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Abstract
Background: Under physiological conditions, the myocardial extracellular matrix (ECM) is maintained by
matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs). However, certain
stimuli cause the upregulation of MMPs, which can lead to pathological remodeling of the ECM. We
assessed serum levels of MMPs and TIMP-2 in patients with myocarditis and their relationship(s) to
myocardial damage.

Methods: In total, 45 patients with myocarditis who underwent cardiac magnetic resonance imaging were
included, comprising 11 with concurrent chronic kidney disease (CKD). Blood samples were obtained to
assess serum levels of MMP-2, MMP-3, MMP-9, and TIMP-2.

Results: Serum MMP-2, MMP-3, and TIMP-2 levels negatively correlated with ejection fraction values in
patients with myocarditis, while MMP-3 levels correlated with longitudinal deformation (p<0.05). Serum
MMP-2, MMP-3, and TIMP-2 levels also negatively correlated with renal function, as assessed by the
estimated glomerular �ltration rate (p<0.05). Patients with myocarditis and concurrent CKD had higher
levels of MMP-2 and TIMP-2 than those without kidney damage.

Conclusions:

1. We demonstrated serum MMP-2, MMP-3, and TIMP-2 concentrations were related to left ventricular
ejection fraction, and MMP-3 levels correlated with longitudinal deformation, indicating MMPs play an
important role in the post-in�ammatory remodeling of the myocardium.

2. The occurrence of other heart diseases was an important element in modifying the relationship
between MMPs and the degree of myocardial damage.

3. Chronic kidney damage in patients with myocarditis results in increased MMP activity. A negative
correlation between eGFR and MMP-2, MMP-3 and TIMP-2, and a positive correlation between creatinine
and MMP-3 levels, underlines the role of �brosis in myocarditis with concomitant chronic kidney disease.

Introduction
The extracellular matrix (ECM) protects the geometry and integrity of myocardial tissues by creating a
"skeleton" upon which matrix proteins can anchor, and maintaining homeostasis between protein
deposition and degradation [1,2]. ECM transformations affect various physiological processes, including
cell growth and differentiation, as well as tissue development and formation [3]. The ECM is also
responsible for the transmission of mechanical forces within the vessels and heart, and affects the
diastolic susceptibility of the arteries [4].

The main mediators of remodeling within the ECM are matrix metalloproteinases (MMPs), i.e., enzymes
with the ability to degrade structural matrix proteins. Although the production of MMPs is usually low in
most tissues, certain stimuli (e.g. tissue damage, hyperglycemia, proin�ammatory factors, and
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aldosterone) can upregulate their transcription [5,6]. Under physiological states, ECM remodeling by
MMPs is strictly controlled by endogenous tissue inhibitors of metalloproteinases (TIMPs). However,
changes in the balance between MMPs and TIMPs have been shown to be involved in pathological
remodeling of the heart muscle and can contribute to acute damage during ischemia [1,2,7]. Indeed, there
is a general tendency to increase the proteolytic activity of MMPs in the myocardium during ischemia [7].
Such irreversible ECM remodeling has been shown to be responsible for both compensatory hypertrophy
and decompensated congestive heart failure [8]. Furthermore, the ventricular muscle remodeling
following myocardial infarction or damage due to viral infections has also been shown to be mediated by
MMPs [8,9].

MMPs can be divided into �ve groups based on their substrate and structure: matrylisins, collagenases,
stromelysins, gelatinases, and membrane metalloproteinases. Among them, MMP-2 and MMP-9 (also
called gelatinases A and B), which both digest structural proteins of the collagen-elastin network, are
implicated in the pathogenesis of coronary syndromes and heart failure [10-12]. Elevated MMP-2 levels
have been shown to stimulate adverse vascular remodeling and thrombotic effects, which accelerate
vascular damage [6,13]. Increased MMP-2 and MMP-9 activity have also been shown to be associated
with persistent low-grade in�ammation [14] and endothelial dysfunction [15]. Therefore, MMPs may
contribute to the myocardial changes observed in myocarditis.

