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Abstract
Background

Few investigators have tested the effect of phase | cardiac rehabilitation (CR) exercise training and
respiratory training in acute myocardial infarction (AMI) patients after percutaneous coronary
intervention (PCI).

Objective

To explore the effect of phase | CR combined with respiratory training in AMI patients after PCI.

Methods

A total of 110 AMI patients who had undergone PCI were screened for inclusion and randomly divided
into experimental and control groups at a ratio of 1:1. The experimental group received phase | CR
exercise training combined with respiratory training after PCI, while the control group did not receive any
treatment. We compared cardiopulmonary exercise test (CPET) results, echocardiographic parameter
changes and laboratory parameters between the experimental and control groups during hospitalization
and after 3 months.

Results

A total of 106 patients (91 males, 85.8%) with an average age of 57.3 + 9.0 years. After three months, the
oxygen uptake peak (VO, peak), VO, anaerobic threshold (AT), metabolic equivalents (METs) and O,
pulse in the experimental group increased by 2.446, 1.541, 0.762 and 1.162 units, respectively (all p <
0.05). There were no significant changes in other echocardiographic indices, ventilatory equivalents for
carbon dioxide (VE/VCO,) or ventilatory equivalents (VEs) between the two groups (all p > 0.05).

Conclusions

Phase | CR combined with respiratory training can improves VO, AT, VO, peak and O, pulse of AMI

patients after PCI. Thus, it had a positive effect on the cardiopulmonary function.

INTRODUCTION

Acute myocardial infarction (AMI) is a common cause of hospitalization for heart diseasel'l. It is

characterized by abrupt onset, high severity, and elevated mortalitym. AMI remains a leading global
health burden, with an estimated 800 - 100 million annual cases and AMI mortality rate is as high as
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15%L3. Percutaneous coronary intervention (PCI) is an effective treatment for AMI. While primary PCI
reduces acute mortality, but survivors experience persistent ventricular dysfunction or functional
limitations. However, the exercise capacity of AMI patients after PCI has not improved significantly and
even decreased in some of the patients. The PEACE prospective cohort study shows that nearly 40% of
AMI patients in China are unable to return to work one year after onset due to decreased activity
tolerance!®. Most patients with AMI have significantly reduced cardiovascular endurance and mental

health problems which seriously affect their quality of lifel®].

Specifically, many AMI patients face a significant decline in exercise capacity post-PCI. This is linked to
factors like reduced cardiac output, muscle deconditioning from prolonged inactivity. Cardiac
rehabilitation (CR) not only helps patients regain independence in daily living but also contributes to
long-term cardiovascular health. CR includes five major prescriptions: medication, exercise, nutrition,
psychology and smoking cessation. It includes 4 phases: phase 1 involves the hospitalization, phase 2 is
the immediate discharge, phase 3 is the structured exercise plan, and phase 4 is the maintenance
period. CR has become an important component of cardiovascular disease treatment, as it improves
patients’ exercise tolerance and cardiopulmonary function and enhances their psychological health and
quality of lifel”]. Early CR training has great benefits for patients with cardiovascular disease. It can help
patients with cardiovascular disease gradually restore a normal state of lifel89], Cardiopulmonary
endurance is closely related to the prognosis and all-cause mortality rate of cardiovascular disease
patients!'%. Although CR has been widely proven to have significant clinical benefits in improving the
functional status of AMI patients after PCI, there remains uncertainty in the academic community
regarding how to further enhance its intervention effects. Heart and lung are interdependent and closely
related. Cardiopulmonary endurance is closely related to the occurrence, prognosis and all-cause
mortality of cardiovascular diseases!'"l. Respiratory training generally uses pursed lip breathing and
abdominal exercises, which can increase tidal volume and alveolar ventilation, thereby improving
cardiovascular endurance and quality of lifel'2,

Long-term bed rest in patients with AMI can lead to complications such as decreased exercise
endurance, reduced blood volume and thromboembolism. It is not conducive to the recovery of patients

with heart diseasel'3!. Early bedside phase | CR exercise and breathing training can shorten

hospitalization time and promote the recovery of daily living and exercise abilities!'*%l. Early CR also
can significantly increase the oxygen uptake of patients, reduce the incidence of recurrent angina

pectoris and arrhythmia“ 61 At the same time, the guidelines recommend CR for secondary prevention

for patients with cvbl'7l A prospective observational study conducted at the Cardiology Department of
Khyber Teaching Hospital in Pakistan showed that the incidence of recurrent myocardial infarction and
arrhythmia in patients with AMI decreased after CR'8l. In our clinical research, we have observed that
patients undergoing CR treatment showed a reduction in major adverse cardiovascular events (MACE)
and an average reduction of 1.8 days in hospital stay during the follow-up period.
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Moreover, the mechanisms underlying the effects of CR on cardiopulmonary function remain unclear.
Given the uncertainty of the role of CR in AMI patients after PCI, our study aimed to compare the
differences of 3-month changes in cardiopulmonary exercise test (CPET) and cardiac function indices
between experimental and control groups. Therefore, to explore the impact of phase | cardiac
rehabilitation exercise training combined with respiratory training on AMI patients after PCI.

For patients with AMI, although cardiac rehabilitation is a guideline-recognized and evidence-based
approach worldwide, the mechanism by which it affects cardiopulmonary function remains unclear. At
present, there are relatively few studies at home and abroad on whether the prognosis of Phase | CR
exercise training combined with respiratory training after PCI for acute myocardial infarction is better
than that of cardiac rehabilitation exercise alone for patients after PCI for acute myocardial infarction.
There is a lack of sufficient literature to confirm this. This study aims to explore the effect of phase | CR
exercise training combined with respiratory training on patients after PCI for acute myocardial infarction.
It is evaluated through changes in CPET and cardiac function indicators. Thus, it provides certain clinical
evidence for the clinical treatment plan of acute myocardial infarction.

