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Background: Left ventricular remodeling is the basic pathological mechanism of heart failure following acute 
myocardial infarction (AMI). Determining sensitive indexes for the early prediction of ventricular remodeling 
is important for the prevention of heart failure. This study aims to investigate the value of serum TIMP-3, 
CA125, and NT-proBNP in predicting ventricular remodeling in patients with heart failure following AMI. 
Methods: From May 2017 to May 2018, 93 patients with heart failure following AMI were enrolled in the 
study. The participants were divided into two groups: the ventricular remodeling group (n=51) and the non-
ventricular remodeling group (n=42). In addition, 47 healthy subjects who underwent physical examinations 
in the same period were enrolled as controls. Serum TIMP-3, CA125, and NT-proBNP were measured, 
in addition to the left ventricular wall thickness (LVWT) and left ventricular mass index (LVMI). The 
correlation of serum TIMP-3, CA125, and NT-proBNP with the LVWT and LVMI was analyzed, and its 
value in predicting ventricular remodeling was evaluated. 
Results: Serum TIMP-3 level was lower (P<0.05) and CA125 and NT-proBNP levels were higher (P<0.05) 
in both the ventricular remodeling and non-ventricular remodeling groups compared with the control group. 
Furthermore, the serum TIMP-3 level was lower in the ventricular remodeling group compared with the 
non-ventricular remodeling group (P<0.05), while the levels of CA125 and NT-proBNP were higher in the 
ventricular remodeling group compared with the non-ventricular remodeling group (P<0.05). The serum 
TIMP-3 level was negatively correlated with the LVWT and LVMI, while serum CA125 and NT-proBNP 
levels were positively correlated with the LVWT and LVMI, respectively. The area under the receiver 
operating characteristic curve of the combination of serum TIMP-3, CA125, and NT-proBNP levels in 
predicting ventricular remodeling was 0.850, and the prediction sensitivity and specificity were 74.51% and 
87.71%, respectively. 
Conclusions: The combination of serum TIMP-3, CA125, and NT-proBNP can improve the sensitivity 
and specificity of predicting ventricular remodeling and can aid in the early prevention and treatment of 
heart failure. 
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Introduction

Acute myocardial infarction (AMI) usually involves 
acute myocardial ischemic necrosis caused by secondary 
thrombosis as a result of coronary artery disease, which 
has a high mortality rate. The survival rate of AMI has 
significantly improved in recent years in cases of early 
treatment as a result of technological innovations and 
the development of medical technology. However, the 
incidence of combined heart failure is increasing. Combined 
heart failure develops rapidly and has a high mortality rate. 
Hence, it has become a serious condition that threatens the 
lives and health of patients (1). 

Left ventricular remodeling is the basic pathological 
mechanism of heart failure following AMI and significantly 
increases the incidence of cardiac death. For this reason, 
determining sensitive indexes for the early prediction 
of ventricular remodeling and inhibiting ventricular 
remodeling are key bases for preventing and treating 
acute post-infarction heart failure (2). Tissue inhibitor 
of metalloproteinase-3 (TIMP-3) is a specific inhibitor 
of matrix metalloproteinase (MMP) activity and plays an 
important role in vascular remodeling and cardiovascular 
metabolism diseases (3). As biomarkers for heart failure, 
carbohydrate antigen CA125 and N-terminal pro-brain 
natriuretic peptide (NT-proBNP) have predictive value 
for the mortality risk of acute heart failure (4,5). However, 
research exploring their value in predicting early ventricular 
remodeling remains scarce. 

In the present study, serum TIMP-3, CA125, and NT-
proBNP levels in patients with AMI complicated with heart 
failure were measured, and the values of the single and 
combined uses of these indicators in predicting ventricular 
remodeling were analyzed to provide a reference for the 
early prevention and treatment of heart failure. We present 
the following article in accordance with the TRIPOD 
reporting checklist (available at http://dx.doi.org/10.21037/
cdt-20-399). 

Methods

General information

The present research was a retrospective cohort study. A 
total of 93 AMI patients with heart failure who were treated 
in our hospital from May 2017 to May 2018 were enrolled 
in the study. Forty-seven healthy subjects who underwent 
physical examinations during the same period were enrolled 

as controls. The study was conducted in accordance with the 
Declaration of Helsinki (as was revised in 2013). The study 
was approved by institutional ethics board of Hebei General 
Hospital [2017 Scientific Research Proceedings No. (144)], 
and informed consent was provided by all patients.

