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Abstract

Objective To investigate the effect of Green model-based health education on
exercise tolerance and cardiac function in patients following pacemaker implan-
tation. Methods Ninety-eight patients following pacemaker implantation were
enrolled and divided into a control group and an experimental group based on
ward assignment, with 49 patients in each group. The control group received
conventional health education, while the experimental group received Green
model-based health education. The intervention duration for both groups was
3 months. At 3 months postoperatively, assessments were performed using
the Chinese Cardiovascular Patient Quality of Life Questionnaire (CQQC),
6-minute walk test distance (6MWT), N-terminal pro-brain natriuretic pep-
tide (NT-ProBNP), and left ventricular ejection fraction (LVEF). Results At 3
months postoperatively, the experimental group exhibited higher total CQQC
scores, 6MWTT distances, and LVEF values, along with lower NT-ProBNP levels,
compared with the control group; these differences were statistically significant
(P < 0.05). Conclusion Compared with conventional health education, Green
model-based health education can further improve exercise tolerance, cardiac
function, and quality of life in patients following pacemaker implantation.
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Abstract

Objective To investigate the effect of PRECEDE-PROCEED model-based
health education on exercise tolerance and cardiac function in patients after
pacemaker implantation.

Methods Patients who underwent pacemaker implantation were selected and
divided into a control group and an experimental group based on their hospital
ward, with cases in each group. The control group received routine health
education, while the experimental group received health education based on the
PRECEDE-PROCEED model. The intervention duration for both groups was
6 months. Outcome measures included the Chinese Cardiovascular Quality of
Life Questionnaire (CQQC) score, 6-minute walking test (6MWT) distance, N-
terminal pro-brain natriuretic peptide (NT-ProBNP) level, and left ventricular
ejection fraction (LVEF).

Results At 3 months post-surgery, the experimental group demonstrated higher
CQQC scores, longer 6MWT distances, higher LVEF levels, and lower NT-
ProBNP levels compared to the control group (P < 0.05).

Conclusion Compared with routine health education, PRECEDE-PROCEED
model-based health education can significantly improve exercise tolerance, car-
diac function, and quality of life in patients after pacemaker implantation.

Keywords: PRECEDE-PROCEED model; pacemaker implantation; cardiac
rehabilitation exercise; health education

Introduction

Cardiac pacemaker implantation is an effective treatment for heart failure and
arrhythmia, and its clinical value in preventing sudden cardiac death and improv-
ing patient quality of life has been well established. However, due to patients’
lack of understanding about their condition, inconsistent health education from
medical staff, and lack of professional guidance and supervision for rehabil-
itation exercise, patients often experience prolonged shoulder immobilization
after surgery, which severely impacts their ability to perform daily activities.
Exercise-based cardiac rehabilitation has been proven to improve patients’ daily
living capabilities, promote healthy lifestyle formation, slow disease progression,
and enhance quality of life. Nevertheless, cardiac rehabilitation after pacemaker
implantation started relatively late in China, with complex exercise rehabilita-
tion protocols for medical education, low levels of disease-related knowledge
among patients, and limited acceptance after education. Patients often give up
midway due to inability to meet requirements, resulting in less than optimistic
compliance with exercise rehabilitation.

Health education based on the PRECEDE-PROCEED model can improve pa-
tients’ disease-related knowledge levels, enhance their attitudes, and promote
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healthy behavior development, thereby achieving better exercise rehabilitation
outcomes. This study introduces the PRECEDE-PROCEED model into health
education for exercise rehabilitation after pacemaker implantation, developing
personalized health education plans under its theoretical framework to eliminate
limitations in daily living activities caused by postoperative conditions and re-
duce patient discomfort, enabling them to achieve a better state of recovery.

1. Materials and Methods

1.1 Study Participants Patients who underwent pacemaker implantation
and were admitted to the cardiovascular medicine department of a tertiary
Grade A hospital in Wuhan between [dates] were selected as study participants.