Elevated MMP levels may also have signi�cant effects on the kidney. Indeed, increased MMP-9 levels
have been shown to be associated with kidney damage [16]. Increased MMP-3 (a stromelysin MMP)
levels may also cause kidney damage, as one of the main MMP-3 substrates is type IV collagen, an
important component of the basal membranes of the renal tubules and vessels [17]. MMP-2 has also
been shown to increase �brosis in the kidney [18]. Therefore, serum MMP levels may also in�uence
kidney function in patients with myocarditis.

As serum concentrations of MMPs typically increase as TIMP levels decrease, changes in TIMP levels
may also occur in cardiovascular disease. Indeed, such an imbalance in favor of proteinases is
associated with increased transformation and cardiovascular disease progression [5]. There are four
types of TIMPS (TIMP-1–4). However, different TIMPs inhibit the various MMPs better than others; for
example, TIMP-2 inhibits MMP-2 more effectively than other TIMPs. Therefore, reduced levels of TIMP-2,
in particular, may occur in myocarditis.

Study objective

The aim of the study was to assess the activity of MMPs, as well as the balance between MMPs and
TIMP-2, in the serum of patients with myocarditis as elements contributing to the remodeling of the ECM
and heart damage.

Material And Methods
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Fifty-eight patients hospitalized in the Cardiology Department from 2013 to 2017 with myocarditis
diagnosed based on the European Society of Cardiology (ESC) recommendations [19] were quali�ed for
the study. Patients underwent standard laboratory tests, electrocardiography, and echocardiography (GE
Vivid E9) during the �rst 24 hours of hospitalization. Each enrolled patient had a venous blood sample
drawn from an antecubital vein within 24 hours of admission, to assess the serum levels of MMP-2,
MMP-3, MMP-9, and TIMP-2. Blood samples were collected using a closed blood sampling system (BD
Vacutainer®); 4 ml of blood was drawn into a tube containing EDTA (for plasma recovery) and 4 ml into
a clot activator serum tube (for serum recovery). After centrifugation and fractionation, the separated
serum and plasma samples were stored at -72oC until analysis. MMP-2, MMP-3, MMP-9, and TIMP-2
concentrations were determined in the preserved blood serum using R&D Systems Quantikine® ELISA
kits (Bio Techne). Within 30 days of admission, cardiac magnetic resonance imaging (MRI) was
performed in patients using a General Electric Signa HDxT 1.5T scanner.

For the purposes of the presented study, patients with at least grade 2 hypertension, heart failure,
ischemic heart disease, or at least moderate valve disease were included in the group with signi�cant
heart disease prior to hospitalization.

Renal function was expressed as the estimated glomerular �ltration rate (eGFR). eGFR was calculated by
the abbreviated Modi�cation of Diet in Renal Disease (MDRD) formula:

eGFR = 186 × SCr – 1.154 × (age) - 0.203 × (0.742 if female)

where: eGFR indicates estimated GFR (ml/min/1.73 m2) and SCr is the serum creatinine level.

The following parameters were assessed by echocardiography: left ventricular ejection fraction (LVEF),
left ventricular end-diastolic dimension (LVEDD), left ventricular end-systolic dimension (LVESD), global
longitudinal strain (GLS), and segmental contractility disorders. Echocardiography was performed in all
patients within 48 hours of admission using a General Electric Vingmed Echocardiography system with a
2.5 MHz phased-array transducer. LVEF was calculated using the universal formula: EF = (LVEDV –
LVESV)/LVEDV x 100%, where LVEDV indicates left ventricular end-diastolic volume and LVESV is the left
ventricular end-systolic volume. LVEDV and LVESV were calculated using the Simpson biplane method, in
which the machine computes the left ventricular volume based on perpendicular cross-sections of the left
ventricle on the apical two- and four-chamber view, as determined by the operator.

