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Aims: Tissue inhibitors of metalloproteinase (TIMPs) bind to active matrix metalloproteinase (MMPs), and
thereby inhibit their proteolytic activity. We investigated the role of polymorphisms in the gene for TIMP-1 and
serum levels of TIMP-1 in association with postmyocardial infarction (MI), left ventricular (LV) dysfunction,
and symptoms of acute heart failure (AHF) in patients treated with primary percutaneous coronary intervention.
Methods: In total, 556 patients with STEMI were evaluated. Levels of TIMP-1 were measured at admission and
24 h after MI onset. The TIMP-1 exon 5 SNP rs4898 (F124F with T > C) located at X chromosome was assayed.
Results: TIMP-1 levels were higher for men with AHF as well as for men with LV dysfunction (ejection fraction
[EF] < 40%). According to multivariate analysis, the TIMP-1 level was a factor with an independent negative
relationship to EF and AHF in men. An independent relationship between exon 5 TIMP-1 gene polymorphism
and EF, AHF or TIMP-1 level was not documented. Conclusion: These results provide evidence that a higher level
of circulating TIMP-1 is independently associated with worse EF and AHF.

Introduction

The extracellular matrix (ECM) of the myocardium is
a dynamic network of proteins and proteoglycans. The

ECM plays a crucial part in the maintenance of ventricular
shape, size, and function. The structural integrity relies on a
balance between synthesis and degradation of ECM proteins.
The physical link between them is mediated by integrins, a/b
heterodimeric transmembrane glycoproteins that connect
ECM proteins to actin cytoskeleton and play a critical role in
transducing bidirectional signals between extracellular and
intracellular compartments (Giancotti and Ruoslahti, 1999).
Specific changes in the ECM start during myocardial infarc-
tion (MI) and after healing determine creation of the post-

infarction scar and remodeling. The largest part of the ECM is
formed by collagen, which is very stable and its degradation is
driven by specific collagenase; however, only 1%–2% of this
myocardial collagenase is present in its active form (Tyagi,
1993). After MI, collagenase activity is increased not only in
the infarction area, but simultaneously in the rest of the
myocardium. The destruction rate of the ECM in infarcted
and noninfarcted areas is a leading factor of the size and shape
of left ventricle after MI and myocardial systolic performance
(Baicu et al., 2003).

Range of the ECM destruction is governed by the balance
between matrix metalloproteinases (MMPs) and tissue in-
hibitors of metalloproteinases (TIMPs) activity. The TIMPs
family consists of four members: types 1, 2, 3, and 4 (Nagase
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and Woessner, 1999). TIMP-1 is a 184-amino acid glycoprotein
of molecular weight 28.5 kDa located at the short arm of the X
chromosome (Xp11.3–p11.23) (Docherty et al., 1985). It was
demonstrated that deficiency of TIMP-1 led to significantly
increased left ventricular end-diastolic volume (LVEDV) and
decreased ejection fraction (EF) after MI in TIMP-1 knockout
mice. The accelerated myocardial remodeling induced by
deletion of the TIMP-1 gene could be pharmacologically in-
hibited by matrix metalloproteinase (MMP) inhibitors (Iko-
nomidis et al., 2005). Increased levels of TIMP-1 in serum were
found in patients with MI (Furenes et al., 2009), and the higher
levels correlated with left ventricular (LV) dysfunction (Kelly
et al., 2008).

The TIMP-1 372T > C polymorphism in exon 5 has been
suggested to account for the great majority of polymorphisms
in the gene, whereas the other polymorphisms have a very
low frequency of occurrence (Hinterseher et al., 2007). In-
formation on the possible influence of polymorphism in the
gene for TIMP-1, on serum levels of TIMP-1, and on LV
function in the acute phase of MI has not yet been published.

We investigated the role of polymorphisms in the gene for
TIMP-1 and serum levels of TIMP-1 in association with post-
MI LV dysfunction and acute heart failure (AHF) early after
presentation in patients with STEMI treated with primary
percutaneous coronary intervention (PCI).

Patients and Methods

Approval of the study protocol

Written informed consent was obtained from all subjects
before participation in the study. The study protocol complied
with the Declaration of Helsinki. The study protocol was
approved by the local Ethics Committee of the University
Hospital Brno and by the Ethics Committee of the Masaryk
University (Brno, Czech Republic).

