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Abstract: Objective: To systematically evaluate the impact of phase I cardiac rehabilitation exercise prescriptions on
cardiac function levels in patients after coronary intervention. Methods: Seven Chinese and English databases, including
Cochrane Library, PubMed, Web of Science, ESC (European Society of Cardiology), and CNKI, as well as professional
association websites, were searched using computers, with manual searching as a complement. Relevant literature
published from the establishment of the database to February 2025 was retrieved. Two researchers independently screened
the literature, extracted data, and evaluated the quality of the literature. Meta-analysis was performed using RevMan 5.3
software. Results: A total of 8 articles were included, involving 843 patients. Meta-analysis results showed that compared
with routine nursing, phase I cardiac rehabilitation exercise prescriptions helped increase the 6-minute walking distance
in patients after coronary intervention [MD = 0.84, 95% CI (0.57, 1.10), P < 0.001], increase the level of left ventricular
ejection fraction in patients after coronary intervention [MD = 0.67, 95% CI (0.33, 1.00), P < 0.001], and cardiac
rehabilitation combined with respiratory rehabilitation exercise could improve the level of left ventricular ejection fraction
in patients after coronary intervention [MD = 0.58, 95% CI (0.40, 0.76), P < 0.001]. Conclusion: The implementation of
phase I cardiac rehabilitation exercise prescriptions can help improve cardiac function levels in patients after coronary
intervention. However, the standardization of outcome evaluation indicators needs to be improved, and the long-term

effects of rehabilitation still require verification through a large number of high-quality studies.
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1. Introduction

Cardiovascular disease (CVD) is one of the leading causes of death and disability worldwide, and the prevalence

and mortality rates of CVD in China have been increasing year by year '

. The “Report on Cardiovascular Health
and Diseases in China 2023” estimates that there are 330 million people currently suffering from CVD, including
11.39 million with coronary heart disease (CHD). According to data from the Global Burden of Disease Study
(GBD), the age-standardized incidence rate of CVD among people aged 1-79 in China increased from 646.2 per
100,000 person-years in 1990 to 652.2 per 100,000 person-years in 2019 . Globally, it is estimated that the total
cost of CVD will rise to an astonishing $1,044 billion by 2030 . The “China Health Statistics Yearbook 2022”
indicates that cardiovascular disease (CVD) accounts for the highest proportion of deaths from diseases among
urban and rural residents, with 48.98% and 47.35% of deaths in rural and urban areas, respectively, in 2021 .
Acute coronary syndrome (ACS) is an important component of CVD, and percutaneous coronary intervention
(PCI) is a crucial treatment method for ACS that has been widely used in China in recent years "*. PCI can quickly
restore coronary blood flow, improve symptoms of myocardial ischemia, and reduce the risk of cardiovascular
events . However, despite successful PCI, patients still face high cardiovascular risks such as restenosis,
arrhythmia, and heart failure ”'. Additionally, there are various issues such as the impact of bed rest, decreased
exercise capacity, and large individual differences. Therefore, postoperative rehabilitation treatment is crucial ™.

Cardiac rehabilitation is a comprehensive medical measure designed to help patients with CVD restore
heart function and improve quality of life through various means such as exercise training, nutritional support,
psychological intervention, and drug treatment . As an essential component of secondary prevention of CVD,
a reasonable exercise prescription can enhance myocardial contractility, improve blood circulation to the heart,
and increase the heart’s reserve function"” '), Cardiac rehabilitation can effectively reduce the recurrence rate
and mortality of CVD ", Many countries have developed guidelines and standards for cardiac rehabilitation,
emphasizing its importance in the prevention and treatment of CVD "> ', China’s cardiac rehabilitation industry
has also made significant progress in recent years ""”. China has released the “Chinese Expert Consensus on
Coronary Heart Disease Rehabilitation and Secondary Prevention” and the “Guidelines for Cardiovascular Disease
Rehabilitation/Secondary Prevention in China (2015 Edition)”, further standardizing the process and methods of
cardiac rehabilitation """,

Phase I cardiac rehabilitation refers to early cardiac rehabilitation treatment that patients undergo during
hospitalization, typically beginning 2—3 days after PCI"". It mainly promotes patients’ physical recovery, prevents
the occurrence of complications, and improves patients’ self-confidence and ability to live independently ", Phase
I cardiac rehabilitation effectively improves heart function, increases left ventricular ejection fraction (LVEF), and
reduces left ventricular end-diastolic diameter (LVEDD) in patients after PCI ***". Additionally, it can improve
myocardial metabolism and remodeling, reduce myocardial cell apoptosis and necrosis, and enhance myocardial
endurance and anti-ischemic ability *>*). By developing personalized exercise prescriptions, patients’ exercise
intensity and volume are gradually increased, improving their cardiopulmonary function and exercise endurance** >\

