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Abstract

Objective: Many studies have shown that the C1562T polymorphism in the matrix metallopro-

teinase (MMP)-9 gene promoter is associated with susceptibility to ischemic stroke (IS), but the

association between them remains controversial. Our objective was to explore the relationship

between MMP9 C1562T polymorphism and susceptibility to IS in the Chinese population.

Methods: We conducted a database search of Wanfang, China Science and Technology Journal

database, China National Knowledge Infrastructure, Medline, Embase, PubMed and Springerlink

through September 2019. Meta-analysis was performed using Stata15.0 software (StataCorp LP,

College Station, TX, USA).

Results: Thirteen articles were included, including 3,996 patients and 3,815 controls. Among the

Chinese population, the results showed no significant difference for the allele model (T vs. C;

odds ratio¼ 1.05, 95%CI: 0.80–1.37). Significant differences were found in the dominant model

(TTþTC vs. CC; odds ratio¼ 2.94, 95%CI: 1.58–5.45) and in the recessive model (TT vs.

TCþCC; pooled OR¼ 0.81, 95%CI: 0.66–0.99). Neither the homozygous model or heterozy-

gous model was significant.

Conclusion: We identified a correlation between MMP-9 C1562T polymorphism and IS in the

Chinese population; the TTþTC genotype may increase the risk of IS.
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Introduction

Ischemic stroke (IS) is one of the most
common cerebrovascular diseases. It is
caused mainly by occlusion of the blood
supply, resulting in ischemia and hypoxia
of cerebral cells, which leads to neurological
impairment and high disability and mortal-
ity.1 In 2016, the number of people with
cardiovascular diseases in China exceeded
93 million, 24,098,000 of whom had IS.
Compared with 1990, this represents an
increase of almost 174%. In the same
period, the number of deaths increased by
nearly 333,000, an increase close to 84%,
and the disease burden was 16.216 million
person-years.2 IS is a polygenic disease
caused by a variety of environmental and
genetic factors, and these genetic factors
play an important role in the pathophysiol-
ogy of IS. Inflammation is a key pathogenic
mechanism of atherosclerosis, which ulti-
mately leads to stroke by promoting the
formation of atherosclerotic plaques, the
development of unstable plaques, and
plaque rupture.3

Matrix metalloproteinase 9 (MMP-9),
also known as gelatinase B, is a type of
matrix metalloproteinase secreted by mono-
cytes, neutrophils, and vascular endothelial
cells.4 Mainly through the degradation
of type IV and V collagen, it causes the
destruction of extracellular matrix and
basement membrane and then causes vascu-
lar injury. The collagen fiber in the fiber cap
of an atherosclerotic plaque can be degrad-
ed by MMP-9 to become thinner, resulting
in unstable plaques. A C1562T polymor-
phism (�1562C>T) is present in the gene
encoding MMP-9 and MMP-9 is involved

in the pathological process of atherosclero-
sis, including extracellular matrix degrada-
tion, inflammatory cell infiltration, and
plaque rupture.5 MMP-9 is a zinc ion-
dependent endopeptidase involved in
many biological reactions, such as human
growth and development, and is related to
the advanced cortical function of some ner-
vous systems. Two days after a stroke,
MMP-9 content was shown to be signifi-
cantly higher in ischemic lesions than in
non-ischemic lesions.6 Therefore, MMP-9
plays an important role in the process of
IS and reperfusion injury after stroke.
Some studies have shown that a high level
of MMP-9 is found not only in ischemic
tissues, but also in the ischemic penumbra,
and thus is related to the progression of IS.7

