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Abstract

Coronary artery disease (CAD) remains a leading cause of morbidity and mortality worldwide,
with genetic and molecular mechanisms playing a crucial role in its development. Among
these, microRNAs (miRNAs) are important post-transcriptional regulators that affect endothelial
function, inflammation, and lipid metabolism. This meta-analysis aimed to assess the association
between four common miRNA polymorphisms, miR-146a (rs2910164), miR-149a (rs2292832),
miR-196a2 (rs11614913), and miR-499 (rs3746444) and susceptibility to CAD. Relevant studies
published up to 2025 were systematically collected from PubMed, Embase, and Google Scholar
following PRISMA guidelines. Pooled odds ratios (ORs) with 95% confidence intervals (Cls) were
calculated under various genetic models using either random- or fixed-effects models depending
on heterogeneity. A total of 13,229 CAD cases and corresponding controls were included. The
results indicated that miR-146a, miR-196a2, and miR-499 polymorphisms were significantly
linked to CAD risk, especially among Asian populations, while miR-149a showed no overall
association. Sensitivity analyses confirmed the stability of these findings, although moderate
heterogeneity was observed in some models. Publication bias was evaluated using Begg’s funnel
plot and Egger’s test, showing no significant asymmetry. These findings suggest that specific
miRNA variants may play a role in CAD pathogenesis by modifying gene expression related to
vascular inflammation and remodeling. However, due to the observed heterogeneity and limited
data in certain ethnic groups, these associations should be interpreted with caution. Further
large-scale, multiethnic studies are necessary to confirm these results and better understand the
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underlying molecular mechanisms.
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Introduction
Coronary artery disease (CAD) is a prevalent condition
that frequently affects middle-aged and elderly individuals
worldwide.! The cause of CAD is not fully understood. As
people live longer, the number of CAD cases is increasing in
developing countries such as India, and the WHO predicts
that CAD will become the foremost cause of death globally
in the near future.? Traditional factors such as smoking,
alcohol consumption, obesity, overweight, hypertension,
type 2 diabetes mellitus (T2DM), and hyperlipidemia
have all been linked to an increased risk and progression
of CAD.*7 However, further research is required to
determine the potential susceptibility factors that promote
CAD development. An increasing number of molecular
epidemiological studies have indicated that genetic factors
may contribute to CAD susceptibility.>* However, genetic
susceptibility to this disease remains unknown. '° Several
single-nucleotide polymorphisms (SNPs) have shown a
strong correlation with CAD susceptibility. !

Among these variables, genetic variants, particularly
those of microRNAs, have been identified as key
contributing factors to CAD. miRNAs are a class of short

non-coding RNA comprising 22 nucleotides in length.
They play a significant role in molecular mechanisms and
cellular processes, particularly in human diseases such
as diabetes, cancer, and cardiovascular conditions.!>?
Research indicates that miRNAs are essential for
controlling biological processes involved in CAD."
Furthermore, studies have demonstrated that miRNAs
play a role in preventing oxidative stress, inflammation,
energy metabolism, and smooth muscle cell proliferation,
all of which are associated with the development of CAD."

Variations in SNPs found in pre-miRNAs, as well as in
specific miRNA-binding sites in target genes, can affect
the interaction between particular miRNAs and mRNA
target sites. This can potentially lead to the abnormal
expression of these genes.’® As miRNAs play a role in
regulating translation, genetic miRNA SNPs are believed to
be implicated in the development of susceptibility to CAD.
Previous studies have concentrated on the link between
CAD development and several common miRNA SNPs,
such as miR-146a rs2910164 C>G, miR-149a rs2292832,
miR-196a2 rs11614913 T > C, and miR-499 rs3746444
A>G. "8 but the results have been inconsistent. To rectify
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miRNA polymorphisms and coronary artery disease

these disparities, we performed an exhaustive assessment of
all pertinent research to examine the correlation between
these genetic variants and the risk of having CAD.

Methods

The research adhered to the standards set forth by the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA 2021) and the Meta-analysis on Genetic
Association Studies Checklist. The study review protocol
is registered with the International Prospective Register of
Systematic Reviews (PROSPERO) under registration ID
CRD420565596, which can be accessed at https://www.
crd.york.ac.uk/PROSPERO/view/CRD420565596, thereby
ensuring transparency and reliability of the research.

Ethical consideration

Ethical approval was unnecessary as this study utilised
existing published case-control studies. Due to the nature
of this meta-analysis, patient consent forms were not
required.

Study selection

The terms “coronary artery disease,” “microRNAs” (miR),
and “polymorphism” (SNP) were used to search Google
Scholar, PubMed, and Embase electronic databases.
We systematically constructed search strings using
controlled vocabulary (MeSH and Emtree terms) and
Boolean operators to identify relevant studies. The search
strategy combined terms related to genetic variation
(“polymorphism” OR “single nucleotide polymorphism”
OR “SNP”), disease outcomes (“coronary artery disease”
OR “ischemic heart disease” OR “myocardial infarction”),
and molecular targets (“microRNA” OR “miR” OR “micro-
RNA?”), along with specific rs IDs. The detailed search
queries for each database are given in Supplementary
Table S1. After selecting seven genes (miR-31, miR-143,
miR-145, miR-146a, miR-149, miR-196a2, and miR-499),
we subsequently narrowed our focus to a meta-analysis of
publications that investigated miR-146a, miR-149, miR-
196a2, and miR-499. These four miRNAs were included
because they had sufficient independent case-control
studies reporting complete genotype frequency data,
allowing reliable pooled analysis. The remaining miRNAs
(miR-31, miR-143, and miR-145) were excluded due to the
inadequate number of eligible studies and insufficient data
for meta-analysis. All retrieved citations were imported
into EndNote X9 (Clarivate Analytics) for organization.
Duplicate records were identified and removed using the
software’s automated duplicate detection tool based on
title, author, and DOI information. A manual verification
step was also performed to ensure that overlapping datasets
or repeated publications from the same research groups
were excluded.

The criteria for determining the studies that could be
included in a meta-analysis of CAD were clearly defined.
The main requirement was that the studies had to be
case—control studies that included genotyping of both
healthy controls and patients with clinically confirmed

CAD. Additionally, studies had to involve individuals
whose genetic variants were confirmed using RT-PCR or
PCR-RFLP validation methods. Only articles published in
English were included in this study.

Various exclusion criteria were applied to ensure the
quality and relevance of the chosen studies. Studies with
irrelevant designs, such as reviews and meta-analyses, were
excluded. Duplicate articles were systematically identified
and eliminated to prevent data double-counting. Studies of
substandard quality that failed to meet set standards were
omitted from consideration. Furthermore, papers lacking
the necessary data for inclusion were omitted. Studies that
failed to sufficiently control for potential confounding
variables were eliminated to ensure the validity of the
findings. Ultimately, non-human studies, including those
involving animals or in vitro models, were omitted unless
they were directly pertinent to the research subject.

Data extraction

Data extraction was conducted independently by two
authors (PKCS and RV). All disputes were addressed
through dialogue to achieve consensus. The analysis yielded
comprehensive information encompassing the first author,
study type, nation, publication year, sample size, sample
characteristics, patient count, and genotyping methods.