The burden of CVD in China is heavy. Acute coronary syndrome (ACS) is a significant component of CVD,
and percutaneous coronary intervention (PCI) is a crucial treatment method for ACS *”’. Despite advancements
in PCI technology, the rehabilitation outcomes for postoperative patients remain unsatisfactory, with high
recurrence rates and mortality rates of cardiovascular events ** " Therefore, postoperative cardiac rehabilitation
based on exercise is particularly important for patients after PCI. Currently, there are still some issues in cardiac

rehabilitation treatment for patients after PCI, such as non-standardized cardiac rehabilitation programs and
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unscientific rehabilitation training °"**. Specifically, further evidence-based medical evidence is needed to support
the specific effects and measures for improving patients’ heart function levels. Therefore, this study systematically
and comprehensively evaluates the impact of Phase I cardiac rehabilitation exercise prescriptions on the heart
function levels of patients after coronary intervention through a systematic review method, providing a reference

for continuous improvement in early rehabilitation nursing for patients after coronary intervention.

2. Materials and methods

2.1. Inclusion and exclusion criteria

Inclusion and exclusion criteria are determined based on the PICOS principle.

Inclusion criteria are as follows: (1) Study population (P) consisted of patients aged > 18 years who underwent
coronary intervention; (2) Intervention (I) involved the implementation of a phase I cardiac rehabilitation exercise
prescription; (3) Control intervention (C) included patients receiving routine care or no cardiac rehabilitation
measures; (4) Outcome measures (O) included left ventricular ejection fraction, 6-minute walk test distance,
and left ventricular end-diastolic diameter; (5) Study design (S) was randomized controlled trials to enhance the
reliability of the research findings.

Exclusion criteria are: (1) Non-Chinese and non-English literature; (2) Duplicate publications or literature
with incomplete data; (3) Literature where the full text was unavailable.

2.2. Literature search strategy

Computer searches are conducted in Chinese databases, including CNKI, WanFang Database, and VIP Database,
as well as English databases such as Cochrane Library, PubMed, Web of Science, and the European Society
of Cardiology (ESC). The search period is from the establishment of the databases until February 2025.
Manual searches are also performed to trace the references of included literature. A combination of subject
headings and free-text terms is used. For example, in PubMed, the search strategy is: (“Percutaneous Coronary
Intervention”[Mesh]) AND [(“Exercise”[Mesh]) OR (“Cardiac Rehabilitation”’[Mesh])] AND ((“Heart Function
Tests”[Mesh]) OR (“Walk Test”[Mesh]) OR (Left ventricular end-diastolic diameter) OR (left ventricular ejection
fraction)).

2.3. Literature screening and data extraction

After removing duplicates using Zotero 7.0 software, two graduate students trained in evidence-based nursing
independently screened the literature by reading titles and abstracts, excluding clearly irrelevant articles. They then
read the full texts for further screening and data extraction. A third researcher intervened in case of disagreement.
Extracted information included: author, publication year, country, basic characteristics of the study population,

intervention measures (experimental and control groups), intervention duration, and outcome measures.

2.4. Literature quality evaluation

The two researchers who extracted data independently evaluated the quality of the literature using the Cochrane
Collaboration’s risk of bias tool for randomized controlled trials. The tool consists of seven items, each rated as
“low risk,” “uncertain,” or “high risk.” Studies that fully met the criteria are considered to have the lowest risk of

bias (quality grade A). Those that partially met the criteria are considered to have a moderate risk of bias (grade B).

58 Volume 9; Issue 6



Studies that did not meet the criteria are considered to have a high risk of bias (grade C) and are excluded.

2.5. Statistical methods

Statistical analysis is performed using RevMan 5.3 software. Continuous data are expressed as mean differences
(MD) with 95% confidence intervals (CI). The chi-square test is used to determine the presence of heterogeneity
among studies, with P > 0.05 and I’ < 50% as the criteria for homogeneity. If both statistical conditions are met,
a fixed-effects model is used for analysis. If one of the conditions is not met, indicating heterogeneity among
studies, a random-effects model is applied. A P < 0.05 is considered statistically significant.

3. Results

3.1. Literature screening results

Initially, 1352 articles were retrieved. After screening, 8 articles were finally included, including 3 in English and 5

. . 33-40 . . . .
in Chinese > *”. The literature screening process and results are shown in Figure 1.

