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Objectives: To investigate the correlation and predictive value of serum matrix metalloproteinase-9 (MMP-9) level with cognitive dysfunction and total imaging load
in patients with cerebral small vessel disease (CSVD). Methods: A total of 80 patients
with CSVD who were admitted to the First Afﬁliated Hospital of Xinxiang Medical
University between April 2019 and April 2020 were enrolled. All subjects underwent T1-weighted imaging (T1WI), T2WI, ﬂuid-attenuated inversion recovery
(FLAIR), diffusion weighted imaging (DWI), serum sample collection, and assessment of cognitive function at a speciﬁc time-point after admission. According to the
results of the neuropsychological test, subjects were divided into cognitive dysfunction group (n=40) and normal cognitive function group (n=40). The total imaging
load was estimated according to the neuroimaging ﬁndings. Serum MMP-9 level
was measured by an enzyme-linked immunosorbent assay (ELISA) kit. Beside,
serum MMP-9 level and total imaging load were compared between the two
groups. Results: Serum levels of MMP-9 and plasma total homocysteine (tHcy)
were negatively correlated with cognitive function (P<0.05). Serum MMP-9 level
was found as a signiﬁcant factor for diagnosing cognitive impairment due to CSVD
(area under the curve (AUC), 0.756; sensitivity and speciﬁcity were 97.5% and
75.0%, respectively). THcy level was also found as signiﬁcant factor for diagnosing
cognitive impairment due to CSVD (area under the curve (AUC), 0.727; sensitivity
and speciﬁcity were 97.5% and 75.0%, respectively). Conclusion: Serum MMP-9 level
and tHcy level were signiﬁcantly correlated with cognitive function in patients with
CSVD. Serum MMP-9 level has a speciﬁc correlation with the total imaging load in
patients with CSVD. It plays an important role in diagnosing cognitive impairment
in patients with CSVD.
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Introduction
Cerebral small vessel disease (CSVD) is the most common, chronic and progressive vascular disease, threatening human health due to its increasing incidence year-byyear. It mainly manifests as cognitive impairment.
Previous studies have shown that matrix metalloproteinase-9 (MMP-9) level changes correspondingly before
patients have severe clinical symptoms and cognitive
impairment .1 MMP-9 is secreted by a wide number of cell
types, including cardiomyocytes, endothelial cells, neutrophils, macrophages, and ﬁbroblasts. It plays a key role in
neuronal damage, inﬂammation, and cell apoptosis and
migration. It can regulate neural synaptic plasticity and
affect learning and memory functions. CSVD refers to a
spectrum of clinical and imaging ﬁndings, resulting from
pathological processes of various etiologies, inﬂuencing
cerebral arterioles. The present study aimed to analyze
serum MMP-9 level in subjects by using the total imaging
load as the standard to evaluate the severity of CSVD.
Additionally, using the Functional Cognitive Assessment
Scale (FUCAS), the correlation of serum MMP-9 level
with cognitive dysfunction and total imaging load in
patients with CSVD was explored.

Methods
Subjects
Patients with CSVD who were admitted to the Neurology Department of the First Afﬁliated Hospital of Xinxiang Medical University (Urumqi, China) between April
2019 and April 2020 and met the eligibility criteria were
included in the present study.2 The speciﬁc diagnostic criteria for CSVD are mainly based on imaging rather than
clinical manifestations. The main imaging features are
recent small subcortical infarct(RSSI) (Fig. 1), lacunar
infarcts(LIs) (Fig. 2), white matter hyperintensity(WMH)
(Fig. 3), cerebral microbleed(CMB) (Fig. 4), enlarged perivascular spaces(EPVSs) (Fig. 5), and cerebral atrophy
(Fig. 6). The total imaging load standard is summarized
as shown in Fig. 7. The inclusion criteria were as follows:
(1) patients who aged 40-80 years old, (2) patients who
met diagnostic criteria for cerebral microangiopathy, (3)