Quality assessment

The methodological quality of the included case-control
studies was evaluated using the Newcastle-Ottawa Scale
(NOS),*” which evaluates studies based on three domains:
selection of participants, comparability of cases and
controls, and ascertainment of exposure. Studies scoring
7-9 points were considered high quality, 4-6 points
moderate quality, and 0-3 points low quality. In addition,
the Hardy-Weinberg equilibrium (HWE) p-value was
calculated for the control groups to ensure genetic balance
and data reliability. We employed the Robvis software to
categorise these research based on their risk levels: high
risk, uncertain risk with concerns, or low risk, reflecting
the degree of danger involved with each study.

Statistical analysis

The present study aimed to examine the relationship
between CAD and specific genetic variations in miR-
146a, miR-149, miR-196a2, and miR-499. Pooled odds
ratios (ORs) and 95% confidence intervals (CIs) were
calculated to assess the strength of the association, with
statistical significance set at P <0.05. Heterogeneity among
studies was evaluated using Cochran’s Q test and quantified
through the I? statistic, where values around 25%, 50%,
and 75% indicated low, moderate, and high heterogeneity,
respectively. When heterogeneity was low (I* <50%),
a fixed-effects model was employed; for significant
heterogeneity (I>>50%), a random-effects model was
used to provide a more conservative pooled estimate that
considers both within- and between-study variances.
Publication bias was assessed with Begg’s funnel plot and
Egger’s regression test, with P <0.05 suggesting potential
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bias. Visual inspection of the funnel plot was performed to
detect asymmetry. Statistical analyses were conducted using
Review Manager version 5.4 and Cochrane ROB Tool 2.

Subgroup Analysis

To further explore potential sources of heterogeneity, two
subgroups were pre-specified before the data synthesis. The
first subgroup analysis was performed based on ethnicity
to evaluate possible population-specific genetic effects on
CAD susceptibility. This categorization was chosen because
genetic variant frequencies and environmental risk factors
often differ between ethnic groups, potentially influencing
disease associations. The second subgroup analysis was
conducted according to genetic models, including allelic
(A vs. G), dominant (AA + AG vs. GG), recessive (AA vs.
AG + GG), and codominant models, to assess the influence
of different inheritance patterns on the overall genetic
association. Subgroup analyses were performed only when
a minimum of two independent studies were available
for each category. ORs and 95% CIs were calculated for
each subgroup, and differences between subgroups were
interpreted in the context of between-study heterogeneity
(I? statistic) and statistical significance (P<0.05).

Power Analysis

We conducted a post hoc power analysis of the pooled
data using a 95% ClIs and a significance level (a) of 0.05.
Statistical power was assessed for the combined and
individual sample sizes of case and control groups for
each selected gene. The analysis was performed using
G*Power 3.1, a widely used software for power estimation
in genetic association studies, and cross-verified using the
online tool available at http://www.power-analysis.com/.
Assuming a moderate effect size (Cohen’s d=0.3), the total
sample size across included studies provided an estimated
power exceeding 80%, indicating adequate sensitivity to
detect true correlation while minimizing the risk of Type

IT errors. This refined analysis supports the statistical
robustness of our meta-analytic results without overstating
the magnitude of the effect size

Results

We identified 294 citations following our search. Following
the examination of abstracts and titles, 165 papers were
eliminated. Subsequently, we scrutinized the 129 complete
texts meticulously. Ninety-nine were removed for multiple
reasons: Of the total, 29 were reviews, 15 had distinct study
aims, 13 concentrated on protein levels, and 12 were devoid
of genotyping data (Figure 1). In total, 30 studies were
incorporated (Table 1).Specifically, seven articles assessed
miR-146a gene polymorphisms, five assessed miR-149,
11 assessed miR-196a2, and seven assessed miR-499
polymorphisms.

Risk bias

The quality of the chosen studies was evaluated using a
comprehensive methodological assessment utilising the
Cochrane Rob Tool 2, as seen in Figure 2. This figure
illustrates that each row pertains to a distinct study,
whereas each column denotes a certain sort of bias. Colour
coding represents the reviewer’s evaluation of bias risk for
each analysis type: green indicates minimal bias potential,
red signifies significant bias potential, and yellow denotes
ambiguous bias risk. The findings indicated a significantly
low risk of bias among the selected studies, suggesting that
the research was well-designed, executed, and documented,
hence effectively mitigating or eliminating potential biases
Or errors.

miR-146a polymorphism

miR-146a polymorphism has been extensively studied.
A meta-analysis of seven studies, which included 1,727
CAD cases and 1,911 controls,?** revealed a substantial
correlation in allelic (P=0.01, OR=1.53, 95% CI [1.09,
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Articles found after
duplicate removed

\ 4
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Figure 1. Flow diagram detailing a selection of studies for inclusion
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Table 1. Characteristics of case-control studies included in the meta-analysis

Genotype frequency Allele frequency

First author Year Country/Ethnicity Genotyping Method Case /control HWE
Case Control Case Control
miR-146a-rs2910164 GG CG CC GG ¢CG cc G C G C
Fragoso? 2019 C(;"f:;zn PCR-RFLP 218/595 116 85 17 277 267 51 317 119 821 369 0233
Mehrjard ! 2022 Iran/Asian PCR 297/306 133 128 36 150 121 35 394 200 421 191  0.166
Tie? 2023 Japan/Asian PCR 93/58 13 60 20 2 16 40 86 100 20 96 0.799
Ali® 2022 Egypt/ Caucasian RFLP-PCR 200/100 85 67 48 15 32 53 237 163 62 138 0.011
Qiao* 2023 China/Asian PCR 619/552 109 302 208 73 263 216 520 718 409 695 0.614
Agiannitopoulos?® 2020 Greece/Caucasian RFLP-PCR 200/200 91 95 14 101 84 15 277 123 286 114 0.665
Mir?® 2020 India/Asian PCR-RFLP 100/100 11 51 38 5 40 55 73 127 50 150 0.504
miR-196a- rs11614913 T TC CC TT TC CC T C T C
Fragoso 2 2019 Mexicof PCR-RFLP 218/588 38 113 67 87 266 235 189 247 440 736 0.409
Caucasian
Agiannitopoulos® 2020 Greece/Caucasian RFLP-PCR 200/200 31 80 89 16 77 107 142 258 109 291 0.681
Chen ¥ 2014 China/Asian PCR-RFLP 777/889 312 450 15 322 406 161 1074 480 1050 728 0.01
Huang 2015 China/Asian PCR-RFLP 170/206 44 81 45 54 120 32 169 171 228 184 0.01
Qiu® 2019 China/Asian PCR-RFLP 500/1106 163 247 90 335 576 195 573 427 1246 966 0.05
Sung *° 2016 Korea/Asian PCR-RFLP 522/535 179 236 107 153 274 108 594 450 580 490 0.464
UlHaq *' 2022 Pakistan/Asian PCR-RFLP 80/80 16 40 24 11 19 50 72 88 41 119  0.0007
Xiong * 2014 China/Asian PCR 225/283 86 131 8 83 132 68 303 147 298 268 0.277
Yang * 2012 China/Asian TagMan 1897/1838 493 971 433 528 921 389 1957 1837 1977 1699 0.733
Zhang ** 2013 China/Asian PCR-RFLP 233/349 75 117 41 135 164 50 267 199 434 264 0.986
Zhi * 2012 China/Asian PCR-RFLP 916/584 291 470 155 208 278 98 1052 780 694 474 0.754
miR-149a-rs2292832 ITT TC CC TT TC CC T C T C
Agiannitopoulos? 2020 Greece/Caucasian PCR-RFLP 200/200 24 76 100 26 8 89 124 276 137 263 0.425
Qiu » 2019 China/Asian PCR-RFLP 500/1106 163 247 90 335 576 195 573 427 1246 966 0.05
Sung* 2016 Korea/Asian PCR-RFLP 522/535 227 248 47 263 219 53 702 342 745 325 0.456
Ghaffarzadeh®® 2017 Iran/Asian PCR-RFLP 272/149 53 124 9 17 79 53 230 314 113 185 0.123
Xu’ 2009 China/Asian PCR-RFLP 501/505 224 233 44 220 236 49 681 321 676 334 0.21
miR-499-rs3746444 AA AG GG AA AG GG A G A G
Qiu * 2019 China/Asian PCR-RFLP 500/1106 5 138 357 27 279 800 148 852 333 1879 0.649
Sung* 2016 Korea/Asian PCR-RFLP 522/535 9 155 358 13 168 354 173 871 194 876 0.181
Xiong* 2014 China/Asian PCR-RFLP 295/283 227 65 3 212 67 4 519 71 491 75 0.616
Yang® 2012 China/Asian TagMan 827/923 589 210 28 683 212 28 1388 266 1578 268 0.023
Zhi % 2012 China/Asian PCR-RFLP 916/584 629 201 86 396 167 21 1459 373 959 209 0.586
Labbaf* 2017 Iran/Asian PCR-RFLP 288/150 68 142 78 48 77 25 278 298 173 127 0.529
Chen* 2017 China/Asian Mass Array 421/464 264 110 47 342 103 19 638 204 787 141  0.002

