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Abstract 
Background: We performed a meta-analysis to investigate the effectiveness of telecardiac rehabilitation compared to center-
based rehabilitation on cardiorespiratory fitness, blood pressure, blood lipids, body composition, and quality of life in patients with 
coronary heart disease.

Methods: We searched the Medical Literature Analysis and Retrieval System Online , Cumulative Index to Nursing and Allied 
Health Literature, Cochrane, Embase, and Scopus databases and retrieved studies published until October 8, 2021. Randomized 
controlled trials were included to evaluate cardiorespiratory fitness, blood pressure, blood lipids, body composition, and quality 
of life after telecardiac rehabilitation and center-based rehabilitation in patients with coronary heart disease. The criteria of the 
Cochrane Handbook for Systematic Reviews of Interventions were used to evaluate the methodological quality of the studies. 
Funnel plot analysis and Egger test were performed to confirm the publication bias.

Results: A total of 8 studies, including 750 participants, reported the effectiveness of the telecardiac rehabilitation and center-
based rehabilitation included in the analysis. Except for total cholesterol and mental quality of life (P < .05), all parameters were not 
significantly different between telecardiac rehabilitation and center-based rehabilitation (P > .05).

Conclusion: Telecardiac rehabilitation was similar to the effects of center-based rehabilitation. The overall prognosis of 
patients with coronary heart disease can be improved by increasing patients’ participation in cardiac rehabilitation through 
telerehabilitation.

Abbreviations: CI = confidence interval, SF-36 = Short-Form 36-Item Health Survey, EQ-5D = Euro-Quality of Life-5 Dimension, 
SMD = standardized mean difference.

Keywords: cardiac rehabilitation, coronary heart disease, meta-analysis, telerehabilitation

1. Introduction

Cardiac rehabilitation is an essential final step in the treatment 
of coronary heart disease.[1] It restores the physical and psycho-
social functions of patients who have undergone acute medical 
treatment or cardiac surgery to a level equal to or greater than 
that before disease onset.[1,2] Cardiac rehabilitation not only 
effectively restores exercise capacity and increases psychologi-
cal stability but also helps manage various risk factors for coro-
nary heart disease, thereby reducing the recurrence, the need for 
rehospitalization and retreatment, and the cause of mortality.[1]

Cardiac rehabilitation is a comprehensive patient manage-
ment program that consists of cardiac evaluation, treatment 
(individualized program), and risk factor management after the 
onset of heart disease.[3] The rehabilitation program involves 

various medical personnel (physical therapists, nurses, psycho-
therapists, occupational therapists, clinical nutritionists, and 
social workers), depending on the patient’s condition and risk 
factors under the supervision of the physician.[3]

Currently, cardiac rehabilitation is performed in many coun-
tries worldwide, and various studies have demonstrated its effec-
tiveness and safety.[4–6] However, several factors, such as lack of 
facilities, busy work life, transportation, lack of patient will, 
and lack of cardiac rehabilitation specialists, have prevented the 
implementation of the program.[7,8]

Some previous studies have reported that home-based cardiac 
rehabilitation programs can help overcome such obstacles for 
cardiac rehabilitation and have similar effects in lowering mor-
tality, risk of mortality, risk of recurrent coronary events, and 
risk factors for coronary heart disease compared to center-based 
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cardiac rehabilitation programs.[9–11] However, in home-based 
cardiac rehabilitation programs, patients cannot be supervised, 
and optimal individualized exercise prescriptions are limited.

The recent development of information and communication 
technologies has helped overcome the shortcomings of home-
based cardiac rehabilitation programs. Smartwatches and portable 
heart function measurement devices can measure heart rate, blood 
pressure, and oxygen saturation during exercise.[12,13] These data 
can be downloaded and sent to the attending physicians, allowing 
them to directly receive information on the patient’s condition and 
prescribe the intensity and type of exercise appropriate for each 
patient. In addition, remote assessment of the patient’s condition 
allows the patients to be evaluated in a convenient environment, 
wherein the physician can be queried and feedback can be pro-
vided.[12,13] Such cardiac rehabilitation programs that use infor-
mation and communication technologies are called telecardiac 
rehabilitation. The effects of telecardiac rehabilitation have been 
investigated in various studies, especially after the rapid advance-
ment of information and communication technologies.

Herein, we compared the effects of telecardiac rehabilita-
tion with those of center-based cardiac rehabilitation through 
a meta-analysis.

2. Methods

2.1. Search strategy

In this study, the following search strategy was followed based on 
the patient/population, intervention, comparison, and outcome 
model: population, patients with coronary heart disease, inter-
vention, telecardiac rehabilitation, (comparison, center-based 
rehabilitation, and outcome, cardiorespiratory fitness or exercise 
capacity, blood pressure, blood lipids, body composition, and 
quality of life. This meta-analysis was performed in accordance 
with the Preferred Reporting Items for Systematic Reviews and 
Meta-analysis guidelines. Two researchers (Y.J.C. and M.C.C.) 
searched the literature published from January 1, 1990, to October 
8, 2021, in the Medical Literature Analysis and Retrieval System 
Online , Cochrane, Embase, Scopus, and Cumulative Index to 
Nursing and Allied Health Literature databases. The following 
search terms were used: “telerehab,” “telerehabilitation,” “telecar-
diac rehab,” “telecardiac rehabilitation,” “telehealth,” “ehealth,” 
“coronary heart disease,” “atherosclerosis,” “angina pectoris,” 
“myocardial infarction,” and “coronary revascularization.”