patients who were willing to undergo neuropsychological
tests, and (4) patients who agreed to participate in this
researcher. The exclusion criteria were as follows: (1)
patients with a history of stroke, (2) non-vascular factors
that cause imaging changes, (3) patients with other central
nervous system (CNS) diseases, such as dementia, epilepsy, Parkinson’s syndrome, and CNS-inﬂammatory
demyelination diseases, (4) patients with serious cognitive
dysfunction who could not complete the test, (5) patients
with serious cardiac and pulmonary diseases, and (6)
patients who disagreed to participate in this researcher.
All subjects underwent T1-weighted imaging (T1WI),
T2WI, ﬂuid-attenuated inversion recovery (FLAIR), diffusion weighted imaging (DWI), serum sample collection,
and assessment of cognitive function at a speciﬁc timepoint after admission. According to the results of neuropsychological test, subjects were divided into cognitive
dysfunction group and normal cognitive function group.

General data collection
Medical data were collected by professionally
trained physicians, including age, gender, educational
level, history of hypertension, diabetes, cardiac disease,
smoking, and drinking, and serum samples (total cholesterol (TC), triglyceride (TG), high-density lipoprotein
(HDL), low-density lipoprotein (LDL), glucose (GLU),
glycosylated hemoglobin (GHb), and homocysteine
(tHcy)). Hypertension and diabetes were diagnosed at
the ﬁrst interview, and cardiac disease was either previously diagnosed or at the time of admission. Smoking history was deﬁned as smoking for 5 years with
an average of 10 or more cigarettes per day. Drinking
history was deﬁned as drinking alcohol for more than
5 years and ethanol intake of 30 g or more per day.
The normal range of relevant biochemical indicators
was as follows: TC: 0-5.2 mmol/L; TG: 0.7-1.7 mmol/
L; HDL; 0.8-1.55 mmol/L; LDL: 1.68-4.53 mmol/L;
tHcy: 0-15 mmol/L; GHb: 4-6%. All subjects underwent magnetic resonance imaging (MRI) of the cranial
site using a uniﬁed MRI instrument. Imaging results
were interpreted by two professional radiologists. Neuropsychological test included the Mini-Mental State

Fig. 1. Neuroimaging characteristics of recent small subcortical infarct(RSSI). a:DWI;b:T1 FLAIR;c:T2WI;d:T2 FLAIR.
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Fig. 2. Neuroimaging characteristics of Lacunar stroke. a:DWI. b:T1 FLAIR. c:T2WI.

Fig. 3. Neuroimaging characteristics of white matter hyperintensity(WMH) in magnetic resonance T2 FLAIR(T2 FLAIR). Deep WMHs (DWMHs):a,b,c. Periventricular WMHs (PVWMHs):d,e,f. a and d:grade 1; b and e:grade 2; c and f:grade 3.

Examination (MMSE) and the Montreal Cognitive
Assessment (MoCA). The subjects were all tested in
the same conditions.

Assessment of cognitive function
According to the 2019 Chinese Expert Guideline for
Cognitive
Disorders
Related
to
Cerebral

Microangiopathy,3 subjects were assigned into cognitive
dysfunction group and normal cognitive function group.
The bias was corrected according to the years of education. The speciﬁc method was to add 1 point to the basic
score if a subject had 12 years of education. The standard
MMSE score for normal cognitive function was illiterate
> 17 points, primary school > 20 points, and middle
school and higher levels of education > 24 points.
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Fig. 4. Neuroimaging characteristics of cerebral microbleeds(CMBs) in MR Susceptibility Weighted Imaging(SWI).

Fig. 5. Neuroimaging characteristics of enlarged perivascular spaces(EPVSs) in magnetic resonance T2 weighted image(T2WI). a and e:grade 1. b and f:grade 2.
c and g:grade 3. d and h:grade 4.

Fig. 6. Neuroimaging characteristics of cerebral atrophy in Magnetic resonance T2 weighted image(T2WI).
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Fig. 7. A 45-year-old man with CSVD. The main complaint was slurred. a: DWI showed Lacunar stroke, scored 1 point. b:T2 FLAIR showed WMH, and the
fazekas score is 4 points, scored 1point. c: T2 FLAIR showed EPVS: scored 1point. d:SWI showed CMBs: scored 1point. So the total imaging load scored 4
points.