Study population

From November 2005 to October 2008, 913 patients with ST
segment elevation myocardial infarction (STEMI) were re-
ferred for primary PCI. They were admitted to the Coronary
Care Unit of the Cardiology Department of the University
Hospital Brno.

The STEMI diagnosis was based on symptoms consistent
with MI in conjunction with appropriate changes on electro-
cardiography, that is, ST-segment elevation or new left bundle
branch block (LBBB) and elevation in the levels of myocardial
necrosis markers (troponin I). Time from the onset of chest pain
until primary PCI was < 12 h. Standard therapy, that is, angio-
tensin-converting enzyme inhibitors, beta-blockers, and statins,
was given as soon as possible after primary PCI. PCI was un-
dertaken mostly by femoral access with stent implantation. Ex-
clusion criteria were: age > 80 years (n = 112); known or newly
diagnosed malignancy; inflammatory disease or connective-
tissue disease; known previous LV dysfunction; estimated life
expectancy < 12 months (n = 48); refusal to provide written
consent or noncompliance (n = 74); geographic factors (distance
from the place of residence to the hospital of > 100 km without
the possibility of follow-up; n = 35). In total, 51 patients were not
included because of technical and organizational problems. The
TIMP genotypes were not obtained for 37 patients. In total, 556
consecutive Caucasian patients with STEMI were included in

the present study. The diagnosis of AHF was assessed according
to clinical signs upon hospital admission and/or during hospi-
talization (Killip class I–IV). Mild AHF was defined as pulmo-
nary congestion with wet rales in the lower half of the lung fields
or S3 gallop.

Laboratory methods

Samples of venous blood for analyses of the activity of
B-type natriuretic peptide (BNP), N-terminal pro B-type
natriuretic peptide (NT-ProBNP), and TIMP-1 were drawn
immediately upon hospital admission before primary PCI
(sample 1). Blood samples were drawn again 24 h after the
onset of chest pain (sample 2). Samples were centrifuged
within 20 min in a refrigerated centrifuge, and the plasma and
serum were stored at–80�C. Standard biochemical and he-
matological blood tests were performed immediately upon
hospital admission before primary PCI and 24 h after the
onset of chest pain (including troponin I; Abbott Laboratories,
Abbott Park, IL). BNP was analyzed using the AxSYM BNP-
Microparticle Enzyme Immunoassay (Abbott Laboratories).
NT-ProBNP was analyzed using the Cobas E411 NT-proBNP
Imunoassay Kit (Roche Diagnostics, Indianapolis, IN). The
serum level of TIMP-1 was measured in duplicate using a
two-site sandwich enzyme-linked immunosorbent assay
(ELISA) (Amersham, Buckinghamshire, UK). This assay was
used to measure the level of free TIMP-1 as well as TIMP-1
complexed with various MMPs (MMP-1/TIMP-1 complexes).
The intra-assay coefficient of variation for TIMP-1 was < 5%.

Echocardiographic assessment

Echocardiography was carried out during the index ad-
mission (between the third and fifth day after MI onset). Left
ventricular end-systolic volume (LVESV), LVEDV, and LV EF
were estimated using the bi-planar Simpson’s rule from apical
two- and four-chamber views, or by the Teichholz formula.
Echocardiography was assessed by two operators using the
Vivid 7 or Vivid i systems (GE Vingmed Ultrasound, Horten,
Norway).

Invasive measurement

With the patient in the supine position, central aortic sys-
tolic blood pressure and diastolic blood pressure were mea-
sured before LV angiography using a fluid-filled 5-F pigtail
catheter before primary PCI. A diseased coronary vessel was
defined as one having ‡ 50% reduction of intraluminal di-
ameter in any of the coronary arteries (left main, left anterior
descending, left circumflex, right coronary) or the main
branches with a diameter ‡ 2.0 mm. Significant left main ar-
tery stenosis was classified as two-vessel disease.

Genetic analysis

DNA was extracted from peripheral leukocytes using the
standard proteinase K technique. The TIMP-1 gene poly-
morphism on the X chromosome included in the present
study was exon 5 SNP rs4898 (F124F with T > C).