METHODS
Study Selection

This was a prospective, randomized controlled trial assessing the pivotal role of phase | cardiac
rehabilitation exercise training combined with respiratory training in improving cardiopulmonary function
in AMI patients after PCI. This study was approved by Yulin First People's Hospital, China (YLSY-IRB-SR-
2022019) and was conducted in accordance with the Declaration of Helsinki. All patients provided
written informed consent. The study adhered to the CONSORT guidelines for reporting randomized trials.

Patients

A total of 110 AMI patients who underwent PCI at our center between May 2022 and May 2023 were
screened for inclusion. Patients who met the following criteria were included: aged 18 years or older,
without new or recurrent chest pain within the past 8 hours, with no further increase in the level of
myocardial injury markers, no obvious signs of decompensation in heart failure, and no new arrhythmias
or changes in the electrocardiogram. The study exclusion criteria included an abnormal blood pressure
response, aortic dissection, severe aortic valve stenosis, liver and kidney dysfunction, rheumatic heart
disease, pulmonary heart disease, cardiomyopathy, myocarditis, severe arrhythmia, and severe heart
failure. Block randomization was adopted for participant allocation, with a block size of 1 to 200 and
random numbers generated using SPSS software. The patients were randomly divided into an
experimental group (receiving phase | CR exercise training combined with respiratory training) and
control group (standard care without this intervention) at a 1:1 ratio according to the computer-
generated randomization table.
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Intervention

The standard care for all participants is as follows: All participants strictly follow medical advice and
medication throughout the entire process. Closely monitor complications such as malignant arrhythmia,
heart failure, and cardiogenic shock, and simultaneously take care of diet and bowel movements. The
control group received routine treatment. The experimental group underwent one week of rehabilitation
exercise and respiratory training simultaneously with routine treatment.

The one-week rehabilitation plan was as follows (Table 1). The breathing training method are as follows:
X Abdominal pursed lip breathing: using a lying or standing position, placing one hand on the abdomen
and slowly inhaling through the nose. When inhaling, the abdominal wall rises, and then slowly exhaling
through the mouth. When exhaling, the lips are pursed into a whistling shape, and slight pressure can be
applied to the abdomen to make it retract as much as possible. The exhalation time should be 1-2 times
longer than the inhalation time, 5 to 10 minutes each time, 2 times a day. ¥ Breathing exercises:
Breathing exercises: The patient stands with their feet shoulder width apart. Perform 4-8 breaths with
hands on hips, hands on shoulders, alternating one leg lifting, pursed lips and abdomen, and alternating
leg abduction. After discharge, both the experimental group and the control group only received standard
home rehabilitation recommendations (including home-based walking exercise, daily respiratory training
reminders, and dietary advice) and did not receive supervised phase 2 rehabilitation. The home
rehabilitation recommendations were provided in written form and explained to patients and their family
members before discharge.
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Table 1

Daily Rehabilitation Schedule

Day Core Rehabilitation Tasks Activity Intensity/Scope Degree of Self-Care
Day1 1. Strict bed rest Only passive bed-bound Fully dependent on
activities; no independent caregivers
2. Passive joint exercises getting up
(dorsiflexion and plantar flexion
of the ankle once per hour
when awake)
Day2 1. Sitting at the bedside Confined to sitting at the Requires assistance from
bedside; no standing or caregivers
2. Active/passive movement of  walking
all joints
Day3 1. Getting out of bed to stand + Short-distance slow Mostly self-sufficient
warm-up exercises walking; mandatory rest
after activity
2. Slow walking 15-25 meters
in the ward, twice a day
3. Rest for 15-30 minutes after
activity
Day4 1. Activities within the room + Moderate-pace walking; Fully self-sufficient (able
performing cardiac activity scope extendedto  to walk to the bathroom
rehabilitation exercises the entire room and treatment room)
2. Moderate-pace walking 25—
50 meters, twice a day
Day 5 1. Moderate-pace walking 100—  Extended walking Fully self-sufficient
150 meters, twice a day distance; adding stair-
climbing movement
2. Able to climb up and down 1
flight of stairs
3. Permitted to walk freely in
the ward corridor at any time
Days 1. Moderate-pace walking 200—  Further extended walking Fully self-sufficient; daily
6-7 400 meters, twice a day distance; increased activity intensity may be
number of stair flights slightly higher than pre-
2. Able to climb up and down 2 iliness level
flights of stairs
Endpoints

The primary endpoints in our study were the changes in cardiopulmonary exercise test indices [oxygen
uptake peak (VO, peak), VO, anaerobic threshold (AT), metabolic equivalents (METs), oxygen pulse (O,

pulse), Ventilatory equivalents for carbon dioxide (VE/VCO,) and VE] and echocardiographic parameters

[left ventricular ejection fraction (LVEF), left atrial diameter (LA) and left ventricular end-diastolic
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diameter (LVD)] after 3 months. Specifically, the primary endpoints of CPET indices include VO, AT, VO,
peak, METs, O, pulse; the echocardiographic parameters include LVEF.

Secondary Endpoints: These include two subcategories: secondary outcome indicators and baseline
characteristics. Secondary outcome indicators mainly cover the incidence of adverse cardiovascular
events. Baseline characteristics include demographic data (age, gender), clinical history (history of
hypertension, diabetes mellitus etc.), anthropometric parameters (body mass index, BMI), and laboratory
test results (fasting blood glucose, total cholesterol, triglycerides, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, creatinine, etc.). These parameters are used to analyze potential
confounding factors and explore the correlation between baseline status and intervention outcomes.