Inclusion criteria: (1) First-time pacemaker implantation; (2) Clear diagnosis
of heart failure or arrhythmia; (3) Normal preoperative platelet count and coag-
ulation time; (4) Preoperative discontinuation of antiplatelet or anticoagulant
medication; (5) Informed consent obtained from patients and families regarding
benefits and risks of participation.

Exclusion criteria: (1) Electrode displacement; (2) Pulse generator issues;
(3) Coagulation dysfunction; (4) Concomitant severe diseases; (5) Severe tricus-
pid regurgitation; (6) Severe chronic disease or severe cognitive/communication
impairments; (7) Limb dysfunction.

A total of patients were enrolled and divided into control and experimental
groups based on their hospital ward, with cases in each group. There were no
statistically significant differences between the two groups in general character-
istics including gender, age, marital status, living arrangement, physical activity
level, 6MWT distance, NT-ProBNP level, LVEF, or CQQC scores (P > 0.05),
indicating comparability. See .

Comparison of General Data Between Two Groups

1.2 Cardiac Rehabilitation Team Formation Before implementing
PRECEDE-PROCEED model-based health education, a nurse-led cardiac
rehabilitation team was established, including: 1 head nurse, 1 attending
physician, and 1 charge nurse. The team regularly reviewed latest literature
and conducted online training on the PRECEDE-PROCEED model and
post-pacemaker rehabilitation nursing. All nursing team members passed
post-training assessments. The head nurse served as administrator to supervise
project implementation, the physician was responsible for patient selection and
disease assessment, the pacemaker technician handled parameter settings and
programming, and nurses managed patient rehabilitation exercise, precautions
during exercise, and training effectiveness evaluation.
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1.3 Intervention Implementation Control Group Intervention: Pa-
tients received routine health education after pacemaker implantation, includ-
ing: instruction to apply a 1 kg sandbag to compress the local wound on the
day of surgery to prevent bleeding and infection and reduce pain; keeping the
affected limb immobilized; functional exercises starting on day 3 post-surgery;
enhanced condition monitoring and dietary guidance; pacemaker-related knowl-
edge education before discharge; and instruction to engage in daily household
activities according to capability. Education was provided at discharge and
during outpatient follow-up at 1 and 3 months post-surgery.

Experimental Group Intervention: Based on routine health education, the
experimental group received PRECEDE-PROCEED model-based health educa-
tion. The PRECEDE-PROCEED model, first proposed by Green, is primarily
applied to health education for chronic diseases. This model systematically as-
sesses specific patient problems, comprehensively analyzes causes of individual
problems, and categorizes factors influencing health behavior into predisposing,
enabling, and reinforcing factors to develop personalized health education plans.

Predisposing Factors Intervention: Cardiac rehabilitation nurses provided
pacemaker postoperative rehabilitation knowledge education, starting intensive
education on the day of surgery to improve attitudes and promote predisposing
factor formation. Once patients returned to the ward with stable vital signs,
good pacing signals, no wound bleeding or drainage, and tolerable pain, desig-
nated personnel began health education and progressive rehabilitation exercise.
Content is shown in .

Enabling Factors Intervention: Between postoperative months 1-3, patients
were provided with exercise rehabilitation resources, environmental support,
and social support to promote enabling factor formation. This included: (1)
Distribution of a self-developed post-pacemaker exercise rehabilitation manual
and establishment of a WeChat public account covering risk factor control,
dietary guidance, emotion management, and limb exercise rehabilitation proto-
cols; (2) Free six-minute walking tests, pacemaker programming, and bedside
NT-ProBNP collection; (3) Distribution and guidance for completing CQQC
questionnaires; (4) Exercise record books for tracking rehabilitation frequency,
duration, and feelings; (5) Encouraging participation in monthly health educa-
tion lectures organized by the department; (6) Establishing a WeChat group for
post-pacemaker exercise rehabilitation where patients and families could consult
medical staff.

