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Objective To evaluate the safety and effectiveness of the community-based cardiac rehabilitation (CBCR) program
that we had developed.

Methods Individuals aged >40 years with cardiovascular disease or its risk factors who were residing in a rural
area were recruited as study subjects. The CBCR program, which consisted of 10 education sessions and 20 weeks
of customized exercises (twice a week), was conducted in a public health center for 22 weeks. Comprehensive
outcomes including body weight, blood glucose level, and 6-minute walk distance (6MWD) were measured at
baseline, 11th week, and completion. Furthermore, the outcomes of young-old (65-74 years) and old-old (275
years) female subjects were compared.

Results Of 31 subjects, 21 completed the program (completion rate, 67.7%). No adverse events were observed,
and none of the subjects discontinued the exercise program because of chest pain, dyspnea, and increased blood
pressure. Body weight and blood glucose level were significantly decreased, and 6MWD was significantly increased
following program implementation (p<0.05). Both young-old and old-old women exhibited an improvement in
blood glucose level and 6MWD test (p<0.05).

Conclusion We reported the results of the first attempted CBCR in South Korea that was implemented without
adverse events during the entire program. Improved aerobic exercise ability and reduced risk factors in all
participants were observed. These improvements were also achieved by older adults aged >75 years.
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INTRODUCTION

The cardiac rehabilitation program is recommended for
the primary and secondary prevention of cardiovascular
diseases [1] and is a comprehensive rehabilitation service
focusing on exercise therapy, including lifestyle changes,
correction of risk factors, and psychological interven-
tion [2]. Cardiovascular mortality has been shown to be
significantly reduced in patients who underwent cardiac
rehabilitation than in no-exercise controls [3]. In South
Korea, the clinical guidelines for cardiac rehabilitation
have recently been published to promote cardiac reha-
bilitation [4]. Nevertheless, the participation rate in car-
diac rehabilitation programs is generally low despite the
proven effectiveness of cardiac rehabilitation. The low
participation rate in cardiac rehabilitation does not only
concern a particular hospital, area, or country; a previous
study reported that only 15%-30% of subjects participate
in cardiac rehabilitation worldwide [5].

In cardiac rehabilitation, the barrier factor is an indi-
cator that elucidates why patients with cardiovascular
diseases cannot participate in cardiac rehabilitation pro-
grams. Various factors such as the lack of motivation or
means of transportation, problems with distance or cost,
physical problems, and workplace factors exist as barri-
ers to cardiac rehabilitation worldwide [5]. Among these
various barriers, several individuals cannot participate
in cardiac rehabilitation because of distance. A previous
study showed that distance and transportation problems
were significant barriers to cardiac rehabilitation among
attendees in South Korea [6]. In particular, the distance
factor poses as a major barrier in rural areas [7].

Community-based cardiac rehabilitation (CBCR) can
be regarded as one of the approaches to overcome the
distance factor and sustain cardiac rehabilitation. The
CBCR has not been implemented in South Korea; none-
theless, it is being conducted in numerous countries
where cardiac rehabilitation is being performed. Accord-
ing to a survey of countries where cardiac rehabilitation
was performed, 22.5% of countries offered the CBCR
program [8]. In the CBCR program, the median number
of exercise sessions was 20 (25th-75th percentile, 9.6-36),
the frequency of the exercise program was 8 times per
month, and the duration of the program was 2.5 months.
Spatially, the community-based program was provided in
public centers, which accounted for the highest percent-
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age at 56.9%. In most cases, the providers or supervisors
of the exercise program were exercise physiologists and
physiotherapists. Exercise intensity was mostly assessed
through the heart rate or subjective indicators such as
Borg perceived exertion, with the use of telemetry for ex-
ercise monitoring being infrequent [8].

To introduce the CBCR, the program needs to be in-
tegrated into existing facilities and human resources in
the community. Cardiac rehabilitation sites should be
accessible to residents in each community in order for
them to be able to regularly visit these sites 2-3 times
per week for 2-3 months. Furthermore, equipment for
exercise and the necessary workforce, including physical
therapists and nurses, are required. In rural areas with
low population density and several mountainous areas in
Gangwon Province, public health institutions are worthy
candidates. In South Korea, public health institutions,
including 254 public health centers and 1,332 sub-health
centers according to the 2018 Health and Welfare Statisti-
cal Yearbook, are installed nationwide [9].

