PAGE  
235
心血管康复医学杂志2016年6月第25卷第3期 Chin J Cardiovasc Rehabil Med，June 2016，Vol.25 No.3

Therapeutic effect of aerobic exercise based on exercise load test assessment on heart function and psychological state in patients with myocardial infarction
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Abstract: Objective: To study therapeutic effect of personalized aerobic exercise based on exercise load test assessment on heart function and psychological state in patients with acute myocardial infarction (AMI). Methods: According to random number table, a total of 80 AMI patients during recovery period were randomly and equally divided into routine treatment group (n=40, received routine drug therapy) and exercise group (n=40, received personalized aerobic exercise based on exercise load test assessment on the basis of routine treatment group). Serum levels of high-sensitivity cardiac troponin I (hs-cTnI) and creatine kinase isoenzyme MB (CK-MB), and left ventricular ejection fraction (LVEF), stroke volume (SV), left ventricular fractional shortening (LVFS), ventricular wall thickening rate (△T), motion amplitude of interventricular septum (AIS), and scores of self-rating anxiety scale (SAS) and self-rating depression scale (SDS) were compared between two groups before and after 12-week intervention. Results: Compared with before intervention, there were significant reductions in serum levels of hs-cTnI and CK-MB, and scores of SAS and SDS; and significant rise in LVEF, SV, LVFS, △T and AIS in both groups after 12-week intervention (except LVEF of routine treatment group), P<0.05 or <0.01; compared with routine treatment group, there were significant reductions in serum levels of hs-cTnI [(9.31±1.04) ng/L vs. (5.89±0.72) ng/L] and CK-MB [(11.34±1.25) U/L vs. (8.41±1.01) U/L],in scores of SAS [(51.34±6.54) scores vs. (42.32±5.29) scores] and SDS [(50.23±6.92) scores vs. (43.86±6.03) scores];and significant rise in LVEF [(57.12±6.67)% vs. (62.32±7.34)%], SV [(62.45±7.13) ml vs. (69.18±7.84) ml], LVFS [(23.93±2.96)% vs. (28.45±3.12)%], △T [(28.51±3.41)% vs. (34.52±4.87)%] and AIS [(9.56±1.02) mm vs. (12.45±1.46) mm] in exercise group, P<0.05 or <0.01. Conclusion: Personalized aerobic exercise based on exercise load test assessment can reduce myocardial cell injury, improve cardiac function, relieve negative emotions and promote patients’ rehabilitation rapidly.
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基于运动负荷试验评估的有氧运动对心肌梗死患者心功能与心理状态的疗效
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摘要：目的：研究基于运动负荷试验评估的个性化有氧运动对急性心肌梗死(AMI)患者心功能与心理状态的疗效。方法：选择80例恢复期的AMI患者为研究对象，采用随机数字表法，患者被均分为常规治疗组(40例，接受常规药物治疗)和运动组(40例，在常规治疗组基础上接受基于运动负荷试验评估的个性化有氧运动)。比较两组患者干预前、干预12周后的血清高敏心肌肌钙蛋白I(hs-cTnI)和肌酸激酶同工酶(CK-MB)水平，左室射血分数(LVEF)、每博量(SV)、左室短轴缩短率(LVFS)、室壁增厚率(△T)、室间隔运动幅度(AIS), 以及焦虑自评量表(SAS)和抑郁自评量表(SDS)评分。结果：与干预前比较，干预12周后两组的血清hs-cTnI和CK-MB水平均明显降低，SAS和SDS评分亦均显著降低; LVEF, SV, LVFS, △T和AIS均显著升高(常规治疗组的LVEF除外), P<0.05或<0.01；且与常规治疗组比较，运动组血清hs-cTnI[(9.31±1.04) ng/L比(5.89±0.72) ng/L]和CK-MB水平[(11.34±1.25) U/L比(8.41±1.01) U/L]; SAS[(51.34±6.54)分比(42.32±5.29)分]和SDS[(50.23±6.92)分比(43.86±6.03)分]评分降低更显著，LVEF[(57.12±6.67)%比(62.32±7.34)%]，SV[(62.45±7.13) ml比(69.18±7.84) ml]，LVFS[(23.93±2.96)%比(28.45±3.12)%]，△T[(28.51±3.41)%比(34.52±4.87)%]和AIS[(9.56±1.02) mm比(12.45±1.46) mm]升高更显著，P<0.05或<0.01。结论：基于运动负荷试验评估的个性化有氧运动能够减轻心肌细胞损伤、改善心脏功能、缓解负面情绪，促进患者迅速康复。
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Myocardial infarction (MI) is myocardial ischemic and hypoxic necrosis caused by coronary artery lumen occlusion. Different extent of heart function impairment still exists in patients after intervention (PCI) or thrombolytic therapy, so these patients need rehabilitation treatment during recovery period [1]. Aerobic exercise is an important component of rehabilitation treatment during recovery period, which can improve cardiac function, and relieve ventricular remodeling [2]. Exercise load test can accurately evaluate heart reserve function, and personalized aerobic exercise is expected to benefit MI patients more[3].There are few domestic and foreign reports on this. The present study explored influence of personalized aerobic exercise based on exercise load test assessment on heart function and psychological state in MI patients using random control method.

