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Objective  To compare a center-based cardiac rehabilitation (CR) program with a home-based CR program in 
terms of improving obesity related index and cardiopulmonary exercise capacity after the completing a phase II 
CR program.
Methods  In this study, there were seventy-four patients with acute myocardial infarction after percutaneous 
coronary intervention who were analyzed. Patients with mild to moderate risk (ejection fraction >40%) were 
included in the group. The patients underwent an exercise tolerance test by measurement of the modified 
Bruce protocol at three assessment points. Those in the center-based CR group participated in a 4-week training 
program with electrocardiography monitoring of the patient’s progress and results, while those patients who were 
in the home-based CR group underwent self-exercise training. We measured the obesity related indices such 
as body mass index, fat free mass index (FFMI), and cardiopulmonary exercise capacity including peak oxygen 
consumption (VO2max), metabolic equivalents (METs), heart rate, resting systolic blood pressure and the diastolic 
blood pressure of the participants and noted the results.
Results  Of the 74 patients, 25 and 49 participated in the center-based and home-based CR programs, respectively. 
Both groups showed significant improvement in VO2max and METs at 1-month and 6-month follow-up. However, 
FFMI was significantly improved only in the center-based CR group after 1 month of the phase II CR.
Conclusion  Both groups identified in the study showed significant improvement of VO2max and METs at 1-month 
and 6-month follow-up. However, there was no significant difference in the intergroup analysis. A significant 
improvement of FFMI was seen only in the center-based CR group after phase II CR.
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INTRODUCTION

The prevailing discipline notes that cardiovascular dis-
ease is a major cause of death and disability and a global 
health concern. Although mortality associated with 
cardiovascular disease has decreased in recent decades, 
morbidity is also decreasing due to improved diagnosis 
and successful treatments that are offered to patients ex-
periencing these conditions. Cardiac rehabilitation (CR) 
is offered to individuals after cardiac events to aid in the 
patient’s recovery, and to help and assist the ability to re-
duce further cardiac illness. Additionally, it is noted that 
CR can improve the physical health and exercise capacity 
of patients with coronary heart disease [1-3]. In this con-
text, CR is divided into three phases: in-hospital reha-
bilitation (phase I), training (phase II), and maintenance 
(phase III). Several studies have investigated effects of 
CR  [4-11]. However, whether center-based or home-
based CR program is better for patients with acute myo-
cardial infarction (AMI) remains a controversial topic of 
review. In addition, sustaining long-term improvements 
in exercise capacity and obesity related index after com-
pleting a phase II CR program is challenging for many 
patients who are not used to working out or exercising 
on a daily basis. In general, if a patient stops exercising, 
benefits gained from phase II CR will return to baseline 
within a few weeks. Foreign studies about sustaining 
beneficial effects of exercise capacity have been pub-
lished and verify these results [12-16]. In 2004, Smith et 
al. [12] evaluated long-term changes in exercise capacity 
of patients who underwent coronary artery bypass graft-
ing and participated in a 6-month randomized controlled 
trial on center-based and home-based CR. Their results 
showed that improvements in exercise capacity declined 
in the center-based group at 12 months after discharge 
from CR. However, the home-based group maintained 
peak cardiopulmonary exercise capacity (VO2max)  [12]. 
Similarly, it is mentioned that Marchionni et al. [13] have 
reported that improvements in exercise capacity can be 
maintained over a long-term with a home-based CR pro-
gram. In contrast, Oerkild et al. [14] have reported a de-
cline in exercise capacity at 6- and 12-month follow-ups 
in both center-based and home-based CR groups. 

In general, besides benefits of CR program for exer-
cise capacity, CR program can improve body mass index 
(BMI) [17,18]. However, the effect of CR program on fat 

free mass index (FFMI) is currently unclear as seen in a 
literature review on this topic. Therefore, the objective 
of this study was to compare obesity related index and 
exercise capacity in patients who participated in a center-
based CR with those who followed a home-based CR at 
baseline and at 1- and 6-month after initiating phase II 
CR, to determine which type of program in rehabilitation 
might be better for helping patients towards the goal of 
maintaining training benefits (i.e., improved cardiopul-
monary exercise capacity, BMI and FFMI) in patients 
with AMI. 