Adverse cardiovascular events include [l all-cause mortality: defined as any death occurring from any
cause (including cardiovascular and non-cardiovascular causes) during the study follow-up period,
regardless of the underlying mechanism or pathology; llrecurrent myocardial infarction: defined as a new
episode of myocardial necrosis in patients with a prior history of myocardial infarction, excluding cases
of myocardial injury caused by non-ischemic factors (e.g., myocarditis, heart trauma); Emalignant
arrhythmia: defined as life-threatening arrhythmias that can lead to hemodynamic instability, cardiac
arrest, or sudden death, mainly including ventricular fibrillation, ventricular tachycardia, and high-degree
atrioventricular block (third-degree atrioventricular block) accompanied by syncope or hypotension;
lstroke: defined as a focal or global disturbance of cerebral function lasting more than 24 hours (or
leading to death within 24 hours), caused by either cerebral ischemia or cerebral hemorrhage, excluding
transient ischemic attacks (TIAs). All participants were assessed for cardiopulmonary function, cardiac
structural changes, and adverse cardiovascular events at baseline (one week after PCl when the patient’s
condition was stable) and 3 months after randomization. Regarding blinding, all outcome assessors
(including CPET operators and echocardiographers) will be strictly blinded to the patient's group
allocation. Follow-up Methods: A combination of on-site follow-up and telephone follow-up will be
adopted.

CPET

The CPET was performed by a Master Screen CPX tester from German Yeger (Model, manufacturer:
Master Screen, Careu Fusion Germany234GmbH). The test consists of three consecutive stages: a 5-
minute rest stage, a 3-minute warm-up stage, and a 3-minute exercise stage. The speed and level
increase every 3 minutes. Blood pressure, heart rate, and power were monitored throughout the entire
exercise process. Then, experienced medical staff calculated indices such as the VO, AT, VO, peak, MET,

O, Pulse, VE/VCO,, and VE based on the experiments. The trial was terminated based on the following

criteria: (1) The subject reached their predicted maximum heart rate (= 90% of the predicted maximum
heart rate for age, calculated as 220 - age); (2) Obvious electrocardiogram abnormalities occur (such as
st segment depression =1mm, ventricular tachycardia); (3) Severe symptoms, including chest pain,
dizziness, severe shortness of breath (Modified Borg Scale score = 9) or leg fatigue, making it impossible
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to move further; (4) Despite the increase in workload, systolic blood pressure still decreased by =20
mmHg; (5) The participant requests to stop. All CPET tests were conducted by well-trained medical staff
who were unaware of the allocation of participant groups. To ensure quality control and reproducibility.

Statistical Analysis

Statistical analyses were performed using SPSS 23.0 software. The normality of continuous data
distribution was assessed using the Shapiro-Wilk test. Continuous variables with a normal distribution
are expressed as mean = standard deviation (SD), and comparisons between two groups were
conducted using the independent samples t test. For continuous variables that did not conform to a
normal distribution, non-parametric tests (Mann-Whitney U test) were applied. The count data are
expressed as the number of patients and percentage (%). A chi-square test was used for comparisons
between groups. The relationships between CPET and the experimental groups were analyzed by
multiple linear regression. The proportion of missing data for all key variables was < 5%, and listwise
deletion was used. A value of P<0.05 in a two-sided test was considered to indicate statistical
significance.

RESULTS
Patient enrollment process and follow-up status

Among the 125 ACS patients receiving PCI treatment who were assessed for eligibility, 110 patients
were randomly divided into an experimental group and a control group at a ratio of 1:1. Fifteen patients
were excluded. Of these patients, 6 did not meet the inclusion criteria, 4 did not provide consent, 3 had
poor exercise capacity, and 2 died. A total of 4 patients were lost to follow-up, including 3 in the
experimental group and 1 in the control group. One patient in the control group was lost to follow-up due
to absence. Two patients in the experimental group were lost to follow-up due to their refusal to follow
up, and one patient was lost to follow-up due to other health problems. The final 106 participants
completed the 3-month follow-up. Among the participants who completed follow-up, 49.0% were in the
experimental group. A total of 4 patients were lost to follow-up, with a loss to follow-up rate of 3.6%
(following the CONSORT 2010 reporting standard in the flow diagram: Fig. 1).

Baseline Characteristics of the Study Participants

This study included a total of 106 patients (91 males, 85.8%) with an average age of 57.3 £+ 9.0 years.
Patients with hypertension and diabetes accounted for 45.3% and 20.8%. There was no statistically
significant difference between the experimental group and the control group in terms of age, sex,
smoking history, BMI, medical history, blood cholesterol, triglycerides, creatinine, uric acid, myocardial
enzymes or blood pressure (p > 0.05). No participants experienced any adverse events during the
training process. The heart rate of the experimental group was greater than that of the control group (p <
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0.05). There was no statistically significant difference in the number of lesions or lesions in the left main
trunk during surgery (Table 2).
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Table 2
Demographics and characteristics of the patients

Clinical data Totol Experimental group (n  Control group
=52) (n=54)

(n=106)

Age (years) 57.3+9.0 56.5+10.1 58.1x7.7

Male [n (%)] 91(85.8) 46(88.5) 45(83.3)

Smoking history [n (%)] 58(57.4) 30(57.7) 28(51.9)

BMI (kg/m?) 24.59 +3.38 24.75+3.13 24.44 +3.63

Hypertension [n (%)] 48(45.3) 23(44.2) 25(46.3)

Diabetes [n (%)] 22(20.8) 9(17.3) 13(24.1)