1  Subjects and methods

1.1  Subjects

A total of 80 patients with acute myocardial infarction (AMI) treated in our hospital from May 2013 to Sep 2014 were researched. All patients were accorded with AMI diagnostic standard formulated by WHO in 1979, received emergency thrombolysis or PCI treatment, and they were transferred to department of rehabilitation in admission office or out-patient department for rehabilitation treatment after patient’s condition was stable. Severe malignant arrhythmias and heart failure were excluded. According to random number table, patients were randomly and equally divided into routine treatment group (n=40, received routine drug therapy) and exercise group (n=40, received personalized aerobic exercise based on exercise load test assessment on the basis of routine treatment group). There were 27 men and 13 women with age (46.35±5.12) years, 23 cases received PCI and 17 cases received thrombolysis; the time from onset to treatment was (4.28±0.62)h; the time from emergency treatment to stable patient’s condition was (11.28±1.16)d; education: 26 cases with high school or below levels, 14 cases with college or above levels in exercise group. There were 25 men and 15 women with age (46.26±4.85) years, 24 cases received PCI and 16 cases received thrombolysis; the time from onset to treatment was (4.34±0.58) h; the time from emergency treatment to stable patient’s condition was (11.32±1.24)d; education: 24 cases with high school or below levels, 16 cases with college or above levels in routine treatment group. There were no significant difference in gender, age, time from onset to treatment and education level etc. between two groups (P>0.05 all), so they were comparable. 

1.2  Exercise methods

In exercise group, after MI condition was stable, patients started receiving exercise training based on routine medication, the methods were as follow: patients received exercise load test at first in order to know their heart function condition, then they received aerobic exercise of different intensity according to heart rate (HR) of maximal exercise load. Effective exercise HR (beats/min) was (200－age－resting HR)×(40%~49%)+resting HR for low exercise intensity group, (200－age－resting HR)×(50%~59%)+resting HR for medium exercise intensity group, and (200－age－resting HR)×(60%~69%)+resting HR for high exercise intensity group. Duration of aerobic exercise was 30 min/time, three times/week for continuous 12 weeks [4]. Routine treatment group received routine drug treatment and lived as usual without additional aerobic exercise. 

1.3  Indexes and methods

1.3.1 Detection of myocardial enzymes  The 4ml of peripheral venous blood was collected in every patient of the two groups before and six weeks after intervention, blood sample was centrifuged at 3000 r/min for 10min to get serum, then radioimmunoprecipitation method was used to measure serum concentrations of high-sensitivity cardiac troponin I (hs-cTnI) and creatine kinase isoenzyme MB (CK-MB). 

1.3.2 Echocardiographic measurement  Before and 12 weeks after intervention, PHILIPS iE33 color Doppler ultrasonic diagnosis machine was used to measure left ventricular systolic function on apical four-chamber and apical two-chamber position using Simpson method, including left ventricular ejection fraction (LVEF), stroke volume (SV), left ventricular fractional shortening (LVFS), ventricular wall thickening rate (△T) and motion amplitude of interventricular septum (AIS). 