MATERIALS AND METHODS

Study design
This study was performed retrospectively by analyzing 

patient’s medical records.

Participants
A total of 545 patients with AMI (ST elevation and non-

ST elevation myocardial infarction) who were referred to 
our rehabilitation center in the Department of Physical 
and Rehabilitation Medicine after undergoing percuta-
neous coronary intervention (PCI) at the Department 
of Medicine between August 2011 and December 2013 
were enrolled. The first exercise tolerance test (ETT) was 
performed on the participants at 3 weeks after the onset 
of myocardial infarction. Patients chose to participate in 
a home- or center-based CR program according to their 
decision and lifestyle needs. The patients underwent a 
follow-up ETT at 1 month and 6 months after the first ETT 
was completed. Patients who met the following two crite-
ria were included: (1) underwent an ETT by the modified 
Bruce protocol before initiating phase II CR after com-
pleting 1-month of phase II CR and 6 months after initi-
ating phase II CR; and (2) those with a mild to moderate 
risk (ejection fraction [EF] >40%). Patients with high risk 
factors on risk classification (i.e., left ventricular ejection 
fraction [LVEF] <40%) and unstable medical or muscu-
loskeletal conditions were excluded from participating 
in the study. Finally, it is confirmed that 25 patients (22 
males and 3 females) were included in the center-based 
CR group and 49 (42 males and 7 females) were included 
in the home-based CR group for final analysis. This study 
was approved by the Chonnam National University Hos-
pital Institutional Review Board (No. CNUH-2015-186).
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Intervention 
All patients underwent a cardiac echocardiography before 

and after PCI. A symptom-limited ETT was performed us-
ing the modified Bruce protocol at baseline and at 1- and 
6-month after initiating CR. In this case, it is noted that 
a treadmill (Med-Track ST 55; Quinton Instruments, Se-
attle, WA. USA) was used during the program. Peak oxy-
gen consumption (VO2max), metabolic equivalents (METs), 
blood pressure, heart rate, BMI, and FFMI were assessed 
for patients at every visit before performing ETT. All pa-
tients and their family members were educated about the 
various applicable cardiac risk factors including smoking, 
drinking, obesity, and the importance of maintaining a 
healthy diet. They were also informed about the necessity 
of lifestyle modification to achieve results.

The exercise intensity of heart rate reserve (HRR) was 
prescribed individually based on target heart rate calcu-
lated by Karvonen formula,

Target heart rate=[(maximal heart rate–resting heart 
rate)×%intensity+resting heart rate].

The target heart rate was calculated at 70% of the HRR 
during the periods. And it is noted that we prescribed 
exercise intensity at 70%–85% with low risk and 55%–70% 
with moderate risk patients.

Those in the both groups were recommended to par-
ticipate in aerobic exercise for 4 weeks. And after 4 weeks, 
they were recommended resistive exercise three to four 
times per week, which was based on the results of the 
ETT. Those in the center-based CR group participated in 
regular aerobic exercise training with electrocardiogra-
phy, heart rate, and blood pressure monitoring super-
vised by a medical doctor at the hospital. The exercise 
was performed for 4 weeks (one session/week) based on 
results of the initial ETT and after exercise, patients were 
educated according to their result. Each session consist-
ed of a 10-minute warm-up, a 30-minute of prescribed 
aerobic exercise, and a 10-minute cool down. After ex-
ercise was performed at 4 weeks, the center-based CR 
group was educated on how to utilize resistive exercise, 
by utilizing a face to face meeting and consultation with a 
medical doctor. Those in the home-based CR group were 
instructed to participate in a community-based self-exer-
cise program including stretching, walking, fast walking, 
bicycling, and jogging based on their initial ETT results, 
and the addition of resistive exercise was recommended 
to those group members as they were educated by a tele-

phone consultation after 4 weeks. Those of the home-
based CR group were monitored using exercise diaries, 
telephone messages, and questions in which the patient 
recalled whether they had exercised regularly at every 
visit, and this method was also applied to the center-
based CR group after 4 weeks.

