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Abstract: Objective: The present study was designed to demonstrate that metoprolol combined with amiodarone 
could improve the cardiac function and immune function of patients with myocardial infarction (MI). Methods: 
Totally 148 patients with MI treated in Wuwei People’s Hospital of Gansu Province were divided into two groups ac-
cording to the mode of treatment. Among them, 62 patients in the control group (CG) were treated with metoprolol, 
and the rest 86 patients in the intervention group (IG) were treated with amiodarone on the basis of the CG. The 
curative effect and adverse reaction rate of the two groups were recorded. The cardiac function: left ventricular ejec-
tion fraction (LVEF), left ventricular end-diastolic diameter (LVDD), end-diastolic interventricular septum thickness 
(IVST) and blood lipids, expression levels of total cholesterol (TC), triglyceride (TG), low density lipoprotein cholesterol 
(LDL-C) and high density lipoprotein cholesterol (HDL-C) were compared between the two groups before and after 
treatment. FACSCalibo flow cytometry was employed to detect T lymphocyte subsets in peripheral blood of the two 
groups. Enzyme-linked immunosorbent assay (ELISA) was applied to measure the concentration of serum inflamma-
tory factors represented by interleukin-6 (IL-6), serum high sensitivity C-reactive protein (hs-CRP) and tumor necrosis 
factor-α (TNF-α) before and after treatment. Logistic regression was adopted to analyze the risk factors affecting 
the effect of treatment. Results: Compared with the CG, the IG presented markedly better post-treatment cardiac 
function expression, blood lipid level, and immune function, as well as notably lower levels of inflammatory factors. 
No adverse reactions occurred in both groups. Multivariate logistic regression analysis demonstrated that gender, 
history of diabetes, history of hypertension, hyperlipidemia, pretreatment IL-6, hs-CRP, TNF-α levels and treatment 
methods were independent risk factors that affect the outcome of treatment in patients with MI. Conclusion: The in-
tervention of metoprolol combined with amiodarone could improve the cardiac function of patients with MI, reduce 
the levels of blood lipids and inflammatory factors, and enhance immune function. 
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Introduction

Myocardial infarction (MI) is a complex disease 
and the leading cause of death worldwide [1, 
2], which is caused by the mismatch between 
substrate supply and oxygen in the myocardium 
and eventually leads to myocardial ischemia 
and cell death [3]. According to treatment sta-
tistics, nearly 8 million people in the United 
States suffer from MI every year, and the inci-
dence of men is significantly higher than that of 
women [4]. Myocardial remodeling after MI 
often results in increased tissue stiffness and 
ventricular dysfunction in patients [5]. For the 

diagnosis of MI, the cardiac troponin level or 
12-lead electrocardiogram is usually applied 
for clinical diagnosis [6]. While its mainstream 
treatment at present includes non-steroidal 
anti-inflammatory drugs, oral anticoagulants, 
clopidogrel, and aspirin, which often lead to car-
diovascular death, stroke or non-fatal MI [7]. 
Although studies have shown that cardiovascu-
lar diseases in developed countries tend to 
decrease due to advances in treatment, the 
mortality rate of cardiovascular diseases is still 
high due to the aging and increasing population 
[8, 9]. Therefore, finding safe and effective 
treatments has become a clinical priority.
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Metoprolol is a β1-adrenoceptor blocker, which 
can competitively block β 1-adrenoceptor in 
glomerulus and heart [10]. Studies have shown 
that it is clinically effective in treating cardio-
vascular diseases such as arrhythmia, hyper-
tension and MI [11]. In addition, it possesses 
the property of being easily soluble in water, 
and can be completely absorbed by patients 
after oral administration [12]. There is evidence 
showing that early administration of metoprolol 
in patients with MI can effectively reduce the 
infarct area and the severity of infarction [13]. 
Besides, amiodarone is a lipophilic drug that is 
reported to be able to prolong the duration of 
atrial action potential and refractory to reduce 
early cardiac excitation [14]. It can not only 
inhibit the passage of K+, Na+ and Ca2+, but pre-
vent the excessive production of pro-inflamma-
tory cytokines, exerting a neuroprotective 
effect against the hemorrhagic brain injury 
without affecting the heart rhythm and blood 
pressure of patients [15]. Therefore, amioda-
rone is given clinically in the treatment of 
patients with arrhythmias [16]. In a study by Lü 
et al. [17], the administration of amiodarone 
plus metoprolol reduced the incidence of car-
diac time and readmission rates in patients 
with chronic heart failure. 