TC (mmol/L) 4.69 +0.90 4.75+1.00 4.64+0.80

TG (mmol/L) 1.97+1.53 2.14+1.90 1.80%1.06

HDL(mmol/L) 1.02+0.31 1.04+0.33 1.00£0.29

LDL(mmol/L) 3.00+0.84 2.96+0.98 3.05+0.68

CR (umol/L) 95.87 +31.91 90.0+23.8 101.6+£37.5

UA (umol/L) 358.2+103.2 352.3+107.2 363.9+99.8

CTnT 3564.9 + 3242.9£2979.6 3874.9+3278.9
3136.9

CK 190.4+214.0 168.6 £211.7 211.5+£216.1

CK-MB 132.2+163.5 110.9+154.8 152.7+170.4

SBP (mmHg) 133.76 ¢ 132.9+23.3 134.6 £25.0
24.07

DBP (mmHg) 85.33+15.60 83.5%16.1 87.1+15.1

HR (times/min) 79.10+15.59 825174 75.8+12.9

Left main coronary artery  6(5.7) 1(1.9) 5(9.3)

disease

Number of diseased

vessels

One 26(24.5) 13(25.0) 13(24.1)

BMI: body mass index, CTnT: Cardiac troponin T, CK: creatine kinase, CK-MB: creatine kinase

0.359
0.580
0.565
0.649

0.848
0.475
0.518
0.257
0.542
0.615
0.060
0.565
0.302

0.305
0.190
0.726

0.243
0.025
0.206

0.278

isoenzyme, TG: triglycerides, TC: total cholesterol, HDL: High density lipoprotein, LDL: Low density
lipoprotein, UA: uric acid, Cr: serum creatinine, SBP: systolic blood pressure, DBP: diastolic blood

pressure, HR: heart rate
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Clinical data Totol Experimental group (n  Control group p

(=106 = 52) (n=54)
Two 36(34.0) 14(26.9) 22(40.7)
Three 44(41.5) 25(48.1) 19(35.2)

BMI: body mass index, CTnT: Cardiac troponin T, CK: creatine kinase, CK-MB: creatine kinase
isoenzyme, TG: triglycerides, TC: total cholesterol, HDL: High density lipoprotein, LDL: Low density
lipoprotein, UA: uric acid, Cr: serum creatinine, SBP: systolic blood pressure, DBP: diastolic blood
pressure, HR: heart rate

CPET and echocardiographic parameter outcomes in the
study population

All study participants underwent a CPET and cardiac ultrasound evaluation after PCl and 3 months
postoperatively. The EF of the population after PCl was 50.8 + 9.6, the VO, AT was 13.07 +£3.13, and the
VO, peak was 16.50 * 3.65. After 3 months, the EF was 54.8 + 10.8, the VO, AT was 14.48 + 3.25, and the
VO, peak was 18.42 +3.96. The EF, LVD, VO, AT, VO, peak, METs, VE and O, Pulse all increased
compared with baseline, while VE/VCO, slope decreased compared with the baseline (p < 0.05)

(Table 3).

CPET and echocardiographic para-rl;?:'::rg outcomes in the study population
Totol(n=106) after PCI after 3 mothons p
LVEF [(%)] 50.8+9.6 54.8+10.8 <0.001
LA 32.5+4.3 33.41+4.4 0.071
LVD 46.7 £ 5.4 49.3+5.9 <0.001
VO, AT(ml/min/kg) 13.07+3.13 14.48 +3.25 <0.001
VO, peak(ml/min/kg) 16.50 £ 3.65 18.42+3.96 <0.001
METs 4.72+1.05 528+1.17 <0.001
0, Pulse (mL/beat) 9.48+1.98 10.17£2.08 <0.001
VE/VCO, slope 35.112+5.730 32.986 +4.608 <0.001
VE(L/min) 45.4+11.1 50.4+9.9 <0.001

LVEF: left ventricular ejection fraction, LA: Left atrial diameter, LVD: Left ventricular end diastolic
diameter, AT: anaerobic threshold, VO,: oxygen uptake, VO, peak: oxygen uptake peak, METs:

metabolic equivalents, O, Pulse: oxygen pulse, VE/VCO,: Ventilatory equivalents for carbon dioxide,
VE: ventilation
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CPET and echocardiographic parameter outcomes in the
experimental and control groups

After PCI, there was no significant difference in EF, LA, LVD, VO, AT, VO, peak, MET, oxygen pulse,
VE/VCO, slope, or VE between the experimental group and the control group. At 3 months, follow-up

cardiac ultrasound and CPET results showed that the experimental group had significantly greater levels
of VO, AT, VO, peak, MET, and O, pulse than did the control group (p < 0.05). There was no significant

difference between the two groups in terms of cardiac ultrasound. (Table 4).
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Table 4

CPET and echocardiographic parameters outcomes in the experimental and control group

After PCI Experimental group (n = 52) Control group (n= p
LVEF [(%)] 50.5+10.9 51.2+8.0 0.693
LA 32.8+4.4 32.2+4.1 0.527
LVD 46.9+6.4 46.5+4.2 0.689
VO, AT(ml/min/kg) 12.91 +3.07 13.22+3.22 0.607
VO, peak(ml/min/kg) 16.12+3.47 16.86 + 3.81 0.297
METs 4.61+0.99 4.82+1.10 0.305
0, Pulse (mL/beat) 9.51+1.81 9.44+2.15 0.847
VE/VCO, slope 35.199+6.108 35.028+5.398 0.878
VE(L/min) 452+11.8 45.6£10.5 0.873
3 mothons