2.15], I’=90%) or dominant (P=0.05, OR=0.68, 95% CI
[0.45, 1.01], I*=80%). Similar results were observed in
the homozygote (P=0.02, OR=0.50, 95% CI [0.28,0.89,
12=81%]), recessive (P=0.01, OR=0.55, 95% CI [0.34,0.89,
12=85%]), and heterozygote (P=0.02, OR=1.65, 95% CI
[1.08,2.53, I2=77%]) groups using the random effects
model, as depicted in Figure 3. Subgroup analyses of
Caucasian and Asian populations revealed that the
dominant model of Asian populations showed a substantial
correlation (P=0.05, OR=1.96, 95% CI [0.98, 3.94,
12=84%]), but not in the Caucasian population (P=0.2,
OR=2.00, 95% CI [0.63, 6.30, 12 =88%]) (Table 2).

miR-196a2 polymorphism

In 11 studies involving 5,738 CAD cases and 6,658 controls,
the polymorphism of miR-196a2 was investigated. 2?73
Based on a random effects model, the analysis revealed a
substantial correlation between the G vs. A allele (P=0.05,
OR=1.18, 95% CI [1.00, 1.39], 12=88%), homozygous
(P=0.03, OR=0.62, 95% CI [0.40, 0.96], 12=92%),
heterozygote (P=0.03, OR=1.57, 95% CI [1.05, 2.35,
12=93%]), and recessive (P=0.02, OR=0.64, 95% CI [0.43,
0.94, 12=93%]). However, no substantial correlation was
observed in the dominant group (P=0.26, OR=0.92, 95%
CI [0.79, 1.06], 12=63%) (Figure 4). Subgroup analyses
of the Caucasian and Asian populations revealed that
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Figure 2. Risk of Bias summary and graph for investigating miR-146a, miR149a, miR-196a2, and miR-499 gene polymorphism

the dominant model of Asian populations showed a
significant correlation (P=0.01, OR=1.50, 95% CI [1.07,
2.09,12=94%]) and in the Caucasian population (P=0.04,
OR=1.43,95% CI [0.96, 2.12, 12 =84%]) (Table 2).

miR-149a polymorphism

The miR polymorphism (-149a) was examined in five
studies that comprised 1,995 patients and 2,495 controls.
229303637 The fixed-effects model revealed no association
in the allelic genetic (P=0.96, OR=1.00, 95% CI [0.92,
1.10], 12=9%), homozygous (P=0.45, OR=0.93, 95%
CI [0.76, 1.13], I2=0%), the heterozygote GA vs. AA

(P=0.72, 0R=0.97,95% CI [0.81, 1.15], 12=0%), and the
recessive (P=0.90, OR=1.01, 95% CI [0.86, 1.19], 12=0%).
Conversely, the random-effects model also revealed no
association in the dominant group (P=0.86, OR=0.99,
95% CI [0.87, 1.13], 12=55%) (Figure 5).

miR-499 polymorphism

The analysis focused on the miR polymorphism (499
G/A) and included seven studies with 3,769 CAD cases
and 4,045 controls.?%32%>%40 The random effects model
showed a strong correlation for the G vs. A allele (P=0.02,
OR=0.83, 95% CI [0.71, 0.91], 12=67%), dominant
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Case Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Bvents Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Allele
Agiannitopoulos 2020 7 400 286 400 34% 0.90 [0.68, 1.22] -
Ali 20232 237 400 G2 w00 33% 3.24[2.26, 4.64] -
Fragoso 2018 37 436 821 1180 35% 1.20[0.84,1.53] .
Mehnardi 2022 384 504 431 612 35% 0.89[0.70,1.14] -
Mir 2020 73 200 50 200 32% 1.72[1.12, 2.69] —
Qian 2023 520 1238 408 1104 36% 1.23[1.04, 1.45] =
Tie 2023 96 186 20 M6 29% 4.13[2.35, 7.24] —
Subtotal (95% CI) 3454 3822 23.5% 1.53[1.09, 2.15] -’
Total events 1904 2069

Heterogeneity, Tau®= 018, Chi®= 5836, df= 6 (P = 0.00001); *= 90%
Tastfor overall effect £= 246 (F=0.01)

1.1.2 Homozygous

Agiannitopoulos 2020 14 105 15 116 24% 1.04 [0.47, 2.26] .
Ali 2022 45 123 53 BS 26% 0.16[0.08, 0.31] —_—

Fragoso 2019 17 133 51 328 2.8% 0.80[0.44, 1.44] -1
Mehrjardi 2022 B 169 /185 30% 1.16[0.69, 1.95] -
Mir 2020 | 49 55 B0 1.7% 0.31[0.10, 0.94] ——
Qian 2023 W08 7T M6 289 33% 0.64 [0.45, 0.937] —

Tie 2023 0 1 40 42 1.2% 0.08[0.02 037 ———————
Subtotal (95% CI) 939 1088  17.4% 0.50 [0.28, 0.89] <
Total events 3 469

Heterogeneity, Taw®= 045, Chi*= 31 67, df= 6 (P = 0.0001); F=31%
Testfor overall effect £= 2.37 (P =0.02)