Evaluation of the total imaging load
Total imaging load score was assessed according to the
imaging diagnostic standard for CSVD. Four typical
imaging manifestations of the LIs,WMH,CMB and EPVS
were selected as the evaluation content of the total imaging load. The main scoring items about total imaging load
score included 1 point for one lacunar and lacunar infarction, 1 point for one cerebral micro-bleed, 1 point for the
Virchow-Robin space in grades 2-4, 1 point for 3 points of
high signal in lateral ventricle and 2 points in deep brain.
The total score was 0-4 points. Evaluation
of the white matter hyperintensity (WMH) was performed
using Fazekas classiﬁcation method, in which WMHs
were divided into periventricular WMHs (PVWMHs) and
deep WMHs (DWMHs) as follows4: PVWMHs scoring
criteria: 0 point: no WMHs; 1 point: caps or pencil-thin lining; 2 points: smooth halo; 3 points: irregular PVWMHs
extending into the deep white matter. DWMHs scoring
criteria: 0 point: no WMHs; 1 point: punctate foci; 2
points: beginning conﬂuence of foci; 3 points: large conﬂuent areas. Total score: PVWMHs score + DWMHs score.
The Virchow-Robin space was evaluated from the imaging level with the highest number of lesions.5 The main
classiﬁcation standard included grade 0 without perivascular clearance, grade 2 levels of 11-20, grade 3 levels of
21-40, and grade 3 levels of 40 and more.

Determination of serum MMP-9 level
Subjects’ venous blood was collected and centrifuged at
3000 r/min for 10 min at room temperature. The supernatant was retained, and the serum MMP-9 level was measured using an enzyme-linked immunosorbent assay
(ELISA) kit.

Statistical analysis
The data were statistically analyzed by SPSS 26.0 software (IBM, Armonk, NY, USA). Measurement data were
expressed as mean § standard deviation. Differences

between groups were compared using the independentsamples t-test. The correlation analysis was performed by
the Pearson correlation analysis. Categorical variables
were described as count and percentage, and compared
by the Chi-square test or the Fisher’s exact test, as appropriate. The receiver operating characteristic (ROC) curve
analysis was used to analyze the diagnostic value of
serum MMP-9 level in patients with CSVD. P < 0.05 was
considered statistically signiﬁcant.

Results
The general data and total imaging load in the two
groups are presented in Table 1. A total of 80 subjects
were included, of whom, there were 24 male (60.0%) and
16 female (40%) subjects. The normal cognitive function
group and the cognitive dysfunction group equally
included 40 (50%) cases (normal cognitive function group
(n=40), cognitive dysfunction group (n=40)). The subjects’
mean age in the two groups was 58.3§11.21 and 66.4§
7.76 years old, respectively.The proportions of cerebral
infarction, hypertension, and coronary heart disease in
the cognitive dysfunction group (35%, 67.5%, 15%) were
greater than those in the normal cognitive function group
(20%, 60%, 2.5%). In terms of biochemical indicators, the
levels of TG, tHcy, and MMP-9 (1.69§1.18, 17.35§7.36,
and 2.61§0.73 mmol/L) in the cognitive dysfunction
group were higher than those in the normal cognitive
function group (1.37§0.67, 12.86§4.70, and 1.83§0.87
mmol/L). There were no signiﬁcant differences in gender,
years of education, proportions of hypertension, diabetes,
smoking history, drinking history, TG, TC, LDL, HDL,
GLU, and GHb between the two groups. However, serum
levels of tHcy and MMP-9 varied signiﬁcantly (P <0.05).
In terms of total imaging load, the proportion of 3-4 points
(60.0%) in the cognitive dysfunction group was signiﬁcantly greater than that in the normal cognitive function
group (37.5%) (P <0.05).
The results of correlation analysis of serum MMP-9
level with cognitive function and total imaging load are
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Table 1. Gender data, biochemical indicators, and total image load.