The inclusion criteria for patients were as follows: 
(I) patients met the Guidelines for the Diagnosis and 
Treatment of Acute ST-segment Elevation Myocardial 
Infarction with chest pain for more than 30 minutes; 
abnormally elevated myocardial injury markers were 
present, such as creatine kinase and troponin; and there was 
electrocardiogram (ECG) ST segment elevation >0.1 mv in 
two or more adjacent leads (6). (II) Patients met the post-
infarction heart failure diagnostic criteria. According to the 
ESC Guidelines for the Diagnosis and Treatment of Acute 
ST-segment Elevation Myocardial Infarction 2017, the 
patients were at Killip grades II, III, and IV (7). (III) Subject 
participation was approved by the Ethics Committees of our 
hospitals and informed consent was provided by the patients 
and their families. The exclusion criteria were as follows: 
(I) patients with a previous history of myocardial infarction, 
cardiac insufficiency, and heart related diseases; (II) patients 
with other with severe diabetes, malignant tumors, and 
infectious diseases; (III) patients with dysfunction of the 
liver, kidney, thyroid, or other organs; (IV) patients with 
connective tissue and/or autoimmune diseases. 

Detection of serum indices 

Twenty-four hours following admission, in a fasted state 
on the morning of the day following physical examination, 
5 mL blood was drawn from the elbow vein of each AMI 
patient with heart failure, and 5 mL blood from the elbow 
vein was also drawn from all members of the control 
group. The serum was separated within two hours after 
blood sampling and was reserved by cryopreservation. 
Serum TIMP-3 levels were detected using an enzyme-
linked immunosorbent assay (ELISA) purchased from 
Yuanmush Biotech (Shanghai, China). Serum CA125 levels 
were detected by electrochemiluminescence. The CA125 
quantitative test kit (chemiluminescence) was purchased 
from Relia Biotechnology (Jiangsu) Co., Ltd. Serum NT-
proBNP levels were detected by immunofluorescence. 
The VIDAS NT-proBNP kit was purchased from Relia 
Biotechnology (Jiangsu) Co., Ltd, and the automatic 
biochemical analyzer was obtained from Backman Coulter 
(China) Co., Ltd. 
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Ultrasound detection and grouping 

The left ventricular mass index (LVMI) was calculated. An 
increase of ≥20% of the left ventricular end-diastolic volume 
(LVEDV) at the sixth month after onset compared with 
the third day after onset was suggestive of left ventricular 
remodeling, while an increase of <20% suggested non-left 
ventricular remodeling. 

Statistics analysis

Statistical analysis was conducted using statistical software 
SPSS 22.0. Measurement data were expressed as mean 
± standard deviation (mean ± SD). Data were compared 
among the three groups using a one-way analysis of 
variance and between two groups using a t-test. Count 
data were expressed as a percentage and were compared 
among multiple groups and between two groups using an χ2 
test. The predictive values of serum indices on ventricular 
remodeling were analyzed through the receiver operator 
characteristic (ROC) curve, and the ventricular remodeling 
risk factors were analyzed using logistic regression analysis. 
P<0.05 was considered statistically significant. 

Results

Comparison of general information 

A total of 93 AMI patients with heart failure were enrolled 
in the study. Of these patients, 56 were male, and 37 were 
female. The age of the patients ranged from 42–78 years, 
with an average age of 61.42±13.36 years. In terms of the 
Killip classification, 26 patients were at grade II, 31 patients 
were at grade III, and 36 patients were at grade IV. Forty-
seven healthy subjects were enrolled as controls. Of these 
subjects, 28 were male, and 19 were female. The age of the 

subjects in the control group ranged from 40–80 years, and 
the average age was 62.19±14.05 years. 

