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Objective: To compare the efficacy of home-based cardiac rehabilitation (HBCR) and cen-
ter-based cardiac rehabilitation (CBCR) in cardiovascular risk factor management.

Methods: We performed retrospective review of the electronic medical records of 72 patients
who were hospitalized for acute coronary syndrome and participated in a cardiac rehabilita-
tion (CR) program for the first time. The participants were stratified into the HBCR group, re-
ceiving educational programs and performing self-exercise at home, and the CBCR group,
participating in electrocardiogram monitoring exercise training in hospital settings. The re-
sults of the Lifestyle Questionnaire survey were investigated at baseline, 3 months, and 6
months.

Results: Both groups showed significant improvements in serum low-density lipoprotein lev-
els, frequency of alcohol consumption, eating habits and psychological status. Moderate-in-
tensity exercise duration and the maximal metabolic equivalents values improved significant-
ly in both groups but slightly more in the CBCR group. However, the number of current smok-
ers increased in both groups, and no significant changes were found in body mass index, se-
rum glycated hemoglobin levels, serum high-density lipoprotein levels, or high-intensity exer-
cise duration.

Conclusion: Regardless of the CR program type, a patient’s lifestyle can be modified. There-
fore, patients should continue participating in any type of CR program.
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INTRODUCTION

After acute coronary syndrome (ACS), all survivors need to
rigorously manage their documented cardiovascular (CV) risk
factors to improve long-term outcomes. Cardiac rehabilitation
(CR) is the most important evidence-based intervention for the
secondary prevention after ACS [1,2].

CR is categorized into three main phases as follows: Phase

1 (early mobilization during acute in-patient hospitalization),
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Phase 2 (rehabilitation services traditionally delivered in an out-
patient setting that focus on health behavior change, risk factor
modification, and psychosocial well-being), and Phase 3 (long-
term maintenance of lifestyle changes) [3]. In Phase 2, patients
typically receive center-based CR (CBCR) for approximately 3
months of outpatient-monitored exercise programs, but the par-
ticipation rates are very low [4,5]. Therefore, home-based CR
(HBCR) was introduced to expand the access and participation
of patients compared with conventional CBCR [6].
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According to a Cochrane Review [7], HBCR and CBCR
showed similar effects in improving clinical health-related qual-
ity of life outcomes. Additionally, managing CV risk factors for
patients with coronary artery disease (CAD) is as important as
improving cardiorespiratory fitness (CRF) levels [8]. However
many comparative studies of HBCR and CBCR have been fo-
cused on the efficacy of exercise-based CR program for increas-
ing CRF level. Thus, it is necessary to assess the degree of CV
risk factor management rather than exercise effect using CR.

This study aimed to retrospectively compare the effects of
HBCR and CBCR, focusing on CV risk factor management by
reviewing patients’ electronic medical records (EMRs).

METHODS

Study design

We retrospectively analyzed patients’ EMRs at a single center
(Inje University Sanggye Paik Hospital). Patient privacy and
data confidentiality were maintained throughout the study pe-
riod. The study was approved by the Institutional Review Board
of Inje University Sanggye Paik Hospital (IRB No. 2022-12-
001). The requirement for informed consent was waived due to
the retrospective nature of the study.

Participants

Patients who met the following criteria were included in the
study: (1) patients who participated in the CR program for the
first time between March 1, 2020 and December 31, 2021; (2)
patients who were diagnosed with ACS and underwent percuta-
neous coronary intervention (PCI), coronary artery bypass graft
(CABG) surgery or treated with drugs, who were diagnosed
with valvular heart diseases or aortic dissection and underwent
surgery, who were diagnosed with cardiomyopathy or acute
heart failure and treated with drugs; and (3) those who visited
the CR clinic for regular follow-up for 3 and 6 months and per-
formed the cardiopulmonary exercise (CPX) test.

The exclusion criteria were as follows: (1) inability to ambu-
late due to physical problems including paralysis due to stroke,
spinal cord injury, amputation, severe musculoskeletal pain,
and dyspnea, among others and (2) incomplete EMRs.

