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Abstract

Background: Matrix metalloproteinase-9 (MMP-9) is a significant protease required for synaptic plasticity, learning, and memory.
Yet, the role of MMP-9 in the occurrence and development of cognitive decline after ischemic stroke is not fully understood. In this
study, we used clinical data experiments to further investigate whether MMP-9 and genetic polymorphism are associated with post-
stroke cognitive impairment or dementia (PSCID). Materials and Methods: A total of 148 patients with PSCID confirmed by the
Montreal Cognitive Assessment (MoCA) 3 months after onset (PSCID group) were included in the study. The MMP-9 rs3918242
polymorphisms were analyzed using polymerase chain reaction coupled with restriction fragment length polymorphism, and the serum
level of MMP-9 was measured using enzyme-linked immunosorbent assay (ELISA). The same manipulations have been done on 169
ischemic stroke patients without cognitive impairment (NCI group) and 150 normal controls (NC group). Results: The expression level
of serum MMP-9 in the PSCID group and NCI group was higher compared to the NC group, and the levels in the PSCID group were
higher than that in the NCI group (all p < 0.05). Diabetes mellitus, hyperhomocysteinemia, and increased serum MMP-9 levels were
the main risk factors of cognitive impairment after ischemic stroke. The serum level of MMP-9 was negatively correlated with the
MoCA score, including visual-spatial executive, naming, attention, language, and delayed recall. Genetic polymorphism showed that
TC genotype with MMP-9 rs3918242 and CC genotype were associated with a significantly increased risk of PSCID; moreover, the
TC genotype significantly increased the risk of cognitive impairment. In the TCCC genotype of MMP-9 rs3918242, diabetes mellitus
and hyperhomocysteinemia were associated with the increased risk of PSCID; also, hyperhomocysteinemia could increase the risk of
cognitive impairment. Conclusions: MMP-9 level and MMP-9 rs3918242 polymorphism have an important role in the occurrence and
development of post-stroke cognitive impairment or dementia (PSCID).

Keywords: ischemic stroke; post-stroke cognitive impairment or dementia (PSCID); matrix metalloprotenase 9; genetic polymorphism;
cognitive function

1. Introduction

Vascular cognitive impairment (VCI) is a heteroge-
neous disease that involves cognitive decline characterized
by disturbance of frontal or executive dysfunction [1]. VCI
is usually a consequence of cerebrovascular disorders (cere-
bral infarction, cerebral hemorrhage, chronic cerebral hy-
poperfusion) and their risk factors (hypertension, diabetes,
hyperlipemia, hyperhomocysteinemia, etc.) [1,2]. Post-
stroke cognitive impairment or dementia (PSCID; VCI af-
ter cerebral ischemic stroke) is very common and can af-
fect different cognitive domains. Executive functions are
the most commonly affected funtions [3]. Impairment in
cognitive, especially executive functions, commonly ap-
pears within 3 months after stroke. According to vari-

ous hospital-based studies [4–6], the prevalence of PSCID
varies from 11.6% to 56.3%. Therefore, neurorestoration of
cognitive impairment has gained increasing interest among
researchers [7–9].

Matrix metalloproteinase-9 (MMP-9) is a member of
the MMP family with 26 extracellular and intracellular
matrix-degrading enzymes that regulate many zinc-binding
proteolytic enzymes physiological processes, including ac-
tivation of growth factors, tumor growth and metastasis,
cleavage of zymogens, and remodeling of the extracellular
matrix [7,8]. MMP-9 is mainly produced by neurons, and
its expression and activity have been detected in adult brain
structure, such as the hippocampus, cortex, striatum, and
cerebellum [9,10]. In neurons, the MMP-9 expression is
induced by neuronal activity under both physiological and
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pathological conditions, such as stroke [11,12] and epilepsy
[13]. Abnormalities and typically excessive MMP-9 gene
expression have been associated with several central ner-
vous system diseases [14–16]. Moreover, MMP-9 is in-
volved in blood-brain barrier destruction [17], inflamma-
tory reaction [18], atherosclerosis, and ischemic stroke [19],
as well as in synaptic plasticity [20], learning, and memory
[21]. Yet, the role of MMP-9 in the occurrence and devel-
opment of PSCID is not fully understood.