Currently, there are few studies on the efficacy 
and influencing factors of metoprolol combined 
with amiodarone in the intervention of MI. 
Therefore in this study, we evaluated the effi-
cacy of the combination of the two therapies 
and analyzed the influencing factors, hoping to 
provide clinical reference for the treatment of 
patients with MI.

Materials and methods

General information

A total of 148 patients with MI admitted to 
Wuwei People’s Hospital of Gansu Province 
were selected and divided into the IG (86 cases, 
including 58 males and 28 females, aged 
38-78 years) and the CG (62 cases, including 
45 males and 17 females, aged 42-79 years). 
This study was conducted under the approval 
of Wuwei People’s Hospital of Gansu Province 
Medical Ethics Committee, and the subjects 
and their guardians were informed and signed 
the full informed consent. Inclusion criteria: 
Patients in both groups were diagnosed as MI 
by electrocardiogram and coronary angiogra-

phy [18] for the first time, with an estimated 
survival time of ≥1 month and detailed clinical 
data. Exclusion criteria: Patients who had taken 
drugs that might impact the indicators of this 
study in the past six months, who were allergic 
to therapeutic drugs, or those who dropped out 
of the study, complicated with other malignant 
tumors, or lost to follow-up.

Treatment methods

Patients in both groups were first treated with 
routine procedures, including antiplatelet, anti-
coagulant, and oxygen inhalation. Apart from 
that, the CG was given a single drug treatment: 
patients were instructed to take metoprolol 
(Sichuan Ruikang Pharmaceutical Co., Ltd., 
article number: H20084505) orally at an initial 
dose of 12.5 mg for 12 h/time. After the cardi-
ac function gradually stabilized, the patient was 
informed to increase the dose to 25 mg every 
24 h, and the dose could be adjusted to 50 mg 
and 6 h/time according to their cardiac func-
tion status. While patients in the IG were orally 
administrated with amiodarone (Sanofi Aventis 
(Hangzhou) Pharmaceutical Co., Ltd., item 
number: H19993254) additionally at 3 d/time, 
0.2 mg once, and the dose was adjusted to 2 
d/times, 0.2 mg on the seventh day. Patients in 
both groups were treated continuously for 4 
weeks.

Outcome measures

(1) The levels of LVEF, LVDD and IVST before 
treatment and at 4 weeks after treatment were 
measured by ultrasonic Doppler blood flow 
measurement system (Gene & I Scientific Co., 
Ltd., Beijing, China, Article No.: 0000).

(2) Before treatment and at the fourth week of 
treatment, patients in both groups were sub-
jected to fasting blood collection of 5 mL and 
centrifugation at 1500 g and 4°C for 10 min. 
The serum lipid indexes levels of patients in the 
two groups, which were TC, TG, LDL-C, and HDL-
C, were determined using an automatic chemi-
luminescence immunoanalyzer (Easydiagnosis 
Biomedicine Co., Ltd., Wuhan, China, Article 
No.: CF10), and the test was conducted in strict 
conformity to the instructions.

(3) The peripheral blood T lymphocyte sub- 
sets of the two groups were detected by 
FACSCalibo flow cytometry (B D line Franklin 
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ing, drinking history, and residence (P>0.05) 
(Table 1).

Cardiac function indexes before and after 
treatment

No significant differences were observed in 
LVEF, LVEDD or IVST between the two groups 
before treatment (P>0.05). While the postop-
erative LVEF was higher than that of the CG 
(P<0.05), and the LVEDD and IVST after treat-
ment were lower than those of the CG (P<0.05) 
(Figure 1).

