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Abstract

Background: Current genetic association studies have reported conflicting results
regarding the association between miRNA polymorphisms and myocardial infarction
(MI) risk
Methods: Relevant studies were retrieved from the PubMed, EMBASE, ISI Web of
Science, and Scopus databases. Eligible studies determining the association between
miRNA polymorphisms and MI susceptibility were included and a meta-analysis was
performed to quantify the associations between miRNA polymorphisms and MI risk.
Results: A total of eight studies with 2507MI patients and 3796 healthy controls were
included, dealing with nine miRNA genes containing 11 different loci, including miR-
149 (rs71428439 and rs2292832), miR-126 (rs4636297 and rs1140713), miR-146a
(rs2910164), miR-218 (rs11134527), miR-196a2 (rs11614913), miR-499 (rs3746444),
miR-27a (rs895819), miR-26a-1 (rs7372209), and miR-100 (rs1834306). miR-146a
rs2910164 and miR-499 rs3746444were determined to have a significant association
with MI susceptibility, a finding that was supported by the meta-analysis (rs2910164:
GG/CC, odds ratio [OR]: 1.40, 95% confidence interval [95% CI]: 1.05–1.74, p< 0.001;
rs3746444: AA+ AG/GG, OR= 2.04, 95% CI: 1.37–2.70, p< 0.001). Limited or conflicting
data were found for the relationship between the other miRNA polymorphisms
(rs71428439, rs4636297, rs1140713, rs11134527, rs11614913, rs895819, rs7372209,
rs1834306, rs2292832) and MI risk.
Conclusion: There was a significant association between rs2910164 and rs3746444
and MI susceptibility. Further studies are required to investigate the role of miRNA
polymorphisms in MI risk.

Keywords
Coronary artery disease · Sensitivity analysis · Hardy–Weinberg equilibrium · Genetic effect ·
Heterogeneity

Background

Myocardial infarction (MI) is one of the
most serve forms of coronary artery dis-
ease and a leading cause of death and
disability worldwide [1]. Several risk fac-
tors have been confirmed to contribute to
the susceptibility and progression of MI,
including hypertension [2], diabetes [3],
smoking, alcohol intake, hyperlipidemia,

and overweight [4]. However, these mod-
ifiable factors cannot entirely explain the
overall incidence of MI, and therefore it
is necessary to investigate potential sus-
ceptibility factors that promote MI devel-
opment, in particular hereditary factors
[5]. Increasing evidence highlighted that
complex interactions between susceptibil-
ity genes and environmental risk factors
contribute to the occurrence of MI. In this
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context, an individual’s single-nucleotide
polymorphisms (SNPs), as the most com-
mon genetic variations, are attracting in-
creasing attention [6, 7].

MicroRNA (miRNA) is a highly con-
served class of small noncoding RNA
with a length of 18~ 25 nucleotides that
regulatesgeneexpressionat thepost-tran-
scriptional level [8, 9]. Typically, miRNA
functions as a suppressor by binding the
3′ untranslated regions (3′ UTRs) of mRNA
targets and results in mRNA cleavage and
translational repression [10]. It has been
suggested that miRNAs directly or indi-
rectly participate in a variety of biological
processes and are closely correlated with
diverse human diseases, including can-
cer [11], Alzheimer’s disease [12], and
cardiovascular diseases [13]. Recently,
evidence has accumulated that miRNAs
play a crucial role in the regulation of
fundamental biological processes of MI,
including proliferation [14], differentia-
tion [15], and apoptosis [16]. Primary
miRNAs (pri-miRNAs) are first transcripted
by RNA polymerase II and then processed
into miRNA precursors (pre-miRNAs). Ul-
timately, the pre-miRNAs are exported
out of the nucleus and processed into
mature miRNAs [17]. Previous studies
demonstrated that SNPs located on pri-
miRNAs, pre-miRNAs, or miRNAs might
influence the binding capacity of miRNAs
to target genes [18, 19], which eventually
leads to abnormal expression of target
genes.