Many studies have shown that MMP-9
participates in the formation, migration,
rupture, and disintegration of atherosclerotic
plaques, cerebral ischemia-reperfusion
injury, hemorrhage transformation after
cerebral infarction, and neuronal apopto-
sis,8–12 which is closely related to the
occurrence and development of stroke.
The C ! T functional polymorphism exists
at residue 1562 of theMMP9 gene promoter.
The polymorphism produces promoter
genotypes with in low (C/C) or high (C/T,
T/T) activity, resulting in decreased or
increased expression of MMP-9.13 When
the C allele is replaced with the T allele,
gene transcription is enhanced, protein
synthesis and release are increased, and extra-
cellular matrix degradation is promoted; this
mutation and its aftermath are the main
cause of atherosclerotic plaque formation,
rupture, and reperfusion injury after cerebral

2 Journal of International Medical Research



ischemia, and it is the molecular mechanism

underlying cerebral vascular infarction.14

The C1562T polymorphism in MMP9 is

related to the pathogenesis of IS, the study

of which allows us to better understand the

pathogenesis and biological indicators of IS.

At present, many studies have explored the

relationship between serum MMP-9 level,

MMP9 gene promoter C1562T polymor-

phism, and IS. However, the results have

not been consistent and there is no clear con-

sensus on this relationship. Therefore, the

aim of this study was to summarize and ana-

lyze the relationship between MMP9 gene

C1562T polymorphism and IS.

Methods

Ethical approval

Ethical approval for this study was deemed

unnecessary because we analyzed only pre-

viously published articles.

Literature retrieval

The target of our literature search was case–

control studies on the association between

C1562T gene polymorphism in the MMP9

promoter and IS in the Chinese population.

The keywords “matrix metalloproteinase 9”

or “MMP-9” in combination with “gene”

or “polymorphism” as well as “stroke” or

“cerebral infarction” were used. The China

Science and Technology Journal database,

China Wanfang database, and China

National Knowledge Infrastructure

(CNKI) database were searched to obtain

the relevant Chinese literature. The above

keywords were also used to search in the

databases of PubMed, Medline,

Springerlink, and Embase to obtain articles

published in English. The retrieval time was

from the establishment of each database to

September 2019.

Literature inclusion and exclusion criteria

The inclusion criteria were as follows: (1) the
study investigated the correlation between
C1562T gene polymorphism of MMP9 pro-
moter and IS among the Chinese popula-
tion; (2) case–control study; (3) the
distribution of genotypes in the control
group satisfied Hardy–Weinberg equilibrium
(HWE) with P> 0.05; (4) the distribution
frequency of alleles and genotypes in the
case and control groups was reported in
the study; (5) Chinese studies were included
in the core journals of Peking University
Library or the key magazine of China
technology.

The exclusion criteria were as follows: (1)
duplicate publications and those from
which we could not extract statistical con-
tent; (2) studies that did not conform to
HWE in the control group; and (3) articles
with a Newcastle–Ottawa scale (NOS)15

quality score <6.

Evaluation of the quality of the literature
and data extraction

In accordance with the NOS,15 the full text
of the articles was carefully read and eval-
uated in terms of quality, with low quality
articles scoring <6 stars and high quality
articles scoring >6 stars; only articles scor-
ing �6 stars were included. In line with
a uniform quality criterion, the evaluation
was made independently by two evaluators
who extracted the document materials
and then cross checked the results. When
the assessment diverged between evaluators,
discrepancies were resolved by discussion or
by a third party. The extracted data included
the number of MMP9 C1562T genotypes in
both cases and controls, author, publication
date, country, and ethnic origin.

Statistical methods

Meta-analysis was carried out using Stata
15.0 statistical software (StataCorp LP,
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College Station, TX, USA). Odds ratios
(OR) and 95%CI, as the effect size, were
calculated to present the results of the
meta-analysis. The Q-test was used to test
the heterogeneity of the results; If I2� 50%
or P� 0.05, the random effects model was
used; if I2< 50% and P> 0.05, there was no
heterogeneity, so the fixed effects model was
used for data consolidation. The Z-test was
used to test the significance of the pooled
OR value. This meta-analysis included an
evaluation of publication bias, and the stan-
dard was whether the funnel plot was sym-
metrical or not. Funnel plots used the
standard error of each study’s log(OR) to
map its OR value. If a funnel plot is asym-
metric, it may indicate publication bias.
Egger’s test was also used to test publica-
tion bias.