Our hospital’s cardiac rehabilitation team investigated
the areas with the greatest number of individuals who
refuse to participate in cardiac rehabilitation, excluding
the city where our hospital is located. Majority of these
individuals resided in Hongcheon-gun (Gangwon Prov-
ince), which has the largest area among the guns in South
Korea and is mostly rural. We developed a cardiac reha-
bilitation program for implementation in the community
and conducted a provisional CBCR program at a public
health center in Hongcheon-gun. In this study, we aimed
to present the effects of CBCR as a health center model in
South Korea.

MATERIALS AND METHODS

Subjects

Individuals aged >40 years with cardiovascular disease
or its risk factors who were residing in Hongcheon-gun,
Gangwon Province, were recruited as study subjects. This
study was conducted from April to September 2018. The
inclusion criteria for this study were as follows: individu-
als who had relevant diseases or at least two cardiovas-
cular risk factors and could initiate moderate-intensity
exercise without preparticipation medical clearance ac-
cording to the recommendations of the American College
of Sports Medicine (ACSM). (1) Subjects with known car-
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diovascular (cardiac, peripheral vascular, or cerebrovas-
cular), renal, or metabolic (type 1 or 2 diabetes mellitus)
disease who already performed regular exercises [10] or
(2) those with no known cardiovascular, renal, or meta-
bolic disease but with two or more risk factors [11] could
continue with moderate-intensity exercise without medi-
cal clearance according the ACSM’s guidelines. Current
exercisers should have a history of performing planned,
structured physical activity of at least moderate intensity
for at least 30 minutes for 3 or more days per week during
the past 3 months. Risk factors included age (245 years
for men, >55 years for women), family history (myocardial
infarction, coronary revascularization, or sudden death
before 55 years of age in the father or other male first-
degree relative or before 65 years of age in the mother
or other female first-degree relative), cigarette smok-
ing (current cigarette smoker, those who quit within the
previous 6 months, or those exposed to environmental
tobacco smoke), sedentary lifestyle (non-participation in
at least 30 minutes of moderate-intensity physical activity
[40% to <60% VO, reserve] for at least 3 days per week for
at least 3 months), obesity (body mass index [BMI] 225
kg/m® or waist circumference >90 cm for men and >85
cm for women), hypertension, dyslipidemia (total cho-
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lesterol 2200 mg/dL, low-density lipoprotein cholesterol
[LDL-C] 2130 mg/dL, high-density lipoprotein choles-
terol [HDL-C] <40 mg/dL, or use of lipid-lowering medi-
cations), and prediabetes (hemoglobin Alc [HbAlc] of
5.7-6.4%). HDL-C 260 mg/dL was considered a negative
risk factor, and one positive risk factor was subtracted
from the sum of positive risk factors [11].

The following were the exclusion criteria for this study:
pain or discomfort in the chest, neck, jaw, arms, or other
areas that might have resulted from ischemia; short-
ness of breath at rest or with mild exertion; dizziness or
syncope; orthopnea or paroxysmal nocturnal dyspnea;
ankle edema; palpitations or tachycardia; intermittent
claudication; known heart murmur; or unusual fatigue
or shortness of breath with usual activities [10]. Subjects
with scores <20 on the Korean version of the Mini-Mental
State Examination were also excluded.

We assumed that the change in maximal oxygen uptake
as a result of the cardiac rehabilitation program would
be 2.5+4.2 mL/kg/min. Sample size was estimated as 25
with an alpha level of 0.05 and a beta level of 0.20. We ex-
pected the drop-out rate to be 20%, and the final sample
size was calculated as 31.

This study was conducted in accordance with the prin-
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Fig. 2. The public health center in Hongcheon-gun. (A) Meeting room for education program. (B) Exercise room (area,
approximately 50 m”) and equipment (4 stationary bikes, 10 gym balls, and 20 elastic bands) for the exercise program.
(C) Adjacent park where the 6-minute walk distance test was conducted.