1.1.3 Heterozygous

Agiannitopoulos 2020 95 109 a4 a4 24% 1.21 [0.55, 2.66] -1

Ali 2022 67 115 32 a5 29% 2.31[1.30, 4.11] —_—
Fragoso 20189 a5 102 267 38 2.8% 0.96 [0.52, 1.74] 1

Mehrjardi 2022 128 164 121 156 30% 1.03[0.61,1.74] -1

Mir 2020 41 ] 40 95 28% 1.85[1.03, 3.31] —

Qiao 2023 302 510 263 478 35% 1.19[0.83, 1.53] -

Tie 2023 60 g0 16 af 24% 7.A80[3.47,16.19] —
Subtotal (95% CI) 1169 1288  19.8% 1.65[1.08, 2.53] <&

Total events 788 823

Heterogeneity, Taw®= 0.24; Chi*= 26 62, df= 6 (P = 0.0002); *F=TT%
Testfor overall effect £= 2.30(F = 0.02)

1.1.4 Dominant

Agiannitopoulos 2020 109 200 99 200 13% 1.22[0.83, 1.81] T
Ali 2022 115 200 85 100 28% 0.24[0.13, 0.44] —_—
Fragoso 2019 i02 218 318 5495 34% 0.77 [0.58, 1.05] ™
Mehrjardi 2022 164 247 156 306 34% 1.19[0.88, 1.63] ™
Mir 2020 88 100 85 100 1.8% 0.43[0.14,1.27] E—
Qiao 2023 510 619 478 552 34% 0.71[0.52, 0.99] -
Tie 2023 a0 83 56 48 1.2% 0.22[0.05, 1.01] I ——
Subtotal (95% CI) 1727 1911 19.3% 0.68 [0.45, 1.01] -
Total events 1169 1288

Heterogeneity, Tau®= 0.20; Chi*= 2968, df= 6 (P = 0.0001); *= 20%
Testfor overall effect £=1.93 (F = 0.05)

1.1.5 Recessive

Agiannitopoulos 2020 14 200 15 200 25% 0.93 [0.44, 1.99] T
Ali 2022 48 200 53 100 30% 0.28[017, 047 —
Fragoso 2019 17 218 51 5495 2.9% 0.90[0.51, 1.60] -
Mehrjardi 2022 36 2497 35 306 30% 1.07 [0.65, 1.74] -T—
Mir 2020 38 100 55 100 29% 0.50[0.29, D.88] I
Qian 2023 208 619 216 552 35% 0.79[0.62, 1.00] -
Tie 2023 20 83 40 48 25% 0.12[0.08, 0.26] e

Subtotal (95% CI) 1727 1911 20.3% 0.55[0.34, 0.89] g
Tatal events 381 4645

Heterogeneity: Tau®= 034, Chi®= 38,92, df= 6 (P = 0.00001), I¥= 85%
Testfor overall effect £2=2.44 (P=0.01)

0.01 0.1 10 100
Favours [Case] Favours [control]

Figure 3. Forest plot showing an association between the miR-146a rs2910164 C>G gene polymorphism and CAD risk in the genetic models
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Table 2. Subgroup analysis for miR-499 rs3746444 A>G, miR-146a rs2910164 C>G and miR-196a2 rs11614913 T>C gene polymorphisms with CAD risk

Test of

Test of

association heterogeneity PUbL'.Cat'o"
Polymorphism Genetic Model Ethnicity ~ Number 12 P(Elair's
of OR 95 % Cl P Model P 88
. test)
Studies
Overall 11 1.0895  [0.9395; 1.2635] 0.256603  Random  0.0024 0.6329  0.0937
feasdve e ©6 o 9 1.0455  [0.9009; 1.2134] 0.557998  Random  0.0059 0.6282  0.3044
vs. GA+AA)
o oeas Caucasian 2 12157  [0.8008; 1.8455] 0.359088 Fixed 0.1034 0.854  0.3123
rs11614913 Overall 11 1.5684  [1.0682;2.3028] 0.021637  Random 0 09273  0.0466
Dominant model .
R . Y Asian 9 1.6105  [1.0112; 2.5650] 0.044782  Random 0 0.949  0.0904
Caucasian 2 1.5004  [1.0768; 2.0904] 0.016509 Fixed 0.2127 0.84456  0.0079
Recessive model (GG Overall 7 0.8079  [0.6514;1.0020] 0.052116  Random  0.0225 05925  0.3138
MiR-499- vs. GATAA) Asian 7 0.8079  [0.6514; 1.0020] 0.052116  Random  0.0225 0.5925  0.3138
rs3746444 Dominant model Overall 7 0.6655  [0.4649; 0.9526] 0.02605  Random  0.0001 0.7889  0.2369
(GG+GA vs. AA) Asian 7 0.6655  [0.4649; 0.9526] 0.02605  Random  0.0001 0.7889  0.2369
Overall 7 1.4786  [0.9948;2.1977] 0.053077  Random 0 07972  0.156
rea=EmE e 4 13865  [0.8291;2.3186] 0.212874  Random  0.0203 0.6941  0.2878
vs. GA+AA)
miR146a- Caucasian 3 22657  [0.7241; 7.0888] 0.159924  Random  0.0009 0.9087  0.0904
rs2910164 Overall 7 1.8269  [1.1259;2.9644] 0.014686  Random 0 0.8458  0.3321
Dominant model .
(O Asian 4 1.9692  [0.9825;3.9465] 0.056095  Random 0 08844 0351
Caucasian 3 2.0046  [0.6371; 6.3079] 0.234416  Random  0.0028 0.8883  0.6941

(P=0.05,0R=1.24,95% CI [1.00, 1.54], 12=59%), recessive
(P=0.031, OR=1.50, 95% CI [1.05, 2.15], 12=79%), and
no association under the heterozygous (P=0.06, OR=0.70,
95% CI [0.48, 1.01], I2=79%). In contrast, the fixed-
effects model analysis revealed a strong correlation in the
homozygous group (P<0.0001, OR=1.98, 95% CI [1.41,
2.78], 12=42%) (Figure 6). Subgroup analyses of Asian
populations revealed that the dominant model yielded a
significant outcome (P=0.002, OR=0.66, 95% CI [0.46,
0.85],12=78%). (Table 2).

An examination of sensitivity analysis and publication
bias

Egger’s test and Begg’s funnel plot were used in the study
to evaluate publication bias in the literature. The research
revealed no asymmetry in funnel plots for any of the five
genetic models for the entire population. Furthermore,
Begg’s test results demonstrated an absence of publication
bias for the polymorphisms of miR-146a, miR-149, miR-
196a2, and miR-499. Significant asymmetry was noted
in the included papers about these SNPs, which was
further corroborated by Egger’s linear regression tests.
Nevertheless, the results remained statistically significant
and robust (Figure 7). A sensitivity analysis was performed
to assess the influence of each study on the overall results
by methodically omitting individual studies and those that
violated Hardy-Weinberg equilibrium. However, sensitivity
analysis revealed that the omission of any individual study
did not significantly affect the original results (Figure 8).