Genotyping of the SNP was done using 5¢exonuclease
(Taqman�) chemistry on the ABI Prism� 7000 system (Ap-
plied Biosystems, Foster City, CA). All assays were validated
by direct sequencing using Big Dye in 1.1 terminator chem-
istry (Applied Biosystems).
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Statistical analyses

Summary statistics for categorical variables are shown as
frequencies and percentages. Normally distributed continuous
variables are shown as mean and SD or median and 5th–95th
percentile range for variables with a non-normal distribution.
Within all groups, the distributions of genotypes and consis-
tency of genotype frequencies with the Hardy–Weinberg equi-
librium were tested using the w2 test on a contingency table of
observed versus predicted genotype frequencies. The allelic
frequencies were compared by the Fisher’s exact test. Changes
within groups were analyzed by the Wilcoxon signed-ranks test
and differences between the two groups were analyzed by the
Mann–Whitney U test. Correlations were analyzed by Spear-
man’s rank order correlation coefficient. Predictive power of
variables for binary end points was assessed using receiver op-
erating characteristics (ROC) analysis.

The point estimates of the risk, the odds ratio (OR), and 95%
confidence interval (CI) based on logistic regression were esti-
mated and supplemented by their significance (Ward’s test);
univariate logistic regression was adopted for the preselection of
variables for the multivariate model. Multivariate linear re-

gression was applied for adjustment of markers of LV dys-
function on the influence of other variables. Preselection of
variables based on univariate linear regression and a backward
stepwise algorithm were used for the definition of these models.

A probability value of a< 0.05 was considered significant.
The power of tests and sample size were evaluated by
EpiInfo6. Statistical analyses were undertaken using Stat
View version 8.0 (SAS Institute Incorporated, Cary, NC), SPSS
18.0.1 (SPSS, Incorporated, Chicago, IL), and STATISTICA 8.0
(StatSoft, Incorporated, Tulsa, OK).

Results

Genotypes and levels of TIMP-1 were obtained for 556
patients of the study group. The gene for TIMP-1 is located on
the X chromosome; men and women were therefore analyzed
separately. Baseline characteristics for men and women are
shown in Table 1.

TIMP-1 levels

We found slightly higher levels of TIMP-1 for women in
comparison with men (Table 1). The significant differences of

Table 1. Baseline Characteristics of Study Population

All Mena Womenb

n = 556 n = 414 n = 142 pb

Age 62.6 (44.6; 78.9) 60.9 (43.9; 77.3) 68.2 (51.8; 79.9) <0.001
Weight 82 (63; 109) 85 (69; 110) 74 (53; 95) <0.001
BMI (kg/m2) 27.7 (22.5; 34.8) 27.8 (22.7; 35.4) 27.1 (21.2; 35.2) 0.083
Systolic pressure (mmHg) 140 (90; 185) 140 (98; 185) 140 (85; 190) 0.967
Diastolic pressure (mmHg) 80 (55; 105) 80 (60; 105) 76 (50; 100) 0.001
Pulse pressure (mmHg) 57 (27; 100) 55 (30; 89) 60 (25; 110) 0.039
Heart rate (min - 1) 73 (52; 107) 72 (50; 110) 74 (54; 105) 0.656
Time chest pain–balloon (min) 170 (60; 590) 169 (60; 585) 180 (75; 600) 0.022
Acute heart failure 27.7% 26.1% 32.2% 0.152
Smoking 55.0% 61.1% 56.9% 0.408
Diabetes mellitus 27.0% 24.5% 34.2% 0.015
Hypertension 56.3% 54.5% 61.7% 0.074
Hyperlipoproteinemia 83.0% 80.4% 89.3% <0.001
Previous ACEI/AT2 24.8/6.9% 23.9/7.2% 27.5/6.1% 0.382
Previous beta blockers 26.6% 24.5% 32.9% 0.031
Previous statins 16.5% 15.3% 20.1% 0.108
Previous diuretics 16.7% 13.7% 25.5% 0.001
Glycaemia (mM) 8.0 (5.5; 16.9) 8.0 (5.4; 16.4) 8.5 (5.6; 20.7) 0.037
Troponine I (ng/mL) 49.5 (2.9; 183.1) 51.6 (3.3; 198.0) 43.8 (2.5; 146.9) 0.018
Creatinine (mM) 88 (61; 137) 90 (67; 133) 80 (54; 144) <0.001
BNP admission (pg/mL) 64 (15; 490) 58 (15; 397) 92 (15; 505) <0.001
BNP (24 h) (pg/mL) 272 (68; 874) 241 (61; 820) 384 (89; 1305) <0.001
NTproBNP admission (pg/mL) 220 (30; 4605) 187 (27; 3004) 405 (61; 6757) <0.001
NTproBNP (24 h)(pg/mL) 1931 (370; 10427) 1632 (343; 8099) 3163 (707; 14711) <0.001
TIMP-1 admission (nM) 109 (62; 257) 107 (61; 252) 118 (64; 268) 0.022
TIMP-1 (24 h)(nM) 128 (77; 319) 124 (74; 316) 139 (88; 345) 0.023
TIMP-1 change after 24 h 20 (- 35; 135) 19 (- 35; 133) 21.0 (- 46; 137) 0.994
IRA–RIA 43.2% 42.9% 44.3% 0.750
Previous instability 34.6% 33.6% 37.6% 0.213
Previous infarction 12.1% 13.5% 8.1% 0.049
Collaterals of IRA 25.0% 23.4% 29.5% 0.085
EF (echo)(%) 52 (30; 68) 52 (29; 65) 51 (30; 69) 0.768
EDV/BSA (mL/m2) 61 (36; 92) 62 (39; 93) 56 (33; 85) <0.001
ESV/BSA (mL/m2) 27 (14; 51) 31 (16; 52) 25 (12; 47) 0.004