Outcomes
Study outcomes were estimated from ETT at baseline 

and at 1- and 6-month after initiating CR. We also con-
sidered 1 month as the finishing point for establishing 
the phase II CR. Thus, we regarded the 6-month follow-
up as the outcome of maintenance phase.

Exercise capacity was determined by measuring VO2max 
(in mL/kg/min) and FFMI reflecting masses of the skel-
etal muscle, organs, bone, and connective tissue of the 
participants. In this case, the FFMI considered is an indi-
cator of the resting energy expenditure [19].

In the study, the resting heart rate (HRrest), maximal 
heart rate (HRmax), resting systolic blood pressure (SBP), 
and resting diastolic blood pressure (DBP) were esti-
mated using an automatic blood pressure and a pulse 
monitor. Also, a subjective measure of the participant’s 
perceived exertion rate was recorded. The METs, maxi-
mal oxygen consumption (VO2max), BMI, and FFMI were 
measured. VO2max and METs of patients at baseline dur-
ing ETT and after recovery were measured using an in-
tegrated metabolic measurement system (Trueone 2400 
Metabolic System; Parvo-Medics, Sandy, UT, USA). Ad-
ditionally, the BMI and FFMI were measured using an 
N20 Body Composition Analyzer (ubiquitous healthcare 
system; AIIA Communication Co., Seongnam, Korea).

Statistical analysis
Data were analyzed with IBM SPSS Statistics 22.0 soft-

ware (IBM Corp., Armonk, NY, USA). Mann–Whitney U-
test and chi-square test were used to compare categorical 
variables. The outcome of interest was difference be-
tween groups regarding improvement from baseline ETT 
to 1-month ETT, and sustainability from the baseline ETT 
to 6-month follow-up ETT. In terms of the overall chang-
es within the groups, this information and measurements 
were examined using the Wilcoxon signed-rank test. A 
full analysis of the covariance was performed using pre-
vious ETT values as covariates to compare differences in 
changes between the two groups. A p-value less than 0.05 
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was considered statistically significant in the study as 
noted. 

RESULTS

General subject characteristics 
Baseline characteristics noted as variables in this study 

were seen including age, sex, BMI, FFMI, EF, VO2max, 
METs, or other risk factors which were not significantly 
different between the two groups (Table 1). The mean 
age of subjects in the center-based CR group was 54.04 
years and that in the home-based CR group was 56.33 
years. In fact, the patients were predominantly male in 
both groups. In the study, the LVEF at the baseline was 
59.49% in the center-based CR group and 58.47% in the 
home-based CR group. Also, the VO2max at baseline was 
26.01 mL/kg/min in the center-based CR group and 25.79 
mL/kg/min in the home-based CR group. The noted 

BMI at the baseline was 25.26 kg/m2 in the center-based 
CR group and 24.82 kg/m2 in the home-based CR group. 
Finally, the FFMI at the baseline was 19.39 kg/m2 in the 
center-based CR group and 19.19 kg/m2 in the home-
based CR group (Table 1). 

Comparison of cardiopulmonary exercise capacity  
bet ween center-based and home-based CR groups

Likewise, the mean baseline ETT results for the home-
based CR group were shown at Table 2. Both groups 
showed significant improvement in the participant’s car-
diopulmonary exercise capacity (VO2max) and METs after 
completing 1-month of phase II CR, and at 6-months af-
ter CR. In this case, the HRrest was significantly decreased 
in both groups after 6-months. It was significantly de-
creased after 1-month of phase II CR only in the home-
based group. It is noted especially that the SBP was sig-
nificantly decreased after completing 1month of phase 
II CR in both groups. However, the SBP was only slightly 
showing a significant decreased in the center-based CR 
group at 6 months after completing CR. 