Due to thealterationofgeneexpression
caused by functional SNPs in miRNAs, the
associations between SNPs in miRNAs and
disease susceptibility have been widely in-
vestigated. Previous studies have demon-
strated that SNPs in miRNAs were cor-
related with susceptibility to various dis-

Abbreviations

3′UTRs 3′ Untranslated regions
CIs Confidence intervals
ECs Endothelial cells
HWE Hardy–Weinberg equilibrium
MI Myocardial infarction
miRNAs MicroRNAs
pre-miRNAs miRNA precursors
pri-miRNAs Primary miRNAs
NOS Newcastle–Ottawa Quality

Assessment Scale
OR Odds ratio
SNPs Single-nucleotide polymorphisms

eases, including carcinoma [20] and pso-
riasis [21], among others. Several studies
revealed that miRNA polymorphisms were
also associated with MI susceptibility [22].
Considering the small sample size of these
dependent studies and the inconsistency
of previous results, we found it necessary
to conduct a meta-analysis to explore the
associations between miRNA SNPs and MI
risk.

The present study collected data from
the current body of evidence to identify
miRNA SNPs that could alter the risk of
MI. Eligible studies reporting on the asso-
ciations between miRNA polymorphisms
and MI susceptibility were retrieved form
public databases. The data in the included
studies were extracted and a meta-anal-
ysis was performed to estimate the asso-
ciations between miRNA polymorphisms
and MI susceptibility. Sensitivity analysis
was carried out to assess the robustness of
the meta-analysis results, and publication
bias was also evaluated.

Methods

Search strategy

A comprehensive literature search was
carried out systematically on four online
databases, including PubMed, EMBASE,
ISI Web of Science, and Scopus, from in-
ception to March 18, 2020. The following
terms were used: (“Myocardial infarction”
or “myocardial infarct” or “heart infarction”
or “cardiovascular stroke”) and (miRNA or
microRNA or pre-mir or miR) and (“Sin-
gle nucleotide polymorphism” or SNP or
variant or variation or polymorphism or
mutation or locus). In addition, the ref-
erence lists of the retrieved articles were
manually examined for eligible studies.
This process was accomplished indepen-
dently by two investigators. All analyses
were performed based on prior published
articles. Therefore, patient consent or
ethical approval were not necessary.

Inclusion and exclusion criteria

Eligibility criteria included the following:
(1) case–control studies focused on the
associations between miRNA polymor-
phisms and MI risk; (2) studies conducted
with human participants; (3) the data

provided in the articles concerning geno-
type frequencies should be sufficient to
estimate odds ratios (ORs) and the corre-
sponding 95% confidence intervals (CIs)
in both case and control groups; and (4)
studies with MI patients were allocated
into a subgroup under cases with detailed
information.

Case reports, letters, reviews, editorials,
and article comments were excluded.

Data extraction and quality
assessment

Two researchers independently extracted
the essential information, including first
author, year of publication, study region,
ethnicity, sample size, number of cases
and controls, and genotype frequency in
cases and controls for each miRNA poly-
morphism. TheNewcastle–OttawaQuality
Assessment Scale (NOS) was used to eval-
uate the quality of the included studies,
and a score of ≥6 was considered as high
quality. Studieswith lowquality (score<6)
were excluded from the final analysis. Any
uncertainties about the data set or about
the quality assessment were evaluated by
a senior author.

Statistical analysis

Hardy–Weinberg equilibrium (HWE) for
each study was determined with the chi-
square test. The correlations between
miRNA polymorphisms and MI risk were
measured using crude OR accompanied
by 95% CI. The “best-evidence” syn-
thesis method in previous studies was
used to assess the association between
miRNA polymorphisms and MI risk [23].
The evidence was defined as “generally
consistent” if ≥75% of the included stud-
ies/cohorts reported consistent results.
Strong evidence was defined as two or
morestudieswith lowriskofbias and “gen-
erally consistent”;moderate evidencewas
defined as one study with low risk of bias,
or ≥2 studies with a high risk of bias and
“generally consistent”; limited evidence
was defined as one study with low risk of
bias or >2 studies with a high risk of bias,
and “generally consistent”; insufficient
evidence was defined as a finding in one
study with a high risk of bias. If <75%
studies reported consistent findings, then
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Fig. 18 Flowchart of the researchmethodology. SNP single-nucleotide polymorphism

that evidence was defined as conflicting
evidence.