Group assignments were performed at outpatient visits. The
decision of whether patients would receive CBCR or HBCR
program was based on the risk of exercise-related CV events set
by the American Association of Cardiovascular and Pulmonary
Rehabilitation [9] and the socioeconomic factors of each patient
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including time conflict to attend CBCR, distance between home
and center, economical status, etc. High-risk patients were
preferentially assigned to CBCR group and other patients were
assigned to CBCR or HBCR according to each patient’s choice
by their socioeconomic status. Although patients were classified
as “high-risk” according to the risk classification, they were as-
signed to the HBCR group if they could not participate in the
CR program in a hospital setting. Also, if low-risk patients who
might be assigned to the HBCR group wanted a CBCR pro-
gram, they were assigned to the CBCR group to exercise. Fig. 1
presents the patients’ selection flow chart.

Intervention

The CR program was performed at a single institution accord-
ing to the exercise prescription by exercise test using modified
Bruce protocol [10]. Patients were asked to visit the CR clinic
within 2 weeks after discharge for those who received the PCI
and within 4 weeks after discharge for those who had surgery.
At the first visit, patients were asked to undergo a series of tests,
including the CPX test and a questionnaire to understand their
lifestyle. Real-time recording 12-channel electrocardiography

499 Patients with cardiac diseases who participated
in CR program for the first time during the period
from March 1, 2020 to December 31, 2021

427 Excluded
380 Do not visit regular follow-up
14 Unable to participate in CR
program due to physical
problems
33 Incomplete EMRs

A4

Patients who visited CR clinic for regular follow-up for
3 and 6 months

,

72 Total study patients
I

Allocation
A A4

40 Home-based 32 Center-based
cardiac rehabilitation cardiac rehabilitation

Fig. 1. Flow diagram indicating progress of patients through
the study. CR, cardiac rehabilitation; EMRs, electronic medical
records.
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(CASE; GE-Marquette), respiratory gas analyzer (Quark CPET;
COSMED Co.), automatic blood pressure and pulse monitor
(TANGO M2; SunTech Medical Inc.), and treadmill (T-2100;
GE-Marquette) were used in the CPX test. Several variables
were measured in the CPX test, and changes of maximal met-

abolic equivalents (METs,,,,) were used to compare changes in

CRE levels. If the respiratory exchange rate was not sufficiently
obtained due to the patient’s poor condition or other reasons,
the test was performed again on a different date so that reliable
results could be obtained.

The survey used the “Lifestyle Questionnaire” adapted from
the “Health Insurance Corporation Health Checkup Question-
naire” [11]. The questionnaire included past history, family his-
tory, smoking and drinking habits, and questions about recent
exercise habits, eating habits, and psychological status. Smoking
habits were investigated as to whether or not to quit and main-
tain smoking. Drinking habits were examined to determine the
number of times a person drank alcohol per month. Regarding
exercise habits, the number of days and minutes per week of
moderate-intensity and high-intensity exercises were assessed
separately. In contrast, regarding eating habits, the intake of
high-cholesterol food was identified by classifying it into three
stages. Body mass index (BMI) was calculated by measuring
the height and weight, and blood tests, including serum glycat-
ed hemoglobin (HbAlc), low-density lipoprotein (LDL), and
high-density lipoprotein (HDL), were compared by referring to
the blood test results performed as follow-up tests at the outpa-
tient clinic of the cardiology department.

The CR exercise program was structured as follows: They
were asked to exercise for approximately 1 hour a day, 3 to 4
times per week. It comprised 5 minutes of warm-up stretching,
3 to 5 minutes of light cycling or walking, up to 40 minutes of
exercise, and 5 to 10 minutes of cool down. Exercise programs
prescribed to each patient included fast walking, treadmill
exercise, power walking, cycling, and jogging, depending on
exercise ability and condition. The initial exercise intensity was
gradually increased step by step according to the target heart
rate. The target heart rate was set to 60%-85% of the heart rate
reserve value calculated using the maximum and minimal heart
rates obtained from the CPX test. At every exercise session, pa-
tients were supervised and followed the direction of CR staff for
keeping above 85% of target heart rate goal. The CBCR group
visited the hospital for exercise under supervision and partic-
ipated in 36 sessions for 3 to 4 months. The CBCR group par-