2.2. Inclusion and exclusion criteria

The selection criteria were as follows: studies on telecardiac 
rehabilitation for patients with coronary heart disease, stud-
ies that performed center-based rehabilitation to compare the 
effectiveness of telecardiac rehabilitation, and randomized con-
trolled studies. The exclusion criteria were as follows: review 
studies, studies that had been presented at any conference, and 
papers not written in English.

2.3. Data extraction

All search results were exported to EndNote X9 (Clarivate, 
London, United Kingdom), and duplications were checked. 
For the papers that remained after the duplication check, 2 
reviewers (Y.J.C and M.C.C) independently evaluated those 
that met the selection criteria. The studies were selected by 
reviewing the titles and abstracts, and their conformation with 
the inclusion criteria was confirmed through a full-text review. 
Disagreements between the reviewers were resolved through 
discussion. Table  1 shows the information on the number 
of participants, age, types of disease, details of the exercise 
program, and information on the variables evaluated in each 
study. All data are presented as mean and standard deviation.No
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2.4. Quality assessments

Methodological quality was evaluated using the criteria 
described in the Cochrane Handbook for Systematic Reviews 
of Interventions to assess for potential bias.[20] Potential sources 
of bias included the following: selection bias (random sequence 
generation, allocation concealment), performance bias (blinding 
of participants and personnel), detection bias (blinding of out-
come assessment), attrition bias (incomplete outcome data), 
reporting bias (selective reporting), and other bias.

2.5. Analyses

The extracted data were statistically analyzed using the Review 
Management Software (RevMan 5.3; Cochrane, London, 

United Kingdom). For each analysis, a heterogeneity test was 
performed using I2 statistics, which measures the extent of 
inconsistency in the results. When I2 values were <50%, the 
pooled data were considered homogeneous, and a fixed-ef-
fects model was used. In contrast, if I2 values were ≥50%, the 
pooled data were considered to have substantial heterogeneity, 
and the random-effects model was used for data analyses. The 
analyzed data were continuous variables; hence, we calculated 
the standardized mean differences (SMDs) and 95% confidence 
intervals (CIs). The data value used in the analysis was the 
amount of change calculated before and after the intervention. 
Statistical significance was set at P value of <.05. A meta-anal-
ysis was performed only when ≥2 studies were compared for 
each survey item.

Figure 1.  Flowchart showing the search results of the meta-analysis.
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2.6. Publication bias

Publication bias was assessed visually using a funnel plot show-
ing the relationship between sample size and effect size. In addi-
tion, Egger test was used to test for symmetry in the funnel plot. 
Egger test was conducted using R software (Version 4.0.3, R Core 
Team), and an alpha of 0.05 was used as the cutoff for significance. 
Evaluation of publication bias through funnel plot and Egger test 
was performed only when there were ≥3 comparable studies.

3. Results

3.1. Study selection

Out of a total of 3042 papers searched using the search terms, 8 
papers[12–19] were finally selected after excluding duplicates and 
those that did not meet the inclusion criteria (Fig. 1). The anal-
ysis included studies confirming the effects of telecardiac reha-
bilitation and center-based rehabilitation and involved a total 

Figure 2.  Results of quality assessment of the selected randomized controlled trial studies.
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of 750 participants (367 in the telecardiac rehabilitation group 
and 383 in the center-based rehabilitation group).

3.2. Study description

Eight studies[12–19] included in this meta-analysis randomly 
divided participants into a telecardiac rehabilitation group and 
a center-based rehabilitation group. Four studies[12,15–17] reported 
that they performed a phase II cardiac rehabilitation program as 
a center-based rehabilitation program. Phase II cardiac rehabil-
itation is part of a comprehensive outpatient program designed 
to improve heart health and quality of life in patients with 
heart disease.[21] The program is tailored to individual needs 
and includes instructions in supervised exercise, nutritional 
counseling, and lifestyle changes that reduce the risk of heart 
problems.[21]

Arthur et al[14] included participants who underwent cor-
onary artery bypass graft surgery. Both telecardiac and cen-
ter-based rehabilitation were performed for a total of 6 months, 
and the exercise sessions consisted of 10 to 15 minutes of warm 
up, 40 minutes of aerobic exercise, and 10 to 15 minutes of 
cool down. The aerobic exercise of the telecardiac rehabilita-
tion was mainly walking at their own pace, and the center-based 
rehabilitation group performed track walking and stair climb-
ing. Furthermore, they performed cycle ergometer, arm cycle 

ergometer, and treadmill exercises. The exercise prescription 
guidelines were the same for both groups as 60% of peak VO2 
after baseline and 70% of peak VO2 after 3 months. The tele-
cardiac rehabilitation group was recommended exercise 5 times 
a week and recorded exercise logs such as activity, exercise time, 
and heart rate during exercise. Feedback on monitoring and 
exercise modifications was provided through the phone every 
2 weeks. The center-based rehabilitation group had 3 exercise 
sessions per week and was supervised by exercise specialists and 
kinesiologists.