Patients with heart failure following AMI were examined 
by ultrasonography, and the LVEDV values were compared. 
Fifty-one patients exhibited left ventricular remodeling 
(including 8 patients at Killip II, 17 patients at Killip III, and 
26 patients at Killip IV), while 42 patients exhibited no left 
ventricular remodeling. Differences in general information 
between the control group, non-ventricular remodeling 
group, and ventricular remodeling group, including gender, 
age, and smoking status, were not statistically significant 
(P>0.05). Furthermore, differences between the non-
ventricular remodeling group and ventricular remodeling 
group in underlying diseases, such as hypertension and 
diabetes mellitus, were not statistically significant (P>0.05). 
The left ventricular wall thickness (LVWT) and LVMI were 
significantly higher in the ventricular remodeling group 
than in the non-ventricular remodeling and control groups 
(P<0.05), and the LVWT and LVMI were significantly 
higher in the non-ventricular remodeling group than in the 
control group (P<0.05; Table 1). 

Comparison of serum indexes 

Compared with the control group, serum TIMP-3 levels 
were lower in the ventricular remodeling and non-
ventricular remodeling groups, while the CA125 and NT-
proBNP levels were higher. Serum TIMP-3 levels were 
lower in the ventricular remodeling group than in the 
non-ventricular remodeling group, while CA125 and NT-
proBNP levels were higher in the ventricular remodeling 
group than in the non-ventricular remodeling group. The 
differences in serum TIMP-3, CA125, and NT-proBNP 
levels among the three groups were statistically significant 
(P<0.05; Table 2). 

Table 1 Comparison of general data among the three groups

Groups
Number 
of cases

Gender 
(M/F)

Age, years
Hypertension, 

n (%)
Diabetes 

mellitus, n (%)
Smoking, 

n (%)
LVWT (mm) LVMI (g/m2)

Control group 47 28/19 62.19±14.05 – – 17 (36.17) 8.76±1.98 114.32±28.44

Non-remodeling group 42 22/20 60.97±12.54 18 (42.86) 10 (23.81) 19 (45.24) 10.37±3.11* 127.73±30.25*

Remodeling group 51 30/21 61.48±13.26 25 (49.02) 14 (27.45) 29 (56.86) 12.14±3.85*# 152.21±41.43*#

χ2/F 0.367 0.095 0.352 0.160 4.245 14.557 15.482

P 0.832 0.910 0.553 0.690 0.120 0.000 0.000

To compared with the control group, *P<0.05; to compared with the non-remodeling group, #P<0.05. LVWT, left ventricular wall  
thickness; LVMI, left ventricular mass index.
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The correlation between serum indexes and ventricular 
remodeling 

In patients with heart failure following AMI, the serum 
TIMP-3 level was significantly negatively correlated with 
LVWT and LVMI (r=−0.485, −0.413; P=0.001, 0.009). 
Furthermore, the serum CA125 level was significantly 
positively correlated with the LVWT and LVMI (r=0.512, 
0.476; P=0.000, 0.000), while the serum NT-proBNP level 
was significantly positively correlated with the LVWT and 
LVMI (r=0.592, 0.525; P=0.000, 0.000; Table 3). 

Efficacy of serum indexes in predicting ventricular 
remodeling 

The area under the curve (AUC) for the serum TIMP-3 
level alone in predicting ventricular remodeling was 0.740, 
and the prediction sensitivity and specificity were 64.71% 
and 76.19%, respectively. The AUC of the serum CA125 
level alone in predicting ventricular remodeling was 0.759, 
and the prediction sensitivity and specificity were 56.86% 
and 83.33%, respectively. The AUC of the serum NT-
proBNP level alone in predicting ventricular remodeling 
was 0.697, and the prediction sensitivity and specificity 
were 55.86% and 80.95%, respectively. The AUC of the 
combination of serum TIMP-3, CA125, and NT-proBNP 

levels in predicting ventricular remodeling was 0.850, and 
the prediction sensitivity and specificity were 74.51% and 
87.71%, respectively. Therefore, combined prediction 
demonstrated the best sensitivity and specificity (Figure 1; 
Table 4). 

Logistic regression analysis of the ventricular remodeling 

Logistic regression analysis revealed that the lower the 
serum TIMP-3 level and the higher the serum CA125 and 
NT-proBNP levels, the greater the likelihood of ventricular 
remodeling. Therefore, TIMP-3, CA125, NT-proBNP, and 
Killip grade were risk factors for ventricular remodeling 
(Table 5). 