The literature search results from
each database are as follows (n=1,352):
PubMed (n=219), ESC (n=13),
Web of Science (n=51), Cochrane Library (n=117),
CNKI (n=525),
VIP (n=226), and Wanfang (n=201)

Delete 601 duplicate
references through Zotero

The initial number of
screened literature
(n=751)

Read the titles and abstracts,
and delete 691 documents

h A
The total number of ]

After a detalled review, the following exclusions were made
52 articles. Among them:
Intervention mismatch: 10 articles
Timing of intervention mismatch: 17 articles

articles read (n=60)

Study population mismatch: 7 articles
v Qutcome measures mismatch: 2 articles
- Study design mismatch: 14 articles
The number included Full text unavailable: 2 articles

in the analysis (n=8)

Figure 1. Flowchart of literature screening

3.2. Basic characteristics of included literature

The publication dates of the included literature ranged from 2017 to 2023, involving a total of 843 patients who
underwent coronary intervention, with 422 in the experimental group and 421 in the control group. The basic
characteristics of the included literature are shown in Table 1.
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3.3. Methodological quality evaluation results of included literature

All 8 articles included were graded as B in quality, indicating a relatively high overall quality of the included
literature. The methodological quality evaluation results of the included literature are shown in Figure 2.
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Figure 2. Methodological quality evaluation results of included literature (n=8)

3.4. Meta-analysis and descriptive analysis results

3.4.1. Left ventricular end-diastolic diameter

(33363891 were included in the analysis. A random effects model was used for analysis (P <

Data from 5 articles
0.01, I’ = 94%). The results showed no statistically significant difference in left ventricular end-diastolic diameter

between the two groups [MD = 0.13, 95% CI (-0.61, 0.87), P = 0.73], as shown in Figure 3.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgrouy Mean SO Total Mean SO Total Weight [V, Random. 95% CI IV, Random. 95% CI
Abtahi F 2017 509 541 25 528 539 25 191% -0.351-0.91,0.21)
Jiang M 2021 306 398 49 285 4.3 43 202% 0.26 [-0.13, 0.6E]
Bsi F 2020 504 425 125 522 556 125 2098% -0.36 F0.61,-0.11) =
Xu Y 2023 144 585 48 133 7.03 48 197% 1.72[1.25,2.19] e
Chen @ 2020 459 76T 54 502 B.ES 53 202% -0.58 |-0.98,-0.21) Rl
Total (95% CI) 301 300 100.0% 0.13[-0.61, 0.87]

, ,
} } 1
-4 -2 0 2
Favours [experimertall Favours [comntrof

Heterogeneity: Tau®= 0.66; Chi*=71.42, df=4 (F = 0.00007); F= 94%
Testfor overall effect Z=0.35(P=0.73)

at
P

Figure 3. Forest plot of left ventricular end-diastolic diameter

3.4.2. 6-minute walk test distance

Data from 3 articles were included in the analysis "> *”. A fixed effects model was used for analysis (P = 0.44,
I’ = 0%). The results showed that the 6-minute walk distance in the experimental group was higher than that in
the control group, and the difference was statistically significant [MD = 0.84, 95% CI (0.57, 1.10), P < 0.01], as
shown in Figure 4.
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Exercise Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed. 95% CI
Zhou Y 2023 464 .97 4075 30 4277 7574 300 259% 0.60[0.09,1.13] T
Liao Y 2020 39573 321 43 36765 3827 43 36.0% 0.79100.35,1.23] —
Xu ¥ 2023 33381 12041 48 201.41 13242 48 381% 1.04 [0.61,1.46] — &
Total (95% CI) 121 121 100.0% 0.84 [0.57, 1.10] -
Heterogeneity Chi*=1.66, df= 2 (P = 0.44); F= 0% B P R .

Testfor overall effect Z=6.21 (F = 0.00001) Favours [exercise] Favours [control]

Figure 4. Forest plot of 6-minute walk test distance

3.4.3. Left ventricular ejection fraction

Data from 8 articles were included in the analysis "> *". A random effects model was used for analysis (P < 0.01, I’
= 81%). The results showed that the left ventricular ejection fraction in the experimental group was higher than that
in the control group, and the difference was statistically significant [MD = 0.67, 95% CI (0.33, 1.00), P < 0.01], as
shown in Figure 5. Among them, 4 articles adopted cardiac rehabilitation combined with respiratory rehabilitation