Table 1. Education and exercise program

Education program

Exercise program

First half (10 wk)

Second half (10 wk)

Pre-assessment
Week 1 Understanding heart diseases and
controlling risk factors
Week 2 Exercises for heart disease prevention and
treatment
Week 3 Effects of cardiac rehabilitation
Week 4 -

Week 5 Dietary education and counseling for

cardiovascular disease prevention I
Week 6 -
Week 7 Low-salt cooking practice
Week 8 -

Week 9 Dietary education and counseling for

cardiovascular disease prevention II
Week 10 -
Week 11 Interim assessment

Week 12 -

Week 13 Psychosocial education: screening for
depression/anxiety

Week 14 -

Week 15 Psychosocial education: high depression/
anxiety risk group counseling

Week 16 -

Week 17 Cardiovascular symptoms and coping
methods

Week 18 -

Week 19 Emergency management

Week 20 -
Post-assessment

Frequency: twice a week

Exercise composition: 30-minute aerobic
exercise/30-minute strengthening
exercise

Aerobic exercise
- Intensity: RPE 11-14 (moderate inten-
sity)
- Type: stationary bicycle, aero step

Strengthening exercise
- Intensity: RPE 11-14 (moderate inten-
sity)
- Time: 30 minutes (upper extremity, 15
minutes; lower extremity, 15 minutes)
- Type: elastic band/gym ball/dumbbell

RPE, rating of perceived exertion.
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ciples embodied in the Declaration of Helsinki. In partic-
ular, the study protocol was approved by the Institutional
Review Board of Kangwon National University Hospital
(No. 2018-02-009), and written informed consent was ob-
tained from all study subjects.

CBCR program

CBCR was carried out at the public health center in
Hongcheon-gun, Gangwon Province. A cardiac rehabili-
tation program was constructed using human resources
and equipment available at the health center in order
to conduct it on a community basis. The medical staff
who participated in this program and the exercise equip-
ment are listed in Figs. 1 and 2, respectively. The pro-
gram consisted of 10 education sessions and 20 weeks
of customized exercises and was run for a total of 22
weeks (5 months), with 1 week for pre-assessment, 20
weeks for education and exercise, and 1 week for post-
assessment. Interim assessment was conducted during
the 11th week of the program. The exercise program was
regularly supervised by physical therapists, and exercises
were performed twice a week at moderate intensity, with
each exercise session lasting for 1 hour and comprising
30-minute aerobic exercise and 30-minute strengthening
training (Table 1). The recommended rating for the per-
ceived exertion score was no more than 11-14.

Blood pressure, chest pain, and respiratory difficulty
were evaluated before and during each exercise and as-
sessment session. Chest pain and respiratory difficulty
were assessed using the angina scale (0=none, 1=little,
2=medium, 3=very, 4=extreme) and dyspnea scale
(0=none, 1=little, 2=medium, 3=very, 4=extreme), re-
spectively. To ensure the safety of the community-based
exercise program, we set the criteria for not-participat-
ing/stopping exercise or assessment sessions by adapting
the blood pressure and chest pain criteria of ACSM’s in-
dications for terminating exercise testing and indications
and contraindications for inpatient and outpatient cardi-
ac rehabilitation [10,11]. Subjects with blood pressure of
at least 160/100 mmHg, score of =1 on the angina scale,
and score of 21 on the dyspnea scale were not allowed to
participate in exercise or assessment sessions. Exercise
or assessment was stopped when the blood pressure was
>250/115 mmHg, the angina scale score was >2, and the
dyspnea scale score was >3, or if the subject wanted the
exercise to be terminated. If there were a drop in systolic

blood pressure (SBP) of 210 mmHg with an increase in
exercise intensity, the exercise or assessment session was
discontinued.

Outcome measurements

Three evaluations were conducted prior to the program
(pre-assessment, T0), at the 11th week of the program
(interim assessment, T1), and after completion (post-as-
sessment, T2) (Table 1). Waist circumference (cm), height
(cm), body mass (kg), resting blood pressure (mmHg),
and resting heart rate (bpm) were measured. BMI was
calculated as weight (kg) divided by height squared (m?).
Fasting blood sugar (FBS; mg/dL), HbAlc (%), LDL-C
(mg/dL), HDL-C (mg/dL), total cholesterol (mg/dL), and
triglyceride (mg/dL) were measured from blood samples.