Coronary angiography was performed in 29 patients, showing epicardial arterial changes in two of them.
Cardiac MRI was also used to assess LVEF, LVEDD, LVESD, and myocarditis-speci�c features, including
swelling and late gadolinium enhancement (LGE) using a General Electric Signa HDxT 1.5Tscanner. The
�nal analysis included 45 patients (7 women, 38 men), comprising 11 with chronic kidney disease, who
had cardiac MRI. Thirteen patients did not have an examination due to prior diagnosis, contraindications
(presence of magnetic material), disagreement or lack of cooperation of the patient. Among patients
undergoing cardiac MRI, three did not have contrast during the study, and LGE was con�rmed in the
subepicardial layer indicating myocarditis in 25 patients. In addition, cardiomyopathy was diagnosed in
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three cases: one case each of ischemic, hypertrophic, and dilated cardiomyopathy. The detailed
characteristics of the studied group are presented in Table 1.

Statistical methods

The analyzed variables were both of nominal nature, including dichotomous and interval variables. Basic
descriptive statistics were determined for interval variables: mean, standard deviation (SD), minimum and
maximum values, and a 95% con�dence interval (CI).

Contingency tables were the basis of the statistical analysis of variables in nominal scales, and Pearson's
linear correlation matrices for interval variables. The statistical signi�cance of the determined correlation
coe�cients r was veri�ed by the t test, with the assumed con�dence level α = 0.05. First, the general
relationships between the analyzed variables were assessed using principal component analysis (PCA).
The PCA model was estimated using the NIPALS iterative algorithm. The convergence criterion was set at
0.00001, setting the maximum number of iterations equal to 50. The number of components was de�ned
by determining the maximum predictive relevance by V-fold cross-validation, setting their maximum
number at Vmax = 7.

The resulting optimal PCA model was �nally reduced to two components. The results of the PCA analysis
are presented in Tables 2 and 3. The loading plot p1 vs. p2 allowed us to pre-determine the variables that
have the most signi�cant impact on the built model and select the most signi�cant correlations between
them. The variables selected in this way were then subjected to further statistical evaluation. Based on
the results of the PCA, the nominal dichotomous variable Signi�cant heart disease (YES/NO) was
considered the basic grouping variable. To determine its correlation with other variables, univariate
logistic regression was used with the free term ≠ 0. The parameters of the logit function were estimated
by the method of least squares using the Quasi-Newton algorithm at the initial default parameters values
of 0.1, setting the initial step size equal to 0.01. The convergence criterion for the logistic regression was
set at 0.00001. To assess the degree of correlation of the independent variables with the dichotomous
dependent variable, we used the logistic regression model to calculate the odds ratios (ORs) and their
95% CIs. The statistical signi�cance of built logistic models was assessed by the chi-square test for
degrees of freedom df=1 and an assumed level of signi�cance (α) of 0.05. Statistical analyzes were
performed using the STATISTICA PL® version 13 software.

Results
Using PCA, we determined the most important parameter differentiating the study group is the history of
signi�cant heart disease (Table 2). Univariate logistic regression analysis for signi�cant heart disease
showed a signi�cant increased OR for numerous parameters (Table 3).

Patients with chronic kidney damage had higher levels of MMP-2 and TIMP-2, although they were not
signi�cantly different from those with healthy kidneys in terms of N-terminal pro B-type natriuretic peptide
(NT-proBNP) levels and LVEF.
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Correlations

We observed negative correlations between eGFR and MMP-2, eGFR and MMP-3, and eGFR and TIMP-2
(Table 4). We also found creatinine positively correlated with MMP-3 concentration (Table 4). In addition,
the correlation between MMP-2 and TIMP-2 levels in patients with chronic kidney damage did not differ
signi�cantly from those without.