Significant values are indicated in bold.
aMedian (5th 95th percentile).
bMann–Whitney U test.
BMI, Body mass index; IRA, infarct-related artery; EDV, end-diastolic volume; ESV, end-systolic volume; BSA, body surface area.
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TIMP-1 levels in different groups are shown in Table 2. Higher
TIMP-1 levels were observed after 24 h after MI onset in com-
parison with the levels at admission. The significant differences
in TIMP-1 levels at admission (TIMP-1/1) according to in-
creasing levels of natriuretic peptides are demonstrated in
Figure 1a and b and according to decreasing estimated creati-
nine clearance in Figure 2. Furthermore, growing proportion of
patients with AHF according to increasing levels of TIMP-1 at
admission was observed (Fig. 3). Factors affecting the levels of
TIMP-1 at admission and at 24 h according to the multivariate
linear regression for all patients are shown in Table 3.

TIMP-1 levels and LV function

Since we found higher levels of TIMP-1 at 24 h (TIMP-1/2)
in males with LV dysfunction (EF < 40%) (Table 2), multi-
variate logistic regression was performed and the level of
TIMP-1/2 was identified as a factor with an independent
relationship to left ventricle dysfunction (Table 4). According
to ROC analysis, we identified cutoff values to predict
EF < 40% for TIMP-1 and compared area under the curve
(AUC) for TIMP-1 with AUC of other biomarkers (Table 5).
According to multivariate linear analysis, the TIMP-1 levels
were not independent factors affecting left ventricle volumes
EDV/BSA or ESV/BSA (data not shown).

TIMP-1 levels and AHF

In total, 27.1% of patients had signs of AHF. Higher levels
of TIMP-1 were determined in patients with AHF (Table 2).
According to the multivariate logistic regression model,
TIMP-1/2 was a factor with an independent relationship to
AHF (Table 4). Figure 3 demonstrates association of TIMP-1
levels upon admission with AHF prevalence.

TIMP-1 levels and TIMP-1 polymorphism

No significant difference was found in TIMP-1 levels upon
hospital admission and at 24 h after MI onset between the T
allele group and the C allele group for males, and among the
TT genotype group, the CT genotype group, and the CC ge-
notype group for females. The univariate analysis did not
reveal an association between levels of TIMP-1 and TIMP-1
polymorphism.