274  www.e-arm.org

Effect of Home-Based Cardiac Rehabilitation

ticipated in at least 10 of the 36 sessions of the CR program in
the hospital over 3 to 4 months. Subsequently, the patients were
encouraged to exercise at home after completion of 36 sessions
in hospital setting. In the HBCR group, they received education
on CR exercise methods and conducted self-exercises near their
residences after their first visit to the CR clinic. Patients in the
HBCR group were instructed to monitor their heart rate by
wearing a smart watch or smart band or checking their radial
pulse. The HBCR group exercised alone based on the training
content, and self-management including exercise was complete-
ly self-sufficient.

All patients in the CR programs were asked to manage their
risk factors such as smoking and diet. On their first visit, they
were asked to participate in a 30-minute educational program
on dietary methods. This education was conducted by a nutri-
tionist who is in charge of dietary education for outpatients at
hospital. If patients had difficulty quitting smoking, they were
instructed to receive counseling from the smoking cessation
center, if necessary. The patients were then asked to revisit the
CR clinic at 3 and 6 months. During the revisit, patients under-
went follow-up CPX tests and questionnaires. They were also
encouraged to continue risk factor management by receiving
feedback on how effectively they did exercise and managed risk
factors compared with their first visit. The study outcome was
investigated based on the CPX test results, blood test results,
and lifestyle surveys between the first visit and, 3 and 6 months.
In particular, we focused on comparing how well each patient’s
risk factors are managed.

Statistical analysis

Data were analyzed using IBM SPSS version 25 (IBM SPSS).
An independent t-test was used to compare the baseline char-
acteristics of the two groups, including age and left ventricular
ejection fraction (LVEF). Pearson’s chi-square test was used to
analyze the baseline characteristics of the two groups for sex,
smoking history, cardiac diagnosis, comorbidity, family history
of cardiac disease, type of intervention and change in number
of smokers. To determine the association between time and
the parameters of both groups, a two-way repeated-measures
ANOVA model was performed. The comparison of the degree

max

of changes in METs,,, values between the two groups was an-
alyzed using an independent t-test. Statistical significance was

defined as p<0.05.



RESULTS

Baseline characteristics of the study participants

Among the 499 patients who first visited the outpatient clin-
ic during the period, 72 patients completed follow-up visits
twice for 6 months. Among them, there were 40 in the CBCR
group and 32 in the HBCR group. Of the 40 patients in the
CBCR group, 27 (67.5%) completed 36 CBCR sessions, and
those who did not complete all 36 sessions attended 24.9 ses-
sions in average. Table 1 shows the demographic data, and a
comparison between the two groups showed no significant
differences (p>0.05). However, the LVEF at baseline in the
HBCR group was significantly higher than that in the CBCR
group (56.0%+8.0% vs. 46.9%+12.8%; p<0.001). Fewer pa-
tients with ST-segment elevation myocardial infarction were
found in the HBCR group than in the CBCR group (21.9% vs.
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47.5%; p=0.022). The patients were predominantly male in both
groups; however the number of females was low in the HBCR
group (31 male and 1 female) than in the CBCR group (27 male
and 13 female; p<0.001; Table 1).

Comparison of BMI values and laboratory findings over
time between baseline in the HBCR and CBCR groups

No significant change in BMI was found between baseline and
follow-up, and no significant difference was found between the
two groups (p>0.05; Table 2, Fig. 2).

Table 2 summarizes the changes in laboratory findings to
compare the management of other CV risk factors. Serum
HbA1c levels (HBCR, 7.3%+0.7% and CBCR, 7.5%+0.6%
at baseline) slightly decreased at 3 and 6 months (HBCR,
6.6%%0.6% and CBCR, 7.3%+0.5%; HBCR, 6.5%+0.4% and
CBCR, 7.0%+0.4%; respectively), which was the same in both

