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	 Background:	 This study was conducted to see whether increased values of serum CA125 and BDNF (brain-derived neuro-
trophic factor) on acute myocardial infarction (AMI) act as predictor for acute heart failure (AHF).

	 Material/Methods:	 Seventy-eight patients with clinically diagnosed cardiac function II–IV; and AHF were considered as the study 
group of this retrospective study and patients who had cardiac function I (without AHF) were considered the 
control group (n=82). The values of CA125 and BDNF were measured using enzyme-linked immunosorbent as-
say (ELISA) for developing the correlation with the Killip classification, and the diagnostic value of AHF.

	 Results:	 Statistically insignificant difference was noticed between baseline information e.g., blood pressure or smoking 
status of participants in study group and control group (P>0.05). The higher values of CA125 (5.68±1.8 U/mL 
or BDNF (19.48±5.3 pg/mL) in the study group had advantage over the control after independent sample t-test 
(P<0.001). A positive correlation was observed between values of the test substances and Killip classifications 
(I-IV) of cardiac functioning was observed (r=0.745, P<0.001; Spearman’s rank correlation coefficient). The sen-
sitivity and specificity of area under the curve (AUC) combined with serum CA125 and BDNF levels in the di-
agnosis of AHF was 91.02% and 81.63%, respectively.

	 Conclusions:	 Increased serum level of the test substances indicates severity of AHF-leading AMI. Thus, monitoring is needed 
to avoid risk of AHF.
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Background

Acute myocardial infarction (AMI) is a common critical emer-
gency. AMI refers to the reduction or interruption of coronary 
blood supply, which causes hypoxia and ischemia in the myo-
cardium of the heart and induces a series of serious compli-
cations after myocardial degeneration and necrosis [1,2]. With 
an increase in population age, changes in eating habits, and 
a fast-paced lifestyle, the incidence of AMI is increasing every 
year [3]. Acute heart failure (AHF) is the ultimate fate of car-
diovascular diseases, including AMI. Most patients with AMIs 
also have heart failure with different orders of severity. The 
incidence of AMI with AHF can reach 32.4%. AHF is the main 
reason for cessation of cardiovascular events after AMI treat-
ment [4]. Therefore, timely identification and diagnosis of AMI 
patients with targeted treatments are particularly important 
for the prognosis of AHF.

CA125 is a heavily glycosylated, high-molecular weight binding 
mucin that is recognized by the monoclonal antibody 0C125. 
It is divided into a transmembrane region, an extracellular re-
gion, and a cytoplasmic tail region, and its expression is in-
duced by inflammatory mediators and mechanical stress [5]. 
Previous studies have shown that patient CA125 levels have 
some connection with the severity of chronic heart failure 
(CHF), ultrasound parameters, and the degree of hemodynamic 
disorder. When heart failure worsens, CA125 levels rise sig-
nificantly [6,7]. Brain-derived neurotrophic factor (BDNF) is a 
small protein molecule first isolated from the brain of a pig. It 
is widely distributed in the peripheral and central nervous sys-
tem, and regulates the growth, differentiation, development, 
and death of nerve cells [8]. Studies have shown that BDNF is 
expressed in atherosclerotic vessels, vascular smooth muscle, 
and endothelial cells, and participates in angiogenesis, inflam-
mation response, and apoptosis of myocardial remodeling 
after AMI [9,10].

At present, CA125 and BDNF are mostly studied in relation to 
AMI. There is less research on the correlation between CA125 
and BDNF related to the Killip classification system and the 
combined AMI/AHF diagnostic value. This study explored the 
role and predictive value of CA125 and BDNF by examining 
the serum levels of CA125 and BDNF in AMI patients with AHF. 
The findings will support the practitioners in taking immediate 
steps against AHF on clinical reports of the test substances.

Material and Methods

Patient sampling

The medical record of 160 patients with AMI admitted to our 
hospital from March 2016 to April 2018 was analyzed for 

values of C125 and BDNF (to determine the Killip classifica-
tion) and status of AHF. According to the Killip classification, 
82 patients with cardiac function I without AHF represented 
the control group, and 78 patients with cardiac function II to 
IV combined with AHF were considered to be the study group. 
All study participants had given their written informed con-
sent before participating in the study.