TIMP-1 polymorphism and LV function

In comparison with the C allele group of males, the T allele
group had higher EF according to echocardiography (median
EF 54.0% vs. 50.0%; p = 0.042). However, after adjustment of
EF for parameters affecting its value according to multivariate
linear analysis (previous MI, Infarct related artery-LAD,

Table 2. Comparison of Tissue Inhibitors of Metalloproteinase-1 Levels in Different Groups

of Patients According to Gender, Heart Failure, Ejection Fraction, and Diabetes Mellitus

Characteristics of the groups TIMP-1 group A (nM) TIMP-1 group B (nM) p

TIMP-1/1 men vs. women 107.70 117.0 0.02
TIMP-1/2 men vs. women 125.0 139.0 0.02
TIMP-1/1 vs. TIMP-1/2 for men 107.0 125.0 < 0.01
TIMP-1/1 vs. TIMP-1/2 for women 117.7 139.0 < 0.01
TIMP-1/1 for men with AHF vs. without AHF 123.0 101.0 < 0.01
TIMP-1/2 for men with AHF vs. without AHF 145.0 118.6 < 0.01
TIMP-1/2 for men with EF < 40% vs. EF > 40% 138.0 121.0 < 0.01
TIMP-1/2 for women with AHF vs. without AHF 145.4 135.0 0.05
TIMP-1/1 for men with DM vs. without DM 118.0 101.2 < 0.01
TIMP-1/2 for men with DM vs. without DM 137.0 121.0 < 0.01
TIMP-1/2 for women with DM vs. without DM 145.9 134.2 < 0.01

TIMP-1/1–level of TIMP-1 at admission; TIMP-1/2 level of TIMP-1 at 24 h after MI onset; TIMP, tissue inhibitors of metalloproteinase; EF,
left ventricular ejection fraction; AHF, acute heart failure; DM, diabetes mellitus.

FIG. 1. (a,b) Patients were divided
according to increasing values of tissue
inhibitors of metalloproteinase
(TIMP)-1 into 3 groups (tertiles); value
of B-type natriuretic peptide (BNP) at
admission and NT-proBNP increases
with the value of TIMP-1.
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troponin, pulse pressure, and NT-proBNP), the values of EF
were comparable (50.2% vs. 50.2%; p = ns).

Discussion

The present work is the largest study evaluating the asso-
ciation between TIMP-1 levels and LV dysfunction as well as
their relationship with rs4898 TIMP-1 polymorphism. We
consider very important that it was carried out with a ho-
mogenous group of patients with STEMI treated with pri-
mary PCI, while a previous study evaluated both patients
with STEMI treated with thrombolytic therapy and patients
with non-STEMI.

Although slightly higher values of TIMP-1 at admission
and at 24 h were found in the female group in comparison
with males, according to the multivariate linear analysis
(Table 3), the gender was not an independent factor influ-
encing the TIMP-1 value. TIMP-1 is located at the X chro-
mosome and should be expressed only from the active one.
The hypothesis about higher levels of TIMP-1 because of ex-
pression from the inactive X chromosome in human females
(Anderson and Brown, 2005) cannot be confirmed in the acute
phase of MI according to our results.

We found higher levels of serum TIMP-1 at 24 h from the
onset of MI compared with levels upon hospital admission.
These results are in consensus with Webb et al. (2006) who
demonstrated higher TIMP-1 levels at day 1 in post-MI pa-
tients, which remained elevated through day 180.

We found an association between higher TIMP-1 levels 24 h
after MI onset and a worse EF. Similar findings of a negative
correlation between the TIMP-1 level and EF and LVESV ac-
cording to prehospital-discharge echocardiography were re-
ported by Kelly et al. (2008). Also, Nilsson et al. (2012) reported
a negative correlation between the TIMP-1 level at 24 h and EF
according to the cardiac magnetic resonance assessed at day 5
and at 4 months. Weir et al. (2011) did not find a relationship
between plasma concentrations of TIMP-1 and long-term re-
modeling of LV after MI. On the other hand, experimental
knockout of the TIMP-1 gene in mice with MI caused worse
LV function and a greater cardiac dilatation (Ikonomidis et al.,
2005), and overexpression of TIMP-1 led to inhibition of MMP
activity together with more preserved systolic and diastolic
cardiac function ( Jayasankar et al., 2004). Also postmyocardial
pharmacologic inhibition of MMP was associated with an
increased LVEF and reduced LVEDV (Ikonomidis et al., 2005).
Unfortunately, our or other clinical studies failed to demon-
strate that patients should profit from higher levels of TIMP-1.
The main reason probably is that the value of TIMP-1 in
clinical conditions is correlated with the infarction size [as-
sessed via peak of creatin kinase (Kelly et al., 2008) or tropo-
nine (Table 3)]. Moreover, elevation of TIMP-1 over 24 h may
be triggered by reperfusion injury of myocardium after PCI.