We found a statistically signi�cant negative correlation between MMP-2, MMP-3 and TIMP-2
concentration with LVEF (Table 5). Meanwhile, MMP-2, MMP-3 and TIMP-2 levels positively correlated
with LVESD. MMP-3 values also correlated positively with GLS. TIMP-2 values correlated positively with
LVEDD, GLS, and the LVESD assessed by MRI; and correlated negatively with the LVEF assessed by MRI
(Table 5). There were no signi�cant correlations between MMP-2, MMP-3, MMP-9, and TIMP-2 with serum
C-reactive protein (CRP).

Discussion
Available data indicate extensive in�ammatory processes exacerbate structural changes and may
accelerate the development of heart failure [20-22]. In particular, increased collagen synthesis in the
myocardium, along with its impaired degradation in response to pressure and volume overload, leads to
collagen accumulation within the heart, causing structural remodeling, myocardial stiffness, and �brosis
[23,24]. Indeed, biomarkers of myocardial in�ammation and ECM remodeling, such as MMPs, have
previously been shown to be important predictors of mortality [25].

Here we found serum MMP-2, MMP-3, and TIMP-2 levels were signi�cantly negatively correlated with
ejection fraction values in patients with myocarditis. Elevated MMP-2 activity may lead to abnormal
vascular remodeling by increasing the migration of vascular wall smooth muscle cells into the intima,
increasing �brosis, and reducing the elastin content [6,26]. In addition, MMP-2 increases the activity,
adhesion, and aggregation of platelets and thus contributes to thrombus formation [13]. Furthermore, in
patients with myocardial infarction, a higher initial concentration of MMP-2 was associated with a larger
infarct area and a reduced ejection fraction in an observation lasting over several months [27]. Therefore,
our results showing elevated serum MMP-2 levels and reduced cardiac function con�rm the relationship
already observed in patients with myocardial infarction.

We also observed a negative correlation between eGFR and MMP-2 levels. A previous study showed
higher MMP-2 levels were associated with episodes of cardiovascular disease in patients with type 1
diabetes observed for 12 years, and that baseline eGFR weakened the relationship between MMP-2 and
cardiovascular disease [28]. Therefore, the eGFR may at least partially shape the relationship between
MMPs and cardiovascular diseases. This hypothesis is supported by the observation that MMP-2 causes
changes that are characteristic for tubular epithelial-to-mesenchymal transition (EMT) of the kidneys,
leading to their increased �brosis, which, in turn, leads to impaired renal function [29]. Alternatively, higher
MMP-2 levels may result from reduced kidney function, although this is less likely as serum MMP-2 levels
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are only slightly dependent on renal clearance (the molecular weight of MMP-2 is higher than that of
albumin).

In addition to the negative correlation between eGFR and MMP-2, we observed a negative correlation
between eGFR and MMP-3. MMP-3 concentration was also previously shown to be associated with a
decrease in eGFR; however, the relationship between MMP-3 and total mortality did not change
signi�cantly after adjustment to the decrease in eGFR [30]. These results indicate increased
concentrations of MMP-2 and -3 probably only partially contribute to the decrease in eGFR, which
correlates positively with cardiovascular disease and total mortality [30].

MMPs may be of particular concern in heart failure patients with concurrent chronic kidney disease
(CKD). Indeed, Du et al. showed MMP-2 and MMP-9 levels increased over time in damaged tubules and
lead to renal �brosis, which is a typical phenomenon in progressive renal disease [31]. Other studies have
shown MMP-2 plays a pathological role in interstitial renal �brosis, probably by inducing EMT and
macrophage in�ltration [32]. In addition, Neal et al. showed increased MMP-2, MMP-9, and TIMP-1
activity in the aorta of patients with progressive kidney disease, and increased activity of MMP-2 in the
serum [33]. Increased tissue activity of MMP-2, MMP-9, and TIMP-2 levels were also demonstrated in rats
with CKD, with elevated TIMP-2 levels likely compensating for the increased MMP activity. There was also
a strong relationship between MMP-3 levels and albuminuria in rats with CKD, presumably due to
increased MMP-3-dependent proteolysis of type IV collagen [17]. Furthermore, parallel studies in patients
with CKD showed increased MMP-2 activity in arterial blood samples of patients who underwent kidney
transplantation accompanied by vascular calci�cation [29].

