
Vol.:(0123456789)1 3

Molecular Biology Reports (2019) 46:4699–4707 
https://doi.org/10.1007/s11033-019-04914-4

ORIGINAL ARTICLE

Matrix metalloproteinase‑3 predicts clinical cardiovascular outcomes 
in patients with coronary artery disease: a 5 years cohort study

Imen Guizani1,3 · Wiem Zidi1 · Yosra Zayani1 · Selim Boudiche2 · Sameh Hadj‑Taieb1 · Haifa Sanhaji1 · Amira Zaroui2 · 
Rachid Mechmeche2 · Mohamed Sami Mourali2 · Moncef Feki1 · Monia Allal‑Elasmi1

Received: 27 November 2018 / Accepted: 11 June 2019 / Published online: 19 June 2019 
© Springer Nature B.V. 2019

Abstract
Matrix metalloproteinases (MMPs) are implicated in atherosclerosis evolution into a coronary artery disease (CAD). They 
could be used as biomarkers for a predictive approach when they are studied simultaneously. We aim in our study to dem-
onstrate prospectively in patients with history of CAD that MMPs level is linked to clinical cardiovascular outcomes. Two 
hundred and eighteen patients diagnosed with CAD were followed prospectively for 5 years in the Cardiology Department 
of la Rabta Hospital University. Clinical cardiovascular outcomes during the period of the cohort were recorded. Measures 
were performed for biological and matrix markers at baseline. MMP-3, MMP-8, MMP-9, TIMP-1 and TIMP-2 were meas-
ured by ELISA in Sandwich assay. Fifty-nine cardiovascular outcomes occurred during the cohort period. By multivariate 
analysis, only MMP-3 persisted as a predictor for cardiovascular events even after adjustment. This metalloproteinase have 
been shown to be an independent predictor for cardiovascular outcomes (HR = 3.01; CI (1.3–6.95). The found cut-off value 
by receiver operating curve (ROC) was used for Kaplan–Meier analysis and revealed that patients with MMP-3 level higher 
than 9.3 ng/mL had a lower survival rate (p = 0.03). MMP-3 baseline level in patients with history of CAD is a potential 
predictor for cardiovascular outcomes.
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Introduction

Atherosclerosis, a well-known pathophysiological phenom-
enon and the major cause for coronary artery disease (CAD), 
has been associated with matrix remodeling. The evolution 
and the rupture of atherosclerosis plaques are mediated by 
matrix metalloproteinases (MMPs), degrading enzymes that 
attack fibrous cap of these plaques [1]. Theses enzymes are 
produced by several types of cells including macrophages, 
smooth muscle and epithelial cells and have a wide range 
of substrates [2]. Extracellular matrix (ECM) equilibrium 
is regulated bya balance between MMPs and their tissue 

inhibitors of metalloproteinases (TIMPs) [3]. Atheroscle-
rosis evolution into CAD is due to several factors including 
MMPs that could be used as biomarkers for a predictive 
approach when they are studied simultaneously to improve 
cardiovascular risk prediction. A vascular remodeling is 
established, in order to respond to major factors like hyper-
tension, diabetes, lipid accumulation [4]. This process is 
an early reply to the probable establishment of an unsta-
ble angina, a heart failure, a stroke or an acute myocardial 
infarction (MI) [5]. Given that they are involved in ECM 
structure; abnormal MMPs activity has been related to the 
instability of plaque formation that is reflected in the com-
plication of the disease in human and animal models [6, 
7]. Consequently, several components of ECM increase by 
cardiac fibroblasts resulting in matrix breakdown [8–10]. 
One of the reasons for the progression of CAD is the imbal-
ance between MMPs and TIMPs that leads to the partial 
obstruction and even a total occlusion of coronary artery 
lumen [11].

Few cohort studies have investigated the effect of MMPs 
on CAD evolution. One of them investigated the MMP-9 
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association with MI and stroke risk in elderly patients and 
found an univariate association of MMP-9 serum level and 
both end-points without independent risk marker signifi-
cance [12].