1.3.3 Psychological state  Self-rating depression scale (SDS) and self-rating anxiety scale (SAS) were used to assess patients’ psychological state before and 12 weeks after intervention.

1.4  Statistical methods

   SPSS 18.0 software was used to perform statistical treatment. Measurement data were expressed as mean ± standard deviation (
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), its comparison between two groups was performed using t test. P<0.05 was regarded as possessing significant difference. 
2  Results

2.1 Comparison of myocardial enzyme index levels between two groups
There were no significant difference in serum levels of hs-cTnI and CK-MB between two groups before intervention, P>0.05 both; on 12 weeks after intervention, serum levels of hs-cTnI and CK-MB significantly reduced in both groups, and those of exercise group were significantly lower than those of routine treatment group (P<0.01 both). They were shown in table 1. 

Table 1 Comparison of myocardial enzyme indexes levels between two groups before and after intervention(n=40,
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	Group
	hs-cTnI (ng/L)
	t/P
	CK-MB (U/L)
	t/P

	
	Before intervention
	After 12-week intervention
	
	Before intervention
	After 12-week intervention
	

	Exercise group
	13.48±1.72
	5.89±0.72**△△
	25.744

/0.001
	17.42±2.45
	8.41±1.01**△△
	21.503/
0.001

	Routine treatment group
	13.45±1.69
	9.31±1.04**
	13.195

/0.001
	17.38±2.36
	11.34±1.25**
	14.304/
0.001

	t
	0.079
	17.100
	
	0.074
	11.531
	

	P
	0.856
	0.001
	　
	0.872
	0.001
	


hs-cTnI: High-sensitivity cardiac troponin I, CK-MB: Creatine kinase isoenzyme MB, compared with before intervention, *P<0.05, **P<0.01, compared with routine treatment group, △P<0.05, △△P<0.01, similarly hereinafter.

2.2 Comparison of echocardiographic indexes between two groups 

There were no significant difference in LVEF, SV, LVFS, △T and AIS between two groups before intervention, P>0.05 all; compared with before intervention, after 12-week intervention, there were significant rise in all above indexes in both groups except LVEF of routine treatment group, P<0.05 or <0.01, and LVEF, SV, LVFS, △T and AIS of exercise group were significantly higher than those of routine treatment group (P<0.05 or <0.01). They were shown in table 2. 

Table 2 Comparison of echocardiographic indexes between two groups before and after intervention(n=40,
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	Group
	
	LVEF(%)
	SV(ml)
	LVFS(%)
	△T(%)
	AIS(mm)

	Exercise group
	Before

intervention
	55.05±5.64
	58.32±6.12
	21.36±2.24
	26.45±3.23
	8.65±1.01

	
	After 12 weeks intervention
	62.32±7.34*△
	69.18±7.84*△
	28.45±3.12**△
	34.52±4.87*△
	12.45±1.46**△△

	Routine treatment group
	Before

intervention
	55.12±5.47
	58.38±6.21
	21.45±2.32
	26.55±3.41
	8.67±1.12

	
	After 12 weeks  intervention
	57.12±6.67
	62.45±7.13*
	23.93±2.96*
	28.51±3.41*
	9.56±1.02* 

	t1/P1
	
	4.967/0.036
	6.906/0.028
	11.675/0.001
	8.734/0.018
	13.538/0.001

	t2/P2
	
	1.466/0.124
	2.722/0.044
	4.171/0.037
	2.570/0.046
	4.092/0.038

	t3/P3
	
	0.056/0.868
	0.044/0.932
	0.177/0.485
	0.135/0.865
	0.084/0.568

	t4/P4
	
	3.316/0.040
	4.008/0.038
	6.647/0.026
	6.394/0.029
	9.943/0.008


LVEF: Left ventricular ejection fraction, SV: Stroke volume, LVFS: Left ventricular fractional shortening, △T: Ventricular wall thickening rate, AIS: Motion amplitude of interventricular septum. t, P1: Comparison between before and 12 weeks after intervention in exercise intervention group; t, P2: Comparison between before and 12 weeks after intervention in routine treatment group; t, P3：Comparison between two groups before intervention; t, P4: Comparison between two groups after intervention

2.3  Comparison of psychological state between two groups before and after intervention

    There were no significant difference in SAS and SDS scores between two groups before intervention, P>0.05 all. Compared with before intervention, there were significant reductions in SAS and SDS scores in both groups after 12-week intervention, P<0.05 or <0.01; and SAS and SDS scores of exercise group were significantly lower than those of routine treatment group, P<0.05 both. They were shown in table 3. 