Inclusion and exclusion criteria

Inclusion criteria was based on the AMI Guidelines for the 
Diagnosis and Treatment of Acute ST-segment Elevation 
Myocardial Infarction [3] diagnosis criteria; all new-onset AMI 
cases with complete clinical data were included. Patients with 
non-coronary atherosclerotic acute myocardial infarction, se-
vere liver and kidney disease, malignant tumors, active infec-
tions, chronic respiratory diseases, and hematopoietic dysfunc-
tion were excluded from the study. Patients with a previous 
history of myocardial infarction and patients suffering from 
mental illness or who had a family history of mental illness 
were also excluded.

Killip cardiac function rating

AMI cardiac function was assessed according to the Killip clas-
sification system [11], starting with Killip I: no heart failure, 
no lung rales, and no S3 heart sound; Killip II: left heart fail-
ure, wet rales in the middle and lower part of the lung (<50% 
lung field), and no S3 heart sound; Killip III: severe heart fail-
ure and pulmonary edema, fine wet rales throughout the lungs, 
and >50% lung field; and Killip IV: cardiogenic shock with dif-
ferent stages or different degrees of hemodynamic changes.

Sample collection and detection

Samples of 5 mL of venous blood was withdrawn from fasting 
patients, placed in a vacuum tube without anticoagulants, and 
centrifuged. The serum was stored in a –20°C low tempera-
ture refrigerator. Serum CA125 and BDNF levels were measured 
using enzyme-linked immunosorbent assay (ELISA) [14], with 
the testing performed according to the manufacturer’s instruc-
tions (Wuhan Merck Biotechnology Co., Ltd.). The sample and 
the kit were removed from the refrigerator 30 minutes prior to 
testing to acclimate to room temperature, and to set up a reac-
tion well, a standard well, and a blank well. No samples were 
added to the blank well. The remaining wells received 50 μL 
of the sample to be tested or standards with different dilu-
tions and 50 μL of biotin-labeled antibody was then added to 
all wells. The wells were covered with a membrane and incu-
bated at 37°C for 1 hour. The liquid was removed and washed 
thrice. Affinity streptavidin (80 uL) was then added to each well. 
This mixture was mixed and incubated at 37°C for 30 minutes. 
The liquid was again removed, spun dry, and washed thrice. 
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A working solution of substrate A and B (50 uL) was added to 
each well. This mixture was mixed and incubated at 37°C for 
10 minutes in the dark at room temperature to allow for color 
development. A stop solution (50 uL) was then added to each 
well and the O.D. at 450 nm was determined using a fully au-
tomated enzyme label analyzer (Meigu Molecular Instruments 
(Shanghai) Co., Ltd.). This value was used to calculate the lev-
els of CA125 and BDNF.

Statistical method

Statistical analysis was performed using SPSS 20.0 (Beijing 
Strong Vinda Information Technology Co., Ltd.), and the mea-
surement data were expressed as mean ± standard deviation 
(x±SD). Comparison of continuous data between groups was 
carried out using a t-test. Comparison of enumeration data be-
tween groups was carried out using the chi-squared test. The 
correlation between serum CA125 and BDNF levels and the 
Killip classification was analyzed using Spearman’s rank cor-
relation coefficient. A receiver operating characteristic (ROC) 
curve was used to evaluate the diagnostic efficacy of serum 
CA125 and BDNF levels on AHF. The difference was consid-
ered statistically significant when P<0.05.

Results

Baseline data of control group and study group

In the control group, there were 51 males and 31 females, 
aged 51–80 years old, with an average age of 64.15±7.35 
years; 32 patients with diabetes; 28 patients with hyperten-
sion; and 22 patients with hyperlipidemia. In the study group, 
there were 54 males and 24 females, aged 52–78 years, with 
an average age of 65.83±8.29 years; 22 patients with diabetes; 
25 patients with hypertension; and 31 patients with hyper-
lipidemia. There were no statistically significant differences 
between the control group and the study group in terms of 
gender, age, body mass index, concomitant disease, smoking 
status, drinking status, systolic blood pressure, and diastolic 
blood pressure (all P>0.05) (Table 1).

Serum CA125 and BDNF levels in the control group and 
the study group

The serum levels of CA125 and BDNF in the study group were 
significantly higher than those in the control group (t=20.920, 
P<0.001; t=13.540, P<0.001) (Figure 1A, 1B, Table 2).