Table 1. Baseline characteristics of patients in the HBCR and CBCR groups

Characteristic HBCR (n=32) CBCR (n=40) p-value
Age (yr) 58.7£10.4 59.7+£11.7 0.712
Sex, male:female 31:1 27:13 <0.001*
Left ventricle ejection fraction (%) 56.0+8.0 46.9+12.8 <0.001*
Smoking history
Never 8(25.0) 19 (47.5) 0.085
Ex-smoker 19(59.4) 19 (47.5) 0.085
Current 5(15.6) 2(5.0) 0.085
Cardiac diagnosis
Stable angina 4(12.5) 1(2.5) 0.128
Unstable angina 9(28.1) 4(10.0) 0.059
Non-STEMI 8(25.0) 8(20.0) 0.618
STEMI 7(21.9) 19 (47.5) 0.022*
Others 4(12.5) 8(20.0) 0.394
Comorbidity
Stroke 1(3.1) 2(5.0) 0.821
Hypertension 18 (56.3) 23(57.5) 0.917
Diabetes mellitus 12(37.5) 17 (42.5) 0.673
Dyslipidemia 8(25.0) 9(22.5) 0.807
Chronic kidney disease 0(0.0) 1(2.5) 0.375
Others 5(15.6) 11(27.5) 0.224
None 1(3.1) 1(25) 0.873
Family history of cardiac disease
Yes 10(31.3) 11(27.5) 0.732
Intervention or operation
PCI 27(84.3) 30 (75.0) 0.337
Coronary artery bypass graft 0(0.0) 2(5.0) 0.160
Medication 2(6.3) 4(10.0) 0.574
Others 3(9.4) 4(10.0) 0.930

Values are presented as meantstandard deviation, number only, or number (%).

HBCR, home-based cardiac rehabilitation; CBCR, center-based cardiac rehabilitation; STEMI, ST-segment elevation myocardial infarction; PCI:

percutaneous coronary intervention.
*p<0.05.
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Table 2. Comparison of 6-month trend data between the HBCR and CBCR groups

. HBCR (n=32) CBCR (n=40)
Lifestyle and laboratory results : :
Baseline 3 mo 6 mo Baseline 3 mo 6 mo

Body mass index (kg/m?) 26.3+0.6 26.1+0.6 26.0+0.6 25.440.6 25.3+0.5 25.5+0.6
HbAlc (%) 7.3+0.7 6.60.6 6.5+0.4 7.5+0.6 7.3+0.5 7.0+0.4
HDL (mg/dL) 454433 43.9+2.8 42.5+3.7 45.0+2.5 42.442.1 45.8+2.8
LDL (mg/dL) 102.4+11.3 62.6+6.4” 60.6+5.5” 97.0+8.6 67.1+4.8" 65.8+4.29
METs,,, (mL/kg/min) 6.6+0.39 6.9+0.3" 7.1+0.3% 5.6+0.39 6.6+0.3% 6.5+0.3”
Exercise habits (min/wk)

High 26.3+20.5 52.8+22.5 17.8+8.5 30.5+18.4 33.6£20.9 16.6+7.6

Mod 109.7+24.8° 219.7+30.3% 210.6+29.2% 38.1422.2°9 132.9+27.1Y 159.9+26.1Y
Alcohol frequency (day/mo) 4.4+1.7 1.6+0.5” 1.4+0.49 4.8+1.5 0.8+0.4Y 0.7+0.4"
Diet habits” 1.620.1 1.9+0.1Y 1.9+0.1Y 1.8+0.1 2.0+0.19 2.1+0.19
Psychological status” 1.340.1 1.1+0.19 1.2+0.19 1.440.1 1.3+0.19 1.240.19
Current smokers (no.) 5 6 8 2 2 3

Values are presented as meantstandard deviation.

HBCR, home-based cardiac rehabilitation; CBCR, center-based cardiac rehabilitation; HbAlc, glycated hemoglobin; HDL, high-density lipoprotein; LDL,

low-density lipoprotein; METs,,,,, maximal metabolic equivalents.