Another study revealed the MMP-8 as an indicator of 
left ventricular remodeling in patients after acute MI [13] 
which has been associated to atherosclerosis development 
and was responsible for plaque collapse [14]. Furthermore, 
elevated TIMP-1 level predicted CAD in the Framingham 
study group [15]. In fact, only few MMPs circulating level 
were investigated for their impact in CAD evolution. Col-
lagenase-2 (MMP-8) is capable of degrading type I of colla-
gen [16] and gelatinase B (MMP-9) is capable of degrading 
gelatin [17]. Both of them are highly secreted in athero-
sclerosis lesions and are related to inflammation a major 
cause of the disease [18]. On the other hand, MMP-3 has 
a wide range of substrates including collagen types III, IV, 
IX and X, gelatin types I, III, IV and V. MMP-3 plays an 
activator role of other MMPs and is considered as a remod-
eling regulator [19]. TIMP-1 and TIMP-2 are specific tissue 
inhibitors of MMPs, interfering in the imbalance of degrada-
tion and secretion of matrix components [20]. The impact 
of all of these MMPs on a specific studied population may 
be revealed after a period of time and could highlight their 
effect on CAD patients. We aimed in our study to investigate 
prospectively the association between MMPs level and clini-
cal cardiovascular outcomes and their predictive value for 
CVD complications in patients with history of CAD.

Materials and methods

Study population

We recruited in 2008 (T0), 428 patients with angiographi-
cally documented CAD. Coronary angiograms were clini-
cally indicated and were performed in the Cardiology 
department of La Rabta Hospital University. Patients with 
a stenosis ≥ 50% in a major epicardial coronary artery were 
included. Excluded patients were those with history of 
hepatic, renal or cerebral disease. Exclusion criteria included 
also infections, autoimmune disease, valvular heart disease, 
peripheral atherosclerotic disease, recent MI < 72 h or any 
surgical procedure in the preceding 6 months. After con-
sidering exclusion and inclusion criteria, only 292 patients 
were considered for the study. Patients aged between 35 and 
70 years and were from both genders. One hundred ninety-
three healthy controls were also recruited: these controls 
were not suffering from any pathology and were normal in 
term of biological parameters, anthropometric measure-
ments and matrix markers. Controls were used as a refer-
ent group for the different studied parameters. All partici-
pants gave their informed consent. The survey protocol was 

approved by the ethics committee for human research of La 
Rabta Hospital and conforms to the 1975 Helsinki declara-
tion ethical guidelines.

Clinical follow up and endpoint of the study

The study endpoint combined fatal and non-fatal cardiovas-
cular outcomes according to Cutlip et al. recommendations 
[21]. The sample size calculation was performed before 
starting the study with a 95% statistical power with 5 years 
as a follow-up period and 2.4 hazard ratio capable of detect-
ing inter-group difference. The required sample was esti-
mated to be at least 89. Thereby, with 292 cases available 
for the cohort study we fulfilled the minimal need of patient 
number. Maintained patients were followed for 5 years, 
recorded death was classified in two sections: cardiovascular 
mortality and non-cardiovascular mortality. Cardiovascular 
mortality was recorded according to the death certificate 
in patients file present in the department of Cardiology. 
Non-cardiovascular mortality was obtained by contacting 
the patient family. At the end of follow-up all of the occur-
ring cardiovascular outcomes were noted. All of these events 
were recorded and have been considered for further analyses.

Sample collection procedure and biochemical 
analyses

Blood samples were gathered in the Cardiology department 
of La Rabta Hospital University. Patients’ peripheral blood 
was collected into heparin, citrate, and sodium-fluoride-
containing tubes after fasting overnight and centrifuged for 
15 min at 4 °C (3000 × g). Plasma samples were used for 
matrix markers analysis and have been stored at −80 °C. 
Measurements were performed after gathering the samples. 
Other biochemical analyses were performed in a period 
of 2 h. Glycaemia was determined by the glucose-oxidase 
method, cholesterol and triglycerides by colorimetric enzy-
matic methods. After precipitation with magnesium chloride 
phosphotungstate, HDL-cholesterol was measured. Immu-
noturbidimetric method was used to determine C-reactive 
protein (CRP) level. All of the biochemical analyses were 
performed using a Hitachi 912 analyzer (Roche Diagnostics, 
Mannheim, Germany).