Discussion

Heart failure represents the end stage of AMI, and 

Table 2 Comparison of serum indices among the three groups

Groups Number of cases TIMP-3 (ng/L) CA125 (IU/mL) NT-proBNP (ng/L)

Control group 47 124.53±36.61 22.86±6.43 174.53±55.67

Non-remodeling group 42 75.62±19.74* 72.44±18.62* 814.37±168.42*

Remodeling group 51 51.26±15.47*# 142.59±41.27*# 1146.32±274.51*#

F 102.817 240.522 319.018

P 0.000 0.000 0.000

To compared with the control group, *, P<0.05; to compared with the non-remodeling group, #, P<0.05.

Table 3 The correlation between serum indexes and ventricular 
remodeling in patients with heart failure after acute myocardial  
infarction

Index
LVWT LVMI

r P r P

TIMP-3 −0.485 0.001 −0.413 0.009

CA125 0.512 0.000 0.476 0.000

NT-proBNP 0.592 0.000 0.525 0.000

Figure 1 The ROC curve of serum indices in predicting 
ventricular remodeling. ROC, receiver operator characteristic.
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ventricular remodeling is the main pathological basis 
of heart failure following AMI. Ventricular remodeling 
includes extra-cardiomyocyte collagen deposition, 
apoptos i s ,  vo lume over load ,  and card iomyocyte 
hypertrophy and occurs throughout the entire process of 
the occurrence and development of heart failure. Timely 
prediction and interruption of ventricular remodeling 
are important in the prevention and treatment of heart 
failure (8). MMPs are a large family of enzymes that 
degrade various extracellular proteins. MMPs are involved 
in several pathophysiologies, including angiogenesis, 
malignant tumor infi l trat ion and metastasis ,  and 
atherosclerosis; in addition, they play a role in tissue 
remodeling by degrading fibrous collagen (9). It has been 
found that the polymorphism of the MMP gene promoter 
region functional sequence, particularly MMP-3, plays an 
active role in the pathogenesis of coronary heart disease 
and is involved in myocardial infarction and coronary 
atherosclerotic plaque (10). In one animal experiment, 
MMP-3 expression was shown to be upregulated in the 
myocardial interstitium of mice with heart failure, wherein 
it promoted myocardial remodeling and accelerated 
heart failure (11). TIMP is a type of MMP inhibitor, 
and MMP/TIMP imbalance can cause abnormal extra-
cardiomyocyte collagen accumulation, which leads to 
ventricular stiffening and myocardial fibrosis and prevents 
myocardial relaxation and contraction. TIMPs can block 
MMPs from binding to their substrates and inhibit their 
activity, which subsequently delays the progression of 

ventricular remodeling (12,13). TIMP-3 is a member of 
the TIMP family and is a specific non-soluble protein 
that inhibits MMP activity. It has been shown that the 
activity of gelatinase increases and TIMP-3 level decreases 
at the end stage of human heart failure, which suggests 
that TIMP-3 may inhibit myocardial remodeling (14). 
The results of the present study found that the serum 
TIMP-3 level was significantly lower in the ventricular 
remodeling group than in both the non-ventricular 
remodeling and control groups; furthermore, it was shown 
to be significantly negatively correlated with the LVWT 
and LVMI. Such findings indicate that serum TIMP-3 is 
closely correlated with ventricular remodeling in patients 
with heart failure following AMI. CA125 mainly comes 
from epithelial cells. A number of clinical trials have found 
abnormal increases in the serum CA125 concentration 
to be associated with heart failure (15). The results of 
the present study revealed that serum CA125 levels were 
significantly higher in the ventricular remodeling group 
than in both the non-ventricular remodeling and control 
groups; in addition, serum CA125 levels were found to 
be significantly positively correlated with the LVWT and 
LVMI. Such findings indicate that increases in the serum 
CA125 level correlate with ventricular remodeling. The 
reasons for the abnormal increase in CA125 level are as 
follows: the overexpression of proto-oncogenes in serum of 
patients with heart failure increases the secretion of CA125 
and promotes myocardial remodeling. Furthermore, 
numerous inflammatory factors are secreted during heart 

Table 5 The logistic regression analysis of influence factors for ventricular remodeling

Index OR 95% CI P

TIMP-3 1.451 1.123–1.875 0.011

CA125 1.267 1.098–1.462 0.023

NT-proBNP 1.184 1.032–1.358 0.036

Killip grade 2.014 1.732–2.342 0.000

Table 4 The comparison of efficiencies of serum indexes in predicting ventricular remodeling