The Hsu T-W et al. study demonstrated that baseline MMP-2, -3 and -9 levels were the independent
predictors for faster eGFR decline and subsequent kidney disease progression. Their statistical analysis
showed also, that low basal eGFR and higher MMP-9 levels were the independent predictors of mortality
in CAD patients [34].

In our study, patients with chronic kidney damage had higher levels of MMP-2 and TIMP-2, although they
were not signi�cantly different from those with healthy kidneys in terms of N-terminal pro B-type
natriuretic peptide (NT-proBNP) levels and LVEF. In addition, the correlation between MMP-2 and TIMP-2
levels in patients with chronic kidney damage did not differ signi�cantly from those without, indicating
the balance is maintained between the MMP and its inhibitor in those with kidney damage. Although
such activation of MMP activity has already been observed in the cardiopulmonary setting and in severe
in�ammatory processes, our study is one of the �rst to show that chronic kidney damage in patients with
myocarditis increases MMP activity. Therefore, inhibition of MMPs may be a useful therapeutic strategy
in patients with myocarditis and concomitant CKD.

Limitations

There are several limitations to our study. First, plasma levels of MMP-2, -3, -9, and of TIMP-2 were only
determined at baseline. Therefore, the changes in plasma levels over time, revealing more details about
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outcome measures, are not known. Second, we do not know to what extent plasma levels re�ect the local
pathological situation at the tissue level. Finally, we only assessed a few MMPs and only one of the four
known TIMPs, so other MMPs and TIMPs may be involved in this pathogenic process.

Conclusions
1. We demonstrated serum MMP-2, MMP-3, and TIMP-2 concentrations were related to left ventricular
ejection fraction, and MMP-3 levels correlated with longitudinal deformation, indicating MMPs play an
important role in the post-in�ammatory remodeling of the myocardium.

2. The occurrence of other heart diseases was an important element in modifying the relationship
between MMPs and the degree of myocardial damage.

3. Chronic kidney damage in patients with myocarditis results in increased MMP activity.

4. A negative correlation between eGFR and MMP-2, MMP-3 and TIMP-2, and a positive correlation
between creatinine and MMP-3 levels, underlines the role of �brosis in myocarditis with concomitant
chronic kidney disease.
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Table 1. Detailed characteristics of the study group.
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  Mean Median SD Minimum Maximum Shapiro-Wilk 95% CI