LVEF [(%)] 55.9+11.4 53.7+10.2 0.312
LA 34.1+4.6 32.8+4.0 0.117
LVD 49.4+7.0 4921438 0.889
VO, AT(ml/min/kg) 15.35+3.42 13.63+£2.87 0.006
VO, peak(ml/min/kg) 19.44+3.84 17.45+3.85 0.009
METs 560%1.12 4.97+1.15 0.005
0, Pulse (mL/beat) 10.78 £1.91 9.59+2.09 0.003
VE/VCO, slope 32.466 + 4.537 33.486 +4.663 0.256
VE(L/min) 51.5+10.7 49.3+9.0 0.264

LVEF: left ventricular ejection fraction, LA: Left atrial diameter, LVD: Left ventricular end diastolic
diameter, AT: anaerobic threshold, VO,: oxygen uptake, VO, peak: oxygen uptake peak, METs:

metabolic equivalents, O, Pulse: oxygen pulse, VE/VCO,: Ventilatory equivalents for carbon dioxide,
VE: ventilation

Changes in CPET between the experimental and control
groups
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After 3 months, the changes in the VO, AT, VO, peak, METs, and O, pulse differed significantly between
the experimental group and the control group. The experimental group was significantly higher than the
control group (p < 0.05). However, there was no significant difference in the VE/VCO, slope, VE, or EF

between the two groups (Table 5 and Fig. 2).

Table 5
Changes in CPET between the experimental and control groups

Cha)nges(3 mothons-After Exg»erimental group (n = Control group (n = 54) p
PCI 52

LVEF [(%)] 4.50(0.00, 9.75) 3.00(-2.25, 8.00) 0.132
LA 1.00(-2.00, 4.00) 0.00(-2.00, 2.25) 0.356
LVD 3.00(-1.00, 6.00) 3.00(0.00, 5.00) 0.797
VO, AT(ml/min/kg) 2.50(0.60, 3.50) 0.80(-0.65, 1.43) <0.001
VO, peak(ml/min/kg) 3.35(1.80, 4.65) 0.70(-0.60, 2.00) <0.001
METs 0.95(0.60, 1.38) 0.20(-0.33, 0.60) <0.001
0, Pulse (mL/beat) 1.10(0.43, 2.00) 0.20(-0.50, 0.80) <0.001

VE/VCO, slope -2.275(-4.700, 0.088) -1.385(-3.013, 0.095) 0.173

VE(L/min) 4.5(-0.8, 14.0) 3.0(0.0,7.0) 0.237

LVEF: left ventricular ejection fraction, LA: Left atrial diameter, LVD: Left ventricular end diastolic
diameter, AT: anaerobic threshold, VO,: oxygen uptake, VO, peak: oxygen uptake peak, METs:

metabolic equivalents, O, Pulse: oxygen pulse, VE/VCO,: Ventilatory equivalents for carbon dioxide,
VE: ventilation

Multiple linear regression of the CPET and the
experimental group

Multiple linear regression analysis was performed, including the changes in the VO, AT, VO, peak, METs,
and O, pulse as the dependent variables and the group (experimental group, control group) as the
independent variable. Model 1 was not adjusted for any factors; Model 2 was adjusted for age, sex, and
BMI; Model 3 was adjusted for age, sex, BMI, heart rate (HR), smoking history, hypertension, diabetes,
creatinine, uric acid, total cholesterol, triglycerides, high-density lipoprotein, low-density lipoprotein, and
left main artery disease. After further adjustment for confounding factors, the change in the VO, AT in
the experimental group was greater than that in the control group (B = 1.541, 95% Cl 0.605-2.477,p =
0.002), the change in the VO, peak in the experimental group was greater than that in the control group
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(B=2.446,95% Cl 1.473-3.418, p <0.001), the change in the METs in the experimental group was greater
than that in the control group (B =0.762, 95% CI 0.471-1.053, p < 0.001), and the change in the O, pulse
in the experimental group was greater than that in the control group (B=1.162, 95% Cl 0.622-1.701, p <
0.001). This result further suggests that after 3 months of follow-up, the VO, AT, VO, peak, METs, and O,
pulse increased by 1.541, 2.446, 0.762, and 1.162 units, respectively, compared with the control group
(Table 6 and Fig. 3).

Table 6
Multiple linear regression of CPET and experimental group
CPET Multiple linear regression
Model 1 (B) Model 2 (B) Model 3 (B)

VO, AT(ml/min/kg) 2.035" 1.984™ 1.541™
VO, peak(ml/min/kg) 2.730™ 2.677" 2.446™
METs 0.840™ 0.821" 0.762"
O, Pulse (mL/beat) 1.114" 1.152™ 1.162™

AT: anaerobic threshold, VO,: oxygen uptake, VO, peak: oxygen uptake peak, METs: metabolic
equivalents, O, Pulse: oxygen pulse; Model 1 no factors were adjusted; Model 2 adjusts for age, sex,

BMI; Model 3 adjusts for age, sex, BMI, HR, Smoking history, hypertension, diabetes, creatinine, uric
acid, total cholesterol, triglycerides, high-density lipoprotein, low-density lipoprotein, left main artery
disease

#5<0.1;"p<0.050"p<0.01

DISCUSSION

Our primary finding was that early exercise improved the VO, AT, VO, peak, METs, and O, pulse in the
experimental group without increasing the incidence of adverse clinical events. After 3 months of follow-
up, the change in the VO, AT in the experimental group was greater than that in the control group (B =
1.541, 95% CI1 0.605-2.477, p = 0.002). similarly, the change in the VO, peak (B = 2.446, 95% CI 1.473-
3.418,p<0.001), METs (B =0.762, 95% CI 0.471-1.053, p < 0.001), and O, pulse (B =1.162, 95% CI