Results

Basic information of the retrieved articles

According to the inclusion and exclusion
criteria, 13 articles16–28 were included in
this meta-analysis. There were 3,996
patients in the IS (case) group and 3,815
patients in the control group. The
specific literature screening process is
shown in Figure 1. The characteristics

and genotype distribution frequency of

the study, together with the results of

HWE test in the control group, are

shown in Table 1. The results of the quality

evaluation of the literature is shown in

Table 2.

Meta-analysis results

Comparison of alleles. The major results of

the meta-analysis are shown in Table 3

and Figure 2. With I2¼ 83.4% and

P< 0.05, the T allele was compared with

the C allele, indicating that there was signif-

icant difference in heterogeneity among the

studies. Thus, the random effects model was

used. There was no significant difference in

the combination of OR¼ 1.05 (95%CI:

0.80–1.37). This suggested that the risk of

IS was not associated with the frequency of

MMP9 C1562T alleles. The funnel plot was

symmetrical (Figure 3a). The results of

Egger’s test demonstrated a P-value> 0.05,

indicating that publication bias was well

controlled and the reliability of the conclu-

sion was high.

Dominant genetic model. In the dominant

genetic model (TTþTC vs. CC), genotypes

TTþTC were used as the exposure factor

and genotype CC as the non-exposure

Figure 1. A PRISMA flow diagram of the study selection process. H-W¼Hardy–Weinberg.
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factor. The heterogeneity test showed that
the difference was significant (P< 0.05;
Table 3), so the random effects model was
used. The results indicated a significant dif-
ference in the combination of OR¼ 2.94
(95%CI: 1.58–5.45; P¼ 0.001); that is, the
frequency of the TTþTC genotype of the
MMP9 C1562T locus was higher in
Chinese patients with IS than in the control
group. The funnel plot was basically sym-
metrical (Figure 3b). Egger’s test demon-
strated a P-value> 0.05, which indicated

that the publication bias was well controlled
and the reliability of the conclusion
was high.

Recessive genetic model. In the recessive
genetic model (TT vs. TCþCC), genotype
TT was used as the exposure factor and
genotype TCþCC as the non-exposure
factor. The heterogeneity test showed
I2¼ 40.3% and P> 0.05, indicating that
there was no significant difference in hetero-
geneity among the studies. Thus, the fixed

Table 2. Results of quality evaluation of literature.

Reference

Case selection

Comparability

between groups Exposure factor measurement

NOS

score1 2 3 4 5 6

Blind

method 7

Response

rate

Zhou et al., 200816 * * * * * * ? * ? 7

Zhang et al., 200817 * * * * * * ? * ? 7

Zhou and Liu, 200918 * * * * * * ? * ? 7

Hou et al., 200919 * * * * * * ? * ? 7

Shi et al., 201020 * * * * * * ? * ? 7

Liu et al., 201121 * * * * * * ? * ? 7

Li et al., 201322 * * * * * * ? * ? 7

Yue et al., 201423 * * * * * * ? * ? 7

Hao et al., 201524 * * * * * * ? * * 8

Zhao et al., 201525 * * * * * * ? * * 8

Lee AF (2018)26 * * * * * * ? * ? 7

Li et al., 201827 * * * * * * ? * * 8

Liu et al., 201628 * * * * * * ? * ? 7

Quality criteria: 1¼ case identification appropriate; 2¼ case representativeness; 3¼ source of the control clear;

4¼ control group chosen properly; 5¼ controls the most important confounding factors; 6¼ control other confounding

factors; 7¼ same exposure determination method; *, yes; ?, unclear; NOS, Newcastle–Ottawa Scale.