So far, only a few studies reported on the role of
MMP-9 in VCI and its progression to dementia [22–24].
Even some studies have not found correlation with MMP-
9 polymorphism and cognition [25–27]. In this study, we
use enzyme-linked immunosorbent assay (ELISA) to de-
tect serumMMP-9 levels and their association with PSCID.
Furthermore, genotyping assays were performed to deter-
mine the relationship between the MMP-9 rs3918242 poly-
morphism and susceptibility of PSCID in a Chinese popu-
lation.

2. Materials and Methods
2.1 Study Population

A total of 2351 acute ischemic stroke patients con-
secutively enrolled in the Department of Neurology, the
First Affiliated Hospital of Xinxiang Medical University,
Henan, China, between June 2013 and September 2018
were screened. The main inclusion criteria were: (1) is-
chemic stroke confirmed by imaging (computed tomogra-
phy (CT) or magnetic resonance imaging (MRI)) within 72
hours of symptom onset, according to the criteria of the 10th
Edition of International Classification of Diseases (ICD-
10); (2) unrelated Han Chinese people and a Mini-Mental
State Examination (MMSE) score of illiterate>17, primary
>20, and secondary or higher>24 out of 30. MMSE scores
were based on the cultural level of the subjects. Patients
with brain tumors, brain trauma, thyroid dysfunctions, al-
coholism, severemedical conditions, or neurological condi-
tionwith consciousness were excluded. Also, thosewith se-
vere stroke with NIHSS (National Institute of Health stroke
scale) >25 or patients unable to complete assessment were
excluded from this study. Exclusion criteria and the exact
number of patients for each study stage are shown in Fig. 1.

After the onset of 3 months [28], 583 patients under-
went a follow-up evaluation, and 486 patients were assessed
with global cognitive functions by Changsha version of the
Montreal Cognitive Assessment (MoCA-CS) [29] and ac-
cording to the flow chart [30,31]. YuK.H’s protocol was re-
ferred (Fig. 1) [32]. Age- and gender-matched cognitively
normal patients after ischemic stroke (MoCA ≥26) were
used as a control. In addition, age- and gender-matched
150 healthy control subjects unrelated Han people with no
ischemic stroke and cognitive dysfunction were randomly
selected from the outpatients for health check-ups.

Fig. 1. Flow chart of participants’ selection.

2.2 Cognitive Screening Measures
All subjects were evaluated based on MMSE and

MoCA (Fig. 1). MoCA was scored based on a 30-point
scale with 7 cognitive subtests: visual-spatial executive,
naming, attention, language, abstraction, delayed recall,
and orientation. The MoCA test was conducted to rectify
the educational level of the bias correction, and subjects
with education <12 years were given an additional 1 score
on their test results. A higher score indicates the better cog-
nitive function, and ≥26 were divided into normal [33].
MoCA-CS in China was used in this study [29].

Unified and standardized survey questionnaire termi-
nologies were used in a quiet environment without inter-
ferences. The neuropsychological assessments for each pa-
tient were completed by one psychological surveyor on the
same day.

2.3 DNA Extraction
The blood samples were collected during cognitive as-

sessment between three months and half a year after stroke.
And the blood sample were collected in EDTA-containing
tubes and separated the serum immediately and frozen at –
80 ◦C until further use. Genomic DNA was isolated using
the TIANamp Blood DNA Kit (Tiangen, Beijing, China)
according to the kit’s protocol. The lab technician perform-
ing the test was blinded to all patients and clinical informa-
tion, and all lab work was carried out in the First Affiliated
Hospital of Xinxiang Medical University.