Power analysis

A power analysis was performed to assess the significance
level of the selected SNPs for each study. Our research
revealed that the sample sizes in the reviewed literature met

the required significance level, with an a-error probability
0f 0.05, using GPower 3.1 software. The detailed outcomes
of the power analysis are presented in Table 3. The power
analysis graph illustrates the results of a two-tailed
hypothesis test and assesses the likelihood of detecting an
effect of a specified magnitude based on variables such as
sample size, effect size, and significance level. Our findings
indicate that the sample sizes from the selected studies were
sufficient to meet this stringent significance level, hence
ensuring the robustness and reliability of our conclusions.
This thorough technique confirmed that our meta-analysis
effectively identified significant relationships among the
analysed SNPs, as illustrated in Figure 9.

Discussion

This meta-analysis assessed the relationship between a
single gene and four specific genetic variations in 13,229
patients. Our comprehensive findings indicate that miR-
146a, miR-499, and miR-196a2 were consistently correlated
with CAD, while there was no association with miR-149a.
Further analysis based on ethnicity revealed a significant
correlation between miR-146a and miR-499 genetic
variations and CAD risk in Asian populations.

The findings from our study are largely consistent with
those of previous meta-analyses examining the miR-146a
polymorphism. For example, Bastami et al. analyzed 30
studies involving 14,497 controls and 13,186 CAD patients
but found no significant correlation between this variant
and CAD risk." Similarly, Bao et al. reported no strong
association in their meta-analysis of 18 studies (6,859
CAD cases and 8,469 controls).* In contrast, a subsequent
meta-analysis by Bao et al, including eight studies (3,097
controls and 3,138 cases), Similarly, Wang et al. performed
a meta-analysis of eight studies with 3,468 CAD cases and
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Case Control Odds Ratio Odds Ratio

Study or Subgroup Events  Total Events  Total Weight M.H Random, 95% Cl M-H, Random, 95% Cl
1.1.1 Aliele
Agiannitopoulos 2020 142 400 108 400 20% 1.47 [1.09, 1.98] —
Chenetal 2014 1074 1554 1050 1778 1% 1.551.34,1.79] -
Fragoso 2019 188 436 40 M 2% 1.28 [1.02, 1.60] ™
Huang 2015 169 240 | M2 0% 0.80(0.60, 1.06] =
Qiw 2019 573 1000 1246 2112 11% 1.04 [D.89,1.21] T
Sung 2016 594 1044 580 1070 22% 1.12(0.94, 1,33 I~
UIHang 2022 72 160 4 160 1.7% 2371148, 3.81] -
Hiong 2014 303 450 298 566 21% 1.85(1.43, 2.40] -
Yang atal 2012 1957 3794 1977 3676 23% 0.92 [0.24, 1.00] y
Zhang =t al 267 466 434 698 21% 0.82 064, 1.04] —
Zhi etal 1052 1832 694 1168 22% 0.92(0.79, 1.07] T
Subtotal (95% CI) 11476 13316 23.2% 1.18[1.00, 1.39] *
Total evants G362 7087
Heterogeneity. Taw* = 0.06, Chi®= 8547, df= 10 (P = 0.00001), "= 86%
Test for overall effect 2= 1,94 (P = 0.05)
1.1.2 Homozygous
Agiannitopoulos 2020 &4 120 107 123 13% 0.43 [0.22, 0.84] —
Chen etal 2014 15 327 181 483 1.5% 010 (0.06,0.17] -
Fragoso 2019 BF 105 235 321 1.7% 0.650.41, 1.04] ]
Huang 2015 45 a4 3z B 14% 1.73(0.94, 3.18] —
Qiw 2014 a0 53 185 530 20% 0.85 [0.69, 1.30] -1
Sung 2016 107 286 108 1 1.9% 0.85 [0.60,1.19] -1
UlHag 2022 24 40 50 61 1.0% 0.33(013, 0.82]
Hjong 2014 8 a4 68 15 11% 0.11 (0,05, 0.25] —
Yang atal 2012 433 926 3ga 97 271% 119099, 1.43] =
Zhang et al 41 116 50 185 16% 1.48(0.90, 2.43] T
Zhietal 155 448 kL e 20% 113|083, 1.54] T
Subtotal (95% CI) 2802 3425 17.8% 0.62 [0.40, 0.96] E 2
Total evants 1074 14893
Heterogeneity. Taw®= 0,47, Chi*= 12283, df=10({F = 0.00001), F= 92%
Test for overall effect Z= 216 (P =0.03)
1.1.3 Heterozygous
Agiannitopoules 2020 80 169 IT 184 1.8% 1.25[0.82, 1.80] T
Chenetal 2014 450 465 406 567 1.5% 11.90 [6.89, 20.53] _—
Fragoso 2019 13 180 /6 501 18% 1.491.05, 2.11] —
Huang 2015 # 126 120 152 1.6% 0.48 (0,29, 0.82] I
Qi 2019 247 237 576 M 0% 0.83[0.69, 1.24] -T
Sung 2016 236 343 aTd 3|2 20% 0.87 [0.63, 1.20] =T
UlHan 2022 40 64 19 69 1.1% 4.38[211,911] -
Xiong 2014 13 139 132 200 1.2% B.44[390,18.24] -
Yang etal 2012 ar 1404 91 1310 12% 0.85(0.80,1.12] 1
Thang et al "7 158 164 M4 17% 0.87 [0.54, 1.40] -1
Thietal 470 625 T8 3TE 20% 1.07 [0.80, 1.43] T
Siibtotal (95% CI) 4010 4726 19.1% 1.57 [1.05, 2.35] L 2
Total events 2936 3233
Heterogeneity Taw = 0.41, Chi®=136.56, df= 10 (F = 0.00001), F= 93%
Test for overall effect Z= 216 (P =0.03)
1.1.4 Dominart
Aglannitopoulos 2020 168 200 184 00 14% 0.47 [0.25, 0.80] —
Chenelal 2014 485 77 567 889 22% 0.85 [0.69, 1.03] =1
Fragoso 2019 180 8 501 588 1.8% 0.82 (0,54, 1.25] -
Huang 2014 126 170 152 06 1.7% 1.02 |0.64, 1.62] -1
Qlue 2019 337 500 M 1Mme 21% 0800072, 113 T
Sung 2016 343 512 382 53 1% 0.77[0.59, 1.00] =
UlHag 2022 &4 a0 L] 80 1.1% 0.64 [0.28, 1.48] .
Hiong 2014 134 225 00 |1 19% 067 (046, 0.97] ]
Yang etal 2012 1404 1897 1310 1838 2.1% 1.15(0.99,1.33] ™
Ihang a1al 158 233 14 349 19% 1.33(0.94, 1.88] —
Zhi et al 625 918 76 584 21% 1.19[0.95, 1.48] =
Subtotal (95% CI) 5738 G658 204% 0.92 [0.79, 1.06] +
Total ewants 400 4726
Haterogengity: Taw®= 0,02, Chi*= 27.24, ¢1= 10 (P = 0.002), F= 63%
Test for cvarall effect 2=1.13 (P = 0.26)
1.1.5 Racessive
Aglannitopoulos 2020 8 200 107 a0 18% 0.70(0.47, 1.03] -
Chen etal 2014 15 ITT 161 889 16% 0.09 [0.05, 0.15] —_—
Fragoso 2019 67 118 335 s@3 1.9% 067 [0.48, 0.53] —
Huang 2015 45 170 32 06 1.6% 1.96 118, 3.29] -
Glu 2019 40 500 185 1106 20% 1.03(0.78,1.35] T
Sung 2016 107 522 108 53 20% 1.02[0.76, 1.38] T
UlHag 2022 4 a0 50 a1  1.3% 0.26 013, 0.50] —_—
Hiong 2014 B 15 B8 83 1.2% 0.12 (0,05, 0,25] I
Yang et al 2012 433 18497 389 1838 22% 1100094, 1.29] I
Thang e al 4 233 50 49 17% 1.28[0.81, 2.00] T
Thietal 185 016 ag 584 20% 1.01[0.77,1.33] -1
Subtotal (95% CI) 5738 G658 19.5% 0.64 [0.43, 0.94] -
Total ewants 1074 1403
Heterogengity: Taw"= 0.28; Chi®=141.19, df=10{F = 0.00001); F= 93%
Test for cvarall effect Z= 2.27 (P = 0.02)