Furthermore, ameta-analysis approach
was employed for a better understanding
of the association between miRNA poly-
morphisms and MI risk. The best-fitting
genetic model was confirmed by a model-
free approach to avoid an inflated false-
positive error [24, 25]. If A variant was
the polymorphism of interest that could
potentially alter the MI risk, then OR1,
OR2, and OR3 were calculated for geno-
types AA vs. aa, Aa vs. aa, and AA vs.
Aa for each polymorphism to capture the
magnitude of genetic effect and to iden-
tify the most appropriate genetic model.
The most plausible genetic model used
for meta-analysis was confirmed accord-
ing to the relationships between the three
pairwise comparisons as follows:
1. Recessive model: if OR1=OR3≠ 1 and

OR2= 1
2. Dominant model: if OR1=OR2≠ 1 and

OR3= 1
3. Complete over-dominant model: if

OR1= 1, OR2= 1 / OR3≠ 1
4. Co-dominant model: if OR1>OR2> 1

and OR1>OR3> 1, or OR1<OR2< 1
and OR1<OR3< 1

The meta-analysis was performed using
STATA/SE 15 software (Stata Corporation,
College Station, TX, USA) based on the
genetic model that was confirmed by
the model-free approach. Heterogeneity
among the included studies was mea-
sured using the Q statistical test and I2

test [26]. The fixed-effect model was

used if I2> 50% and p> 0.05. Otherwise,
the random-effect model was used [27].
Sensitivity analysis was carried out by
omitting one study in turn to test the
robustness of the association between
miRNA polymorphisms and MI risk. Egger
regression and Begg rank correlation tests
were run to assess the publication bias.
The research methodology is shown in
. Fig. 1.

Results

Included studies and main
characteristics

The literature selection process is detailed
in. Fig. 2. The initial search of four online
databases yielded 765 potentially relevant
records (331 fromWebof Science, 211 from
EMBASE, 173 from Scopus, and 50 from
PubMed). After the first screening, 298 du-
plicated records were excluded. Of the re-
maining 467 records, a further 459 studies
were eliminated upon screening titles and
abstracts. The other nine articles [28–36]
were considered eligible for full-text re-
view, and one article was removed due to
the lack of available data. Ultimately, eight
studies [28–35]were incorporated into the
qualitative synthesis and five studies were
further included in the meta-analysis.

The major characteristics of the in-
cludedstudiesaresummarized in. Table1.
Eight case-control studies comprising
2507 MI patients and 3796 healthy con-
trols were included. All articles were
published between 2013 and 2020. The

sample size of the individual studies
ranged from 80 to 1109. Nine miRNAs
containing 11 different loci were in-
cluded in our study, including miR-149
(rs71428439 and rs2292832), miR-126
(rs4636297 and rs1140713), miR-146a
(rs2910164), miR-218 (rs11134527), miR-
196a2 (rs11614913), miR-499 (rs3746444),
miR-27a(rs895819),miR-26a-1 (rs7372209),
and miR-100 (rs1834306). Additionally, all
included studies were considered to be of
high quality because the NOS scores were
greater than 6 for each study (. Table 2).
According to the “best-evidence” syn-
thesis method, these SNPs were divided
into groups of strong evidence, limited
evidence, and conflicting evidence.

SNPs with strong evidence

Strong evidence was found for the associ-
ation between rs3746444 polymorphism
in miR-499 and MI risk. Genotype AA ap-
peared to significantly increase the MI risk
under the homozygous model (AA/GG)
in two individual cohorts from two stud-
ies [33, 34]. The results of each cohort
were OR: 1.873, 95% CI: 1.238–2.834,
p= 0.003; OR: 2.629, 95% CI: 1.274–5.424,
p= 0.008; and OR: 4.6, 95% CI: 2.22–9.84,
p< 0.001, respectively. Significant associ-
ations were observed under the recessive
model (AA/AG+ GG, OR: 1.874, 95% CI:
1.083–3.224; p= 0.032) and the dominant
model (AA+ AG/GG, OR: 2.048, 95% CI:
1.074–3.902, p= 0.035; [28]). Statistical
analysis suggested that individuals carry-
ing allele A of rs3746444 had a significant
increase in MI risk [28, 33]. However,
these associations were not validated in
another cohort [29].