2.4 Genotyping Assays
The MMP-9 rs3918242 polymorphisms were per-

formed by polymerase chain reaction (PCR) coupled with
restriction fragment length polymorphism, as described in
our previous studies [19].
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2.5 MMP-9 Level in Serum

The collection, processing and storage of blood sam-
ple are same as DNA extraction. The process of measuring
MMP-9 is according to the MMP-9 ELISA Kit’s (Wuhan
Fine Biotech Co., Ltd.; Wuhan; China) protocol.

2.6 Statistical Analysis

SPSS 24.0 (SPSS Inc., Chicago, IL, USA) was used
for statistical processing. The measurement data in the re-
sults were expressed as mean± SD, and the count data were
expressed as a percentage. Analysis of variance and two in-
dependent samples t-test were used for normally distributed
data; rank-sum test was used for non-normally distributed
data, and the χ2 test was used for the count data to com-
pare the statistical differences of demographic and clinical
data between groups. Spearman correlation analysis was
used to analyze the correlation betweenMMP-9 andMoCA
score. Logistic regression analysis was used to analyze the
risk factors of PSCID by estimating the odds ratio (OR) and
95% confidence interval (95% CI). The Hardy-Weinberg
equilibrium of MMP-9 rs3918242 genotype was tested by
Chi-square (χ2) goodness-of-fit test. The associations be-
tween the MMP-9 rs3918242 polymorphisms and PSCID
risk were determined by logistic regression. The major ho-
mozygous genotype of MMP-9 rs3918242 was used as a
reference, two-tailed, and p < 0.05 was considered statisti-
cally significant.

3. Results
3.1 Comparison of Baseline Demographic Features,
Vascular Risk Factors, and Location of Cerebral
Infarction in the Three Groups

There were significant differences in diabetes, hyper-
homocysteinemia, serumMMP-9 levels, and MoCA scores
between the three groups (all p< 0.05). Compared with the
NC group, the serum MMP-9 expression level in the PSCI
group and the NCI group was significantly increased; yet,
the MMP-9 expression level in the PSCI group was signif-
icantly higher than that in the NCI group (all p < 0.05).
Moreover, the MoCA scores of the PSCI group and the
NCI group were significantly reduced compared with the
NC group, and the MoCA scores of the PSCI group were
significantly lower than that of the NCI group (p < 0.05)
(Table 1).

3.2 Logistic Regression Analysis of PSCID

With diabetes mellitus, when hyperhomocysteinemia
and serum MMP-9 level were used as independent vari-
ables, and PSCID as dependent variables, logistic regres-
sion analysis showed that diabetes mellitus, hyperhomocys-
teinemia, and elevated serum MMP-9 level were the main
risk factors of PSCID (OR = 1.77, 95% CI: 1.07–2.93; OR
= 1.88, 95% CI: 1.18–3.56; OR = 1.01, 95% CI: 1.01–1.02)
(Table 2).

3.3 Correlation between Serum MMP-9 Level and MoCA
Score in Patients with PSCID

The Spearman correlation analysis showed that the
serum MMP-9 level was negatively correlated with the to-
tal score of MoCA scale in patients with PSCID (p< 0.05),
and the serumMMP-9 level was negatively correlated with
visual-spatial executive, naming, attention, language and
delayed recall (p < 0.05), but not with abstraction and ori-
entation (p > 0.05) (Table 3).

3.4 The Polymorphism Distribution of MMP-9 rs3918242
in Each Group

The genotype frequency of MMP-9 rs3918242 in the
NC group conformed to Hardy-Weinberg equilibrium (p >
0.05), while the genotype frequency of MMP-9 rs3918242
in the PSCID group and the NCI group did not (p < 0.05).
The χ2 test showed that the genotypes of the three groups
were significantly different (χ2 = 14.57, p< 0.05) (Table 4).

3.5 Association between MMP-9 rs3918242 and Risk of
PSCID

The logistic regression analysis showed TC geno-
type carrying MMP-9 rs3918242 (OR = 3.91, 95% CI:
1.63–9.38) and CC genotype (OR = 2.79, 95% CI: 1.12–
7.00) were associated with a significantly increased risk of
PSCID (p < 0.05). Also, in PSCID and NCI groups, TC
genotype carrying MMP-9 rs3918242 (OR = 2.03, 95% CI:
1.02–4.05) significantly increased the risk of PSCID using
TT genotype as a control (p < 0.05) (Table 5).