The Korean Activity Scale/Index (KASI), which con-
sists of 15 items, was used to estimate functional status
[12]. For the KASI, the weight is used to calculate the
score (range from 0 to 79, with high scores indicating
good functional status). Physical activity for 7 days was
assessed using the Korean version of the International
Physical Activity Questionnaire (IPAQ) short form [13].
We calculated MET-minute per week scores. The Europe-
an Quality of Life-5 Dimension-3-Level version (EQ-5D-
3L), which assesses mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression at three levels
of functioning, was used to measure health-related qual-
ity of life [14]. The EQ-5D-3L index (range from -0.171 to
1, with higher values indicating better health status) was
calculated using the valuation set by a previous report
[15].

Exercise capacity was evaluated using the 6-minute
walk distance (6MWD) test following the recommended
guidelines [16]. The 6MWD test was performed by phys-
iotherapists in accordance with the protocol outlined by
the American Thoracic Society. The guideline recom-
mends testing in a long corridor; however, owing to the
absence of a long corridor at the public health center, we
decided to conduct the 6MWD test on a track in a small
park adjacent to the health center (Fig. 2C). Recently, a
previous study has shown that 6MWD accurately esti-
mates maximal oxygen uptake [17]. Peak VO, (mL/kg/
min) was estimated as 4.948+0.023x6MWD (m).

Statistical analysis
The Mann-Whitney U test was used to compare young-
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old (65-74 years) and old-old (=75 years) women with Enrolled
respect to baseline characteristics, including height, (n=31)

body mass, BMI, waist circumference, resting SBP/DBP,
Lost follow-up

- Dropped out (n=5)
- Diseased (n=3)
- Moved out (n=2)

resting HR, and number of risk factors. The Fisher exact
test and chi-square test were employed for the compari-

.

son of the history of myocardial infarction and presence ]

of diabetes mellitus, respectively, between young-old Completed
(n=21)

i

and old-old women. The results of evaluation at 3 points
were analyzed using repeated-measures analysis of vari-
ance (ANOVA). For the post-hoc test, the Tukey method
was employed. Comparison between young-old and old-

Fig. 3. Flow chart of inclusion.

old women was conducted on variables with significant

Table 2. Baseline characteristics

01d female adult groups (n=17)

All (n=21)
Young-old, 65-74 yr (n=8) Old-old, 275 yr (n=9) p-value

Age (yr) 75.0+7.8 (52-88) 70.8+2.4 (66-74) 79.6%3.1 (75-86) -
Sex, female 18 (85.7) - - -
Height (cm) 154.26+6.04 (141.6-166.9) 154.73+5.02 (146.4-160.6) 151.13+5.43 (141.6-157.8) 0.236"
Body mass (kg) 59.55+11.29 (37.5-80.1)  66.51+11.00 (45.5-80.1)  52.16+9.41 (37.5-64.6)  0.006"
BMI (kg/m?) 24.88+3.74(18.7-31.1)  27.69+3.64 (19.3-31.1)  22.69+3.07 (18.7-27.3)  0.006"
Waist circumference (cm) 86.7+11.0 (68-109) 92.88+11.09 (70-109) 80.44+9.18 (68-94) 0.018"
Resting SBP (mmHg) 130.5+12.6 (105-150) 129.3+9.0 (117-140) 126.0+14.3 (105-145)  0.773"
Resting DBP (mmHg) 73.2+11.2 (49-92) 78.8+6.9 (70-89) 68.1+12.9 (49-92) 0.038"
Resting HR (bpm) 75.06.8 (67-90) 74.8+6.8 (67-85) 77.1£7.9 (68-90) 0.630"
Myocardial infarction 1(6.3) 1(12.5) 0(0) 0.274°
Diabetes mellitus 10 (47.6) 3(37.5) 5(55.6) 0.457"
Risk factors

Age” 20 (95.2) 8 (100) 9 (100)

Obesity” 12(57.1) 7(87.5) 4 (44.4)

Hypertension 16 (76.2) 5(62.5) 7(77.8)

Dyslipidemia® 11 (52.4) 3(37.5) 6 (66.7)

Prediabetes” 4(19) 2(25) 1(11.1)

High HDL-C? 4(19) 1(12.5) 3(33.3)

Number of risk factors 2.81+0.93 (1-5) 3.00+0.93 (2-5) 2.69%1.00 (1-4) 0.606"

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

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; HDL-C, high-densi-
ty lipoprotein cholesterol.

“Men >45 years or women =55 years.