In addition, the rs11134527 polymor-
phism in MiR-218 was examined by two
studies [32, 34], and the results from each
cohortwere: OR: 0.897, 95%CI:0.73–1.102,
p= 0.301 and OR: 1.27, 95% CI: 0.87–1.85,
p= 0.213 for the homozygous model
(AA/GG), respectively. Nonsignificant
associations were observed under the ho-
mozygous model (AA/GG) in each cohort
(cohort 1: 1.108, 0.846–1.45; cohort 2:
1.08, 0.65–1.8). Moreover, the associa-
tions between rs11134527 and MI risk
under the recessive model (AA/AG+ GG,
OR: 1.08, 95% CI:0.69–1.7; p= 0.744) and
dominant model (AA+ AG/GG, OR: 1.22,
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Fig. 29 Flow diagramof
the literature search

95% CI: 0.85–1.76, p= 0.273) were also
not significant.

SNPs with limited evidence

Limited evidence was found for the as-
sociation between the rs71428439 poly-
morphism in miR-149 and MI risk. Statis-
tical analysis suggested that genotype AA
significantly increased MI risk under the
homozygous model (AA/GG, OR: 2.323,
95% CI: 1.432–3.77, p= 0.001), and the
risk effect of genotype CC was detected
under the recessive model (AA/AG+ GG,
OR: 1.635, 95% CI: 1.165–2.293, p= 0.004)
and thedominantmodel (AA+ AG/GG,OR:
1.922, 95% CI: 1.235–2.993; [35]). How-
ever, Chen et al. reported that rs71428439
was not linked to MI risk [34]. Two loci
(rs4636297 and rs1140713) in the miR-126
gene were sequenced from 350 patients

with MI and 350 healthy controls [30]. Sta-
tistical analysis suggested that individuals
carrying allele A of rs4636297 had a sig-
nificant decrease in MI risk by 21% (OR:
0.79, 95% CI: 0.65–0.93; p= 0.004). Car-
riers of genotype GG had a significantly
lower risk (72%) of MI (OR: 0.28; 95% CI:
0.09–0.83; p= 0.017). However, Cai et al.
[28] reported that rs4636297 in miR-126
was not associatedwithMI risk among five
genetic models.

Additionally, only one study with a low
risk of bias reported associations be-
tween rs895819, rs7372209, rs1834306,
rs2292832 and MI risk. Cai et al. reported
that genotype GG of rs895819 acted as
a protective factor against MI risk (GG/AA,
OR: 0.4, 95% CI: 0.22–0.75, p= 0.004;
[32]). No significant association was ob-
served between genotype distribution
and allelic frequencies for rs7372209 (C/T:

0.98, 0.74–1.29, p= 0.879; TT/CT: 1.26,
0.58–2.76, p= 0.556; CC/CT+ TT: 1.01,
0.72–1.42, p= 0.947; TT/CT+ CC: 1.23,
0.58–2.61, p=0.585), rs1834306 (C/T: 0.97,
0.77–1.23,p= 0.816; TT/CT: 1.28, 0.8–2.05,
p= 0.303; CC/CT+ TT: 1.22, 0.78–1.9,
p= 0.391; TT/CT+ CC:1.06, 0.75–1.51,
p= 0.733), and rs2292832 (C/T:1.062,
0.7237–1.560, p= 0.769; CC/CT+ TT:
1.031, 0.611–1.738, p= 1.000; TT/CT+ CC:
1.181, 0.564–2.474, p= 0.700).

SNPs with conflicting evidence

Conflicting evidence was found for the as-
sociation of the rs2910164 polymorphism
with the risk of MI. Chen et al. found
that genotype CC acted as a protective
factor against MI risk (GG/CC, OR: 1.368,
95% CI: 1.044–1.791, p= 0.023; [34]), but
the association was not validated in other
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Table 2 Quality assessment of included studies
Item/Study Ding

et al.
[35]

Hu
et al.
[30]

Chen
et al.
[34]

G.J. Osmak
et al. [31]

Cai
et al.
[32]

Konstantinos
Agiannitopoulos
et al. [28]

Qiu
et al.
[29]

Manal S.
Fawzy et al.
[33]

Adequate definition of cases * * * * * * * *

Representativeness of cases – – – – – – – –

Selection of control subjects – – – – * * * –

Definition of control subjects * * * * * * * *

Control for important factor or additional factor ** ** ** * ** * ** **

Exposure assessment * * * * * * * *

Samemethod of ascertainment for all subjects * * * * * * * *

Non-response rate * * * * * * * *

A study could be awarded a maximum of 1 star for each item except for the item “Control for important factor or additional factor”
The definition/explanation of each column of the Newcastle–Ottawa Scale is available from http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
*/** represents the number of factors for the item “Control for important factor or additional factor”
*/ – represents the execution and non-execution of other items