In clinical practice, the value of TIMP-1 at admission or after
24 h is not a useful biomarker for prediction of left ventricle EF;
AUC for TIMP-1 is lower compared with Troponin T or BNP.

According to multivariate logistic regression, we demon-
strated a relationship between elevated TIMP-1 levels and
AHF (Table 4). In this analysis, the TIMP-1 value probably
expresses (or correlates) the total extent of acute MI damage
leading to AHF.

Observed elevation of TIMP-1 levels in patients with
DM is in consensus with the literature and could reflect a

FIG. 2. Patients were divided according to increasing val-
ues of TIMP-1 into 3 groups (tertiles); the figure demon-
strates decreasing creatinine clearance (estimated according
to MDRD formula) in tertiles of patients with an increasing
value of TIMP-1.

FIG. 3. Figure 3 demonstrates the growing proportion of
patients with acute heart failure in tertiles of patients with an
increasing value of TIMP-1.

1176 PAVKOVA GOLDBERGOVA ET AL.



compensatory response to degradative inflammatory en-
zymes (West et al., 2008; Kelly et al., 2010).

Association of TIMP-1 and creatinine levels is also in
agreement with the literature as the elevation of TIMP-1
concentrations in serum and urine has been shown in patients
with type-2 DM with worsening glomerular function and
diabetic nephropathy (Kanauchi M et al., 1996).

We did not find an association of TIMP-1 polymorphism with
circulating levels of TIMP-1 upon hospital admission or 24 h
after MI onset, and no relationship between TIMP-1 polymor-
phism and the onset of LV dysfunction after acute MI. There are
no data in the literature concerning the association between the
exon 5 polymorphism and circulating levels of TIMP-1 in MI.

Very interesting information is that TIMP-1 levels are af-
fected by previous treatment with statins and beta-blockers. It
was demonstrated that statins stimulated TIMP-1, which
subsequently inhibited MMP-1, -3, -9, and -13 (López-
Cuenca et al., 2010). For the first time, we demonstrated that
thrombus aspiration during acute STEMI could lead to lower
circulating TIMP-1 levels. Improvement of microcirculation
with possible lower myocardial injury after thrombus aspi-
ration could be the mechanism responsible for this result.

For the first time, we evaluated TIMP-1 polymorphism in
patients with STEMI and we did not find an association among
TIMP-1 polymorphism and TIMP-1 levels. Although this result
is enough to prove no influence of TIMP-1 polymorphism
through TIMP-1 levels on AHF or LV dysfunction, we per-
formed analysis and clearly confirmed no relationship of
TIMP-1 polymorphism and LVEF or AHF in patients with MI.
The results lead to a conclusion that the determination of TIMP-
1 gene polymorphism of the exon 5 is not a useful laboratory
test in clinical practice. We confirmed the relationship between
TIMP-1 levels and LV dysfunction expressed by EF, but the
value of TIMP-1 is not suitable in practice for predicting ven-
tricular dysfunction. Rather than a causal relationship between
the level of TIMP-1 and LV dysfunction, we consider this as-
sociation as epiphenomena, as elevated TIMP-1 levels are given
by the extent of MI. We demonstrated a relationship between
TIMP-1 levels and AHF for the first time.

Study limitations

A relatively small number of women is the main limita-
tion of the study. Another limitation could be the absence of
other mutations in the noncoding and coding regions of the
TIMP-1 gene.