'max’

“Diet habits (eating high-cholesterol food): 1-often, 2-sometimes, 3-not. “Psychological status: 1-calm, 2-mild unstable, 3-very unstable. “Significant
differences between the two groups at the same time, Psignificant differences from baseline; p<0.05.

groups, but not statistically significant (p>0.05). The change
in serum HbA1lc in the non-diabetic patients was 5.7%=0.1%,
5.8%+0.1%, 5.8% +0.1% in the CBCR group, and 5.8%+0.1%,
5.8%+0.1%, 5.9%+0.1% in the HBCR group, respectively, in
chronological order. The change in serum HbAlc in the dia-
betic patients was 8.0%+3.5%, 7.7%+3.9%, 7.4%+2.8% in the
CBCR group, and 7.6% +2.4%, 6.9%+0.4%, 6.8%*0.4% in the
HBCR group, respectively, in chronological order. Changes in
serum HbAIc were not statistically significant, with or without
diabetes in both groups (p>0.05). Serum HDL levels at baseline
(HBCR, 45.4£3.3 and CBCR, 45.0+2.5 mg/dL) did not differ
between the two groups; and showed no significant changes at
follow-up in both groups (HBCR, 43.9+2.8 and CBCR, 42.4+2.1
mg/dL; HBCR, 42.5+3.7 and CBCR, 45.8+2.8 mg/dL; respec-
tively; p>0.05; Table 2, Fig. 2).

In contrast, serum LDL levels (HBCR, 102.4+11.3 and CBCR,
97.0+8.6 mg/dL at baseline) were significantly decreased at 3
months in both groups (HBCR, 62.6+6.4 and CBCR, 67.1+4.8
mg/dL, p<0.05), and the results were maintained even at 6
months (HBCR, 60.6+5.5 and CBCR, 65.8+4.2 mg/dL; p<0.05).
In addition, no significant difference was found in serum LDL
levels between the two groups (p>0.05; Table 2, Fig. 2).

Comparison of follow-up METs,,, over time between
baseline in the HBCR and CBCR groups

Table 2 summarizes the changes in CPX test results and lifestyle
for the HBCR and CBCR groups. When comparing the METs, .
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values between the two groups, the baseline values were sig-
nificantly higher in the HBCR group (HBCR, 6.6+0.3 and
CBCR, 5.6£0.3 mL/kg/min; p<0.05; Table 2, Fig. 2). However,
both groups showed a statistically significant increase in values
at 3 (HBCR, 6.9+0.3 and CBCR, 6.6+0.3 mL/kg/min; p<0.05)
months and 6 (HBCR, 7.1+0.3 and CBCR, 6.5+0.3 mL/kg/min;
p<0.05) months from baseline. No significant difference was

found in the degree of change in the METs,,, values between

the two groups at 6 months (p>0.05). However at 3 months, the
degree of change was significantly higher in the CBCR group

(p<0.05; Table 3).

Comparison of lifestyle improvements over time between
baseline in the HBCR and CBCR groups

Fig. 2 shows the changes in exercise duration. High-intensity
exercise duration per week did not differ between the groups
at baseline (HBCR, 26.3+20.5 and CBCR, 30.5+18.4 min/
week; p>0.05), and did not significantly increase at 3 (HBCR,
52.8+22.5 and CBCR, 33.6+20.9 min/week) and 6 (HBCR,
17.8+8.5 and CBCR, 16.6+7.6 min/week) months from baseline
in both groups (p>0.05). Regarding the moderate-intensity ex-
ercise duration at baseline, the HBCR group (109.7+24.8 min/
week) exercised more time than the CBCR group (38.1+22.2
min/week; p<0.05). However, the duration of exercise increased
significantly at 3 (HBCR, 219.7+30.3 and CBCR, 132.9+27.1
min/week) and 6 (HBCR, 210.6+29.2 and CBCR, 159.9+26.1
min/week) months in both groups (p<0.05), but the change was
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Table 3. Comparison of the rate of METs, . increase from baseline

Effect of Home-Based Cardiac Rehabilitation

3 mo 6 mo

HBCR

CBCR HBCR CBCR

Changes of METs,, from baseline 0.36+0.92

p=0.014*

0.95+1.02 0.58+0.93 0.84+0.95

p=0.255%*

METs,,.,, maximal metabolic equivalents; HBCR, home-based cardiac rehabilitation; CBCR, center-based cardiac rehabilitation.
*p-value of comparison between the two groups for the rate of METs, . change at 3 months from baseline.
**p-value of comparison between the two groups for the rate of METs,,, change at 6 months from baseline.

not significantly different between the two groups (p>0.05; Ta-
ble 2, Fig. 2).