Y BMI >25 kg/m” or waist girth >90 cm for men and >85 cm for women.

9Total cholesterol 2200 mg/dL, low-density lipoprotein cholesterol 2130 mg/dL, HDL-C <40 mg/dL, or use of lipid-
lowering medications.

YHemoglobin Alc of 5.7%-6.4%.

“HDL-C 260 mg/dL.

YMann-Whitney U test.

®Fisher exact test.

"Chi-square test.
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change between T0 and T2 in the post-hoc Tukey test. For
these variables, the paired values measured at TO and T2
were compared using the Wilcoxon rank test. The differ-
ence between T0 and T2 values was calculated and com-
pared between young-old and old-old women using the
Mann-Whitney U test. Statistical analysis was performed
using jamovi version 1.1.9 (https://www.jamovi.org/), a
free open-source graphical user interface for the R soft-
ware, and p<0.05 was considered statistically significant.

RESULTS

Characteristics of subjects

Out of 31 subjects, 21 completed the program (com-
pletion rate, 67.7%). Altogether, 10 individuals (5 who
dropped out, 3 who were admitted to the hospital, and 2
who moved out) were lost to follow-up (Fig. 3). None of
the subjects, including the 10 individuals who were lost
to follow-up, met the criteria for exclusion from or dis-
continuation of the exercise program due to an increase
in blood pressure, angina scale score, and dyspnea scale
score.

The baseline characteristics of subjects are summarized
in Table 2. The average age of subjects was 75.0+7.8 years;
among the subjects, 1 was under 65 years of age (52 years
old), 9 were 65-74 years of age, and 11 were =75 years of
age. There were 18 female subjects (85.7%). One patient
had a history of myocardial infarction, and none had any
cardiovascular disease (angina, arrhythmia, heart failure,
cerebrovascular disease, or peripheral arteriosclerosis)
or renal disease; 10 subjects had diabetes mellitus, and
none had a family history of cardiac disorders. All sub-
jects did not have a sedentary lifestyle and were perform-
ing moderate-intensity exercise more than 3 times per
week. None of the subjects smoked.

Female subjects aged >65 years (n=17) were categorized
into young-old (65-74 years; n=8) and old-old (=75 years;
n=9) women. Old-old women were lighter in weight and,
thus, had a smaller BMI than young-old women (p<0.05).
Furthermore, waist circumference and diastolic blood
pressure were significantly smaller and lower, respective-
ly, in old-old women (both p<0.05). The old-old women
were also shorter, albeit without statistically significant
difference. No significant differences in the history of

Table 3. Outcomes including 6MWD, fasting blood sugar level, serum cholesterol level, and KASI in all subjects (n=21)

p-value of post hoc”

TO T1 T2 F p-value

TO-T1 TO-T2 T1-T2
BMI (kg/mz) 24.88+3.74 24.58+3.72 24.56+3.75 7.800 0.001 0.006 0.003 0.974
SBP (mmHg) 130.5+£12.6 128.9+10.3 128.4+7.6 0.271 0.764 - - =
Fasting blood sugar (mg/dL) 127.7+£26.7 115+21.3 106.8+13.0  13.400 <0.001° 0.009 <0.001 0.120
HbAlc (%) 7.15+1.39 7.00+£1.04 6.73+1.24 2.150 0.130 - - -
Total cholesterol (mg/dL) 161.8+41.5 178.9+50.3 168.0+53.3 4.350 0.020 0.016 0.547 0.164
LDL-C (mg/dL) 85.8+£37.0 88.7+41.5 85.4+39.3 0.173 0.842 - - -
HDL-C (mg/dL) 51.7+17.4 55.7+13.6 53.1+15.0 1.920 0.160 - - -
Triglyceride (mg/dL) 119.4+83.1 157.8+82.2 125.1+59.0 2.660 0.082 - - =
EQ-5D-3L index 0.868+0.084 0.862+0.074 0.881+0.079  0.930 0.403 - - -
IPAQ (MET-minute per week) 1,596.8+1,044.5 2,568.9+1,572.5 2,366.1+1,489.5 3.150 0.054 - = =
KASI score 42.4+12.36 48.23+11.98 49.01+11.04 3.120 0.055 - - -
6MWD (m) 461.25+39.43  498.41+45.44 520.44+53.34 25.100 <0.001 <0.001 <0.001 0.033
Estimated VO,,,,, (mL/kg/min)  15.56+0.91 16.41+1.05 16.92+1.23  25.100 <0.001 <0.001 <0.001 0.033

Values are presented as meantstandard deviation.