Index AUC 95% CI P Sensitivity (%) Specificity (%)

TIMP-3 0.740 0.639–0.826 <0.0001 64.71 76.19

CA125 0.759 0.659–0.841 <0.0001 56.86 83.33

NT-proBNP 0.697 0.593–0.788 0.0004 55.86 80.95

Combined prediction 0.850 0.761–0.915 <0.0001 74.51 87.71
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failure, which in turn increase the secretion of CA125, 
increasing the left ventricular filling pressure and changing 
the structure. Luo et al. found that the serum CA125 
level in diastolic heart failure increased as the cardiac 
grade increased and was correlated with heart function 
indicators. Such findings indicate that the serum CA125 
level correlates closely with the severity of heart failure and 
ventricular remodeling and can serve as a diagnostic and 
evaluation index for heart failure (16). 

NT-proBNP is mainly synthesized by cardiomyocytes, 
and an elevated expression of NT-proBNP can be used as 
a monitoring index for cardiac dysfunction and prognosis. 
As early as the 21st century, the European Association of 
Cardiology included NT-proBNP in the guidelines for the 
diagnosis and treatment of heart failure, which are widely 
used in ventricular function evaluation (17). However, the 
predictive value of NT-proBNP in ventricular remodeling 
remains controversial. Yang et al. revealed that serum NT-
proBNP levels were significantly higher in AMI patients 
with ventricular remodeling than in AMI patients without 
ventricular remodeling. This suggests that the serum NT-
proBNP level is a sensitive index for predicting ventricular 
remodeling in patients with AMI (18). The present 
study found serum NT-proBNP levels to be significantly 
higher in the ventricular remodeling group than in the 
non-ventricular remodeling group; furthermore, NT-
proBNP levels were significantly positively correlated 
with the LVWT and LVMI. This suggests that serum 
NT-proBNP correlates with ventricular remodeling in 
patients with heart failure following AMI, which is in line 
with conclusions reported by Yang et al. Furthermore, Wu 
et al. found that serum NT-proBNP was not correlated 
with left ventricular remodeling following percutaneous 
coronary intervention (PCI) in patients with acute ST 
segment elevation myocardial infarction and had no 
independent predictive value. Increases in its expression 
may correlate with decreases in the left ventricular 
ejection fraction, which could be the result of different 
diagnostic methods (19). In the present study, the value of 
serum TIMP-3, CA125, and NT-proBNP in predicting 
ventricular remodeling was analyzed. The results showed 
that serum TIMP-3, CA125, and NT-proBNP have 
independent predictive value in predicting ventricular 
remodeling in patients with heart failure following AMI. 
Though their sensitivity in independent prediction 
remains poor, the predictive sensitivity of the combination 
of TIMP-3, CA125, and NT-proBNP was found to be 
significantly increased. It has been shown that the Killip 

grade correlates with poor prognosis in patients with 
AMI. In the present study, 50.98% of 51 patients with 
ventricular remodeling were patients at Killip IV. The 
logistic regression analysis revealed that TIMP-3, CA125, 
NT-proBNP, and the Killip grade were all risk factors for 
ventricular remodeling. 

The present study has several limitations. First, the study 
was a single-center clinical study with a small sample size; 
therefore, there is a need to increase the sample size and 
conduct additional multicenter clinical studies. Second, 
the prognostic role of TIMP-3, CA125, and NT-proBNP 
in patients with heart failure after AMI was not identified 
in this study. Further studies are needed to investigate the 
prognostic role of these indicators. 

Conclusions

In summary, serum levels of TIMP-3, CA125, and NT-
proBNP can independently predict ventricular remodeling 
in patients with heart failure following AMI. These three 
indicators were found to have high specificity and low 
sensitivity. However, the AUC of the combination of these 
three indicators was higher than that of the three indicators 
alone in terms of predicting ventricular remodeling, and 
in combination, the sensitivity and specificity of prediction 
was also increased. This suggests that the early combined 
detection of serum TIMP-3, CA125, and NT-proBNP 
levels can improve the accuracy of predicting ventricular 
remodeling and are helpful in the early prevention and 
treatment of heart failure following AMI.
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