Table 3 Comparison of psychological state between two groups before and after intervention(n=40,
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	Group
	SAS scores (score)
	t/P
	SDS scores (score)
	t/P

	
	Before intervention
	After 12 weeks

intervention
	
	Before intervention
	After 12 weeks intervention
	

	Exercise  group
	57.78±6.62
	42.32±5.29**△
	11.539

/0.001
	58.64±5.91
	43.86±6.03**△
	11.071

/0.001

	Routine treatment group
	57.65±6.58
	51.34±6.54*
	4.302

/0.038
	58.52±5.72
	50.23±6.92*
	5.840

/0.029

	t
	0.088
	6.782
	
	0.092
	4.389
	

	P
	0.735
	0.024
	
	0.721
	0.033
	


SAS: Self-rating anxiety scale, SDS: Self-rating depression scale.

3  Discussion 

Myocardial infarction (MI) is a most frequent acute disease of cardiovascular system, its emergency therapeutic methods include PCI and thrombolysis, which can recanalize coronary artery and recover myocardial blood supply in time. Despite this, irreversible necrosis still occurs in some myocardiac cells, then it leaves heart function injury. So it calls for continuous therapy during recovery period of MI [5]. MI treatment during recovery period possesses important significance for recovery of heart function, and routine rehabilitation therapy include secondary prevention: health education, psychological intervention and aerobic exercise etc. Among them, value of aerobic exercise for MI patients is enhancing myocardial contractility, relieve myocardial fibrosis and ventricular remodeling. Some study indicated that it needed additional a month of training time at least to reach the same heart function level for delayed a week of starting aerobic training [6]. 

During recovery period, MI patients need to accurately assess cardiopulmonary function before aerobic exercise [7]. Exercise load test can accurately assess heart function, which is a kind of equipment exercise that is very close to physiological exercise style and significantly increases cardiac oxygen consumption [8]. Exercise load test can stress heart function to fulfill need for rise of body oxygen consumption [9]. Under this condition, potential abnormal cardiac function can be found. So it may provide personalized guidance of aerobic exercise for these patients [10]. 

Myocardial enzymes are most frequently used indexes reflecting cardiac function, and CK-MB and hs-cTnI are two kinds of enzymes that specially exist in myocardiac cells cytoplasm, they are released into blood in quantity only when myocardiac cells are impaired and ruptured, therefore, detecting blood concentrations of myocardial enzymes can accurately reflect injury extent of myocardiac cells[11]. In the present study, compared with routine treatment group, serum levels of hs-cTnI and CK-MB significantly reduced in exercise group, which were consistent with domestic and foreign reports [12, 13], suggesting that personalized aerobic exercise based on exercise load test assessment can relieve myocardiac cell injury and reduce serum concentrations of myocardial enzymes. 

Color Doppler echocardiography is an objective method evaluating cardiac systolic and diastolic function, which can observe contraction and dilation process of ventricular myocardium in real time, measure diameter of heart chamber and blood flow velocity at different time [14]. In the present study, compared with routine treatment group on 12 weeks after intervention, there were significant rise in LVEF, SV, LVFS, △T and AIS in exercise group, suggesting that personalized aerobic exercise based on exercise load test assessment can improve cardiac function of myocardium. 

During rehabilitation process, MI patients usually complicated with psychological state disorder, more and more researches also proved that psychological state change is related to incidence of cardiovascular diseases, the existence of adverse psychological state during recovery period will raise incidence risk of re-MI [15]. The present study used SAS and SDS scales to assess psychological state of patients, the results indicated that compared with routine treatment group on 12 weeks after intervention, there were significant reductions in SAS and SDS scores in exercise group.

In summary, personalized aerobic exercise based on exercise load test assessment can relieve myocardiac cell injury, improve cardiac function, relieve negative emotions and promote early rehabilitation of patients. Defect of the present study was no comparison on test safety, it awaits future study hence. 
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