BMI, body mass index; SBP, systolic blood pressure; HbAlc, hemoglobin Alc; LDL-C, low-density lipoprotein choles-
terol; HDL-C, high-density lipoprotein cholesterol; EQ-5D-3L, the European Quality of Life-5 Dimension-3-Level ver-
sion; IPAQ, the International Physical Activity Questionnaire; KASI, the Korean Activity Scale/Index; 6MWD, 6-minute
walk distance.

“Analyzed using repeated-measures analysis of variance.

Post hoc analysis using the Tukey method.

9Analyzed using Greenhouse-Geisser correction.
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myocardial infarction and presence of diabetes mellitus
were noted between young-old and old-old women. Ad-
ditionally, the number of risk factors did not differ be-
tween the two groups (Table 2).

Outcomes of CBCR

The outcomes of CBCR are summarized in Table 3.
Resting SBP did not show a significant difference with
time. The BMI and FBS significantly decreased accord-
ing to TO, T1, and T2. The T0-T1 and T0-T2 differences
were significant; however, the T1-T2 difference was not.
HbAlc tended to decrease, although this was not statisti-
cally significant. The total cholesterol level changed in
a different pattern. The total cholesterol level increased
during T0O-T1 but decreased during T1-T2; these differ-
ences were significant, whereas the T0-T2 difference was
not. Changes in LDL-C, HDL-C and triglyceride were not

statistically significant.

The physical activity derived from the IPAQ showed an
increasing trend, and the functional capacity assessed by
the KASI gradually increased; nevertheless, these did not
reach statistical significance. As for the EQ-5D-3L index
results, no significant changes in the quality of life were
observed.

The 6MWD was 461.25+39.43 m initially (estimated VO,,
15.56+0.91 mL/kg/min) and increased to 520.44+53.34 m
at post-assessment (estimated VO,, 16.92+1.23 mL/kg/
min). This increase in 6MWD was statistically significant,
and the changes in T0-T1, T0-T2, and T1-T2 were signifi-
cant as well.

Young-old (65-74 years) versus old-old (275 years)
women
As presented in Table 3, BMI, FBS, and 6MWD were

Young-old Young-old Young-old
@ 29 - —o— Old-o?d —o— Old-o?d @ . —o— Old-oslgd
140 - 550
o 27 1 5130 - — 525 -
£ 3 E
2 5 £120- 9 500
= @ 110 - 2 475-
@ 23 T
%\H 100 450 -
21 T T T 1 T T T 1 T T T 1
TO T1 T2 TO T T2 TO T T2

Period

Period Period

Fig. 4. Changes in (A) body mass index (BMI), (B) fasting blood sugar (FBS), and (C) 6-minute walk distance (6MWD)

between young-old and old-old women.

Table 4. Young-old (65-74 years) versus old-old (=75 years) women

TO T2 p-value® AT2-TO p-value®
BMI (kg/m?) 0.815
Young 27.7+1.29 27.5+1.31 0.195 -0.24+0.14
old 22.7+1.02 22.6%1.00 0.369 -0.14%0.17
Fasting blood sugar (mg/dL) 0.962
Young 134.9+11.89 114.4%6.05 0.039 -20.50+9.22
old 123.4+6.87 104.3+2.35 0.015 -19.11+6.24
6MWD (m) 0.277
Young 461.4+14.46 536.4+19.01 0.008 75.03+13.69
old 461.2+14.91 519.9+16.48 0.008 58.77+11.86

Values are presented as meantstandard error.
BMI, body mass index; 6MWD, 6-minute walk distance.

“Compared for paired values using the Wilcoxon rank test.

Y’Compared between groups using the Mann-Whitney U test.
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the variables with significant changes between T0 and
T2 in the post-hoc test. Fig. 4 shows the changes in BMI,
FBS, and 6MWD at T0, T1, and T2 in young-old and old-
old women. We compared the paired values measured
at TO and T2. The paired differences in FBS and 6MWD
were significant in both young-old and old-old groups
(p<0.05); however, the paired difference in BMI was not.
For all variables, the changes between T0 and T2 were
not significantly different between young-old and old-old
women (Table 4).