Changes in lifestyle modification parameters, including
frequency of alcohol consumption, eating habits, and psycho-
logical state, are shown in Fig. 2. All three parameters showed
no significant differences between the two groups (p>0.05)
and were dramatically improved during the follow-up period
(p<0.05). The frequency of drinking and consuming high-cho-
lesterol foods decreased, and psychological stability was
achieved (Table 2, Fig. 2).

However, the number of current smokers increased in both
groups at 6 months (HBCR, 58 and CBCR, 2-3), but more in
the HBCR group (Table 2).

DISCUSSION

CR significantly reduces secondary CV events and mortality,
and it is a class 1A recommendation by the American Heart As-
sociation and the American College of Cardiology [12]. How-
ever, many patients prefer HBCR over CBCR because of the
lack of accessibility and time. Although HBCR can potentially
expand patient access and participation, there is concern that
inadequate direct supervision and lack of physical interaction
with CR staff will reduce the physical and psychological bene-
fits demonstrated by CBCR [12]. Ornish et al. [13] showed that
the rate of coronary heart disease progression doubled over 5
years if intensive lifestyle changes were not made. Therefore,
managing and maintaining risk factors for CR is as important as
maintaining CRF levels. In the CBCR group, patients visited the
center up to 36 times and exercised under supervision, whereas
exercise training and risk factor management were entirely left
to the patients in the HBCR group. Although feedback was pro-
vided through periodic outpatient follow-ups every 3 months,
it was necessary to determine whether the risk factor man-
agement was effective in the patient undergoing HBCR, who
had to manage themselves from the beginning after onset. The
purpose of this study was to confirm how CV risk factors were
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effectively managed in the HBCR compared to CBCR groups.

Our study has several important findings. First, lifestyle hab-
its were greatly improved and effectively maintained in both
groups. Additionally, in both groups, after commencing CR, the
serum LDL level significantly decreased, the intake of high-cho-
lesterol foods and alcohol decreased, and anxiety or depressive
psychological conditions stabilized at 3 months. Notably, these
results were maintained for approximately 6 months.

The guidelines of the European Society of Cardiology and
the European Atherosclerosis Society recommend a LDL-C
target value of <70 mg/dL (1.8 mmol/L). In Bernhard’s study,
participation in CR in Germany improved the control of modi-
tiable CV risk factors, specifically LDL-C, in patients after acute
myocardial infarction [14]. Sorting out the relative effects of
CR and lipid therapy can be difficult, but Snow et al. suggested
participation in CR significantly potentiates the lipid-improv-
ing effects of pharmacological therapy [15,16]. All patients
who participated in our CR program were given a training ses-
sion on diet, and the results showed that most patients ate less
high-cholesterol foods. In our CR programs, serum LDL levels
could be lowered by correcting eating habits combined with
exercise. However, because of the nature of the CR program,
which was centered on aerobic exercise, a significant change in
serum HDL level could not be expected, and it was difficult to
expect a significant change in serum HbA1c level in a short pe-
riod.

A significant reduction in the amount of alcohol consumed
was also observed in our study. Athyros et al. [17] reported that
heavy drinking was associated with an increase in the preva-
lence of metabolic syndrome, CAD, stroke, and peripheral arte-
rial disease. In another study of alcohol-consuming populations,
the amount of alcohol consumption significantly impacted
blood pressure values, hypertension prevalence, and CV and all-
cause mortality [18]. In addition, patients’ psychological states
were stabilized in our CR program. Among patients with CAD,
acute psychological stress has been shown to induce transient
myocardial ischemia, and long-term stress can increase the risk



of recurrent ACS events and mortality [19]. Anxiety of patients
was improved by explaining to them how much their CRF level
was and how much it had improved based on the results of the
CPX test. Therefore, through these lifestyle modifications, the
effect of preventing the recurrence of CV disease in patients can
be expected in CR program.