3.6 Association between MMP-9 rs3918242 and Risk of
PSCID Stratified by Demographic Characteristics

The relationship between MMP-9 rs3918242 and
PSCID risk of was further analyzed and stratified by demo-
graphic characteristics such as diabetes mellitus and hyper-
homocysteinemia (Table 6). The logistic regression analy-
sis showed that diabetes mellitus and hyperhomocysteine-
mia in the TCCC genotype of MMP-9 rs3918242 were as-
sociated with increased risk of PSCID (OR = 1.26, 95% CI:
1.14–2.66; OR = 1.24, 95% CI: 1.02–2.69). In addition,
hyperhomocysteinemia increased the risk of PSCID (OR =
1.19, 95% CI: 1.10–2.38).

4. Discussion
Our data suggested that TC and CC genotypes of

MMP-9 rs3918242 polymorphism were associated with
a significantly increased risk of PSCID in a Han Chi-
nese population, further suggesting an association between
rs3918242 variation in the MMP-9 gene and PSCID. We
also found that the TC genotype of rs3918242 increased the
risk of PSCID compared to the TT genotype. Our results
support the hypothesis that MMP-9 gene polymorphisms
are associated with PSCID. In addition, our data suggested
that diabetes mellitus, hyperhomocysteinemia, and MMP-9
serum levels were associated with PSCID. However, there
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Table 1. Comparison of baseline demographic features, vascular risk factors, and location of cerebral infarction in the three
groups.

Variables
Groups

F/Z/χ2 pPSCID NCI NC

(n = 148) (n = 169) (n = 150)

Age [years]
≤60 73 (49.32) 88 (52.07) 73 (48.67)
>60 75 (50.68) 81 (47.93) 77 (51.33) 0.42 0.81

Gender
Females 98 (66.22) 107 (63.31) 100 (66.67)
Males 50 (33.78) 62 (36.69) 50 (33.33) 0.47 0.79

Educations [years]
≤24 102 (68.92) 118 (69.82) 102 (68.00)
>24 46 (31.08) 51 (30.18) 48 (32.00) 0.12 0.94
NIHSS† 8.59 ± 5.27 8.37 ± 5.47 - 0.34 0.56

Hypertension
No 52 (35.14) 63 (37.28) 54 (36.00)
Yes 96 (64.86) 106 (62.72) 96 (64.00) 0.16 0.92

Diabetes mellitus
No 94 (63.51) 129 (76.33) 113 (75.33)
Yes 54 (36.49) 40 (23.67) 37 (24.67) 7.68 0.02

Hyperlipidemia
No 128 (86.49) 154 (91.12) 141 (94.00)
Yes 20 (13.51) 15 (8.88) 9 (6.00) 3.49 0.18

Hyperhomocysteinemia
No 62 (41.89) 93 (55.03) 86 (57.33)
Yes 86 (58.11) 76 (44.97) 64 (42.67) 8.36 0.02

Tobacco smoking
Never 95 (64.19) 108 (63.91) 96 (64.00)
Yes 53 (35.81) 61 (36.09) 54 (36.00) 0.00 1.00

Alcohol intake
Never 78 (52.70) 102 (60.36) 90 (60.00)
Yes 70 (47.30) 67 (39.64) 60 (40.00) 2.33 0.31

TOAST classification
Large-artery atherosclerosis 52 (35.14) 59 (34.91) -
Small vessel occlusion 64 (43.24) 71 (42.01) -
Cardioembolism 10 (6.76) 12 (7.10) -
Other determined etiology 13 (8.78) 16 (9.47) -
Undetermined etiology 9 (6.08) 11 (6.51) - 0.11 1.00
MMP-9 (mg/dL)† 299.07 ± 101.67*# 266.56 ± 98.23* 197.75 ± 86.92 88.14 <0.001
MoCA† 20.27 ± 3.54*# 28.62 ± 1.24* 29.50 ± 0.90 337.74 <0.001

*p < 0.05 compared with NC group; #p < 0.05 compared with NCI group.
†Use of the rank-sum test.
BMI, Body mass index; NIHSS, National Institutes of Health Stroke Scale; TOAST, Trial of Org 10172 in Acute
Stroke Treatment.