0.622-1.701, p < 0.001) were all more pronounced in the experimental group. Our research focused
mainly on early bedside cardiac rehabilitation after PCI. These results align with previous studies that
have emphasized the benefits of early CR for AMI patients after PCI. At the same time, phase | cardiac
rehabilitation exercise training combined with respiratory training has been shown to enhance exercise
endurance and quality of life in this populationl'®2%. A study conducted in the community also showed
that performing CR can improve quality of life, which includes increasing cardiac ejection fraction,
exercise tolerance, and physical status in AMI patients after pci21],
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The physiological mechanisms underlying the observed CPET improvements may be attributed to the
effects of early moderate in-bed exercise. Postoperative active movement can promote systemic blood
circulation, increase cardiac preload and optimize myocardial perfusion. Additionally, early exercise may
improve respiratory function by increasing tidal volume and lung compliance, thereby boosting oxygen
exchange capacity. These effects collectively contribute to higher VO, AT, VO, peak. However, the
VE/VCO, slope or VE in the experimental group did not significantly improve in the short term. The
VE/VCO2 and VE are mainly related to lung function, which may require longer intervention durations or
targeted respiratory training to modify. Collectively, these results confirm the efficacy and safety of early
bedside exercise for AMI patients after PCI, reinforcing the role of early CR as a critical secondary
prevention strategy to reduce cardiovascular readmission and sudden death risk!2223l,

There is a significant correlation between HR and adverse outcomes of AMI. The higher the HR, the
higher the risk of cardiovascular death in patients with AMI4., A study in the United States showed a
close correlation between heart rate and 3-year mortality rate in AMI patients after discharge[25]. In our
study, the HR of the experimental group was greater than that of the control group. Therefore, HR was
included as a confounding variable in subsequent analyses. This adjustment was critical to ensure that
the observed improvements in CPET indicators were not erroneously attributed to HR fluctuations, but
rather to the early exercise intervention itself.

Notably, our study did not detect significant improvements in cardiac structure or function (assessed via
EF, LA, and LVD) at the 3-month follow-up. This finding can be contextualized by the pathophysiological
timeline of AMI: ventricular remodeling begins within hours of infarction, progressing from localized
myocardial damage to global left ventricular structural changes, and is accompanied by myocardial
hypertrophy and systolic dysfunction. The lack of functional improvement may be explained by two key
factors. First, the 3-month intervention duration may be insufficient to reverse established remodeling
processes, as cardiac structural adaptations typically require longer-term interventions to become
detectable. Second, heart failure is a common complication in AMI patients. However, in patients with
heart failure, CR can significantly improve the LVEF26-28] However, in our study, patients with heart
failure were excluded. Therefore, the absence of an effect of early CR training on the cardiac function of
AMI patients after PCl may be associated with the short duration of the intervention and the exclusion of
heart failure patients.

Importantly, there were no adverse events in our study. In addition, with the advancement of PCI
technology, postoperative complications have significantly decreased. However, intrastent thrombosis
and malignant arrhythmia were still identified as the strongest predictors of mortality. In the present
study, exercise training did not increase the incidence of recurrent myocardial infarction among patients
after PCI, indicating that early CR training was safe for such patients, which was consistent with previous

literature reports(21:29,

This study has several notable strengths. First, it focused on early bedside CR. This is a practical,
hospital-based intervention that is easily implementable in clinical settings. Second, we employed
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objective CPET indicators (e.g., VO, AT, O, pulse) to assess intervention effects, which are more sensitive
to early cardiopulmonary adaptations than standard cardiac function measures (e.g., EF). Third, we
adjusted for HR as a confounding variable, enhancing the robustness of our causal inferences regarding
the intervention’s effects on CPET outcomes. Despite these strengths, our study has several limitations
that should be considered when interpreting the results. First, the study included only patients who could
perform and agreed to engage in exercise training. Second, the study only included 3 months of follow-
up. There is no research on the long-term effects on cardiopulmonary function and cardiac structure.
Finally, the study was a single-center trial with a small sample size. In the future, we should conduct
multi-center and larger-scale studies to enhance applicability. In addition, we need to extend the follow-
up period to assess the long-term effects on cardiac structure and function. Furthermore, researching
the potential mechanisms for improving cardiac function (for example, assessing myocardial fibrosis
through cardiac MRI) can inform the design of targeted intervention measures to enhance long-term
cardiac remodeling outcomes.

CONCLUSION

This study demonstrated that early phase | CR exercise training combined with respiratory training
improved cardiopulmonary fitness (VO, AT, VO, peak, O, pulse) and exercise capacity without increasing
the incidence of cardiovascular events or prosthesis dysfunction among AMI patients with PCI. However,
no significant changes in cardiac function were observed in patients with short-term intervention, which
emphasizes the necessity of conducting long-term follow-up studies to determine long-term effects.
Based on this study, early CR can be used as a routine intervention plan for AMI patients after PCI. But
this study is a single-center study and has limitations. Future research should expand the sample size
and include patient groups from different regions and with different disease severity levels to improve
the generalizability of the findings.

Abbreviations

AMI: acute myocardial infarction; PCI: percutaneous coronary intervention; CPET: cardiopulmonary
exercise testing; CR: Cardiac rehabilitation; AT: anaerobic threshold; METs: metabolic equivalents;
O, Pulse: oxygen pulse; VE/VCO,:Ventilatory equivalents for carbon dioxide; VE:ventilation; VO,:0xygen

uptake; VO, peak: peak oxygen uptake; LVEF: left ventricular ejection fraction; LA: Left atrial diameter,

LVD: Left ventricular end diastolic diameter, BMI: body mass index; TG: triglycerides; TC: total cholesterol;
LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; UA: uric acid; Cr:
serum creatinine; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; OSAS:
obstructive sleep apnea syndrome.