Estimated Glomular filtration rate (eGFR) mL/min per 
1.73 m2 has been calculated according to the abbreviated 
Modification of Diet in Renal Disease (MDRD) study equa-
tion: GFR = 186 × (serum creatinine)−1.154 × (age)−0.203 × 1.21 
(in African subjects) and × 0.742 (in women), as mentioned 
in K/DOQI Clinical Practice Guidelines [22–24]. Immune 
cells like White blood cell (WBC), monocytes, neutrophils 
and lymphocytes were determined by complete blood count 
(CBC). ABX Micros 60 automaton (Horiba Medical, Kyoto, 
Japan) was used to determine Hematological parameters.
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Matrix markers measurements

Plasmatic levels of MMP-3 (DY513), MMP-8 (DY908), 
MMP-9 (DY911), TIMP-1 (DY970) and TIMP-2 (DY 971) 
were measured in citrate plasma using ELISA in Sandwich 
method (Duoset, R&D Systems, Lille, France). All samples 
were measured in duplicates. The inter-assay and intra-assay 
coefficients of variation were less than 6%.

Statistical analysis

Statistical analysis was performed using the SPSS software 
for Windows (version 18.0). The Kolmogorov–Smirnov 
test was used to verify the normality of the distribution of 
continuous variables. Normally distributed variables were 
compared using parametric tests (Student t test). In case of 
non-normal variable distribution which was the case of the 
studied MMPs and CRP, they were transformed into natu-
ral logarithm to improve normal distribution approximation 
and were also calculated by the same t test for parametric 
variables. Unpaired t test was used to compare independ-
ent series. Quantitative variables were shown as mean val-
ues ± standard deviation. Categorical variables were calcu-
lated by Chi square (χ2) Pearson test. Pearson correlation 
method was used for overall patients in order to study the 
different correlations between continuous parameters.

Cardiovascular occurring outcomes during the cohort 
were combined and associated to MMPs baseline levels 
using the Cox proportional hazard model. Regression mod-
els were used to assess the natural logarithm transformed 
levels of MMPs to clinical outcomes. Three models were 
used: the first one included age and gender. The other 

models included major risk factors and treatment (statins 
and β blockers). Since MMP-3 persisted in the three models, 
we used an additive effect for hazard ratios through progres-
sive adjustment by adding each time the measured level of 
MMPs in the study.

The sensitivity, the specificity and the cut-off value of 
MMP-3 were determined by the receiver operating curve 
(ROC) analysis. The Kaplan–Meier method was used to esti-
mate cumulative survival, and the differences in survival 
curves were compared with the log rank test. Statistical sig-
nificance was accepted when p < 0.05.

Results

Figure 1 showed the followed recruitment process of the 
studied population and the major occurring events. Of the 
292 recruited patients, sixty-nine were lost at follow-up due 
to the loss of contact like the change of phone number and 
the rejection of a second thought of an exam, fourteen died: 
cardiovascular reason (n = 9), and five for non-cardiovascular 
mortality including cancer (n = 2), accident (n = 2), unknown 
(n = 1). Only 218 were tracked in the cardiology department 
in 2013 and have been available for the cohort study. Among 
these patients, fifty-nine cardiovascular outcomes occurred 
in this period of time including: cardiovascular mortality 
(n = 9), MI (n = 5), strokes (n = 8), hospitalization for heart 
failure (n = 11), unstable angina pectoris with a repeat target 
for revascularization (n = 22), and renal dysfunction onset 
(n = 4) (Fig. 1).

Summarizing Table 1 showed that both groups of patients 
were more likely to be older, male, hypertensive and to have 

Fig. 1   Flow-chart for patient 
enrollment
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diabetes at baseline (Table 1). Recruited patients with and 
without fatal cardiovascular outcomes were older than con-
trols and presented a higher profile of biological parame-
ters when comparing the recruited patients to the controls. 
Patients had an increased level for major biological param-
eters, except for HDL and eGFR that have been higher in 
controls than patients.

The comparison between CAD stable patients and 
patients with fatal and non-fatal cardiovascular outcomes 
showed that there was not a particular variation between 
both groups except for urea (7.65 vs. 6.49; p < 0.01). Also 
inflammatory markers were significantly higher in both 
patients groups compared to controls.

Matrix marker levels were significantly higher in sta-
ble CAD patients, [ln MMP-8 (2.83 vs. 1.24; p < 0.01), 
ln MMP-9 (5.33 vs. 4.8; p < 0.01) and ln TIMP-1 (4.22 

vs. 3.86; p < 0.01)] when compared to controls. Similarly, 
MMP-3, MMP-8 and MMP-9 were elevated in patients 
with fatal and non-fatal cardiovascular outcomes com-
pared to controls. However, only ln MMP-3 level was 
found significantly higher in patients with fatal and non-
fatal cardiovascular outcomes compared to stable CAD 
patients (2.59 vs. 2.28; p = 0.02) (Table 2).