Table 3 OR1, OR2, andOR3 values for the polymorphisms inmiRNAs
SNP Genotypes OR (95% CI) 95% CI p

CC/TT OR1:0.867 0.733–1.027 0.098

CC/TC OR2:0.911 0.783–1.059 0.225

rs11614913

TC/TT OR3:0.952 0.822–1.103 0.513

AA/GG OR1:2.321 1.767–3.048 <0.001

AG/GG OR2:2.13 1.595–2.84 <0.001

rs3746444

AA/AG OR3:1.089 0.932–1.273 0.28

GG/CC OR1:1.374 1.125–1.678 0.002

GC/GG OR2:0.932 0.786–1.106 0.421

rs2910164

GG/GC OR3:1.073 0.904–1.273 0.421

SNP single-nucleotide polymorphism, OR odds ratio, 95% CI 95% confidence interval

cohorts [28, 29]. In addition, conflicting
evidencewasalso found for theassociation
between the rs11614913 polymorphism in
miR-196a2 and MI risk. The rs11614913
polymorphism in miR-196a2 was reported
by five individual cohorts from four stud-
ies. Osmak et al. [31] found a significant
association between rs11614913 and MI
risk in their two cohorts. Genotype TT
appeared to significantly increase the risk
of MI under the homozygous model. The
results for each cohort were CC/TT: OR:
0.57, 95%CI 0.34–96; p= 0.023 and TT/CC:
OR: 1.43, 95% CI 1.00–2.07; p= 0.036, re-
spectively. A risk effect of genotype TT
was detected under the recessive model:
CC+ TC/TT, OR: 0.67, 95% CI 0.47–0.95;
p= 0.025 [29]. Nevertheless, these asso-
ciations were not validated by Chen et al.
[34]. Contrasting the findings by Osmak
et al. [31], Agiannitopoulos et al. [28]
reported that individuals carrying allele C
of rs11614913 had a significant increase

in MI risk by 68.9% (OR: 1.689, 95% CI:
1.147–2.487; p= 0.008).

Meta-analysis results

In addition to the “best-evidence” synthe-
sis method, a meta-analysis was carried
out to quantify the association between
miRNA polymorphisms and MI risk. Be-
fore combining data from each individual
study, itwas assumed that ageneticmodel
of inheritance was not made. A model-
free approach was used to dictate the
best-fitting genetic model for the meta-
analysis, to avoid an inflated type I error
rate. Three polymorphisms, rs3746444 in
miR-499, rs11614913 in miR-192a2, and
rs2910164 in miR-146a, were included in
themeta-analysis, as thesewere evaluated
in not less than three studies and thereby
enabled a meta-analysis to be performed.

To determine the association between
rs11614913 in miR-196a2 and MI risk,
a model-free approach was utilized. First,

OR1, OR2, and OR3 were calculated for
genotypes CC vs. TT, CC vs. TC, and TC vs.
TT for rs11614913 (. Table 3). The results
showed that there were no significant
associations between rs11614913 in miR-
196a2 and MI risk (OR1: 0.867, 95% CI:
0.733–1.027, p= 0.098; OR2: 0.911, 95%
CI: 0.783–1.059, p= 0.225; OR3: 0.952,
95% CI: 0.822–1.103, p= 0.513), and in-
dicated that rs11614913 alters the risk
of MI, which were consistent with “best-
evidence” synthesis results.

For the association between rs3746444
in miR-499 and MI risk, OR1 (2.321, 95%
CI: 1.767–3.048, p< 0.001) and OR2 (2.13,
95% CI: 1.595–2.84, p< 0.001) were sta-
tistically significant while OR3 (1.089,
95% CI: 0.932–1.273, p= 0.28) was not,
suggesting that the dominant model
(AA+ AG/GG) could be the best-match-
ing genetic model for meta-analysis. In
the dominant model, the data showed
that the AA+ AG genotype was signifi-
cantly associated with an increased MI
risk, compared with the GG genotype
(OR= 2.04, 95% CI: 1.37–2.70, p< 0.001).
The fixed-effect model was employed for
data combination due to the statistically
significant heterogeneity between the
studies (I2= 0.0%, p= 0.597; . Fig. 3). The
Egger test (t= 0.24, p= 0.852) and the
Begg test (z= 1.04, p= 0.296) suggested
the absence of statistically significant
publication bias.