Table 3. Results of meta-analysis for MMP9 C1562T polymorphism and ischemic stroke risk.

Genetic model n OR 95%CI P I2 (%) P for heterogeneity Model Publication bias

Allelic 13 1.05 0.80–1.37 0.732 83.4 0.000 REM 0.781

Dominant 13 2.94 1.58–5.45 0.001 94.4 0.000 REM 0.621

Recessive 11 0.81 0.66–0.99 0.040 40.3 0.080 FEM 0.111

Homozygous 11 0.84 0.37–1.86 0.661 78.3 0.000 REM 0.574

Heterozygous 13 0.99 0.72–1.34 0.926 79.3 0.000 REM 0.769

MMP9, matrix metalloproteinase 9 gene; OR, odds ratio; 95%CI, 95% confidence interval; REM, random effects model;

FEM, fixed effects model.
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effects model was used. With an OR¼ 0.81

(95%CI: 0.66–0.99), the difference was sig-

nificant (P¼ 0.040). As the upper limit of

the 95%CI of the OR was close to 1,

a conclusion of statistical significance

could be drawn after looking at the

sensitivity results. The funnel plot was basi-

cally symmetrical (Figure 3c). Egger’s test

Figure 2. Forest plot for the five genetic models: (a) allelic model, (b) dominant model, (c) recessive model,
(d) homozygous model, and (e) heterozygous model. The size of each box for an individual study represents
the OR of the study and its 95%CI; the red dotted line represents the pooled OR position; and the diamond
represents the 95% confidence interval for merging OR. OR, odds ratio; 95%CI, 95% confidence interval.

Jiang et al. 7



demonstrated a P-value> 0.05, indicating

that publication bias was not evident.

Homozygous genetic model. In the homozy-

gous genetic model (TT vs. CC), genotype

TT was used as the exposure factor and
genotype CC as the non-exposure factor.
The heterogeneity test showed an
I2¼ 78.3% and P< 0.05, indicating signifi-
cant differences in heterogeneity among the

Figure 3. Funnel plot for the five genetic models: (a) allelic model, (b) dominant model, (c) recessive model,
(d) homozygous model, and (e) heterozygous model. SE, standard error; OR, odds ratio; 95%CI, 95%
confidence interval.

8 Journal of International Medical Research



studies. Thus, the random effects model was

used. With OR¼ 0.84 (95%CI: 0.37–1.86),

the difference was not significant. In other

words, the frequency of the TT genotype at

the MMP9 C1562T locus in Chinese

patients with IS was not greater than that

in the control group. The funnel plot was

basically symmetrical (Figure 3d). Egger’s

test demonstrated a P-value> 0.05, which

indicated that publication bias was not

evident.

Heterozygous genetic model. In the heterozy-

gous genetic model (TC vs. CC), genotype

TC was used as the exposure factor and

genotype CC as the non-exposure factor.

The heterogeneity test showed an

I2¼ 79.3% and P< 0.05, indicating signifi-

cant differences in heterogeneity among the

studies. Thus, the random effects model was

used. With OR¼ 0.99 (95%CI: 0.72–1.34),

the difference was not significant. That is,

the frequency of the TC genotype at the

MMP9 C1562T locus in Chinese patients

with IS was not higher than that in the con-

trol group. The funnel plot was basically

symmetrical (Figure 3e). Egger’s test again

showed that publication bias was not

evident.

Sensitivity analysis

Each study was excluded one by one and

analyzed by meta-analysis (Figure 4). The

results showed that in the recessive gene

genetic model, after removal of two articles

that reported a large number of cases, the

results changed significantly and the conclu-

sion was different (Figure 4c). Therefore,

the recessive gene model could not be con-

cluded. The results for the allele model and

the other three models showed no signifi-

cant changes in the combined effect, indi-

cating that the 16 articles included were

stable.

Discussion

With characteristics of high morbidity, dis-

ability, and mortality, stroke is a main

cause of death in the Chinese population;

IS endangers the health and quality of life

of patients, and brings a heavy burden to

patients, their families, and society.