Cox regression analysis for overall patients using clini-
cal outcome and MMPs levels revealed only the MMP-3 
as a cardiovascular predictor factor for the established 
models.

After adjustment for age and gender ((model 1) HR = 1.62 
(95% CI: 0.93–2.83)) and then for major risk factor includ-
ing hypertension, diabetes, dyslipidemia, smoking, CRP, 
urea and eGFR only the MMP-3 remained significant 
((model 2) HR = 2.28 (95% CI: 2.23–4.23)).

Table 1   Baseline characteristics of the studied population

BMI Body mass index; SBP Systolic blood pressure; DBP Diastolic blood pressure; HDL-cholesterol High density lipoprotein-cholesterol; LDL 
Low density lipoprotein; eGFR Estimated glomular filtration rate, CRP C- reactive protein; WBC Whole blood cells; CVD Cardiovascular dis-
ease; p Controls vs stable patients, p′ Controls vs patients with fatal and non-fatal CVD
p* Stable patients vs Patients with fatal and non-fatal CVD

Controls N = 193 Stable patients N = 159 Patients with Fatal and 
non-fatal CVD N = 59

p p′ p*

Anthropometric parameters
Age (Years) 40.28 ± 15.84 55.79 ± 8.18 56.24 ± 7.15 0.00 0.00 0.27
 Gender (Women/Men) 127/66 58/101 15/44 0.00 0.00 0.34
 BMI (kg/m2) 27.32 ± 11.16 27.64 ± 4.76 28.61 ± 6.53 0.74 0.37 0.21
 SBP(mm/Hg) 118.38 ± 14.88 134.32 ± 20 137.27 ± 24.08 0.00 0.00 0.34
 DBP (mm/Hg) 75.2 ± 9.22 78.15 ± 11.33 80.61 ± 12.78 0.01 0.00 0.15
 Hypertension (%) – 68 67.3 – – 0.98
 Diabetes (%) – 53.3 51 – – 0.95
 Dyslipidemia (%) – 20 18.4 – – 0.83
 Smoking (%) – 17.3 10.2 – 0.43

Treatment in percentage
 Statins (%) – 44.7 42.9 0.37
 β Blockers (%) – 42 53.1 0.38

Biological parameters
 Fasting Glucose (mmol/L) 5.71 ± 2.27 7.38 ± 2.88 6.88 ± 2.88 0.00 0.00 0.39
 Urea (mmol/L) 4.32 ± 1.33 6.49 ± 2.33 7.65 ± 4.32 0.00 0.00 0.028
 Creatinine (µmol/L) 69.83 ± 52.42 96.88 ± 32.88 100.86 ± 32.26 0.00 0.00 0.5
 Uric Acid (µmol/L) 268.04 ± 85.56 338.67 ± 128.4 345.51 ± 112.93 0.00 0.00 0.76
 eGFR (mL/min per 1.73 m2) 158.34 ± 37.2 115.37 ± 33.78 120.2 ± 33.22 0.00 0.00 0.42
 Triglycerides (mmol/L) 1.2 ± 0.87 1.78 ± 1.43 1.43 ± 0.63 0.00 0.13 0.15
 Total cholesterol (mmol/L) 4.66 ± 0.95 4.73 ± 1.08 4.79 ± 1.5 0.59 0.57 0.84
 HDL-cholesterol (mmol/L) 1.13 ± 0.23 2.92 ± 0.38 1.08 ± 0.41 0.00 0.19 0.1
 LDL-cholesterol (mmol/L) 3.08 ± 0.77 2.92 ± 0.9 3.05 ± 1.32 0.12 0.88 0.51
 Ln CRP (mg/L) 0.27 ± 1.16 1.66 ± 0.88 1.7 ± 0.8 0.00 0.00 0.78
 WBC (109/L) 6.65 ± 1.92 7.9 ± 2.07 7.57 ± 2.06 0.00 0.1 0.41
 Neutrophils (109/L) 3.84 ± 1.63 5.64 ± 5.94 5 ± 1.59 0.00 0.00 0.53
 Lymphocytes (109/L) 2.11 ± 0.6 2.02 ± 0.65 1.87 ± 0.83 0.22 0.04 0.27
 Monocytes (109/L) 0.51 ± 0.2 0.65 ± 0.23 0.62 ± 0.24 0.00 0.004 0.54
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After further adjustment for treatment (statins and 
β-blockers) (model 3), the MMP-3 showed up to be an inde-
pendent predictor for cardiovascular outcomes ((model 3) 
HR = 3.01 (95% CI: 1.3–6.95)) (Table 3). Since MMP-3 per-
sisted in the three models, cumulative effect of MMPs was 
evaluated, each time by adding a matrix marker to the model. 
The obtained result proved the persistence of the MMP-3 in 
each model (Table 4). The correlation analysis with biologi-
cal parameters showed that MMP-3 correlated significantly 
to uric acid (p = 0.02; r = 0.17), urea (p = 0.02; r = 0.17), cre-
atinine (p < 0.001; r = 0.28), neutrophils (p = 0.02; r = 0.17) 
and negatively to eGFR (p < 0.001; r = −0.33) (Fig. 2).