Declarations

Acknowledgements

Page 17/23



Not Applicable.
Ethic approval and consent to participate

This study was approved by Yulin First People's Hospital (YLSY-IRB-SR-2022019). All procedures were
performed in accordance with ethical standards. Written consent was obtained from all participants
after they had been informed of the objectives, benefits, medical items and confidentiality agreement
regarding their personal information.

Availability of data and materials

The data that support the findings of this study are available on request from the corresponding author.
The data are not publicly available due to privacy or ethical restrictions.

Competing interests
The authors declare that they have no competing interests, and all authors confirm its accuracy.
Funding

This work was supported by the Yulin City Scientific Research and Technology Development Plan Project
(No. 20220634), Yulin City Scientific Research and Technology Development Plan Project (No.
202235023), Guangxi Science and Technology Major Project (GuikeAA22096030), Health Committee of
Guangxi (No. Z-K20251652).

Authors’ contributions

Jun-Ting Luo and Ying-Feng conceived the study. Jun-Ting Luo analysis and interpretation. Jun-Ting Luo
and Ying-Feng contributed equally to this work. Kai-Fang Pang and Jian-Ping Tan contributed to data
collection. Chun-Mei Zeng and Yan-Mei Zhao contributed to the study conceptions and design. All
authors read and approved the final version of the manuscript.

Consent for publication

Not applicable.

References

1. Chinese Society of Cardiology of Chinese Medical Association, Editorial Board of Chinese Journal of
Cardiology. [2019 Chinese Society of Cardiology (CSC) guidelines for the diagnosis and
management of patients with ST-segment elevation myocardial infarction]. Zhonghua Xin Xue Guan
Bing Za Zhi. 2019;47(10):766-783. https://doi.org/10.3760/cma.j.issn.0253-3758.2019.10.003.

2. Sanchis-Gomar F, Perez-Quilis C, Leischik R, Lucia A. Epidemiology of coronary heart disease and
acute coronary syndrome. Ann Transl Med. 2016;4(13):256.

Page 18/23



10.

11.

12.

13.

14.

https://doi.org/10.21037/atm.2016.06.33.

. GBD 2023 Causes of Death Collaborators. Global burden of 292 causes of death in 204 countries

and territories and 660 subnational locations, 1990-2023: a systematic analysis for the Global
Burden of Disease Study 2023. Lancet. 2025;406(10513):1811-1872.
https://doi.org/10.1016/S0140-6736(25)01917-8.

. Kubo S, Yamaji K, Inohara T, et al. In-Hospital Outcomes After Percutaneous Coronary Intervention

for Acute Coronary Syndrome With Cardiogenic Shock (from a Japanese Nationwide Registry [J-PCI
Registry]). Am J Cardiol. 2019;123(10):1595-1601. https://doi.org/10.1016/j.amjcard.2019.02.015.

. Jiang Z, Dreyer RP, Spertus JA, et al. Factors Associated With Return to Work After Acute Myocardial

Infarction in China. JAMA Netw Open. 2018;1(7):e184831.
https://doi.org/10.1001/jamanetworkopen.2018.4831.

. Nemani R, Gade BS, Panchumarthi D, Bathula B, Pendli G, Panjiyar BK. Role of Cardiac Rehabilitation

in Improving Outcomes After Myocardial Infarction. Cureus. 2023;15(12):e50886.
https://doi.org/10.7759/cureus.50886.

. Simony CP, Pedersen BD, Dreyer P, Birkelund R. Dealing with existential anxiety in exercise-based

cardiac rehabilitation: a phenomenological-hermeneutic study of patients' lived experiences. J Clin
Nurs. 2015;24(17-18):2581-2590. https://doi.org/10.1111/jocn.12867.

. Powell R, McGregor G, Ennis S, Kimani PK, Underwood M. Is exercise-based cardiac rehabilitation

effective? A systematic review and meta-analysis to re-examine the evidence. BMJ Open.
2018;8(3):e019656. https://doi.org/10.1136/bmjopen-2017-019656.

. Andersen KS, Laustsen S, Petersen AK. Correlation Between Exercise Capacity and Quality of Life in

Patients With Cardiac Disease. J Cardiopulm Rehabil Prev. 2018;38(5):297-303.
https://doi.org/10.1097/HCR.0000000000000281.

Harber MP, Kaminsky LA, Arena R, et al. Impact of Cardiorespiratory Fitness on All-Cause and
Disease-Specific Mortality: Advances Since 2009. Prog Cardiovasc Dis. 2017;60(1):11-20.
https://doi.org/10.1016/j.pcad.2017.03.001.

Ross R, Blair SN, Arena R, et al. Importance of Assessing Cardiorespiratory Fitness in Clinical
Practice: A Case for Fitness as a Clinical Vital Sign: A Scientific Statement From the American Heart
Association. Circulation. 2016;134(24):e653-653€699.
https://doi.org/10.1161/CIR.0000000000000461.

Tanriverdi A, Savci S, Ozcan Kahraman B, et al. Effects of high intensity interval-based inspiratory
muscle training in patients with heart failure: A single-blind randomized controlled trial. Heart Lung.
2023;62:1-8. https://doi.org/10.1016/j.hrting.2023.05.011.

Saltin B, Blomqvist G, Mitchell JH, Johnson RL Jr, Wildenthal K, Chapman CB. Response to exercise
after bed rest and after training. Circulation. 1968;38(5 Suppl):VII1-78.