For the association between rs2910164
in miRNA-146a and MI risk, the co-dom-
inant model was deemed as the most
plausible genetic model for meta-anal-
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Fig. 39 Forestmap of
the relationship between
rs2910164 inmiR-164a and
susceptibility tomyocardial
infarction.OR odds ratio

Fig. 49 Forestmap of
the relationship between
rs3746444 inmiR-499 and
susceptibility tomyocardial
infarction.OR odds ratio

ysis because OR1 was 1.374 (95% CI:
1.125–1.678, p= 0.002) and was statisti-
cally significant, whereas OR2 at 0.932
(95% CI: 0.786–1.106, p= 0.421) and OR3
at 1.073 (95% CI:0.904–1.273, p= 0.421)
were not. The pooled data suggested that
there was no association between the GG
genotype of rs3746444 and the risk of MI
compared with the CC genotype (OR: 1.40,
95% CI: 1.05–1.74, p< 0.001) in a fixed-ef-
fect model (I2= 0.0%, p= 0.478; . Fig. 4).
The Egger test (t= 1.52, p= 0.370) and
Begg test (z= 1.57, p= 0.117) results
suggested the absence of statistically
significant publication bias.

Discussion

We summarized the available literature
from eight studies and presented an anal-
ysis of the associations between genetic
polymorphisms reported in several miRNA
genes and the risk of MI. Although sev-
eral miRNA polymorphisms were accessed
for a possible association with the risk of
MI, there was a lack of sufficient data re-
gardingmost of these polymorphisms and
only three polymorphisms (rs11614913,
rs3746444, and rs2910164) were evalu-
ated in the meta-analysis. Among these
included SNPs, strong evidence suggested

that rs3746444 in miR-499 significantly
correlated with MI risk, which was further
supported by meta-analysis with a reces-
sive model. In addition, the association
between rs2910164 inmiR-16a andMI risk
was also confirmed by the meta-analysis.
However, rs11614913 in miR-196a2 was
not associated with an altered MI risk, as
suggested by the “best-evidence” synthe-
sis and meta-analysis. Limited evidence
was found to support an association be-
tween other polymorphisms and MI sus-
ceptibility.

Intrinsic factors, in association with ex-
ternal factors, have been shown to drive
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the occurrence and development of MI,
and genetic factors play crucial roles dur-
ing this process [37, 38]. miRNAs have
wide-ranging effects onmRNA transcripts,
and polymorphisms in miRNA genes have
attracted a great deal of global attention
over the past decade due to their roles in
regulating miRNA functions and disease
susceptibility. Although the occurrence
of polymorphisms in miRNA sequences is
relatively rare, it is of great importance.
miRNA SNPs were associated with diverse
complex diseases including cancer [39],
diabetes [40], coronary heart disease [41],
stroke [42], and several others [43]. In
addition, miRNAs SNPs were also demon-
strated to be involved in MI [34].

miR-146a plays an important role in
the regulation of innate immunity and in-
flammatory responses [44, 45]. rs2910164
in miRNA-146a results in a C> G substi-
tution in the stem structure of the miR-
146a precursor. The C allele of rs2910164
was correlated with elevated expression
of mature miR-146a compared with the
G allele. However, in type 2 diabetes and
thyroid carcinoma, the G allele has been
shown to upregulate miR-146a expression
[46]. These discrepancies indicated that
disease-specific, cell-type-specific, or tis-
sue type-specific factors modified the ef-
fects of rs2910164 on miR-146a functions.
Here, the GG phenotype of rs2910164 in
miR-146awas correlated with a higher risk
of MI compared to the CC phenotype, ev-
idenced by both the “best-evidence” syn-
thesis and meta-analysis. Compared with
healthy individuals, increased miR-146a
expression was found in patients with MI
[47]. Therefore, rs2910164 with G allele
decreases the expression of miR-146a in
MI patients, which eventually contributes
to MI risk by weakening the anti-inflam-
matory function of miR-146a.