The MMP-3 analysis by ROC test was significant 
(p = 0.021) with an area under curve (AUC) equal to 0.613; 
the cut-off value of 9.3 ng/ml with a specificity equal to 0.47 
and a sensitivity equal to 0.75 (Fig. 3). The found value was 
thereby used for Kaplan–Meier survival test according to 
MMP-3 basic level by the occurred events during the cohort 
period. The analysis showed that survival rate was elevated 
in patients having the MMP-3 level < 9.3 ng/ml. In contrast, 
the majority of occurring outcomes were present in patients 
having an MMP-3 level higher than 9.3 ng/ml. These results 
were illustrated in Fig. 4.

Table 2   Matrix markers baseline level in CAD patients

MMP Matrix metalloproteinase; TIMP Tissue inhibitor metalloproteinase, p Controls vs stable patients, p’ Controls vs patients with fatal and 
non-fatal CVD
p* Stable patients vs patients with fatal and non-fatal CVD

Matrix markers Controls N = 193 Stable patients N = 159 Patients with Fatal and non-
fatal CVD N = 59

p p′ p*

Ln MMP-3 (ng/mL) 2.18 ± 0.68 2.28 ± 0.74 2.59 ± 0.68 0.26 0.00 0.02
Ln MMP-8 (ng/mL) 1.24 ± 1.31 2.83 ± 0.82 2.71 ± 0.87 0.00 0.00 0.44
Ln MMP-9 (ng/mL) 4.8 ± 0.87 5.33 ± 1.16 5.71 ± 1 0.00 0.00 0.07
Ln TIMP-1 (ng/mL) 3.86 ± 0.74 4.22 ± 0.93 4.17 ± 0.95 0.00 0.05 0.79
Ln TIMP-2 (ng/mL) 4.23 ± 0.85 4.24 ± 0.59 4.33 ± 0.65 0.9 0.53 0.46

Table 3   Association between 
Ln MMPs levels and major 
cardiovascular outcomes 
occurring in the follow-up

Bold values indicate value for the MMP-3 persistence
Model 1: age and gender
Model 2: model 1 + Hypertension, Diabetes, Dyslipidemia, Smoking, CRP, Urea and eGFR
Model 3: model 2 + treatment
MMP Matrix metalloproteinase; TIMP Tissue inhibitor metalloproteinase, HR Hazard risk, CI Confidence 
interval

Model 1 Model 2 Model 3
HR 95% CI p HR 95% CI p HR 95%CI p

LnMMP-3 1.62 0.93–2.83 0.08 2.28 (1.23–4.23) 0.00 3.01 (1.3–6.95) 0.01
LnMMP-8 0.78 0.54–1.14 0.21 0.28 (0.49–1.23) 0.77 0.73 (0.38–1.43) 0.07
LnMMP-9 1.28 0.92–1.8 0.13 0.98 (0.7–1.37) 0.93 0.89 (0.61–1.3) 0.56
LnTIMP-1 0.93 0.62–1.41 0.75 0.72 (0.46–1.14) 0.16 0.56 (0.33–0.96) 0.3
LnTIMP-2 1.02 0.51–2.05 0.94 0.85 (0.43–1.68) 0.65 1.1 (0.61–2.01) 0.73

Table 4   Progressive adjustment by measured MMPs basic level with 
cardiovascular outcomes

MMP Matrix metalloproteinase; TIMP Tissue inhibitor metallopro-
teinase, HR Hazard risk, CI Confidence interval