337391 The heterogeneity among subgroups was moderate (P =

training and could be combined for analysis
0.18, I’ = 39%). A random effects model was used for analysis. The subgroup analysis results showed that the left
ventricular ejection fraction in the experimental group was higher than that in the control group, and the difference

was statistically significant [MD = 0.58, 95% CI (0.40, 0.76), P < 0.01], as shown in Figure 6.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Abtahi F 2017 4816 43 25 428 T 25 1A% 017 [-0.38,0.73]
Chen M 2020 58.74 101 43 5779 956 39 125% 010 [-0.34, 0.53] TRTI o
Jiang M 2021 6962 528 49 6238 4522 49 12.4% 1.37[0.93,1.81] L
Zhou Y 2023 5368 619 30 5281 432 30 116% 0.16 [-0.35, 0.67] i
Liao Y 2020 B6.02  B.06 43 6256 598 43 126% 0.57[0.14,1.00] TeE
Bai F 2020 G036 1052 125 5417 1142 125 145% 0.56[0.31, 0.81] S
XU Y 2023 58.74 613 48 5112 535 48 123% 1.44[0.95 1.89] S
Chen @ 2020 6718  BAT 54 B1.86 4675 53 13.0% 0.89[0.49,1.28] T et
Total (95% CI) 417 412 100.0% 0.67 [0.33, 1.00] ~a-
Heterogeneity: Tau®= 0.19; Chi*= 36.59, df= 7 (P = 0.00001); F= 81% R PN .

Testfor overall effect Z= 3.88 (F = 0.0001) Favours [experimental] Favours [control]

Figure 5. Forest plot of left ventricular ejection fraction
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Figure 6. Subgroup analysis forest plot of left ventricular ejection fraction

3.5. Publication bias

In this study, less than 10 articles were included, so a funnel plot was not drawn.

4. Discussion

4.1. Phase I cardiac rehabilitation exercise prescription helps improve 6-minute walk test
distance for patients after coronary intervention

The 6-minute walk distance (6MWD) is not only a commonly used indicator reflecting the cardiopulmonary
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function of patients after coronary intervention, but also an objective evaluation index of patients’ rehabilitation
progress and treatment effect. Research has shown that Phase I cardiac rehabilitation focuses on evaluating and
training patients’ exercise capacity . By developing personalized exercise prescriptions, patients’ exercise
intensity and volume are gradually increased, improving their cardiopulmonary function and exercise endurance.
Study indicates that Phase I cardiac rehabilitation can significantly improve the 6-minute walk distance (6MWD)
and cardiopulmonary exercise test indicators, such as maximal oxygen uptake and anaerobic threshold, for patients
after PCI !, This study found that in improving the 6-minute walk test distance after coronary intervention, the
Phase I cardiac rehabilitation exercise prescription is superior to traditional care. However, due to the limited
number of studies that can be combined and analyzed under this outcome indicator, high-quality research is still

needed for further verification.

4.2. Phase I cardiac rehabilitation exercise prescription contributes to improving left
ventricular ejection fraction levels for patients after coronary intervention

According to research, early cardiac rehabilitation can alleviate myocardial ischemia, increase exercise tolerance,
inhibit myocardial necrosis and apoptosis, reverse ventricular remodeling and myocardial remodeling, and
enhance patients’ heart function “*. The results of this study suggest that the Phase I cardiac rehabilitation exercise
prescription is beneficial for improving the left ventricular ejection fraction level of patients after coronary
intervention. Based on the subgroup analysis results, it is hinted that combining cardiac rehabilitation exercise
prescriptions with respiratory rehabilitation has a better effect on enhancing the left ventricular ejection fraction
level for patients after coronary intervention. Future research can explore the integration of cardiopulmonary
rehabilitation training and develop more personalized rehabilitation strategies to enhance the rehabilitation

outcomes for patients after coronary intervention.

4.3. Limitations and prospects of this study

This study has certain limitations. For instance, the searched databases are limited, and the existing Chinese
and English databases and professional association websites are not fully covered. The sample sizes in the
included literature are all limited, and the subjects come from different countries and regions with age variations.
The specific implementation process of the cardiac rehabilitation exercise prescription is difficult to ensure
homogeneity. Based on the results of this study, it is suggested to optimize the exercise prescription of the cardiac
rehabilitation program, improve the quality of cardiac rehabilitation, and promote the clinical application of Phase

I cardiac rehabilitation for patients after PCI.

5. Conclusion

This study comprehensively evaluated the impact of the Phase I cardiac rehabilitation exercise prescription on
the cardiac function levels of patients after coronary intervention. It initially confirmed that the Phase I cardiac
rehabilitation exercise prescription can promote the improvement of the 6-minute walk distance and left ventricular
ejection fraction. Combining it with respiratory rehabilitation training can be more effective than conventional
nursing care, which can promote the clinical application of the Phase I cardiac rehabilitation exercise prescription

to a certain extent.
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