Thomas RJ, King M, Lui K, et al. AACVPR/ACC/AHA 2007 performance measures on cardiac
rehabilitation for referral to and delivery of cardiac rehabilitation/secondary prevention services.
Circulation. 2007;116(14):1611-1642. https://doi.org/10.1161/CIRCULATIONAHA.107.185734.

Page 19/23



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Redfern J, Hyun K, Chew DP, et al. Prescription of secondary prevention medications, lifestyle advice,
and referral to rehabilitation among acute coronary syndrome inpatients: results from a large
prospective audit in Australia and New Zealand. Heart. 2014;100(16):1281-1288.
https://doi.org/10.1136/heartjnl-2013-305296.

Baldasseroni S, Silverii MV, Pratesi A, et al. Cardiac Rehabilitation in Advanced aGE after PCI for
acute coronary syndromes: predictors of exercise capacity improvement in the CR-AGE ACS study.
Aging Clin Exp Res. 2022;34(9):2195-2203. https://doi.org/10.1007/s40520-022-02130-y.

Drozda J Jr, Messer JV, Spertus J, et al. ACCF/AHA/AMA-PCPI 2011 performance measures for
adults with coronary artery disease and hypertension: a report of the American College of
Cardiology Foundation/American Heart Association Task Force on Performance Measures and the
American Medical Association-Physician Consortium for Performance Improvement. Circulation.
2011;124(2):248-270. https://doi.org/10.1161/CIR.0b013e31821d9%ef2.

Shah ZA, Jamal QM, Ullah N, Ahmad T, Ahmed M. Effectiveness of Cardiac Rehabilitation in
Myocardial Infarction Patients After Percutaneous Coronary Intervention. Cureus.
2022;14(7):e26684. https://doi.org/10.7759/cureus.26684.

Tsai YJ, Li MH, Chen CH, Tuan SH, Chen YJ, Lin KL. Improved oxygen uptake efficiency slope in acute
myocardial infarction patients after early phase | cardiac rehabilitation. Int J Rehabil Res.
2017;40(3):215-219. https://doi.org/10.1097/MRR.0000000000000229.

Santos-Hiss MD, Melo RC, Neves VR, et al. Effects of progressive exercise during phase | cardiac
rehabilitation on the heart rate variability of patients with acute myocardial infarction. Disabil
Rehabil. 2011;33(10):835-842. https://doi.org/10.3109/09638288.2010.514016.

Zhang Y, Cao H, Jiang P, Tang H. Cardiac rehabilitation in acute myocardial infarction patients after
percutaneous coronary intervention: A community-based study. Medicine (Baltimore).
2018;97(8):€9785. https://doi.org/10.1097/MD.0000000000009785.

Kabboul NN, Tomlinson G, Francis TA, et al. Comparative Effectiveness of the Core Components of
Cardiac Rehabilitation on Mortality and Morbidity: A Systematic Review and Network Meta-Analysis.
J Clin Med. 2018;7(12). https://doi.org/10.3390/jcm7120514.

McMahon SR, Ades PA, Thompson PD. The role of cardiac rehabilitation in patients with heart
disease. Trends Cardiovasc Med. 2017;27(6):420-425. https://doi.org/10.1016/j.tcm.2017.02.005.

Li C, Zhang Q, Feng D, et al. First post-discharge heart rate and long-term prognosis in patients with
acute myocardial infarction. Rev Cardiovasc Med. 2022;23(1):24.
https://doi.org/10.31083/j.rcm2301024.

Alapati V, Tang F, Charlap E, et al. Discharge Heart Rate After Hospitalization for Myocardial
Infarction and Long-Term Mortality in 2 US Registries. J Am Heart Assoc. 2019;8(3):e010855.
https://doi.org/10.1161/JAHA.118.010855.

Meng Y, Zhuge W, Huang H, Zhang T, Ge X. The effects of early exercise on cardiac rehabilitation-

related outcome in acute heart failure patients: A systematic review and meta-analysis. Int J Nurs
Stud. 2022;130:104237. https://doi.org/10.1016/j.ijnurstu.2022.104237.

Page 20/23



27. Tanaka S, Sanuki Y, Ozumi K, Harada T, Tasaki H. Heart failure with preserved vs reduced ejection
fraction following cardiac rehabilitation: impact of endothelial function. Heart Vessels.
2018;33(8):886-892. https://doi.org/10.1007/s00380-018-1128-2.

28. Lv D. A Meta-Analysis of the Effect of Exercise Rehabilitation Care on Cardiac Function in Patients
with Chronic Heart Failure. Contrast Media Mol Imaging. 2022;2022:2507680.
https://doi.org/10.1155/2022/2507680.

29. Du M, Ye X, Li D, Yang C, Dai R. Development of a prediction model for exercise tolerance decline in
the exercise assessment of patients with acute myocardial infarction undergoing percutaneous
coronary intervention revascularization in the acute phase. J Thorac Dis. 2023;15(8):4486-4496.
https://doi.org/10.21037/jtd-23-554.

Figures

125 Patients were assessed for eligibility

15 Patients fulfilled exclusion criteria:
6 Did not meeting inclusion criteria
4 Did not provide consent
3 poor exercise capacity
2 Died

'

110 Underwent randomization

| |

55 Were assigned to 55 Were assigned to
Experimental group Control group

\ |

3 Were lost to follow-up

1 Were lost to follow-up

h 4

|

52 Were included in 54 Were included in
intention-to-treat intention-to-treat
analysis analysis
Figure 1

Flow diagram of our studyiCONSORT 2010
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Figure 2

Changes in CPET between the experimental and control groups. A: Changes in VO, AT; B: Changes in
VO, peak; C: Changes in METs; D: Changes in O, pulse
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Multiple linear regression of CPET and experimental group
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