HR (95% CI) p

Ln MMP-3 1.67 (1.04–2.68) 0.03

LnMMP-3 1.79 (1.79–2.93) 0.01
Ln MMP-8 0.79  (0.55–1.12) 0.19

Ln MMP-3 1.68 (1.03–2.74) 0.03
LnMMP-8 0.77 (0.54–109) 0.14
Ln MMP-9 1.28 (0.93–1.76) 0.12

Ln MMP-3 1.7 (1.04–2.77) 0.03
LnMMP-8 0.78 (0.54–1.13) 0.19
Ln MMP-9 1.28 (0.93–1.76) 0.12
Ln TIMP-1 0.95 (0.67–1.35) 0.78

Ln MMP-3 1.69 (1.03–2.74) 0.03
LnMMP-8 0.78 (0.53–1.14) 0.2
Ln MMP-9 1.28 (0.92–1.78) 0.13
Ln TIMP-1 0.95 (0.64–1.4) 0.79
Ln TIMP-2 1 (0.5–1.98) 0.98
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Discussion

The apparent power for the designed survey lies in the 
precision of the data. The recruited patients were followed 

Fig. 2   MMP-3 association with biological markers in patient group a Urea- b Uric acid- c creatinine- d neutrophils- e eGFR. r = correlation 
coefficient; r (p)

Fig. 3   ROC curve analysis using MMP-3 baseline level and overall 
occurring outcomes during the clinical follow-up. ROC curve analy-
sis with an area under curve equal to 0.613 and p = 0.021

Fig. 4   Kaplan Meier Survival curves for MMP-3 basic levels accord-
ing to the occurred outcomes during the follow-up period- p value 
by log Rank test. MMP-3 cut-off value was determined after analysis 
with ROC curve
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after 5 years. Biological, anthropometric and matrix mark-
ers were measured when the patients were included. Also, 
cardiovascular outcomes were recorded and have been 
considered. Our major finding is the direct association of 
the MMP-3 to cardiovascular outcomes in CAD patients.

Matrix metalloproteinases and inhibitors variation

The comparison of MMPs and TIMPs level in baseline 
showed the existence of significant variations between con-
trols, patients with and without cardiovascular outcomes. 
In relation with their endogenous tissue inhibitors, MMPs 
are involved in the activation, proliferation and migration 
of vascular cells. They are also implicated in the formation 
of new vessels and matrix remodeling including healing or 
ECM arteries destruction [25]. All of these functions explain 
the significant variation between controls and both groups 
of patients. It was shown that MMPs and TIMPs variation 
in plasma promotes the remodeling in myocardium and ves-
sels indicating the existence of interaction between theses 
enzymes and the occurring outcomes.

In fact, cardiovascular occurring outcomes result from 
fibrous cap destruction surrounding the luminal lesion 
side of atherosclerosis plaque [26]. Henney et al. showed 
the accumulation of the MMP-3 in atherosclerosis lesions. 
Isolated plaque cells from individual with atherosclerosis 
plaques presented stromelysin mRNA transcripts in smooth 
muscle cells. This accumulation reflects vascular remodeling 
related to plaque growth which contributes to the pathologi-
cal effect of matrix remodeling [27, 28].

Levels of MMP-9, MMP-8, TIMP-1 and TIMP-2 did not 
witness any kind of variation between both patient groups. 
One of the reasons behind the reduction of the enzymes 
is taking treatments. Sixty-nine point nine percent of our 
patients were under statins, a lowering cholesterol drug that 
have been shown to decrease MMPs level and expression 
[29, 30]. Experimental evidence proved that statins dys-
regulate MMPs in different type of cells in vitro [31], since 
they have a pleotropic impact including an immunomodu-
latory, anti-inflammatory and matrix-modulating effects. 
However, recent meta-analyses showed that statins does not 
affect MMP-3 level [32–34]. This result is in accordance 
with ours since the only found difference was in MMP-3 and 
was proved in the further performed analysis in Table 3 in 
the 3rd model. Also, Beta- blockers reduce MMPs activities 
to prevent from arterial stiffing and thereby cardiac dysfunc-
tion [35].