L
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Figure 4. Forest plot showing an association between the miR-196a2 rs11614913 T>C gene polymorphism and CAD risk in the genetic models
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Case Control Odds Ratio Odds Ratio
Study or Subgroup Fvents Total Fvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 Allele
Agiannitopoulos 2020 124 400 137 400 4.4% 0.86 [0.64, 1.16) -T
Ghaffarzadeh 2017 230 544 113 298 3.9% 1.20[0.90, 1.60) ™
Qiu 2018 573 1000 1246 2212 153% 1.04 [0.889, 1.21) h i
Sung 2016 702 1044 745 1070 11.1% 0.90[0.75, 1.08) ™
¥u 2009 681 1002 B76 1010 10.0% 1.05[0.87, 1.26) T
Subtotal (95% CI) 3990 4990 44.6%  1.00[0.92, 1.10] [
Total events 230 2917
Heterogeneity: Chi*= 4.37, df= 4 (P=0.36), F=9%
Test for overall effect: Z2= 0.05 (P = 0.96)
1.1.2 Homozygous
Agiannitopoulos 2020 100 124 29 115 0.8% 1.22[0.65, 2.27) -T—
Ghaffarzadeh 2017 95 148 53 n1.2% 0.57 [0.30,1.09) |
Qiu 2018 a0 283 195 530 3% 0.95 [0.69, 1.30) -1
Sung 2016 47 74 53 36 1.9% 1.03[0.67,1.58) T
¥u 2009 44 268 49 268  1.9% 0.88 [0.56, 1.38) -
Subtotal (95% CI) 1067 1300 9.5% 0.93 [0.76, 1.13] 3
Total events 378 439
Heterogeneity, Chi*= 315, df=4 (P=053), F=0%
Testfor overall effect Z= 0.75 (P = 0.45)
1.1.3 Heterozygous
Agiannitopoulos 2020 76 1768 85 174 2.2% 0.80[0.52,1.21) -
Ghaffarzadeh 2017 124 219 74 132 2.0% 0.88 [0.56, 1.36) -
Qiu 2019 247 337 576 771 4.3% 0.93[0.69,1.24) -
Sung 2016 248 205 219 272 1.7% 1.2810.83, 1.87) T
¥u 2009 233 277 236 285 1.7% 1.10[0.70,1.72) I
Subtotal (95% CI) 1304 1634 11.9%  0.97[0.81, 1.15] L)
Total events 928 1185
Heterogeneity Chif= 3.00, df= 4 (P= 0.56); F= 0%
Testfor averall effect Z= 0368 (P=072)
1.1.4 Dominant
Agiannitopoulos 2020 178 200 174 200 1.0% 1.10[0.61, 1.88) -1
Ghaffarzadeh 2017 219 272 132 143  1.5% 0.53[0.30, 0.96) —
Qi 2019 337 500 ToMoe 7.2% 0.90[0.72,1.13) =T
Sung 2016 295 522 272 535  54% 1.26[0.99, 1.60) -
Hu 2009 77 a0 285 505 5.9% 0.95[0.74,1.22) T
Subtotal (95% CI) 1995 2495 21.0%  0.99]0.87, 1.13] L
Total events 1304 1634
Heterogeneity. Chi®= 8.91, di= 4 (F = 0.06), F=55%
Testfor overall effect: Z= 017 (P = 0.86)
1.1.5 Recessive
Aglannitopoulos 2020 100 200 84 200 21% 1.25[0.84, 1.85) T
Ghaffarzadeh 2017 95 272 53 148 21% 0.97 [0.64, 1.48) -1
Qiu 2019 a0 500 195 1106  4.6% 1.03[0.78, 1.35) T
Sung 2016 47 522 53 535  2.2% 0.90[0.60, 1.26) -
¥u 2009 44 501 49 505 21% 0.90[0.58, 1.37) -
Subtotal (95% CI) 1995 2495  13.0% 1.01[0.86, 1.19] [ )]
Total events 376 439
Heterogeneity: Chi*=1.75,df=4 (F=0.78), F=0%
Testfor overall effect Z=012 (P = 0.90) [

0.01 0.1 10 100
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Figure 5. Forest plot showing an association between the miR-149a-rs2292832 gene polymorphism and CAD risk in the genetic models

3,425 controls and another by Zhou et al. with five studies
(1,565 CAD patients and 1,541 controls) found significant
associations, particularly among Asian populations, but not
among Caucasians.”**** In our analysis, we also identified
a significant association between miR-146a and CAD
risk, consistent with these ethnicity-dependent findings.
However, we observed substantial heterogeneity across
most genetic models (I* >50%), which warrants cautious
interpretation. The observed heterogeneity may stem from
differences in population genetic backgrounds, sample
sizes, genotyping methods, and diagnostic criteria for CAD
among the included studies. Additionally, environmental
factors such as diet, smoking, and metabolic comorbidities
may interact with genetic susceptibility, further amplifying

variability across studies. Furthermore, several models
demonstrated wide confidence intervals and borderline
significance, suggesting potential instability in the pooled
effect estimates. These findings indicate that, although miR-
146a may contribute to CAD susceptibility, the association
should be viewed as suggestive rather than conclusive.
Nonetheless, by incorporating newer studies and applying
more rigorous quality assessments, our analysis provides an
updated and more reliable pooled estimate supporting an
ethnicity-dependent effect of the miR-146a polymorphism
on CAD risk.