Table 2. Logistic regression analysis of PSCID.
Variables Beta value Standard error Wald value OR 95% CI p

Diabetes mellitus (%) 0.63 0.24 4.91 1.77 1.07–2.93 0.03
Hyperhomocysteinemia (%) 0.57 0.26 7.10 1.88 1.18–3.56 0.01
MMP-9 (mg/dL) 0.01 0.0003 51.31 1.01 1.01–1.02 <0.001
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Table 3. Correlation between serum MMP-9 level and MoCA score in patients with PSCID.

Variables Fraction (mean ± SD)
MMP-9 (ng/mL)

r p

Visual spatial executive 2.74 ± 1.46 –0.401 0.000
Naming 2.59 ± 0.58 –0.230 0.005
Attention 4.27 ± 1.41 –0.470 0.000
language 1.99 ± 0.76 –0.255 0.002
Abstraction 1.18 ± 0.81 –0.006 0.944
Delayed recall 2.66 ± 1.09 –0.165 0.045
Orientation 4.84 ± 0.789 –0.130 0.116
Total 20.27 ± 3.54 –0.517 0.000

Table 4. The polymorphism distribution of MMP-9 rs3918242 in each group.

MMP-9 rs3918242
Genotype % Allele % Hardy-Weinberg equilibrium

TT TC CC T C χ2 p

PSCID (%) 77 (52.03) 45 (30.40) 26 (17.57) 199 (67.23) 97 (32.77) 14.22 0.001
NCI (%) 109 (64.50) 43 (25.44) 17 (10.06) 261 (77.22) 77 (22.78) 12.95 0.002
NC (%) 102 (68.00) 40 (26.67) 8 (5.33) 244 (81.33) 56 (18.67) 2.22 0.329
χ2 14.57
p 0.006

Table 5. Association between MMP-9 gene rs3918242 and risk of VCI after ischemic stroke.

MMP-9 rs3918242
Groups

OR (95% CI) * p
Groups

OR (95% CI) * p
PSCID (%) NCI (%) PSCID (%) NC (%)

TT 77 (52.03) 102 (68.00) 1.0 (Ref.) - 77 (52.03) 109 (64.50) 1.0 (Ref.) -
TC 45 (30.40) 40 (26.67) 3.91 (1.63–9.38) 0.002 45 (30.40) 43 (25.44) 2.03 (1.02–4.05) 0.044
CC 26 (17.57) 8 (5.33) 2.79 (1.12–7.00) 0.028 26 (17.57) 17 (10.06) 1.51 (0.71–3.22) 0.282
* Adjusted for Diabetes mellitus, Hyperhomocysteinemia.

Table 6. Association between MMP-9 rs3918242 and risk of PSCID stratified by demographic characteristics.

Variables
PSCID NC

OR (95% CI) p
PSCID NCI

OR (95% CI) p
TT TC+CC TT TC+CC TT TC+CC TT TC+CC

Diabetes mellitus
No 51 43 86 43 1.65 (0.87–3.14) 0.13 51 43 73 40 1.59 (0.84–3.02) 0.06
Yes 26 28 23 17 1.26 (1.14–2.66) 0.01 26 28 29 8 1.69 (0.90–3.56) 0.37
Hyperhomocysteinemia
No 47 15 53 40 1.51 (0.71–3.16) 0.27 47 15 58 28 2.37 (0.86–4.82) 0.22
Yes 30 56 56 20 1.24 (1.02–2.69) 0.00 30 56 44 20 1.19 (1.10–2.38) 0.00

was no significant association between PSCID and other
demographic features (such as age, gender, hypertension,
hyperlipidemia, tobacco smoking, alcohol intake, as well
as TOAST classification). Moreover, MMP-9 in the serum
was negatively correlated with MoCA score, especially
visual-spatial executive, naming, attention, language, and
delayed recall.