Second, we observed a marked improvement in patients’ ex-
ercise habits. Comparing the time spent on moderate-intensity
exercise for 1 week, both groups showed a significant increase
in exercise duration at 3 and 6 months. Exercise duration in-
creased by approximately 2 times in the HBCR group and 3
times in the CBCR group. The change in exercise time was
slightly smaller in the HBCR group, which may be because the
exercise time at baseline was significantly greater in the HBCR
group than in the CBCR group. These baseline differences are
believed to be because of the relatively greater allocation of
patients from the low-risk group to the HBCR group. Never-
theless, the increased moderate-intensity exercise duration in
both groups suggests that CR program has a positive effect on
improving exercise habits.

However, we did not find any significant changes in the
high-intensity exercise duration and showed increasing results
in the number of patients smoking. Patients who were smoking
or started smoking cessation were given feedback to quit smok-
ing every 3 months at an outpatient visit, but quitting smoking
was not easy and feedback about once every 3 months was not
enough to get them to quit smoking, which is why this result
appeared. Previous review studies have suggested that smoking
is related to CAD severity and the location of the damaged ar-
tery in the heart [20]. Cameron et al. [21] reported that cigarette
smoking cessation was associated with reduced postoperative
angina. Therefore, we believe that our CR program will require
a new approach for more reliable management that encourages
high-intensity exercise and patients to quit smoking.

Third, in the case of the METs,,,, values representing CRF
levels, both groups showed significantly improved results. Al-
though the METs,,,,
different, one of the main findings of this study was that METs
values increased in both groups and this finding is consistent

values at baseline in the two groups were

'max

with that of a previous study [22]. However, the rate of change
from baseline was significantly higher in the CBCR group at 3
months. Aguiar Rosa et al. [23] reported that patients with low-
er baseline CRF levels presented more significant improvements

in functional capacity after CR. Since METs,,, were higher in

'max

the HBCR group at baseline, this finding could be attributed to
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the different baseline METs,,
at baseline. However at 6 months, no significant differences

values between the two groups

values in

max

were found between the two groups. The METs
the CBCR group were lower at 6 months than at 3 months,
although the difference was not statistically significant. This
is believed to be because the CBCR group started exercising
at home after 4 months of exercise at the center. Therefore, for
patients transitioning from CBCR to HBCR, strategies such as
smartphone-based CR are needed for long-term management
[24].

This study had several limitations. First, the main objective of
this study, which was the investigation of lifestyle changes, was
conducted using a questionnaire survey completed subjectively
by patients. Therefore, the self-reported measures of diet, ex-
ercise duration, and psychological status may have been biased
because the participants could have filled out the survey by
exaggerating or understating information about their lifestyles.
Second, this was a retrospective cohort study. Although me-
ta-analysis had shown that CR training can effectively improve
the patient’s cardiac function indicators and self-care ability
[25], this study lacks the necessary controls to identify the effect
of CR. There is no clear evidence that a reduction or increase
in multiple markers is solely attributable to CR. Third, there is
a selection bias arising from the non-randomization process
at the point of treatment selection. This resulted in statistically
significant differences in baseline characteristics such as sex,
diagnosis, and LVEF levels. Fourth, there is another selection
bias due to the fact that only those who completed the 6-month
follow-up were analyzed, and that patients with incomplete
EMRs were excluded. Fifth, the study period was short, the
sample size was relatively small, and the study was conducted at
a single center. Therefore, it is difficult to generalize the study
results, and further studies on long-term results are needed.
Nevertheless, this is meaningful because it is the first study on
whether lifestyle modifications are successful in CR programs.
In addition, unlike the conventional CBCR, it was confirmed
that the HBCR program requires self-management, but risk
factors management can be sufficiently implemented through
appropriate education.

In summary, whether patients do CR at home or in the center,
lifestyle can be effectively modified regardless of the type of CR.
Therefore, patients should participate in any form of CR to im-
prove CREF levels and prevent heart diseases recurrences. Fur-
thermore, in order to effectively manage the lifestyle at home

for a long period of time, additional rehabilitation strategies
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that can anticipate the long-term effects of CR, such as smart-
phone-based CR, are also needed. Additionally, more aggressive
strategies are required to prevent smoking.
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