Blood lipid levels before and after treatment

The levels of TC, TG, LDL-C and HLD-C did not 
identify any marked differences between the 
two groups before treatment (P>0.05). While 
compared with the CG, the post-treatment TC, 
TG and LDL-C levels were lower (P<0.05), and 
the LDL-C level was higher in the IG (P<0.05) 
(Figure 2).

Immune function indexes before and after 
treatment

There were no significant differences in the lev-
els of CD3+, CD4+, CD8+ or CD4+/CD8+ between 
the two groups before treatment (P>0.05). 
While after treatment, the levels of CD3+, CD4+ 
and CD4+/CD8+ in the IG were higher than 
those in the CG (P<0.05), and the level of CD8+ 
was lower than that in the CG (P<0.05) (Table 
2; Figure 3).

Inflammatory factor levels before and after 
treatment

The levels of IL-6, hs-CRP, and TNF-α before 
treatment were not statistically different be- 
tween the two groups of patients (P>0.05), but 
the postoperative IL-6, hs-CRP, and TNF-α lev-
els in the IG were all lower than those in the CG 
(P<0.05) (Table 3).

Post-treatment efficacy in the two groups

After treatment, the total effective rate of the 
IG was 91.86%, while that of the CG was 
77.42%. It was obvious that the total effective 
rate of the IG was higher than that of the CG 
(P<0.05). In addition, there were no adverse 
reactions in both groups after treatment (Table 
4).

Lakes, NJ, USA), and the values of CD3+, CD4+, 
CD8+ and CD4+/CD8+ in peripheral blood were 
read. The experimental procedures were oper-
ated in strict accordance with the product 
instructions.

(4) Inflammatory cytokines: The expression  
levels of IL-6, hs-CRP and TNF-α in the two 
groups were detected by ELISA [19] strictly 
according to the instructions of human IL-6 
ELISA, human hs-CRP ELISA and human TNF-α  
ELISA kits (Qiao Yu Biotechnology Co., Ltd., 
Shanghai, China, QN-PS0049, QY-Q11400, QN- 
PS0122).

(5) Efficacy evaluation: Markedly effective: the 
clinical symptoms disappeared, cardiac func-
tion and immune function returned to normal. 
Effective: the clinical symptoms basically dis- 
appeared, and the cardiac function and im- 
mune function of the patients were found to be 
basically normal. Ineffective: there was no 
improvement in clinical symptoms, nor there 
was any change in cardiac function and immune 
function.

Statistical methods

Statistical analysis was performed using SP- 
SS22.0 (Easy Biotechnology Co., Ltd., Beijing, 
China). The counting data was represented by 
the number of cases/percentage (n/%), and  
the inter-group comparison was performed by 
the Chi-square test. When the theoretical fre-
quency in the chi-square test was less than 5, 
the continuous correction chi-square test was 
adopted. The measurement data was exp- 
ressed as mean ± SM, and the inter-group com-
parison was conducted using the independent 
sample t-test, while the intra-group comparison 
before and after treatment was carried out by 
the paired t-test. Logistics multivariate regres-
sion analysis was responsible for the analysis 
of risk factors affecting the efficacy of patients 
with MI. When P<0.05, the difference was sta-
tistically significant.

Results

General information

There were no significant differences between 
the two groups in clinical baseline data such as 
gender, age, history of diabetes, history of hy- 
pertension, infarction location, history of smok-
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Risk factors that affected the outcome of pa-
tients with MI

In this section, we compared the differences  
in clinical parameters and related indicators  

of patients with effective and ineffective tre- 
atment. The results showed that there were 
127 effective patients and 21 ineffective 
patients, and there was no significant differ-
ence in age, infarction location or residence 