Reinforcing Factors Intervention: Based on the previous interventions, re-
inforcement was provided through telephone follow-up and free re-examination
opportunities to encourage and provide feedback on patients’ exercise rehabil-
itation, promoting reinforcing factor formation and enhancing patient motiva-
tion. Cardiac rehabilitation nurses conducted monthly telephone follow-ups af-
ter discharge, focusing on adherence to exercise rehabilitation, exercise methods,
whether prescribed intensity and duration were achieved, and problems encoun-
tered during exercise. Personalized guidance was provided based on individual
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progress.

1.4 Outcome Measures At 3 months post-surgery, the following assessments
were conducted:

1. CQQC Questionnaire: The Chinese Cardiovascular Quality of Life
Questionnaire was used to evaluate changes in patients’ exercise rehabili-
tation knowledge, attitudes, behaviors, and quality of life improvement.

2. 6MWT Distance: The 6-minute walking test was used to assess exercise
tolerance.

3. Cardiac Function: NT-ProBNP levels and LVEF were measured to
evaluate cardiac function recovery. NT-ProBNP > 900 pg/mL or LVEF
< 50% indicated cardiac dysfunction.

1.5 Statistical Methods SPSS software was used for data analysis. Measure-
ment data were expressed as mean + standard deviation (X 4 s). Independent
samples t-test was used for between-group comparisons, with @ = 0.05 as the
significance level.

2. Results

At 3 months post-surgery, the experimental group showed significantly higher
CQQC questionnaire total scores, longer 6MWT distances, and higher LVEF
levels, along with significantly lower NT-ProBNP levels compared to the control
group (P < 0.05). See .

Comparison of CQQC Scores, 6MWT, NT-ProBNP, and LVEF Between Two
Groups (X =+ s)

3. Discussion

The key to health education lies in promoting individual behavior change. Effec-
tive health education can improve patients’ cognition of exercise rehabilitation,
enhance their attitudes toward exercise rehabilitation, and thereby promote be-
havior change. Correcting adverse behaviors and cognitions in post-pacemaker
implantation patients plays a crucial role in cardiac rehabilitation after discharge
and is essential for improving patients’ mastery of disease-related knowledge.
Research by Tang et al. also showed that better patient awareness of cardiac
rehabilitation correlates with better exercise compliance.

In this study, both health education models resulted in decreased NT-ProBNP
levels, increased 6MWT distances and LVEF, and improved CQQC total scores,
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indicating that active health education provides positive guidance for cardiac re-
habilitation in post-pacemaker patients and benefits quality of life improvement.
However, compared with routine health education, the PRECEDE-PROCEED
model-based approach produced significantly greater improvements in 6MWT
distance, LVEF, and CQQC total scores, along with significantly greater re-
ductions in NT-ProBNP, demonstrating that this model substantially improves
patients’ exercise tolerance, cardiac function, and quality of life.

The PRECEDE-PROCEED model provides systematic, standardized rehabili-
tation guidance through one-on-one education during hospitalization and pro-
gressive, personalized instruction. After discharge, the use of WeChat, public
accounts, telephone follow-up, and other methods delivers BI3¢3#7% (graphically-
rich) and easily understandable post-pacemaker exercise rehabilitation educa-
tion, making learning more convenient and accessible for patients. This results
in more solid mastery of postoperative disease-related knowledge, more obvious
behavior changes, and higher quality of life.

This study developed a progressive exercise protocol with gradually increasing
intensity to improve exercise tolerance and restore cardiac function in post-
pacemaker patients under the PRECEDE-PROCEED model framework. How-
ever, the study had a small sample size and only assessed cardiac function
indicators and exercise tolerance at 3 months post-discharge. Future studies
should extend intervention duration, strengthen follow-up data collection, and
increase observational indicators.
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