Comparison of FFMI and BMI between center-based and 
home-based CR groups

In this study, the mean baseline FFMI and BMI values 
in the home-based and center-based CR groups were 
shown at Table 3. Unlike the results of the cardiopulmo-
nary exercise capacity, only the center-based CR group 
showed significant improvement in FFMI (p=0.028) at 
1 month after phase II CR. Therefore, the differences in 
change of FFMI between the two groups was significant 
(p=0.03). However, at 6 months after phase II CR, there 
was no significant difference in change of FFMI between 
the two groups.

DISCUSSION

The main purpose of this study was to compare a cen-
ter-based CR program with a home-based CR program, 
in terms of improving cardiopulmonary exercise capacity 
after completing a phase II CR program. Similar to find-
ings of other studies [12-16], participating in a CR pro-
gram resulted in the significant improvement in exercise 
capacity (VO2max), METs, and HRrest in both center-based 
and home-based CR groups (all p<0.05) in the present 
study. In the meantime, the SBP showed consistent im-

Table 1. Comparison of demographic characteristics and 
baseline cardiopulmonary functions at 3 weeks after on-
set of acute myocardial infarction between center-based 
and home-based CR groups

Center-based 
CR group 

(n=25)

Home-based 
CR group 

(n=49)
p-valuea)

Age (yr) 54.04±8.72 56.33±10.50 0.377

Sex 0.589

      Male 220 42

      Female 3 7

BMI (kg/m2) 25.26±2.93 24.82±2.97 0.908

FFMI (kg/m2) 19.39±1.89 19.19±1.44 0.343

DM  4 (16.0) 8 (16.3) 0.971

HTN  9 (36.0) 20 (40.8) 0.688

Dyslipidemia  10 (40.0) 30 (61.2) 0.083

Smoking  14 (56.0) 25 (51.0) 0.685

      Ejection  
fraction (%) 

59.49±9.39 58.47±8.20 0.674

      VO2max at 1st ETT 
(mL/kg/min) 

26.01±5.00 25.79±5.36 0.840

Values are presented as mean±standard deviation or 
number (%).
CR, cardiac rehabilitation; BMI, body mass index; FFMI, 
fat free mass index; DM, diabetes mellitus; HTN, hyper-
tension; VO2max, maximal oxygen consumption. 
a)Mann–Whitney U-test except DM, HTN, and dyslipid-
emia which were compared with chi-square test.
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provement in participants who participated in a center-
based CR program at the 6-month follow-up whereas 
those in the home-based CR program showed decrease 
in SBP (p<0.05) only at the 1-month follow-up. There was 
no significant difference of SBP in intergroup analysis. 

In general, it is noted that a center-based CR is more 
standardized in terms of exercise intensity, duration, 
frequency, and specificity than the use of a home-based 
CR. In center-based CR, patients can self-monitor during 
exercise more easily than patients in home-based CR. In 
addition, a physician and physical therapist educated the 
participants on the importance of exercise at every visit. 
This might have affected changes in exercise behaviors of 

those in the center-based CR group and the participation 
rate of the center-based CR group, and the affected the 
result of the intergroup analysis as identified in the study 
reviewing information noted between the two groups. 