Table 3. Multivariate Linear Analysis of Factors with Independent Relationship to Tissue Inhibitors

of Metalloproteinase-1 Level at Admission and Tissue Inhibitors of Metalloproteinase-1 Level

at 24 h for all Patients

TIMP-1/1 B (95% CI) Beta p

Sex: women 0.075 ( - 0.010; 0.160) 0.077 0.085
Diabetes mellitus 0.101 (0.023; 0.179) 0.106 0.012
NTproBNP at admissiona 0.053 (0.029; 0.078) 0.188 0.001
Creatininea 0.272 (0.120; 0.424) 0.156 0.001

TIMP-1/2
Delaya 0.090 (0.008; 0.173) 0.096 0.033
Diabetes mellitus 0.097 (0.011; 0.183) 0.097 0.028
BB before hospitalization - 0.295 ( - 0.475; - 0.116) - 0.168 0.001
Statins before hospitalization - 0.218 ( - 0.397; - 0.040) - 0.126 0.018
Troponine Ia 0.036 (0.006; 0.065) 0.106 0.018
Creatininea 0.382 (0.221; 0.543) 0.207 0.001
BNP at admissiona 0.045 (0.007; 0.083) 0.106 0.020
Thromboaspiration - 0.248 ( - 0.326; - 0.170) - 0.271 0.001

Significant values are indicated in bold.
aLogarithmic transformation.
Only variables were taken into multivariate analysis in which a significant relationship was found in univariate linear regression. All

variables taken into univariate linear regression are listed in Table 1.
BNP, B-type natriuretic peptide.

Table 4. The Multivariate Logistic Regression

of Factors with an Independent Relationship

to Acute Heart Failure and Ejection

Fraction £ 40% for Males

OR (95% CI) p

Acute heart failure
TIMP-1/2 5.570 (2.089; 14.850) 0.001
Pulse pressure 0.967 (0.950; 0.984) 0.001
Glycaemiaa 4.576 (1.761; 11.890) 0.002
IRA-RIA 1.672 (0.895; 3.123) 0.107
Delaya 1.726 (0.877; 3.398) 0.114
Collaterals of IRA 0.441 (0.185; 1.055) 0.066

EF £ 40%
TIMP-1/2 3.971 (1.355; 11.643) 0.012
Systolic pressure 0.978 (0.960; 0.996) 0.017
Delaya 3.048 (1.212; 7.664) 0.018
Glycaemiaa 2.711 (0.726; 10.128) 0.138
IRA-LAD 11.721 (4.019; 34.185) 0.001
Beta-Blockers 2.201 (0.803; 6.036) 0.125
DCV 1.991 (1.143; 3.467) 0.015
Hyperlipoproteinemia 0.306 (0.112; 0.832) 0.020
Previous infarction 6.239 (1.794; 21.703) 0.004

Significant values are indicated in bold.
Only variables were taken into multivariate analysis in which a

significant relationship was found in univariate logistic regression. All
variables taken into univariate logistic regression are listed in Table 1;
natriuretic peptides were not included into the multivariate model.

aLogarithmic transformation.
TIMP-1/2–level of TIMP-1 at 24 h after MI onset; IRA, infarct-

related artery; DCV, diseased coronary vessels; Delay, time chest
pain–percutaneous coronary intervention.
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Conclusion

The present study provides evidence that higher level of
circulating TIMP-1 is independently associated with worse
LV function and with AHF after STEMI treated by primary
PCI. We did not find significant effects of TIMP-1 polymor-
phism on the TIMP-1 level, LV dysfunction, or AHF failure in
patients with acute MI. Although previous studies demon-
strated that TIMP-1 may play an important role in LV re-
modeling after MI, according to our results, the measurement
of TIMP-1 level as a biomarker for early prediction of LV
dysfunction has no value in clinical practice.
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Table 5. Receiver Operating Characteristics Analysis for Prediction of Left Ventricular

Ejection Fraction < 40%

AUC (95% CI)a Sig. Cutoff Sensitivity Specificity

TIMP-1 (nM) at admission 0.534(0.467; 0.601) 0.357 ‡ 78.70 94.4% 17.6%
TIMP-1 (nM) 24 h 0.616(0.538; 0.694) 0.005b ‡ 144.95 53.4% 70.4%
Troponin I (ng/mL) 0.700(0.630; 0.771) < 0.001b ‡ 53.95 76.1% 58.1%
BNP (pg/mL) at admission 0.728(0.668; 0.788) < 0.001b ‡ 79.80 76.4% 64.5%
BNP (pg/mL) 24 h 0.769(0.710; 0.827) < 0.001b ‡ 299.70 80.3% 62.2%

aAUC, area under the curve with 95% confidence interval (CI).
bSignificant p values.
TIMP, tissue inhibitors of metalloproteinase.
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