Table 1. Comparison of general information between the two groups [n (%)] (x ± sd)
Categories IG (n = 86) CG (n = 62) t/χ2 value P value
Gender 0.450 0.503
    Male 58 (67.44) 45 (72.58)
    Female 28 (32.56) 17 (27.42)
Age (years old) 0.851 0.356
    <55 31 (36.05) 27 (43.55)
    ≥55 55 (63.95) 35 (56.45)
History of diabetes 0.531 0.466
    Yes 63 (73.26) 42 (67.74)
    No 23 (26.74) 20 (32.26)
History of hypertension 0.919 0.338
    Yes 59 (68.60) 47 (75.81)
    No 27 (31.40) 15 (24.19)
Infarction location 0.681 0.878
    Extensive anterior wall 14 (16.28) 11 (17.74)
    Anterior septal wall 23 (26.74) 19 (30.65)
    Anterior septal wall combined with right ventricle 31 (36.05) 22 (35.48)
    Inferior wall 18 (20.93) 10 (16.13)
Smoking history 1.969 0.161
    Yes 47 (54.65) 41 (66.13)
    No 39 (45.35) 21 (33.87)
Drinking history 0.196 0.658
    Yes 51 (59.30) 39 (62.90)
    No 35 (40.70) 23 (37.10)
Residence 0.280 0.598
    Rural 55 (63.95) 37 (59.68)
    Urban 31 (36.05) 25 (40.32)

Figure 1. Cardiac function indexes before and after treatment. A. The postoperative LVEF in the IG was higher than 
that in the CG. B. The postoperative LVEDD in the IG was lower than that in the CG. C. The postoperative IVST in the 
IG was lower than that in the CG. Note: *indicated P<0.05 compared with before treatment, and #indicated P<0.05 
compared with CG after treatment.
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Table 2. Comparison of immune function indexes before and after treatment (x ± sd)

Groups
CD3+ (%) CD4+ (%) CD8+ (%) CD4+/CD8+

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

Before 
treatment

After 
treatment

IG (n = 86) 55.45±6.24 68.14±7.32 34.13±4.34 42.45±5.21 30.14±3.45 23.12±3.24 1.13±0.33 1.68±0.42
CG (n = 62) 55.69±6.21 60.45±7.21 34.56±4.42 38.43±5.12 29.85±3.32 26.31±3.34 1.15±0.34 1.45±0.41
t 0.231 6.345 0.590 4.665 0.513 5.834 0.359 3.320
P 0.817 <0.001 0.556 <0.001 0.609 <0.001 0.720 0.001

Figure 2. Blood lipid levels before and after treatment. A. The postoperative TC level in the IG was lower than that in 
the CG. B. The postoperative TG level in the IG was lower than that in the CG. C. The postoperative LDL-C level in the 
IG was lower than that in the CG. D. The postoperative HLD-C level in the IG was higher than that in the CG. Note: *in-
dicated P<0.05 compared with that before treatment, and #indicated P<0.05 compared with CG after treatment.

between effective and ineffective patients 
(P>0.05). However, there were significant differ-
ences in gender, history of diabetes, history of 

hypertension, smoking history, drinking history, 
hyperlipidemia, IL-6, hs-CRP, TNF-α and treat-
ment methods (P<0.05). Finally, we performed 
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multivariate logistic regression anal-
ysis on the different factors. The 
results revealed that gender (P = 
0.023), history of diabetes (P = 
0.025), history of hypertension (P = 
0.028), hyperlipidemia (P = 0.022), 
IL-6 (P = 0.019), hs-CRP (P = 0.011), 
TNF-α (P = 0.017), and treatment 

Figure 3. Immune function indexes before and after treatment. A, B. Flow cytometry of CD3+ in the IG and the CG 
before and after treatment. C, D. Flow cytometry of CD4+ in the IG and the CG before and after treatment. E, F. Flow 
cytometry of CD8+ in the IG and the CG before and after treatment.

Table 4. Post-treatment efficacy in the two groups

Groups n Markedly 
effective Effective Ineffective Total effective 

rate (%)
IG 86 61 (70.93) 18 (20.93) 7 (8.14) 79 (91.86)
CG 62 23 (37.10) 25 (40.32) 14 (22.58) 48 (77.42)
χ2 value - - - - 6.171
P value - - - - 0.013

Table 3. Inflammatory factor levels before and after treatment (x±sd)

Groups n
IL-6 (ng/L) hs-CRP (mg/L) TNF-α (ng/L)

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

IG 86 23.52±2.65 9.12±1.21 8.08±1.21 5.23±0.63 13.47±2.02 7.96±0.87
CG 62 23.14±2.34 16.31±2.04 8.13±1.24 7.53±0.81 13.75±1.85 10.93±1.46
t - 0.903 26.810 0.246 19.420 0.862 15.450
P - 0.368 <0.001 0.806 <0.001 0.390 <0.001
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methods (P = 0.008) were independent risk 
factors that affected the treatment effect of 
patients with MI (Tables 5-7).