We also monitored patients in the home-based CR 
group who were noted as using an exercise diary and 
telephone interviews. But, there are many different 
guidelines about CR and each cardiac rehabilitation 
center may use different guidelines as the basis of their 
programs [20]. We believed that the exercise program of 
our center and other related factors such as applied to 
the patient social economic, regional variables may have 
affected our result. Additionally, it is shown that there 

Table 2. Comparison of cardiopulmonary exercise capacity between center-based and home-based CR groups

Variable
Center-based CR group (n=25) Home-based CR group (n=49) ANCOVA

Mean±SD p-valuea) Mean±SD p-values p-valueb)

VO2max (mL/kg/min)

   Baseline 26.01±5.00 25.79±5.36

   1 mo 28.59±7.49 0.017* 27.49±5.96 0.009* 0.456

   6 mo 29.61±5.62 0.006* 29.24±6.92 0.001* 0.864

METs

   Baseline 7.43±1.43 7.37±1.53

   1 mo 8.17±2.14 0.017* 7.85±1.70 0.009* 0.456

   6 mo 8.46±1.61 0.006* 8.35±1.98 0.001* 0.864

HRrest (beats/min)

   Baseline 78.40±14.33 76.06±17.13

   1 mo 76.12±22.01 0.142 73.76±13.46 0.032* 0.440

   6 mo 72.28±11.62 0.041* 72.24±10.84 0.019* 0.769

HRmax (beats/min)

   Baseline 134.64±16.97 132.43±19.33

   1 mo 135.56±20.85 0.829 134.55±19.70 0.746 0.130

   6 mo 134.96±19.82 0.898 135.82±22.61 0.633 0.580

SBP

   Baseline 138.08±19.70 136.88±21.78

   1 mo 127.24±19.15 0.004* 130.24±21.72 0.036* 0.377

   6 mo 125.96±18.41 0.021* 131.94±20.48 0.240 0.171

DBP

   Baseline 75.60±9.88 72.86±11.35

   1 mo 72.00±12.28 0.017* 71.24±9.80 0.324 0.773

   6 mo 73.64±9.63 0.287 72.53±11.34 0.801 0.996

CR, cardiac rehabilitation; VO2max, maximal oxygen consumption; METs, metabolic equivalents; HRrest, resting heart 
rate; HRmax, maximal heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure. 
a)By Wilcoxon signed-rank test compared between baseline and 1 month or between baseline and 6 months. 
b)By Analysis of Covariance (ANCOVA) compared between center and home-based CR groups.
*p<0.05.
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are debates about the effects between home based re-
habilitation and hospital based rehabilitation for some 
outcomes including exercise capacity and blood pressure 
and others [7,8]. Further study considering these factors 
is required. 

The other purpose of this study was to compare a cen-
ter-based CR program with a home-based CR program, 
in terms of improvement in an obesity related index af-
ter completing a phase II CR program. In 2013, Genton 
et al. [19] reported that a low FFMI was an independent 
risk factor for mortality by analyzing 203 healthy elderly 
people. In 2015, Narumi et al. [21] demonstrated an as-
sociation between a decreased FFMI and an unfavor-
able cardiac prognosis in chronic heart failure patients. 
However, no study has evaluated the effect of FFMI in 
AMI patients. In our study, only the center-based CR 
group showed significant improvement in FFMI after one 
month of phase II CR. This might be attributable to the 
difference in performing exercise between using an exer-
cise program in a center and at home. Those in the both 
groups in our study were recommended aerobic exercise 
for 4 weeks and after 4 weeks, and resistive exercise was 
also recommended. But when patients exercise under the 
supervision of both a physician and physical therapist in 
a hospital setting or environment, these patients may un-
dergo training for both aerobic and resistive exercises. In 
contrast, the patients pursuing home exercise consisted 
mainly of performing aerobic exercise. Although not sta-
tistically significant, the observed improvement in FFMI 
was decreased at the 6-month follow-up. This might be 

due to the noted characteristics of the phase III CR pro-
gram. In phase III CR, both programs used a home exer-
cise program. Thus, there might be a lack of adherence 
to resistive exercise compared to that to that of aerobic 
exercise. In phase III CR, improved aerobic capacity can 
be maintained by the pursuit of aerobic exercise such as 
walking. This is not the case for muscle mass in response 
to resistive exercise. It would be beneficial to educate 
patients on both resistive and aerobic exercises, and in-
clude examples of both in a home exercise program.