Category Study group (n=78) Control group (n=82) t/c2 P

Gender 0.877 0.406

	 Male 	 54	 (69.23) 	 51	 (62.20)

	 Female 	 24	 (30.77) 	 31	 (37.80)

Age 65.83±8.29 64.15±7.35 1.358 0.176

Body mass index (kg/m2) 25.01±3.47 25.49±3.14 0.918 0.359

Accompanying disease 3.452 0.177

	 Diabetes 	 22	 (28.21) 	 32	 (39.02)

	 Hypertension 	 25	 (32.05) 	 28	 (34.15)

	 Hyperlipidemia 	 31	 (39.74) 	 22	 (26.83)

Smoking status 0.381 0.635

	 Have 	 39	 (50.00) 	 37	 (45.12)

	 No 	 39	 (50.00) 	 45	 (54.88)

Drinking status 0.229 0.639

	 Have 	 41	 (52.56) 	 40	 (48.78)

	 No 	 37	 (47.44) 	 42	 (51.22)

	 Systolic blood pressure (mmHg) 141.52±10.63 138.87±11.25 1.530 0.128

	 Diastolic blood pressure (mmHg) 94.25±6.75 93.57±5.84 0.682 0.496

Table 1. Baseline data of study group and control group [n(%)]/(x±sd).
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Serum CA125 and BDNF levels in patients with different 
Killip classifications

Compared with Killip class I patients, serum CA125 levels were 
significantly increased in Killip class II, III, and IV patients (all 
P<0.001). Serum BDNF levels were also significantly increased 
in Killip class II, III, and IV patients (all P<0.001). Compared 

with Killip class II patients, serum CA125 levels were signifi-
cantly increased in Killip class III and IV patients (all P<0.001), 
with BDNF levels also significantly increased in these 2 groups 
(P=0.011; P<0.001). Compared with Killip class III patients, se-
rum CA125 levels were significantly increased in Killip class 
IV patients (P=0.002), and serum BDNF levels were also sig-
nificantly increased in this group (P=0.011) (Figure 2A, 2B).
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Figure 1. �(A, B) Comparison of serum CA125 and BDNF levels between the study group and the control group. (A) Comparison of 
serum CA125 levels between the control group and the study group; (B) Results comparing serum BDNF levels in the control 
group and the study group. (* P<0.001 compared with the control group).
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Figure 2. �(A, B) Comparison of serum CA125 and BDNF levels in patients with different Killip classifications. (A) Comparison of serum 
CA125 levels in patients with different Killip classifications. (B) Comparison of serum BDNF levels in patients with different 
Killip classifications. (* Compared with grade I, P<0.001; # compared with grade II, P<0.05; and compared with grade III, 
P<0.05).

Diagnostic indicator AUC 95% CI Standard error Cutoff Sensitivity (%) Specificity (%)

CA125 0.910 0.865–0.954 0.022 71.20 84.61 86.59

BDNF 0.880 0.826–0.934 0.027 63.94 85.59 78.05

CA125+BDNF 0.965 0.941–0.989 0.012 84.92 91.02 81.63

Table 2. Diagnostic value of serum CA125 and BDNF levels in AHF.

AUC – area under the curve; BDNF – brain-derived neurotrophic factor, AHF – acute heart failure; CI – confidence interval.
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Correlation between serum CA125 and BDNF levels and 
Killip classifications

The correlation between serum CA125 and BDNF levels and 
the Killip classification was determined using Spearman’s rank 
correlation coefficient after setting Killip class I to 1, class II 
to 2, class III to 3, and class IV to 4. There was a positive cor-
relation between serum CA125 levels and the Killip classifi-
cation (r=0.801, P<0.001). There was also a positive correla-
tion between serum BDNF levels and the Killip classification 
(r=0.745, P<0.001) (Figure 3A, 3B).

Diagnostic value of serum CA125 and BDNF levels in AHF

The area under the curve (AUC) combined with serum CA125 
and BDNF levels in the diagnosis of AHF was 0.965 (95% CI: 
0.941–0.989), while the diagnostic sensitivity was 91.02% and 
the specificity was 81.63% (Figure 4).

Discussion

AMI is a critical emergency in cardiovascular disease and has 
become a major cause of human disability and death. AMI can 
induce changes in the extracellular matrix and in cardiomyo-
cyte apoptosis, causing myocardial damage and ventricular 
remodeling, which is an important cause of AHF [12,13]. AHF 
is more common in left heart failure, and the prevalence rate 
increases with age. The elderly population (age >75 years) has 
a readmission rate of 12% due to AHF, and the clinical mor-
tality rate is even higher. The 5-year survival rate is similar to 
that of malignant tumors [14]. The early stage of heart failure 
is often neglected because of non-specific clinical manifesta-
tions. Clinicians use certain non-objective factors to judge the 
degree of heart failure according to patients’ signs and symp-
toms [15]. Therefore, a timely diagnosis of AMI with targeted 
treatments are significant for improving the prognosis of and 
development of AHF.