Gender/case (%)
Male
Female
Age (years old)
Culture level (year)
Cerebral infarction
Cerebral hemorrhage
Hypertension
Heart disease
Diabetes
Smoking history
Drinking history
Biochemical indicator
TG (mmol/L)
TC (mmol/L)
LDL (mmol/L)
HDL(mmol/L)
tHcy(mmol/L)
GLU(mmol/L)
GHb(%)
MMP-9 (ng/l)
Total imaging load
0-2
3-4

Normal cognitive function group (n=40)

Cognitive dysfunction group (n=40)

24 (60.0)
16 (40.0)
58.3§11.21
7.9§3.83
8 (20)
2 (5)
24 (60)
1 (2.5)
6 (15)
12 (30)
10 (25)

25 (62.5)
15 (37.5)
66.4§7.76
6.93§3.36
14 (35)
0 (0.0)
27 (67.5)
6 (15)
3 (7.5)
8 (20)
5 (12.5)

1.37§0.67
4.02§0.74
2.24§0.47
1.37§0.40
12.86§4.70
5.76§2.13
5.80§1.12
1.83§0.87

1.69§1.18
4.00§0.84
2.04§0.64
1.36§0.26
17.35§7.36
5.52§1.30
5.65§0.94
2.61§0.73

25 (62.5%)
15 (37.5%)

16 (40.0%)
24 (60.0%)

Inspection value (t/u)

P

-0.264

0.791

-3.709
-1.196
-1.683
-2.008
-0.809
-2.068
-1.286
-1.216
-1.725

0.000
0.232
0.092
0.045
0.419
0.039
0.199
0.224
0.085

-1.381
0.113
1.605
-0.486
-3.498
-0.063
-0.202
-4.265
-2.130

0.167
0.910
0.112
0.627
0.000
0.950
0.840
0.000
0.033

TG: triglyceride; TC: total cholesterol; LDL: low-density lipoprotein; HDL: high-density lipoprotein; tHcy: total homocysteine; GLU: glucose; GHb: glycosylated hemoglobin; MMP-9: matrix
metalloproteinase-9.
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Table 2. Results of the correlation analysis of serum MMP-9
level with total imaging load, total MMSE score, and total
MoCA score.

Total imaging load
Total MMSE score
Total MoCA score

MMP-9 (ng/l)
R

P

0.494
-0.519
-0.345

0.001
0.001
0.029

MMSE: the Mini-Mental State Examination; MoCA: the Montreal Cognitive Assessment.

shown in Table 2. The Pearson correlation coefﬁcient of
serum MMP-9 level with total MMSE score and total
MoCA score was (r= -0.519, P <0.05) and (r= -0.345, P
<0.05), respectively, indicating that there was a negative
correlation between serum MMP-9 level and cognitive
function. The Pearson correlation coefﬁcient of serum
MMP-9 level with total imaging load was (r=0.387 and P
<0.05), demonstrating that there was a positive correlation between serum MMP-9 level and cognitive function.
The results of the ROC curve analysis of the diagnostic
value of serum MMP-9 level and tHcy level in predicting
cognitive dysfunction in patients with CSVD are summarized in Table 3 and Fig. 8. It was revealed that serum
MMP-9 level and tHcy level were statistically signiﬁcant
in both groups (P <0.05). To further analyze whether the
serum MMP-9 leveland tHcy level had diagnostic value
in patients with cerebral microangiopathy, ROC curve
analysis was performed. The results showed that the area
under the curve (AUC) value of MMP-9 in cognitive dysfunction group was 0.756 (0.649-0.863), and the sensitivity
and speciﬁcity were 0.975 and 0.750, respectively. The
area under the curve (AUC) value of tHcy in cognitive
dysfunction group was 0.727 (0.615-0.839), and the sensitivity and speciﬁcity were 0.975 and 0.750, respectively.