MMP-2 [ng/mL] 208 192 62.97 133 446 <0.00001 190–225

MMP-9 [ng/mL] 851 799 438 166 1946 0.0159 736–966

MMP-3 [ng/mL] 18.41 16.33 8.71 5.12 49.88 0.00061 16.06–20.76

TIMP-2 [ng/mL] 91.87 84.85 27.25 56.6 183 0.00006 84.64–99.10

Age [years] 36.76 33 13.88 18 70 0.00021 33.11–40.41

CRP [mg/L] 45.60 26.47 59.87 0.12 303 <0.00001 29.71–61.49

BNP [pg/mL] 254 55.1 529 10 2197 <0.00001 102–406

Troponin [ng/mL] 9.09 4.97 11.63 0.01 44.8 <0.00001 6.77–18.36

Leukocytes [103/µL] 9.52 8.86 3.52 3.99 18.82 0.00081 8.59–10.44

Erythrocytes [106/µL] 4.79 4.84 0.59 3.12 5.82 0.0376 4.64–4.95

Hematocrit [%] 42.3 42.3 4.60 29.1 50 0.0259 41.09–43.51

Hemoglobin [g/dL] 14.4 14.55 1.81 9.4 17.4 0.0964 13.92–14.87

Potassium [mmol/L] 4.21 4.19 0.46 3.1 5.35 0.816 4.09–4.33

Sodium [mmol/L] 139 139 2.41 132 143 0.0409 138–140

Magnesium [mg/dL] 2.15 2.10 0.23 1.76 2.7 0.0992 2.09–2.21

Creatinine [mg/dL] 0.97 0.96 0.17 0.68 1.45 0.0969 0.92–1.01

eGFR 89.64 92 23.85 6 132 0.0005 83.37–95.91

LVEF [%] 54.29 60 14.56 15 75 0.00109 50.47–58.12

LVESD [mm] 36.5 35 8.99 22 62 0.00009 34.14-38.86

LVEDD [mm] 53.64 52 6.53 42 70 0.00269 51.92–55.36

GLS [%] -15.52 -16.5 5.56 -24.3 -1.1 0.0414 -17.60–(-13.44)

MR LVEF [%] 55.85 59 13.47 12 75 0.00012 51.8–59.9

MR LVESD [mm] 38.38 36 8.02 29 64 0.00003 3.60–4.08

MR LVEDD [mm] 53.98 54 5.66 44 70 0.011 5.23–5.57

Abbreviations: 95% CI, 95% confidence interval for the mean; BNP, B-type natriuretic peptide; CRP, C-reactive protein;

eGFR, estimated glomerular filtration rate; GLS, echocardiographic global longitudinal strain; LVEDD, left ventricular end-

diastolic dimension in echocardiography; LVEF, left ventricular ejection fraction in echocardiography; LVESD, left ventricular end-

systolic dimension in echocardiography; MMP, matrix metalloproteinase; MR LVEDD, left ventricular end-diastolic dimension in

cardiac magnetic resonance imaging; MR LVEF, left ventricular ejection fraction in cardiac magnetic resonance imaging; MR

LVESD – left ventricular end-systolic dimension in cardiac magnetic resonance imaging; SD, standard deviation; Shapiro-Wilk,

Shapiro-Wilk normality test; TIMP, tissue inhibitor of metalloproteinases

 

Table 2. Validity of variables based on the principal component analysis (PCA).
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Validity of variables Class Strength Validity

Significant heart disease YES 1 0.675568 2

Significant heart disease NO 2 0.675568 2

LVEF   0.611645 3

LVESD   0.598840 4

eGFR   0.571225 5

MMP-2   0.571186 6

TIMP-2   0.564665 7

ECHO contractility disorders YES 1 0.480446 9

ECHO contractility disorders NO 2 0.480446 9

LVEDD   0.476995 10

ECG Q wave NO 1 0.452301 12

ECG Q wave YES 2 0.452301 12

ECG ST depression NO 1 0.443172 14

ECG ST depression YES 2 0.443172 14

Age   0.409799 15

Male 1 0.404991 17

Female 2 0.404991 17

ECG ST elevation NO 1 0.380145 19

ECG ST elevation YES 2 0.380145 19

ECG inverted T wave YES  1 0.299024 21

ECG inverted T wave NO 2 0.299024 21

MMP-3   0.258577 22

ECG BBB NO 1 0.120286 24

ECG BBB YES 2 0.120286 24

MMP-9   0.103218 25

Creatinine   0.096657 26

Abbreviations: BBB, bundle branch block (right or left); eGFR, estimated glomerular filtration rate; LVEDD, left ventricular end-

diastolic dimension in echocardiography; LVEF, left ventricular ejection fraction in echocardiography; LVESD, left ventricular end-

systolic dimension in echocardiography; MMP, matrix metalloproteinase; TIMP, tissue inhibitor of metalloproteinases

 

Table 3. Univariate logistic regression analysis for a significant history of heart disease.
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Variable Odds ratio 95% CI  p