CA125 is a high-molecular weight glycoprotein with a relative 
molecular mass of 200 kD, which can be produced under the 
action of inflammatory and mechanical stress, and can en-
ter the blood through the surface of mesothelial cells under 
enzymatic splitting action [16]. CA125 levels are widely used 
in clinical screening, diagnosis, disease assessment, and the 
treatment prognosis of ovarian cancer, and are found in gastric 
and endometrial cancer [17,18]. Previous studies have shown 
that CA125 was elevated in CHF patients and was expressed 
in cardiovascular diseases such as reduced left ventricular out-
put, ejection fraction retention, and chronic stable heart failure, 
even showing a potential advantage for the treatment prog-
nosis assessment of these diseases [19]. It has been reported 
that an increase of CA125 levels was associated with an in-
crease of inflammatory factors and fluid load in the body. In 
the development of heart failure, CHF can promote the secre-
tion of CA125 by mesothelial cells under the action of mechan-
ical stress caused by a large release of inflammatory factors 
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Figure 3. �(A, B) Correlation of serum CA125 and BDNF levels with Killip classifications (A) Correlation between serum CA125 and Killip 
classifications. (B) Correlation between serum BDNF levels and Killip classifications.
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Figure 4. �ROC curve for the diagnosis of AHF in combination 
with serum CA125 and BDNF levels.
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and fluid retention, which is closely related to the presence of 
serous liquids [20]. BDNF, a member of the neurotrophic fac-
tor family, can mediate the survival of endothelial cells, pro-
mote the migration and proliferation of ischemic local en-
dothelial cells, and play an important role in ischemic tissue 
angiogenesis [21]. In recent years, BDNF has been reported 
to be expressed in vascular smooth muscle cells, endothelial 
cells, and atherosclerotic vessels. BDNF is a key cytokine that 
regulates vascular development [22]. BDNF is expressed in 
both infarcted and non-infarcted areas of AMI, and is highly 
expressed in cardiomyocytes in the infarct border areas [23]. 
The results of this study showed that serum CA125 and BDNF 
levels in the study group were significantly higher than those 
in the control group. Serum CA125 and BDNF levels were posi-
tively correlated with the Killip classifications, suggesting that 
CA125 and BDNF were involved in the occurrence and devel-
opment of AMI with AHF. Serum CA125 and BDNF levels in-
creased significantly, and were positively correlated with, the 
severity of AHF after an AMI. It has been reported that AMI 
patients who had a high degree of cardiac dysfunction at ad-
mission, also had a relatively high hospital mortality rate. The 
Killip classification is an independent risk factor for AMI prog-
nosis [24]. The sensitivity of serum CA125 for AHF diagnosis 
was 84.61% and the specificity was 86.59%. The sensitivity 
of serum BDNF for AHF diagnosis was 85.59% and the speci-
ficity was 78.05%. The sensitivity of serum CA125 and BDNF 
levels for the AHF combined diagnosis was 91.02%, and the 
specificity was 81.63%, suggesting that both CA125 and BDNF 

have a good diagnostic predictive value for AHF, and that com-
bined detection can improve the sensitivity of an AHF diagnosis.

Conclusions

This study was conducted in strict accordance with inclusion 
and exclusion criteria. The differences between the control 
group and the study group were not statistically significant 
with respect to the clinical baseline data of gender, age, body 
mass index, concomitant disease, smoking status, drinking 
status, and systolic and diastolic blood pressure, ensuring the 
rigor and reliability of this study. This study did not explore the 
role of CA125 and BDNF in the prognosis of AMI patients with 
AHF, and therefore it has certain limitations. In future studies, 
the study time should be extended to investigate the role of 
CA125 and BDNF in the prognosis of AMI patients with AHF.

In summary, CA125 and BDNF play a role in the occurrence and 
development of AMI with AHF. As the disease progresses, serum 
CA125 and BDNF levels increase significantly, and are positively 
correlated with the severity of AMI combined with AHF. Both CA125 
and BDNF have a good diagnostic value for AHF, and their com-
bined detection can improve the sensitivity of an AHF diagnosis.
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