DISCUSSION

In this study, we confirmed the effects of 20-week
CBCR—specifically the reduction in risk factors and the
increase in exercise capacity. These results were signifi-
cant not only in young-old women but also in old-old
women. For safety reasons, we adopted the following
pre-established criteria for exclusion from exercise: chest
pain, dyspnea, and increased blood pressure. Although
our subjects were old (average age, 75.0 years), none of
the subjects were excluded from or discontinued the
exercise program because of chest pain, dyspnea, and in-
creased blood pressure.

The American Heart Association and the American As-
sociation of Cardiovascular and Pulmonary Rehabilita-
tion recognize that all cardiac rehabilitation programs
should contain the following core components: patient
assessment, exercise training, dietary counseling, risk
factor management (smoking, lipids, blood pressure,
weight, and diabetes mellitus), and psychosocial in-
tervention [2]. We included exercise training, risk fac-
tor management, dietary education, and psychosocial
assessment as the core components in our program.
Reducing risk factors is an important goal of cardiac re-
habilitation. Age and family history are unmodifiable risk
factors for cardiovascular diseases, whereas obesity, sed-
entary lifestyle, hypertension, dyslipidemia, and predia-
betes can be changed through cardiac rehabilitation. In
the present study, we had identified a reduction in body
weight, BMI, and blood glucose level.

While conventional hospital-based cardiac rehabilita-
tion is considered the standard approach, it is not the
only option for cardiac rehabilitation. Community-based
approaches also show similar effects to hospital-based
cardiac rehabilitation and have been reported to be of

relatively low cost and have high compliance [18-20].
For most potential candidates who do not participate in
conventional hospital-based cardiac rehabilitation, the
community is regarded as an alternative site for cardiac
rehabilitation. Social conditions can influence appropri-
ate forms of CBCR, and various venues for CBCR can be
utilized, including community health centers [21], health
clubs [22], sports centers [20], and YMCA [23].

This study was designed to evaluate the possibility of
a public health center-based cardiac rehabilitation as a
model of CBCR for either primary or secondary preven-
tion. We defined the target population of CBCR as sub-
jects who were allowed to perform moderate-intensity
exercise that did not require a preparticipation medical
screening test for the identification of underlying coro-
nary artery disease. The study subjects were selected
based on the criteria that include subjects suitable for
either primary prevention [11] or secondary prevention
[10]. Among study subjects, one with myocardial infarc-
tion was included, whereas others were eligible for pri-
mary cardiac rehabilitation. We expect that our CBCR
program can be tried for both primary and secondary
prevention. Further research is necessary to expand the
target population of CBCR, if medical clearance by car-
diac rehabilitation hospitals (or centers) prior to CBCR
initiation could be received.

We confirmed the effectiveness of our program con-
ducted in the public health center in Hongcheon-gun.
We also found that this program was implemented
without adverse events throughout the exercise and as-
sessment sessions. Public health centers in South Korea
have nurses and physical therapists, as well as their own
exercise facilities [9]. Hence, we suggest the application
of this public health center model in South Korea, con-
sidering that public health centers have the advantage of
having both medical personnel and equipment, which
need to be satisfied for the successful community-based
operation of cardiac rehabilitation program.

Subjects can achieve further sustained effects through
CBCR compared to traditional methods. Individuals can
benefit from long-term attendance at CBCR programs
[24], which can also be used as an avenue for continuing
treatment after the completion of hospital-based phase 1
and 2 rehabilitation and CBCR. After cardiac rehabilita-
tion at the hospital, if one continues to exercise without
peer support, the amount of exercise will decrease; how-
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ever, if one has peer support, it will help maintain the
exercise [25].

In community-based programs, the subject’s age must
be taken into consideration. As life expectancy increases
and birth rate decreases, South Korea officially became
an aged society in 2017—that is, individuals aged =65
years account for more than 14% of the total population.
The pace of aging is expected to accelerate, and individu-
als aged 65 years or older may account for 46.5% of the
country’s population in 2067 [26]. Aging is further inten-
sified in rural areas. In February 2020, the proportion
of the aged population was 15.7% nationwide, whereas
that in Gangwon Province was 19.9%. The aging index of
Hongcheon-gun was higher at 25.3% [27].