Discussion
Cerebral small vessels are crucial to maintenance of
adequate blood ﬂow to the sub-surface brain structure.
They include small arteries, arterioles, venules, and
capillaries.6 CSVD is a syndrome of clinical, imaging, and
pathophysiological changes caused by small blood vessel
lesions in the brain. Its clinical symptoms are diverse,
mainly
including
cognitive
dysfunction,
sleep
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disturbance, movement disturbance, and other manifestations. CSVD is also known as "asymptomatic stroke" or
"resting stroke" because of its hidden clinical symptoms.
However, due to the lack of speciﬁcity in clinical manifestations of CSVD, its diagnosis relies mainly on imaging
manifestations. It has six imaging manifestations, such as
WHM, new subcortical small infarct, lacunar and lacunar
infarction, Virchow-Robin spaces, microhemorrhage, and
brain atrophy.7 To date, clinical researches have shown
that CSVD has been the main pathogenic factor of 45% of
dementia patients and 20% of stroke patients worldwide.
In recent years, it has become a common disease, threatening human health.8,7 Development of therapeutic
approaches for CSVD has markedly attracted scholars’
attention. As for the pathogenesis of CSVD, a previous
research demonstrated that its pathogenesis is related to
the damaged composition of the blood-brain barrier
(BBB), leading to the insufﬁcient supply of local cerebral
blood ﬂow.9 The components of the BBB include vascular
endothelial cells, basement membrane, astrocytes, and
pericytes. Some studies also suggested that non-familial
cerebral small vessel disease starts in vascular endothelial
cells. When vascular endothelial cells are damaged, they
can affect the entire brain and lead to the dynamic evolution of focal damage.10,11
MMPs are a highly conserved class of proteolytic
enzymes. MMPs can disrupt and degrade most of the protein components in the extracellular matrix (ECM). Multiple MMP species are involved in the regulation of the BBB
permeability, integrity, and its function, of which MMP-9
plays the most important role. MMPs are a large family
divided into 6 classes in total, including gelatinases, collagenases, stromelysins, stromelysins, furin-activated
MMPs, and other secreted MMPs. Type IV collagenase is
one of the most important types of collagenases. MMP-9
plays a critical role in diverse physiopathological processes. A variety of cells can secrete MMP-9, such as vascular endothelial cells, neutrophils, macrophages,
dendritic cells, etc.12 MMP-9 gene is located in chromosome 20q11.1-13.1, 26-27 kbp, with 13 and 9 genes. Its
structure includes hydrophobic signal peptide sequence,
propeptide region, catalytic active region, structural
domain, etc.13 Inﬂammation, impaired BBB, and extracellular remodeling are considered as three mechanisms for
CSVD. Inﬂammation and extracellular remodeling can
both affect impaired BBB function through MMPs, while
the main mechanism has still remained elusive.14 In the

Table 3. Results of the ROC curve analysis of the diagnostic value of serum MMP-9 level and tHcy level in predicting cognitive dysfunction in patients with CSVD.
AUC
MMP-9
tHcy

0.756
0.727

Significance
0.000
0.000

Sensitiveness
0.975
0.975

Specificity
0.750
0.750

95%CI
Lower limit

Upper limit

0.649
0.615

0.863
0.839
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Fig. 8. The ROC curve analysis of the diagnostic value of serum MMP-9 level and tHcy level.

vasculature, MMP-2 and -9 are produced by smooth muscle and endothelial cells, whereas MMP-7 and -12 are
mainly secreted from macrophages. Under the action of
plasmin, MMP-2 is activated to promote the release of
pro-inﬂammatory factors, such as MMP-9, which in turn
affects the BBB function.15 In normal physiological conditions, MMP-9 is involved in the remodeling of ECM and
regulates cell cell contacts.16 A previous study reported
that MMP-9 level increased in human brain tissue after
cerebral ischemia,17 suggesting that MMP-9 level is associated with cerebral perfusion. Recent studies found that
MMP-9 plays an important role in learning and memory
functions by regulating the morphology and function of
synapses.18,19 Previous studies conﬁrmed that MMP-9 has
a certain diagnostic value in cognitive dysfunction. In the
present study, the results also revealed that the serum
MMP-9 level has a certain correlation with cognitive dysfunction, and has a certain diagnostic value as well. The
results of a previous research showed that MMP-9 level
has a certain correlation with cognitive function, mainly
in visuospatial and executive functions.20,21 Although the
results of the ROC curve analysis in the present study
indicated that serum MMP-9 level has a diagnostic value
for cognitive dysfunction in CSVD, there are still some