In our study, BMI was not noted to have showed any 
significant improvement in either group. This result 
might have been because patients in our study were 
not actually noted to be obese, and most patients were 
noted at an acute stage after PCI relatively. In general, 
patients after PCI were recommended resistance train-
ing after 6 weeks of aerobic training. But some guidelines 
recommend an aerobic exercise program between 2 and 
6 weeks if the patient is without complications prior to 
commencing a program of resistance training [20]. In our 
study, we think that a center-based CR group may partici-
pate in resistance training earlier than 6 weeks, because 
they can monitor their vital signs easily and frequently. 
This might have affected the amount of muscle mass and 
FFMI, but not the BMI of the participants. For example, 
this result might be due to the fact that FFMI better re-
flects muscle mass than BMI. Further study that includes 
the starting period of resistance exercise is needed to 
verify those conclusions of this result. 

Some limitations of our study should be addressed. 

Table 3. Comparison of BMI and FFMI between center-based and home-based CR groups

Variable
Center-based CR group (n=25) Home-based CR group (n=49) ANCOVA

Mean±SD Changes p-valuea) Mean±SD Changes p-valuea) p-valueb)

BMI (kg/m2)

   Baseline 25.27±2.98 - 24.82±2.97 - -

   1 mo 25.55±3.02 0.259 24.60±3.30 0.638 0.08

   6 mo 25.68±3.05 0.264 24.62±2.98 0.935 0.157

FFMI (kg/m2)

   Baseline 19.39±1.89 - 19.19±1.44 - -

   1 mo 19.63±1.71 0.028* 19.16±1.55 0.956 0.03*

   6 mo 19.50±1.93 0.211 19.17±1.54 0.310 0.509

CR, cardiac rehabilitation; BMI, body mass index; FFMI, fat free mass index.
a)By Wilcoxon signed-rank test compared between baseline and 1 month or between baseline and 6 months. 
b)By Analysis of Covariance (ANCOVA) compared between center and home-based CR groups.
*p<0.05.
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First, it is noted that this was not a randomized study. 
Thus, our results for the study might have been affected 
by its non-randomized design. In this case, the partici-
pants were allowed to select the CR program. This might 
lead to selection bias on the part of the participants. 
Second, the sample size was small due to the incidence 
of a low adherence to the 6-month follow-up ETT and 
the lack of motivation of the participating patients. We 
included those patients in the study who had completed 
three times of the evaluation. This choice of inclusion 
may have worked to have reduced the sample size. Thus, 
a multi-center study is recommended and needed in 
the future. In addition, only the participants who had 
complete data of exercise capacity and FFMI at all assess-
ment points were included in this study. Therefore, our 
subgroup might be more motivated to continue the study 
than those who did not attend the 6-month of follow-
up ETT. Broadly speaking, the patterns of changes in 
exercise capacity might have been different in subjects 
who did not attend the 6-month follow-up assessment. 
Finally, other factors such as diet and use of medications 
might have also influenced the FFMI. However, we did 
not consider such factors in our analysis in this case. Fur-
ther randomized controlled trials with a larger sample 
size and long-term follow-up considering variables such 
as the numbers of CR center visits and patient’s socio-
economic class are needed to compare maintenance of 
exercise capacity, and other effects including health-re-
lated quality of life and reduced mortality and morbidity. 
However, this is the first research to study the effects of 
FFMI in AMI patients. Therefore, the results of this study 
can be used to analyze AMI related factors. 

In conclusion, our results suggest that both center-
based and home-based CR programs are effective in 
improving cardiopulmonary exercise capacity. However, 
center-based CR program seems to be more effective in 
improving FFMI after one month of phase II CR than the 
use of a home-based CR program. The center-based CR 
program was determined to be superior to the home-
based CR program for improving FFMI at acute stage for 
patients with AMI suggesting that FFMI could be used as 
a prognostic factor of the CR program at an acute stage. 
Further study considering exercise capacity, diet, and 
other factors that can influence the muscle mass index is 
needed to confirm our results. 
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