miR-499 is located in intron 20 of the
MYH7B gene and is expressed primarily
in cardiac cells and skeletal muscles. miR-
499 can protect cardiomyocytes from is-
chemia/reperfusion-induced apoptosis by
inhibiting calcineurin-mediated dephos-
phorylation of dynamin-related protein-1,
while the silencing of miR-499 induced
myocardial apoptosis and increased the
infarct size [48]. miR-499 can also regulate
the expression of inflammatory cytokines,
such as interleukin (IL)-6, IL-8, and IL-2R

[49]. rs3746444 in miR-499, which resides
in the seed region ofmiR-499, can damage
the secondary structure of miR-499 and
thus affect the miRNA maturation process
and binding affinities to target genes. It is
plausible that rs3746444 may contribute
to the susceptibility of various diseases by
regulating different sets of downstream
genes. Although the “best evidence” syn-
thesis yielded conflicting results, further
meta-analysis demonstrated a significant
association between rs3746444 and MI
susceptibility, under a dominant model.
The results suggested that the GG and
AG genotypes of rs3746444 conferred an
increased risk forMI. The potential mecha-
nism for such an association could be due
to the impaired ability of miR-499with the
G allele in rs3746444 to inhibit apoptosis
and inflammation.

Unfortunately, our meta-analysis failed
to demonstrate a significant association
between rs11614913 andMI susceptibility,
and “best evidence” synthesis also gener-
ated conflicting results. The rs11614913
T→ C variant is located in the 3p strand
of mature miR-196a2, which could influ-
ence pre-miR maturation and interaction
between 3p mature miRNAs and target
mRNAs. Several studies suggested that the
rs11614913T>Cpolymorphismwasapro-
tective factor against MI. However, Agian-
nitopoulos et al. reported the opposite
result, i.e., that the T allele in rs11614913
increased the susceptibility ofMI in aGreek
cohort. miR-196a2 could regulate annexin
A1 (ANXA1) to control inflammation, and
the elevated expression of ANXA1 might
be a protective factor for MI by mediat-
ing the inflammatory response [50]. In
addition, miR-196a2 rs11614913 CC could
promote the expression of mature miR-
196a in cardiac tissue, and the higher ex-
pression of miR-196a could lead to a de-
creased mRNA target of homeobox B8
[22]. Thus, the miR-196a2 rs11614913
T> C polymorphismmay influence the risk
ofCADbyincreasingmiR-196a2expression
and decreasing the mRNA level of home-
obox B8. Considering the controversial
results for rs11614913, the potential role
of miR-196a2 rs11614913 may be diluted
or masked by the interaction of gene–en-
vironment factors. In future, more studies
with detailed environmental factors are
needed to support our findings.

In addition to the mechanisms dis-
cussed earlier, other miRNA polymor-
phisms were also involved in MI sus-
ceptibility. For instance, Ding et al.
demonstrated that miR-149 prevented
mitochondrial fission in cardiomyocytes
by regulating the puma gene, and the
miR-149 rs71428439 polymorphism was
closely associated with MI susceptibility
and executed functional influence on
apoptosis by affecting the production of
mature miR-149 [35]. Hu et al. found that
miR-126 was a potential biomarker of MI
and had the potential to be reused in the
development of MI therapies. Two func-
tional SNPs (rs4636297 and rs1140713)
were revealed to contribute to the risk
of MI [30]. In addition, miR-27a played
a unique role in endothelial cell (EC) dys-
function, which may contribute to the
development of MI [51]. Research by Cai
et al. suggested that the AG and AA geno-
type of rs895819 in miR-27a decreased
the risk of MI [32].

Limitations

Nevertheless, some limitations should be
pointed out in this review. First, all of the
studies included were designed as case–
control and population-based studies in
the hospital, which could result in a selec-
tion bias and a low evidence level in the
present study. Second, all relevant stud-
ies were retrieved from English databases
and a potential language bias may exist.
Third, our combined effects were based
on initial data and were not adjusted by
environmental factors due to the lack of
relevant data across eligible studies, which
is extremely significant because gene–en-
vironment interactions canmodify the risk
of diseases. Fourth, the relationship be-
tween miRNA SNPs and MI risk may be
different in different ethnicities, and the
selection of different ethnicities may lead
to some bias when a conclusion is drawn.
Therefore, for those controversial SNPs or
even SNPs that are not controversial, it is
necessary to expand the study population
for each ethnicity. Finally, many polymor-
phisms lack extensive research, and there-
fore enable a systematic review, but were
not appropriate for a meta-analysis.
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Conclusion