Although the diagnosis and treatment of

IS are diverse, the disability and mortality

rate have not decreased effectively. The

MMP9 gene is located in the chromosome

20q12.2-13.1 region and contains 13 exons

and 12 introns. MMP-9, also known as

gelatinase B, is an important member of

the matrix metalloproteinase family. It can

degrade and reshape extracellular matrix to

promote the aggregation and migration of

vascular endothelial and smooth muscle

cells; it can also regulate cell proliferation

and apoptosis, participating in the patho-

physiological process of vascular response

and neurovascular regeneration and remod-

eling.29 MMP-9 is released when neurons,

astrocytes, oligodendrocytes, and microglia

are injured by ischemia. Furthermore, free

radicals and inflammatory molecules

released from ischemic injury can activate

MMP-9. The increase in free radicals and

inflammatory molecules is related to com-

plications such as neuronal injury, apopto-

sis, oxidative stress, interfering oxidative

DNA repair, cerebral edema, and post-

infarction hemorrhage caused by increased

permeability of the blood–cerebrospinal

fluid barrier.30,31 As the most common

single nucleotide polymorphism in the

MMP9 gene, �1562C>T is associated

with cardiovascular diseases such as coro-

nary heart disease.32 However, the relation-

ship between MMP9 C1562T

polymorphism and IS has not yet been

determined. Therefore, in this study, we

conducted a meta-analysis of the relation-

ship to draw accurate and objective conclu-

sions about this relationship.

Jiang et al. 9



In accordance with the strict inclusion

criteria, this meta-analysis included 13

articles,16–28 consisting of 3,996 patients

and 3,815 controls, all in the Chinese pop-

ulation. We found a correlation between

MMP9 C1562T polymorphism and IS in

the Chinese population, mainly in the dom-

inant genetic model. In this model, the com-

bined OR value was 2.94, and the difference

was statistically significant. In addition, the

sensitivity analysis showed that the results

were stable. We found no significant

Figure 4. Sensitivity analysis plot for the five genetic models: (a) allelic model, (b) dominant model, (c)
recessive model, (d) homozygous model, and (e) heterozygous model. 95%CI, 95% confidence interval.
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differences in the allele model or the homo-
zygous and heterozygous genetic models. In
the recessive genetic model, we found a sig-
nificant difference, but the sensitivity anal-
ysis showed that the difference was not
significant after removal of two important
studies; therefore, we could not draw a con-
clusion on this. The results of publication
bias indicated that the funnel plots of
each model were basically symmetrical.
Furthermore, the results of Egger’s test
showed that P-values were >0.05, indicat-
ing no publication bias. The heterogeneity
test showed that the I2 values of the models
were >50% except for the recessive genetic
model (I2¼ 40.3%), indicating that there
was heterogeneity among the studies. In a
meta-analysis that included 14 studies, He
et al.33 argued that the C1562T polymor-
phism of MMP9 was associated with the
risk of IS in the Chinese population. In
that study population, the T allele and TT
and TC genotypes increased the risk of IS.
However, the conclusion of the current
study is inconsistent with that report, but
our study is more convincing as we exclud-
ed a control study that did not conform to
HWE,34 and included more high-quality
studies conducted in the Chinese
population.

This study had some limitations. First,
only published studies were included in
this meta-analysis; therefore, there may be
publication bias. Second, we found moder-
ate heterogeneity among the studies in most
genetic models. Third, the effects of gene
linkage and gene–environment interaction
on IS were not analyzed.

Overall, the MMP9 C1562T polymor-
phism was associated with IS, and the dom-
inant genotypes (TTþTC) may increase the
risk of IS in the Chinese population.
However, the relationship between geno-
type and IS needs to be further studied in
a larger population, so that the effects of
gene–gene and gene–environment interac-
tions can be considered.
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