Discussion

Myocardial infarction (MI) is a common clinic- 
al disease with intricate pathogenesis [20]. 
Clinical studies have revealed that the inci-

dence of MI has been on the rise [21]. Alth- 
ough the progress in the diagnosis and treat-
ment of MI has greatly improved the sur- 
vival rate of patients [22], it is still prone to  
poor prognosis [23]. Therefore, we focused  
on the study of the treatment of MI and the  
factors influencing the efficacy, aiming to pro-
vide effective clinical treatment options for 
patients.

Table 5. Univariate analysis of poor prognosis in patients with MI [n (%), x ± sd]

Factors n Effective group 
(n = 127)

Ineffective group 
(n = 21) χ2/t P

Gender 5.043 0.025
    Male 103 84 (81.55) 19 (18.45)
    Female 45 43 (95.56) 2 (4.44)
Age (years old) 1.787 0.181
    <55 58 47 (81.03) 11 (8.97)
    ≥55 90 80 (88.89) 10 (11.11)
History of diabetes 4.529 0.033
    Yes 105 86 (81.90) 19 (18.10)
    No 43 41 (95.35) 2 (4.65)
History of hypertension 6.715 0.010
    Yes 106 86 (81.13) 20 (18.87)
    No 42 41 (97.62) 1 (2.38)
Infarction location 0.735 0.865
    Extensive anterior wall 25 21 (84.00) 4 (16.00)
    Anterior septal wall 42 36 (85.71) 6 (14.29)
    Anterior septal wall combined with right ventricle 53 47 (88.68) 6 (11.32)
    Inferior wall 28 23 (82.14) 5 (17.86)
Smoking history 6.998 0.008
    Yes 88 70 (79.55) 18 (20.45)
    No 60 57 (95.00) 3 (5.00)
Drinking history 4.166 0.041
    Yes 90 73 (81.11) 17 (18.89)
    No 58 54 (93.10) 4 (6.90)
Residence 0.262 0.609
    Rural 92 80 (13.04) 12 (13.04)
    Urban 56 47 (83.93) 9 (16.07)
Hyperlipidemia 3.916 0.048
    Yes 91 74 (81.32) 17 (18.68)
    No 57 54 (92.98) 4 (7.02)
Immune function 1.48 0.223
    Normal 120 105 (87.50) 15 (12.50)
    Reduced 28 22 (78.57) 6 (21.43)
IL-6 (ng/L) 148 9.02±1.21 18.52±2.35 28.370 <0.001
hs-CRP (mg/L) 148 5.43±0.63 8.28±1.23 16.320 <0.001
TNF-α (ng/L) 148 7.46±0.87 11.47±2.12 15.110 <0.001
Treatment methods 5.246 0.022
    Conventional treatment 86 69 (80.23) 17 (19.77)
    Metoprolol treatment 62 58 (93.55) 4 (6.45)
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Many clinical studies have reported the treat-
ment methods and efficacy of MI. For example, 
in the study of Koch-Weser et al. [24], long-term 
use of metoprolol in patients with MI can 
reduce mortality and the occurrence of infarc-
tion. In addition, according to Sattler et al. [25], 
amiodarone intervention in acute MI can pre-
vent the occurrence of ventricular fibrillation 
and has an impact on blood pressure and car-
diac output. In this study, the cardiac function 
indexes levels of the IG after treatment were 
better than those of the CG, indicating that 
metoprolol combined with amiodarone could 
better inhibit the myocardial contraction of the 
patients and reduce myocardial oxygen con-
sumption. There is also research demonstrat-
ing that abnormalities in lipid metabolism and 
function are related to the pathological mecha-
nism of myocardial I/R injury, and that abnor-
mal lipid metabolism produced marked effects 
on patients with myocardial injury [26]. In cur-
rent study, the blood lipid levels of the IG were 
superior to that of the CG, suggesting th- 

after treatment were better than those in the 
CG, indicating that metoprolol combined with 
amiodarone could adjust the basic immune 
function, normalize the abnormal and disor-
dered functions, and thus enhance the immune 
function.