Taken together, this study systematically
identified 11 miRNA polymorphisms and as-
sessed their possible contribution to the risk
of myocardial infarction (MI). A conclusion
could not be drawn about the contribution
of most miRNA polymorphisms to the risk of
MI because of insufficient data. Importantly,
rs2910164 and rs3746444 were found to con-
tribute to MI susceptibility. The results of
the meta-analysis suggested that the miR-
146a rs2910164-C allele had a protective ef-
fect against the development of MI, and the
miR-499 rs3746444-G was associatedwith an
increased risk of MI. Confirmation of the rela-
tionship betweenmiRNApolymorphisms and
MI susceptibility can provide advice for clini-
cal diagnosis and treatment, andpromote the
development of new targeted drugs. How-
ever, further studies with larger populations
of different ethnicities are warranted to ob-
tain a better understanding of the possible
roles of miRNA polymorphisms in MI risk.
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Zusammenfassung

Zusammenhang zwischen genetischen Varianten der Mikro-RNA und
der Anfälligkeit für einen Herzinfarkt: Metaanalyse und systematische
Übersicht

Hintergrund: In aktuellen genetischen Assoziationsstudien wurde von widersprüchli-
chen Ergebnissen hinsichtlich der Assoziation zwischen Polymorphismen der Mikro-
RNA (miRNA) und dem Risiko für einen Myokardinfarkt (MI) berichtet.
Methoden: Relevante Studien aus den Datenbanken PubMed, EMBASE, ISI Web of
Science und Scopus wurden erfasst. In die Auswertung wurden geeignete Studien
zur Bestimmung der Assoziation zwischen miRNA-Polymorphismen und der MI-
Anfälligkeit einbezogen und eine Metaanalyse durchgeführt, um die Zusammenhänge
zwischen miRNA-Polymorphismen und demMI-Risiko zu quantifizieren.
Ergebnisse: Es wurden 8 Studien mit 2507 MI-Patienten und 3796 gesunden
Kontrollen ausgewertet, dabei ging es um 9 miRNA-Gene mit 11 verschiedenen
Loci, einschließlich miR-149 (rs71428439 und rs2292832), miR-126 (rs4636297 und
rs1140713), miR-146a (rs2910164), miR-218 (rs11134527), miR-196a2 (rs11614913),
miR-499 (rs3746444), miR-27a (rs895819), miR-26a-1 (rs7372209) und miR-100
(rs1834306). Für miR-146a rs2910164 und miR-499 rs3746444wurde festgestellt, dass
ein signifikanter Zusammenhang mit der MI-Anfälligkeit bestand, ein Ergebnis, dass
durch die Metaanalyse gestützt wurde (rs2910164: GG/CC, Odds Ratio [OR]: 1,40; 95%-
Konfidenzintervall [95%-KI]: 1,05–1,74; p< 0,001; rs3746444: AA+ AG/GG, OR= 2,04;
95%-KI: 1,37–2,70; p< 0,001). Eingeschränkte oder widersprüchliche Daten wurden für
den Zusammenhang zwischen den anderen miRNA-Polymorphismen (rs71428439,
rs4636297, rs1140713, rs11134527, rs11614913, rs895819, rs7372209, rs1834306,
rs2292832) und demMI-Risiko festgestellt.
Schlussfolgerung: Es bestand eine signifikante Assoziation zwischen rs2910164
und rs3746444 sowie der MI-Anfälligkeit. Weitere Studien sind erforderlich, um die
Bedeutung der miRNA-Polymorphismen für das MI-Risiko zu untersuchen.

Schlüsselwörter
Koronare Herzkrankheit · Sensitivitätsanalyse · Hardy-Weinberg-Gleichgewicht · Genetische
Wirkung · Heterogenität

Herz 6 · 2022 535

https://doi.org/10.1016/j.yjmcc.2016.05.007
https://doi.org/10.1016/j.yjmcc.2016.05.007

	Associations between genetic variations in microRNA and myocardial infarction susceptibility: a meta-analysis and systematic review
	Abstract
	Zusammenfassung
	Background
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Included studies and main characteristics
	SNPs with strong evidence
	SNPs with limited evidence
	SNPs with conflicting evidence
	Meta-analysis results

	Discussion
	Limitations

	Conclusion
	References