Numerous studies have investigated the relationships
betweenMMP-9 gene polymorphisms and ischemic stroke.
However, these results remain debatable. A meta-analysis
showed that MMP-9 (-1562C/T) gene polymorphism was
not associated with ischemic stroke [34]. In addition,
Wang et al. [35] showed that the MMP-9 gene rs3918242

and rs17577 polymorphisms are not significantly corre-
lated with ischemic stroke risk. Contrary, another meta-
analysis suggested thatMMP-9 (-1562C/T) polymorphisms
might be a risk factor for ischemic stroke [36]. Also, sev-
eral recent studies have reported the significant association
between MMP-9 and cerebral ischemic stroke [15,37,38].
Gao et al. [37] showed that the rs3787268 locus in the
MMP-9 gene might increase the risk of ischemic stroke in
a southern Chinese Han population. Moreover, Hao and
colleagues [16] conducted a similar study with 317 patients
and found that MMP-9 rs3918242 polymorphism is corre-
lated with an elevated risk of ischemic stroke. In addition,
Li et al. [15] observed a significant association between the
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MMP-9 rs3918242 polymorphism and the risk of ischemic
stroke, which is consistent with our previous study [19].

Preclinical studies showed that MMP-9 undergoes
high expression and activation in brain tissue after a major
complication of acute and chronic stroke [24,39], suggest-
ing that MMP-9 may participate in the acute brain injury
and edema resulting from neuroinflammation [40–42]. On
the other hand, secondary disruption to the deep white mat-
ter, the blood-brain barrier (BBB), and demyelination at the
cerebral brain [24,39,43,44], have an important role in the
pathogenesis of vascular cognitive impairment and vascu-
lar dementia [22,43]. Some clinical trials have reported el-
evated MMP-9 levels in the serum of patients with stroke
[45,46]. The high levels ofMMP-9 in acute ischemic stroke
confirm the involvement of this metalloproteinase in the
regulation of inflammation in stroke [47,48]. Meanwhile,
animal studies suggested that MMP-9 has a role in cogni-
tive functions, especially learning and memory [21,49–51].
Therefore, the expression level of MMP-9 can be dispens-
able for PSCID. An increasing number of reports indicate
that MMP-9 levels are in cerebrospinal fluid [22,39,41,52]
and peripheral blood [23,53] of patients with PSCID. Fur-
thermore, our data showed higher serum MMP-9 levels in
patients with PSCID compared to normal controls and pa-
tients without cognitive impairment, which is consistent
with the previous study. Furthermore, the serum level of
MMP-9 was negatively correlated with the MoCA score,
especially visual-spatial executive, naming, attention, lan-
guage, and delayed recall.

This study has a few limitations. It has a relatively
small sample size. Also, changes in MMP-9 expression at
different development periods of PSCIDwere not analyzed.
It is widely accepted that a large sample size is a key issue
in genetic polymorphisms association studies of complex
traits generally and cognitive dysfunction specifically [54].
In addition, it is unlikely that a polymorphism in a single
gene would have a profound effect on the risk of PSCID
which may be caused by many risk factors. Furthermore,
the distribution and expression of MMP-9 in the pathogen-
esis and progression of post-stroke cognitive impairment
or dementia are dynamic. According to the previous stud-
ies [21,22,53,55], MMP-9 expression levels are associated
with PSCID, although they are not exactly equal in serum,
cerebrospinal fluid, and brain tissue after BBB disruption.
So, multi-center, multi-source, large sample size studies in-
vestigating PSCID and dynamic monitoring of MMP-9 are
needed to further confirm these findings.

5. Conclusions
Our data and previous studies suggest that MMP-9

level and MMP-9 rs3918242 gene polymorphism are asso-
ciated with post-stroke cognitive impairment or dementia
(PSCID). MMP-9 has a role in the development of post-
stroke cognitive impairment or dementia (PSCID); yet, the
mechanisms of action need to be further explored.
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