clin Pharmacol Ther.
2016;99(5):494-501.

3. Jathar S., Kumar V., Srivastava J., Tripathi V. Technological devel-
opments in IncRNA biology. Adv Exp Med Biol. 2017;1008:283—323.

4. Archer K., Broskova Z., Bayoumi A.S. et al. Long non-coding RNAs
as master regulators in cardiovascular diseases. Int J Mol Sci.
2015;16:23651—23667.

5. Buysschaert I., Carruthers K.F., Dunbar D.R., Peuteman G., Ri-
etzschel E., Belmans A., Hedley A., Meyer T.D., Budaj A., Van de
Werf F., Lambrechts D., Fox K.A.A. A variant at chromosome 9p21
is associated with recurrent myocardial infarction and cardiac death
after acute coronary syndrome: The GRACE Genetics Study. Eur.
Heart J. 2010;31:1132—1141.

6. Timofeeva S.V., Sherchkova T.A., Shkurat T.P. Polymorphism
1rs2383207 of CDKN2B-AS and Susceptibility to Atherosclerosis: A
Mini Review. Non-coding RNA. 2022;8(6):78.

7.  Fasolo F., Di Gregoli K., Maegdefessel L., Johnson J.L. Non-cod-
ing RNAs in cardiovascular cell biology and atherosclerosis. Cardio-
vasc Res. 2019;115(12):1732-1756.

8.  Congrains A., Kamide K., Oguro R., et al. Genetic variants at the
9p21 locus contribute to atherosclerosis through modulation of AN-
RIL and CDKN2A/B. Atherosclerosis. 2012;220(2):449-455.

9. KongY., Hsieh C.H., Alonso L.C. ANRIL: A IncRNA at the CD-
KN2A/B Locus With Roles in Cancer and Metabolic Disease. Front
Endocrinol (Lausanne). 2018;9:405.

10. Cunnington M.S., Keavney B. Genetic mechanisms mediating ath-
erosclerosis susceptibility at the chromosome 9p21 locus. Curr Ath-
eroscler Rep. 2011;13(3):193-201.

11.  LiJ., ChenlJ., Zhang F., et al. LncRNA CDKN2B-AS1 hinders the
proliferation and facilitates apoptosis of ox-LDL-induced vascular

20.

21.

22.

23.

24.

25.

26.

27.

28.

Medical genetics 2023.Vol. 22. Issue 4

smooth muscle cells via the ceRNA network of CDKN2B-AS1/miR-
126-5p/PTPN7. Int J Cardiol. 2021;340:79-87.

Moher D., Liberati A., Tetzlaff J., Altman D.G.; PRISMA Group.
Preferred reporting items for systematic reviews and meta-analyses:
the PRISMA statement. Ann Intern Med. 2009;151(4):264-W64.
Lo C.K., Mertz D., Loeb M. Newcastle-Ottawa Scale: comparing
reviewers’ to authors’ assessments. BMC Med Res Methodol.
2014;14:45.

Zhang T., Xu C., Zhao R., Cao Z. Diagnostic Value of sST2 in Car-
diovascular Diseases: A Systematic Review and Meta-Analysis. Front
Cardiovasc Med. 2021;8:697837.

Lin L., Chu H. Quantifying publication bias in meta-analysis. Biom-
etrics. 2018;74(3):785-794.

Jin Q., Shi G. Meta-Analysis of SNP-Environment Interaction with
Heterogeneity. Hum Hered. 2019;84(3):117-126.

Abdullah K.G., Li L., Shen G.Q, et al. Four SNPS on chromosome
9p21 confer risk to premature, familial CAD and MI in an American
Caucasian population (GeneQuest). Ann Hum Genet. 2008;72(Pt
5):654-657.

Cakmak H.A., Bayoglu B., Durmaz E., et al. Evaluation of associa-
tion between common genetic variants on chromosome 9p21 and cor-
onary artery disease in Turkish population. Anatol J Cardiol.
2015;15(3):196-203.

Garcia-Gonzélez 1., Pérez-Mendoza G., Solis-Cardenas A., et al.
Genetic variants of PON1, GSTM1, GSTT1, and locus 9p21.3, and
the risk for premature coronary artery disease in Yucatan, Mexico.
Am J Hum Biol. 2022;34(5):e23701.

Ferreira L.E., Secolin R., Lopes-Cendes I, Cabral N.L., Franca
P.H.C. Association and interaction of genetic variants with occur-
rence of ischemic stroke among Brazilian patients. Gene.
2019;695:84-91.

Zhou L., Zhang X., He M., et al. Associations between single nucle-
otide polymorphisms on chromosome 9p21 and risk of coronary heart
disease in Chinese Han population. Arterioscler Thromb Vasc Biol.
2008;28(11):2085-2089.

Lin H.F,, Tsai P.C., Liao Y.C., et al. Chromosome 9p21 genetic vari-
ants are associated with myocardial infarction but not with ischemic
stroke in a Taiwanese population. J Investig Med. 2011;59(6):926-930.
Zhang W., Chen Y., Liu .P, et al. Variants on chromosome 9p21.3
correlated with ANRIL expression contribute to stroke risk and re-
currence in a large prospective stroke population. Stroke.
2012;43(1):14-21. doi:10.1161/STROKEAHA.111.625442

Wang Q., Zhao J., Chang H., Liu X., Zhu R. Association between
IncRNA ANRIL genetic variants with the susceptibility to ischemic
stroke: From a case-control study to meta-analysis. Medicine (Bal-
timore). 2021;100(11):e25113.

Chen Z., Qian Q., Ma G., et al. A common variant on chromosome
9p21 affects the risk of early-onset coronary artery disease. Mol Bi-
ol Rep. 2009;36(5):889-893.

KumarJ., Yumnam S., Basu T., et al. Association of polymorphisms
in 9p21 region with CAD in North Indian population: replication of
SNPs identified through GWAS. Clin Genet. 2011;79(6):588-593.
El-Menyar A.A., Rizk N.M., Al-Qahtani A., et al. The cardiovascular
implication of single nucleotide polymorphisms of chromosome 9p21
locus among Arab population. J Res Med Sci. 2015;20(4):346-352.
Yang J., Gu L., Guo X., et al. LncRNA ANRIL Expression and AN-
RIL Gene Polymorphisms Contribute to the Risk of Ischemic Stroke
in the Chinese Han Population. Cell Mol Neurobiol. 2018;38(6):1253-
1269.

MeouyuHckasa zeHemuka [Medical genetics] 2023; 22(4)

37