The findings regarding the miR-196a2 polymorphism
revealed variable and model-dependent associations with
CAD risk, rather than a uniformly consistent effect. Some
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Case Control Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI

Odds Ratio
M-H, Random, 95% CI

1.1.1 Allele

Chen 2017 B36 842 7ar 928 3.6% 0.56 [0.44, 0.71]
Labbaf 2017 278 576 173 300 IT% 068 [0.52,091]
Qiu 2018 148 1000 333 2212 3.9% 098 [0.79,1.21]
Sung 2016 173 1044 194 1070 3.9% 090[0.72,112]
Hiong 2014 518 5490 491 566 34% 112079, 1.58]
Yang 2012 1388 1654 1578 1946  4.0% 0.89[0.74,1.07)
Zhi 2012 1459 1832 958 1168 4.0% 0.85[0.71,1.03]
Subtotal (95% CI) 7538 8090 26.8% 0.83[0.71, 0.97]
Total events 4603 4514

Heterogeneity: Tau?= 0.03; Chi®= 18.40, df = & (P = 0.005); F= 67%
Test for overall effect: 2= 2.36 (P=0.02)

1.1.3 Heterozygous

Chen 2017 110 1587 103 122 24% 0.43[0.24,0.78)
Labbar 2017 142 220 77 102 2.7% 0.59[0.35,1.00]
Qiu 2019 138 4495 279 1079 38% 111 [D87,1.41)
Sung 2016 186 613 168 522 368% 0.911[0.70,1.19]
Wiong 2014 65 68 67 T07% 1.291[0.28, 6.01)
Yang 2012 210 238 212 240 26% 0.99 [0.57,1.73]
Zhi 2012 20 287 167 188 2.7% 029017, 0449
Subtotal (95% CI) 1978 2324 18.7% 0.70 [0.48, 1.01]
Total events 1021 1073

Heterogeneity: Tau®= 017, Chi= 28,44, df= 6 (P = 0.0001), IF= 79%
Test for overall effect; £2=1.89 (P = 0.06)

1.1.4 Dominant

Chen 2017 187 421 122 464 3T7% 1.67 [1.25,2.22)
Labbar 2017 220 288 102 1650 3.0% 1.52 [0.98, 2,36
Qiu 2018 4495 500 1079 1106 1.4% 2.481[0,95 6.47)
Sung 2016 513 522 522 535 1.7% 1.42 [0.60, 3,35]
Hiong 2014 68 2495 1 283 313% 0.89[0.61,1.31]
Yang 2012 238 az7 240 923 3.9% 1.151[0,83,1.42]
Zhi 2012 287 916 186 584 39% 0.96 [0.77,1.20)
Subtotal (95% CI) 3769 4045  20.9% 1.24 [1.00, 1.54]
Tatal events 1978 2324

Heterogeneity, Tau®= 0,04, Chi#F=14.73, df=6 (P=0.02); F= 59%
Test for overall effect; Z=1.94 (F=0.08)

1.1.5 Recessive

Chen 2017 47 421 18 464  26% 2941.70,510]
Labbar 2017 78 288 25 150 2.6% 1.86[1.12,3.07)
Qiu 2019 357 500 200 1106 3.9% 0.95([0.76,1.21]
Sung 2016 358 522 54 535  3.8% 1.12[0.86,1.44]
Hiong 2014 3 295 4 283 07% 0.72[0.16,3.23]
Yang 2012 28 a7 28 923 27% 112 [0.66,1.91)
Zhi 2012 86 916 21 584  2.8% 278 11.70, 4,53
Subtotal (95% CI) 3769 4045  19.3% 1.50 [1.05, 2.15]
Total events 957 1251

Heterogeneity. Tau®= 016, Chi®= 28,63, df= 6 (P < 0.0001), "= 79%
Test for overall effect Z= 2.22 (P = 0.03)

Case Control Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI

R
—
—-—

-

* |

U

Odds Ratio
M-H, Fixed, 95% CI

1.1.2 Homozygous

Chen 2017 47 an 19 361 0.6% 3.201.84, 5.59]
Labbaf 2017 78 146 25 73 06%  2.20[1.23,394)
Qiu 2019 357 362 800 827 03% 241092 6.31]
Sung 2016 358 367 354 367 03% 146062, 3.46]
Xiong 2014 3 230 4 ME  02% 0700015 317)
Yang 2012 28 617 28 TN 1.0%  1.16[0.68,1.98)
Zhi 2012 g6 715 21 417 09%  2.58[1.57, 427
Subtotal (95% CI) 2748 2972 3.9%  2.07[1.62,2.63]
Total events a57 1251

—_—
——
o

o/

Heteroganeity: Chi*=10.38, df= 6 (P =011}, F=42% f t

L 0.01 0.1 10 100
Testfor overall effect Z=5.91 (P =< 0.00001) Favours [Case] Favours fcontrol)
Figure 6. Forest plot showing an association between the miR-499 rs3746444 A>G gene polymorphism and CAD risk in the genetic models
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Figure 7. Funnel plots of publication biases on the relationships between miR-146a rs2910164, miR149a-rs2292832, miR-196a2 rs11614913, and miR-499

rs3746444 polymorphisms and CAD risk

Study 0Odds Ratio OR 95%-Cl
Omitting Agiannitopoulos 2020 — 1.09 [0.90; 1.31]
Omitting Fragoso 2019 —— 1.11 [0.91; 1.35]
Omitting Sung 2016 —t—+—— 114 [0.92;1.41]
Omitting Xiong 2014 — 1.04 [0.90; 1.20]
Omitting Yang et al 2012 ——+— 1.18 [0.95; 1.47]
Omitting Zhang et al +—+==—— 1.19 [0.97; 1.45]
Omitting Zhi et al ———— 1.18 [0.94;1.47]
Random effects model = 113 [0.94; 1.35]
1
0.8 1 1.25
miR196a2
Study 0Odds Ratio OR 95%-Cl
Omitting Labbaf 2017 0.49 [0.32;0.76]
Omitting Qiu 2019 — 0.49 [0.34; 0.70]
Omitting Sung 2016 —a— 0.44 [0.31;0.62]
Omitting Xiong 2014 —— 0.44 [0.32; 0.62]
Omitting zhi 2012 i 0.54 [0.35;0.81]

Study 0Odds Ratio OR 95%-Cl
Omitting Agiannitopoulos 2020 —+=+=—— 1.44 [1.04;2.00]
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Omitting Mehrjardi 2022 ——=—— 145 [1.05;2.01]
Omitting Mir 2020 B 1.27 [0.93;1.73]
Omitting Qiao 2023 ——— 1.38 [0.93; 2.06]
Omitting Tie 2023 = 1.12 [0.93; 1.36]
Random effects model —=—— 1.32 [0.99; 1.76]
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Study 0dds Ratio OR 95%-Cl
Omitting Agiannitopoulos 2020 e 1.01 [0.87;1.18]
Omitting Ghaffarzadeh 2017 0.95 [0.84;1.07]
Omitting Sung 2016 1.03 [0.88;1.21]
Omitting Xu 2009 0.96 [0.80; 1.16]
Random effects model ﬁ’ 0.99 [0.86; 1.12]
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Figure 8. sensitivity analysis of genetic variants of miR-146a rs2910164, miR149a-rs2292832, miR-196a2 rs11614913, and miR-499 rs3746444 polymorphisms

and CAD risk

genetic models, particularly the recessive and codominant
models, demonstrated significant associations, whereas
others showed weak or non-significant results. This
pattern of inconsistency was especially evident across
ethnic subgroups, with significant effects observed
mainly in Asian populations, while no clear association
emerged among Caucasians. These mixed outcomes
are partly in line with the findings, for instance, Xie et

al. analyzed five studies including 3,676 patients with
coronary heart disease and 3,397 controls, demonstrating
a strong correlation under codominant, overdominant,
and recessive models.*® Similarly, Liu et al. evaluated
seven studies comprising 6,146 CAD patients and 5,800
controls and found a significant association, particularly
among Asian populations.” In contrast, Bastami et al.
(2018)*" did not detect any relationship between miR-
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196a2 polymorphism and CAD, possibly because of
smaller sample sizes and lack of stratified analyses. In our
meta-analysis, the pooled results confirmed a positive
association between the miR-196a2 variant and CAD,
which remained significant in Asian subgroups. However,
we observed moderate heterogeneity across genetic models
(I* = 40-60%). This variability may reflect differences in
ethnicity, study design, and genotyping approaches, as well
as unmeasured environmental modifiers such as smoking
and lipid profiles. While our broader inclusion of recent
datasets improved statistical power, the confidence intervals
for some genetic models were relatively wide, implying
uncertainty in the precise magnitude of effect. Therefore,
the association between miR-196a2 rs11614913 and CAD
should be considered potentially meaningful but requiring
confirmation through large, multicenter, population-based
studies using standardized methodologies.