Persistence of MMP‑3 in CVD outcomes in CAD 
patients

The only persisting enzyme was the MMP-3 that remained 
as a significant predictor even after adjustment for probable 

risk factors. Known also as stromelysin, MMP-3 is widely 
expressed in human atherosclerotic lesions and has broad 
substrate specificity. Since it activates other MMPs, MMP-3 
could be considered as a leader of MMPs, which explains 
its persistence in years [36, 37]. On animal models, Johnson 
et al. proved that MMP-3 knock-out mouse had a detectable 
reduced remodeling impact afterward ligation. They sug-
gested that Pro MMP-9 was incapable of restoring vascular 
smooth muscle cells (VSMC) because of the lack of activa-
tion in MMP-3 absence [38].

In fact, as atherosclerosis persists, a reduction in elastin 
and an accumulation of collagen is witnessed inducing the 
decrease of elastin collagen ratio in the arterial matrix. This 
reduction leads to arterial compliance [39]. The existence of 
a common polymorphism 5A/6A in the MMP-3 promotor 
region could explain the association of the MMP-3 to the 
disease severity. On the one hand, the 6A allele is respon-
sible of MMP-3 decrease and leads to the progression of 
atherosclerosis and to collagen accumulation in arterial 
matrix [40, 41]. On the other hand, the 5A allele is related 
to MMP-3 increase and therefore to plaque instability [2, 
42]. The determined cut-off value used for Kaplan–Meier 
survival risk shows the MMP-3 can be used as a biomarker 
for CAD complications. A recent cohort study performed 
on male patients with and without acute coronary syndrome 
used the upper tertile of the MMP-3 value in order to predict 
MI [43].

According to Cavusoglu et al., patients having a higher 
MMP-3 level than 9.3 ng/mL had a lower survival rate, 
which means that MMP-3 can be used as predictor for car-
diovascular complications [43]. The determined value of the 
MMP-3 level in our study (9.3 ng/mL) is almost nearly the 
half of that found in the study of Cavusoglu study (20.56 ng/
mL).

It is true that the determined level (9.3 ng/mL) was not the 
same when we compared ours to Cavusoglu study (20.56 ng/
mL) and this could be due to the difference of inclusion and 
exclusion criteria between the studied patients. The studied 
patients where in the chronic phase of the disease and they 
took in consideration only the MI as a complication [43]. 
While the recruited patients of the current study were with 
a history of CAD and the considered criteria included car-
diovascular outcomes. Also the study used the upper tertile 
for the MMP-3 [43] whereas we used the ROC analysis to 
have a significant cut-off value.

MMP‑3 association with biological markers

MMP-3 correlated positively to renal markers (creatinine, 
uric acid, and urea) and negatively to the eGFR. This asso-
ciation was not affected by other bias since patients with 
a renal dysfunction were excluded from the study. Shilpak 
et  al. reported that atherosclerosis at non-renal sites is 
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associated with renal function decline [44] explained by an 
overexpression of MMPs that have the ability to fragment 
ECM for elimination. Capable of cleaving also nonma-
trix substrates, MMPs release growth factors engendering 
several complications [45]. MMP-3 activates other MMPs 
[46] and is expressed in podocytes and mesangial cells of 
glomerular basement membrane. Podocytes are linked to 
basement membrane by integrins. Integrin-linked kinase is 
induced by MMP-9 leading to podocyte release from glo-
merular basement membrane [47]. Also, the existent asso-
ciation between MMP-3 and neutrophils reveals its secretion 
as a consequence of an inflammatory response due to prior 
occlusion by atherosclerosis plaque. However, since it was 
not related to sensitive inflammatory markers like CRP, a 
low-grade inflammation phenomenon could be established 
[48, 49].

It was well established the MMP-3 has a predictive role 
in the disease complication. Inhibiting its effect by other 
endogenous inhibitors could be interesting despite the fact 
that the MMP-3 is implicated in other physiological roles.

To site, there are several limitations to the study, a group 
of controls followed for the same period of time could 
improve the founded cut-off value for MMP-3. Therefore, 
the strength of the actual study is the persistence of the 
MMP-3 as a predictor for cardiovascular complications. 
However, an intermediate time for another measure could 
give a better enzyme profile for the deceased patients. A 
larger cohort may ameliorate statistical analysis. Our major 
finding is the direct association of MMP-3 to CAD and to 
its cardiovascular complications and clinical outcomes. 
Effectively, MMP-3 revealed to be an important biomarker 
to CVD complications in patients with a history of CAD. 
MMP-3 could be serving as a predictive marker for a better 
treatment follow-up. An early performed analysis of MMP-3 
level in patients provides a better diagnosis to avoid further 
complications.
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