Irrespective of acute inflammatory response  
MI brings, it also causes psychological failure  
in patients. Studies have shown that the 
increase of CRP, TNF-α and MCP-1 in inflamma-
tory factors will lead to the risk of MI [28]. 
Therefore, we measured the serum factor lev-
els of patients, and the results showed that  
the levels of IL-6, hs-CRP, and TNF-α in the IG 
were significantly lower than those in the CG 
after treatment, suggesting that metoprolol 
combined with amiodarone was more condu-
cive to improving the inflammatory response of 
patients. Moreover, the total effective rate 
(91.86%) of the IG was significantly higher than 
that of the CG (77.42%), plus that there was no 
adverse reaction in both groups, indicating that 

Table 6. Logistic multivariate regression analysis assignment
Factors Variables Assignments
Gender X1 Male = 0, female = 1
History of diabetes mellitus X2 No = 0, yes = 1
History of hypertension X3 No = 0, yes = 1
Smoking history X4 No = 0, yes = 1
Drinking history X5 No = 0, yes = 1
Hyperlipidemia X6 No = 0, yes = 1
IL-6 (ng/L) X7 Raw data analysis for continuous variables.
hs-CRP (mg/L) X8 Raw data analysis for continuous variables.
TNF-α (ng/L) X9 Raw data analysis for continuous variables.
Treatment methods X10 Conventional treatment = 0, metoprolol treatment = 1

Table 7. Multivariate Logistic regression analysis of factors affecting the 
efficacy of patients with MI
Variables B S.E Wals P OR 95% CI
Gender 1.134 0.472 5.338 0.023 2.341 1.251-6.022
History of diabetes 1.997 0.694 5.312 0.025 1.132 0.542-2.363
History of hypertension 2.116 0.749 6.981 0.028 1.592 1.024-2.438
Smoking history 0.123 0.032 3.674 0.961 0.482 0.155-1.274
Drinking history 0.338 0.108 9.935 0.650 1.133 0.362-4.251
Hyperlipidemia 0.621 0.252 6.835 0.022 1.851 1.462-2.563
IL-6 (ng/L) 1.338 0.708 9.935 0.019 3.212 1.605-6.420
hs-CRP (mg/L) 1.161 0.507 4.768 0.011 3.181 1.591-6.362
TNF-α (ng/L) 1.239 0.557 5.023 0.017 3.194 1.597-6.388
Treatment methods 2.345 0.978 5.308 0.008 5.413 2.707-10.826

at metoprolol combined 
with amiodarone could 
reduce the levels of lipo-
protein and cholesterol 
in patients. Some stud-
ies have shown that the T 
cell immune function of 
patients with acute MI 
will decrease, and that 
the attack of acute MI is 
associated with different 
degrees of immune dys-
function [27]. The results 
of this study exhibited 
that the indexes of im- 
mune function in the IG 
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metoprolol combined with amiodarone was 
more effective. Finally, we performed a risk fac-
tor analysis. The results demonstrated that pre-
treatment levels of IL-6, hs-CRP, TNF-α, gender, 
history of diabetes, history of hypertension, 
hyperlipidemia, and treatment methods were 
independent risk factors influencing the treat-
ment effect of MI patients, which was basically 
in line with the study conducted by Ognev et al. 
[29], that hypertension, smoking history, and 
hypercholesterolemia were the main risk fac-
tors affecting MI.

In conclusion, metoprolol combined with amio-
darone intervention can improve cardiac func-
tion in patients with MI, reduce the level of 
blood lipid and inflammatory factors, and 
enhance immune function. However, there is 
still room for improvement in this study. For 
example, we can supplement the basic experi-
ments of the treatment mechanism of the two 
treatment methods to explore the risk factors 
that affect the efficacy of patients from the 
molecular level. Furthermore, we can add the 
analysis of cognitive function and quality of life 
of the patients not observed in the study. In the 
future, we will gradually improve our research 
from the above perspectives.
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