shortcomings, including small sample size and insufﬁcient diagnostic value. Therefore, additional studies need
to be conducted to eliminate these shortcomings and to
conﬁrm our ﬁndings. MMP-9 can be implicated in multiple CNS diseases through the inﬂammatory immune
responses, such as stroke, neurodegeneration, epilepsy,
etc. Therefore, the speciﬁcity of MMP-9 is difﬁcult to be
detected. This may be related to the fact that MMP-9 with
other neurological factors, as diagnostic markers for CNS
diseases, can further improve diagnostic speciﬁcity. Several studies have developed new biosensors that can rapidly detect MMP-9 level.22,23 In the future, further
technologies will be developed for the treatment of
patients with cognitive impairment using serum markers.
In this study, it was also found that tHcy has a certain
correlation with cognitive dysfunction in patients with
CSVD, and the ROC curve results show that it has certain
diagnostic value for cognitive impairmen. High tHcy levels have been shown to be a risk factor for cerebrovascular
disease. Compared with MMP-9, tHcy can be detected in
clinical routine test items, which is more convenient.
THcy levels can be reduced by supplementing vitamin
B12 and methylcobalamin in clinical treatment. It can be
used as a secondary prevention indicator of stroke

RELATIONSHIP BETWEEN MMP-9 SERUM LEVELS AND THCY LEVELS

together with hypertension and diabetes. MMP-9 cannot
be tested in routine clinical tests at this time. However,
previous ﬁndings have shown that MMP-9 is associated
with the mechanism of cognitive dysfunction in CSVD.
Much basic research is still needed to explore the mechanisms involved. Although MMP-9 cannot be directly
intervened at present, if the mechanism can be further
clariﬁed, it can reduce or even prevent the development
of CSVD by inﬂuencing the relevant pathways.
Previous studies showed that CSVD is signiﬁcantly
associated with cognitive function, while these studies
only used single imaging as an evaluation index. Lesions
may have no obvious clinical symptoms when they
appear alone, hindering a comprehensive assessment of
the overall inﬂuence of CSVD on the brain. However, the
increase of a single lesion type and the combination of different lesion types were signiﬁcantly associated with cognitive dysfunction, affective disorders, and movement
disorders.24 Therefore, a great number of scholars have
attempted to use the four representative imaging manifestations of WHM, cerebral micro-bleeds, lacunae, and
Virchow-Robin space enlargement as the evaluation criteria for the total imaging load to more comprehensively
assess the severity of CSVD.25,26 The 2021 Chinese Expert
Guideline for Cognitive Disorders also recommended the
application of the total imaging load to assess the overall
severity of CSVD. In evaluating the comprehensiveness of
brain damage in patients with CSVD, the total imaging
load combined with multiple imaging manifestations is
more effective than the single imaging manifestations. In
the present study, the total imaging load was used as the
overall evaluation index. The results showed that patients
with cognitive dysfunction had higher total imaging load
scores, while those with normal cognitive function had
lower total imaging load scores. Further analysis of the
correlation between serum MMP-9 level and total imaging load showed the existence of a certain correlation. The
current study aimed to explore the correlation of serum
MMP-9 level with total imaging load and cognitive function, while there are still several deﬁciencies, hindering
analysis of the underlying mechanism. Therefore, the
mechanism of inﬂuencing cognitive function by MMP-9
has not been assessed in this study, indicating the necessity of conducting further relevant researches.
In conclusion, the serum MMP-9 level in patients
with CSVD was high, and the proportion of high
scores in the cognitive dysfunction group was greater
than that in the normal cognitive function group. The
results of the correlation analysis showed the existence
of a negative correlation. Therefore, serum MMP-9
level may be involved in the occurrence and development of cognitive impairment in patients with CSVD.
Serum MMP-9 level is of great signiﬁcance for the
diagnosis and treatment of cognitive function in
patients with CSVD, while further researches are still
required.
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