Older adults constitute a large proportion of individuals
with cardiovascular diseases. According to a retrospective
cohort study of first-in-lifetime acute myocardial infarc-
tion patients with CR consultation at 11 tertiary hospitals
in Korea, 34.1% (2,301 out of 6,743) of patients were over
70 years old [28]. Older adults have a lower participa-
tion rate in cardiac rehabilitation than younger adults.
In a comparison of the results of 552 patients with acute
coronary syndrome who received hospital-based cardiac
rehabilitation in Korea, the mean ages of attendees and
non-attendees were 58.9 and 63.9 years, respectively,
with the age of non-attendees being significantly higher
(p<0.001) [6]. Older people perceived aging itself as a
barrier to cardiac rehabilitation [6].

Nonetheless, the effect of cardiac rehabilitation is also
significant in the older adult population. Cardiac reha-
bilitation was effective in both older adults over 65 years
of age and those younger than 65 years [29] and showed
improvements in exercise capacity, risk factors, and
quality of life indicators in patients aged =65 years [31].
However, studies on the effect of cardiac rehabilitation in
older adults did not include a large number of subjects
and were mainly small case series [30].

Few studies have investigated the effect of cardiac re-
habilitation in very old adults aged >75 years. In a recent
meta-analysis that included 63 randomized controlled
trials, the median age of 14,486 subjects was 56.0 years
(range, 49.3-71.0 years) [3]. The proportion of older
adults aged 275 years in the community is expected to
further increase in the near future. Therefore, it is mean-
ingful to confirm the stability and effectiveness of com-
munity programs for older adults aged =75 years. With
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respect to the effect of cardiac rehabilitation on exercise
capacity, cardiac rehabilitation was not as effective in
the old-old (=75 years) group as in the young-old (66-75
years) and middle-aged (45-65 years) groups [31]. Even
with limited effect, very old adults aged >75 years also
benefited from cardiac rehabilitation. In an observational
study of hospital-based cardiac rehabilitation performed
for subjects aged >75 years, peak VO, and 6MWD were
improved from baseline [32]. Similarly, our program
resulted in a reduction in risk factors for cardiovascular
diseases and led to an improvement in exercise capacity
compared to baseline in both young-old women aged
64-74 years and old-old women aged >75 years.

However, the CBCR program in public health centers
may not be a sufficient solution for all patients due to the
limited availability of such programs and participation
barriers, including transportation issues. In our study,
the final completion rate was 67.7%, which was lower
than expected, despite being conducted in Hongcheon-
gun (dropout rate of 20%, completion rate of 80%). Public
health centers are distributed throughout the nation;
however, only one center is located in each city, gun, or
gu. Taking Hongcheon-gun as an example, Hongcheon-
gun is the largest gun in Korea, and most of its residents
are very uncomfortable with transporting to farmlands
and mountains. When planning for CBCR, distance
should be considered first. If the driving distance is more
than 30 minutes, participation in cardiac rehabilitation
decreases [33]. Furthermore, expansion of the CBCR pro-
gram to other community resources such as sub-health
centers should be considered.

The present study has some limitations that should be
addressed. Patients’ referral system should be considered
when implementing CBCR; however, we did not include
this in our study. To evaluate the initial application and
effectiveness of cardiac rehabilitation program in the
community, we recruited volunteers from the public
health center in Hongcheon-gun but did not include
those from the hospital because of their refusal. Hence,
we did not investigate the referral between the hospital
and the community health center. In order to successfully
implement CBCR, a linkage system should be established
between hospitals providing acute care and community
organizations conducting cardiac rehabilitation. This
study aimed to develop a CBCR program and confirm its
effectiveness, and our subjects were primarily selected
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from the community, not referred from acute care hos-
pitals. The referral system between the community and
acute hospital should be investigated in the future.

In conclusion, we reported the first attempted CBCR in
a health center in South Korea. Public health centers have
their own medical personnel and exercise facilities. We
propose target selection and exclusion criteria suitable
for community management, as well as those who can
safely participate in the program. Our program resulted
in a reduction in risk factors for cardiovascular diseases
and led to an improvement in exercise capacity, which
were confirmed not only in young-old women aged 65-74
years but also in old-old women aged >75 years.
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