In contrast to the other variants examined, our analysis
revealed no substantial correlation between the miR-149a
polymorphism and CAD risk across any genetic model.
This finding diverges from several earlier meta-analyses
that reported weak or borderline associations between miR-
149a and CAD. Differences in results may be attributed to

Table 3. Power analysis for miR gene polymorphism and CAD

Power
Gene SNP No .Of Cases Controls AMor (P
studies prob  error
prob)
miR — 146a rs2910164 9 1919 2111 0.05 0.9
miR —196a2 rs11614913 11 5738 6658 0.05 1
miR — 149a rs2292832 5 1995 2495 0.05 0.9
miR - 499 rs3746444 7 3769 4045 0.05 1

miR-146a-rs2910164

limited sample sizes, ethnic variation, and heterogeneity
in study design and analytical methods across previous
investigations. In particular, some earlier analyses included
small or mixed cohorts without consistent adjustment for
confounding factors, which may have inflated marginal
associations.** In our study, the inclusion of additional,
higher-quality datasets and the use of stricter inclusion
criteria likely improved the reliability of the pooled
estimates, leading to a more conservative outcome. The
lack of statistical significance observed here suggests that
miR-149a may exert only a minor or population-specific
influence on CAD susceptibility, or that its effect is
mediated indirectly through interactions with other genetic
or environmental factors. While this negative result adds
clarity to an area of conflicting evidence, further large-
scale studies in diverse populations are warranted to verify
whether miR-149a contributes to CAD pathogenesis under
specific conditions.

The results for miR-499 showed a robust association with
CAD, in line with several previous meta-analyses. Lu et
al. (2019) analyzed nine studies involving 4,603 controls
and 5,063 CAD patients and demonstrated a significant
relationship between this polymorphism and CAD risk.*®
Similarly, Xie et al. (2017)* and Liu et al. (2017)* reported
consistent associations between miR-499 and CAD across
multiple genetic models. These converging findings across
independent analyses strongly support a role for miR-499 in
the genetic susceptibility to CAD. The biological plausibility
of this association is supported by evidence that miR-499
influences cardiac muscle gene regulation, apoptosis, and
inflammatory signaling pathways, all of which are critical to
atherosclerotic progression. Although some heterogeneity
was observed, particularly among studies using distinct

miR-196a- rs11614913

aritical z =1.95996

'
o

aitical z =1.9599

0.34 ! \

0.24 ! \

0.14 % ! \

miR-149a-rs2292832

miR-499-rs3746444

critical 2 =1.95996

critical Z =1.95996

034 ;D
0.2

0.1

= 4

Figure 9. Power analysis for miR gene polymorphism and CAD

J Cardiovasc Thorac Res 2026;18(3) | 187



Sekar and Veerabathiran

genotyping assays, the direction of association remained
stable in sensitivity analyses, suggesting the results are
statistically robust. Our meta-analysis, which incorporated
a larger and more ethnically diverse dataset than most
previous studies, provides updated confirmation that
miR-499 rs3746444 is a significant genetic determinant
of CAD risk.

The findings of our study showed substantial differences
in the overall populations of miR-146a, miR-149, miR-
196a2, and miR-499 across the five genetic models.
We performed subgroup analyses utilising genotyping
technologies to examine the origins of these variances
and ethnicity, but determined that they did not account
for the discrepancies. It is crucial to acknowledge that our
investigation encompassed solely published literature,
potentially introducing bias. Furthermore, we identified
publication bias in the studies included, as our meta-
analysis relied exclusively on published research. Our
sensitivity analyses confirmed the robustness of our
conclusions, since the outcomes persisted despite the
exclusion of certain studies. The sample sizes for the miR-
196a2 and miR-499 polymorphisms were significantly
larger than those in other meta-analyses. Furthermore,
we performed literature searches in electronic databases
employing a highly sensitive methodology.

The implications of these discoveries are substantial in
clinical practice. Genetic screening for polymorphisms in
miR-146a, miR-149, miR-196a2, and miR-499 can improve
risk valuation and individualized CAD management.
By identifying individuals with genetic predispositions,
physicians can tailor their assessments and treatment
strategies to more effectively target specific risk factors.

This meta-analysis possesses several limitations that
warrant consideration. Although the overall sample size
was considerable, certain ethnic subgroups, particularly
Caucasian populations, had relatively small sample
sizes, thereby diminishing the statistical ability to
identify meaningful relationships. Second, we observed
considerable heterogeneity across several genetic models.
This heterogeneity may arise from multiple sources,
including differences in population genetic backgrounds,
allele frequency distributions, variations in genotyping
techniques, and inconsistencies in CAD diagnostic criteria
among the included studies. Additionally, environmental
and lifestyle factors such as diet, smoking, and comorbid
conditions may interact with miRNA polymorphisms and
contribute to variability between studies. Despite using
random-effects models to account for between-study
variation, these factors could still influence the pooled
effect estimates.

Furthermore, CAD is a multifactorial disease influenced
by both genetic and non-genetic determinants. Our meta-
analysis relied on aggregated data, which prevented
adjustment for traditional confounders such as age, sex,
smoking, hypertension, diabetes, obesity, and dyslipidemia.
These unmeasured covariates may modify the observed
genetic associations and partially explain interstudy
differences. As a result, the findings should be interpreted

with caution, and future individual participant data based
meta-analyses are warranted to explore gene-environment
and gene-gene interactions. Finally, our analysis was
limited to English-language publications, which may have
introduced publication bias and restricted inclusion of
studies from underrepresented populations.

Conclusion

Our research indicates that genetic differences in miR-146a,
miR-196a2, and miR-499 may elevate the risk of coronary
artery disease (CAD). These variants may act as possible
indicators for CAD, illustrating the complex interaction
among various genes in its progression. Future research
must prioritise rigorously designed studies that examine
gene-environment and gene-gene interactions to validate
these associations. Performing functional investigations is
crucial to understand how these genetic variations affect
CAD risk. Advancing research on diverse populations,
incorporating genetic findings with supplementary
biomarkers, and investigating personalised treatment
strategies based on genetic profiles are essential for
enhancing our understanding and management of CAD.
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