MMP-2  1.020 1.006–1.034 0.004

MMP-3  1.092 1.009–1.182 0.025

TIMP-2  1.048 1.017–1.081 0.002

Age  1.120 1.053–1.192 <0.001

eGFR 1.087 1.029–1.149 0.002

LVEF  1.089 1.034–1.147 <0.001

LVESD  1.176 1.070–1.293 <0.001

LVEDD  1.213 1.077–1.366 0.001

GLS  1.505 1.091–2.076 0.009

MR LVEF 1.093 1.022–1.169 0.008

MR LVESD  4.573 1.519–13.766 0.005

MR LVEDD 7.194 1.483–34.902 0.012

Female sex  11.143 2.627–47.264 0.001

Segmental contractility disorders 12.133 2.412–61.031 0.002

Abbreviations: 95% CI, 95% confidence interval; eGFR, estimated glomerular filtration rate; GLS, echocardiographic global

longitudinal strain; LVEDD, left ventricular end-diastolic dimension in echocardiography; LVEF, left ventricular ejection fraction in

echocardiography; LVESD, left ventricular end-systolic dimension in echocardiography; MMP, matrix metalloproteinase; MR

LVEDD, left ventricular end-diastolic dimension in cardiac magnetic resonance imaging; MR LVEF, left ventricular ejection fraction

in cardiac magnetic resonance imaging; MR LVESD – left ventricular end-systolic dimension in cardiac magnetic resonance

imaging; TIMP, tissue inhibitor of metalloproteinases

 
 

Table 4. Correlation of creatinine, eGFR and matrix metalloproteinases levels with tissue inhibitor level.

  Creatinine eGFR

MMP-2

 

0.156 -0.535

p=0.269 p<0.001

MMP-9

 

0.083 -0.102

p=0.560 p=0.470

MMP-3

 

0.464 -0.439

p=0.001 p=0.001

TIMP-2

 

0.249 -0.564

p=0.075 p<0.001

Abbreviations: eGFR, estimated glomerular filtration rate; MMP, matrix metalloproteinase; TIMP, tissue inhibitor of

metalloproteinases

 

Table 5. Correlation of biochemical values with the results of imaging studies in echocardiography and magnetic resonance

imaging.
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  LVEF LVESD LVEDD GLS MR LVEF MR LVESD MR LVEDD

MMP-2

 

-0.555 0.539 0.229 0.407 -0.373 0.338 0.216

p=0.007 p=0.010 p=0.306 p=0.060 p=0.087 p=0.124 p=0.334

MMP-9

 

-0.218 0.308 0.196 0.253 -0.084 0.220 0.044

p=0.329 p=0.164 p=0.381 p=0.257 p=0.711 p=0.325 p=0.845

MMP-3

 

-0.517 0.482 0.299 0.571 -0.319 0.324 0.284

p=0.014 p=0.023 p=0.177 p=0.006 p=0.147 p=0.141 p=0.201

TIMP-2

 

-0.685 0.668 0.426 0.540 -0.443 0.435 0.294

p<0.001 p=0.001 p=0.048 p=0.010 p=0.039 p=0.043 p=0.184

Abbreviations: GLS, echocardiographic global longitudinal strain; LVEDD, left ventricular end-diastolic dimension in

echocardiography; LVEF, left ventricular ejection fraction in echocardiography; LVESD, left ventricular end-systolic dimension in

echocardiography; MMP, matrix metalloproteinase; MR LVEDD, left ventricular end-diastolic dimension in cardiac magnetic

resonance imaging; MR LVEF, left ventricular ejection fraction in cardiac magnetic resonance imaging; MR LVESD – left

ventricular end-systolic dimension in cardiac magnetic resonance imaging; TIMP, tissue inhibitor of metalloproteinases

Figures

Figure 1
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Principal component analysis (PCA). Abbreviations: BBB, bundle branch block (right or left); eGFR,
estimated glomerular �ltration rate; LVEDD, left ventricular end-diastolic dimension in echocardiography;
LVEF, left ventricular ejection fraction in echocardiography; LVESD, left ventricular end-systolic dimension
in echocardiography; MMP, matrix metalloproteinase; TIMP, tissue inhibitor of metalloproteinases

Figure 2

Hotelling T2 Multivariate Control Chart