Avila et al[12] included patients with coronary artery disease 
who had completed phase II cardiac rehabilitation under super-
vision. The telecardiac rehabilitation group was recommended 
to exercise for at least 150 minutes per week with 70% to 80% 
of the heart rate reserve. All exercise data were recorded with 
a smartwatch, and when the records were uploaded to the 
web application, the supervisor reviewed and planned an indi-
vidualized exercise program. Feedback was provided to par-
ticipants by phone or email once per week. The center-based 
rehabilitation group was trained on an ambulatory basis at 
the outpatient clinic, and sessions consisted of relaxation after 
approximately 45 minutes of endurance training at 70% to 
80% of the heart rate reserve, 3 times a week. Both rehabilita-
tions were conducted for a total of 12 weeks; after 12 weeks, 
both groups were advised to continue exercising. After that, 

Figure 3.  Forest plot showing the results of (A) VO2 peak, (B) peak heart rate, and (C) peak respiratory exchange ratio before and after telecardiac and cen-
ter-based rehabilitation. CI = confidence interval, SD = standard deviation.
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there was no contact for 9 months, and follow-up was per-
formed after 1 year.

Batalik et al[15] included patients with angina pectoris and 
myocardial infarction and performed telecardiac and cen-
ter-based rehabilitation for a total of 12 weeks. In both reha-
bilitation groups, exercise was performed at a heart rate reserve 
of 70% to 80% in 60-minute sessions 3 times a week. In the 
telecardiac rehabilitation group, exercise feedback, motivation, 
and education were provided once a week over the phone. A 
center-based rehabilitation group performed a phase II rehabil-
itation program under the supervision of a physical therapist 
and cardiologist. After 12 weeks of rehabilitation, there was no 
contact for 1 year, and follow-up was performed at 15 months.

Frederix et al[16] included patients with acute coronary syn-
drome who underwent percutaneous coronary intervention or 
coronary artery bypass graft. All patients participated in the 
phase II rehabilitation program for 6 weeks, and the telecardiac 
rehabilitation group started telerehabilitation from the seventh 
week. Participants wore motion sensors all day and recorded all 
activities, which were uploaded weekly to the web application. 
Patients received weekly automated feedback on physical activ-
ity via email or SMS. Patients were encouraged to increase their 
daily step count by 10% each week. A center-based rehabili-
tation group participated in a phase II rehabilitation program 
for a total of 18 weeks. The center-based rehabilitation group 
wore the motion sensor for 7 days at 1, 6, and 18 weeks during 
the study. The motion sensor was worn all day, and data on all 
activities were recorded. Data from participants were uploaded 
by a clinician, and no feedback was provided upon reviewing 
the data. Additionally, participants in the center-based rehabili-
tation group did not have access to the recorded data.

Gordon et al[17] included patients with previously docu-
mented acute myocardial infarction, coronary artery bypass 
graft surgery, transcatheter coronary artery intervention, and/or 
clinical diagnosis of angina pectoris. Both telecardiac and cen-
ter-based rehabilitation were performed for a total of 12 weeks. 
Telecardiac rehabilitation was a doctor-supervised program 
with case management by nurses, and telerehabilitation partici-
pants visited the office in-person with a manager at baseline and 
at 6 weeks. A phone consultation was conducted during weeks 

2, 4, 8, and 10. Participants in the telecardiac rehabilitation 
group were provided with an individualized home-based exer-
cise plan. The center-based rehabilitation group participated in 
a phase II rehabilitation program 3 times a week at the hospital. 
In addition to exercise training, education was provided to both 
telecardiac and center-based rehabilitation groups on coronary 
heart disease, coronary heart disease risk factors, and lifestyle 
modifications.

Kraal et al[18] included patients with myocardial infarction, 
unstable angina, percutaneous coronary intervention, or cor-
onary artery bypass grafting. Telecardiac and center-based 
rehabilitation consisted of at least 2 training sessions per week 
for 12 weeks. Patients exercised for 45 to 60 minutes per ses-
sion at 70% to 85% of their maximum heart rate. The tele-
cardiac rehabilitation group learned how to use a wearable 
heart rate monitor and upload exercise records through the 
initial 3 supervised training sessions. After 3 supervised train-
ing sessions, home-based training was conducted. A physical 
therapist called once a week to provide feedback on training 
frequency, duration, and intensity and recommended termi-
nating the phone feedback after 12 weeks but with contin-
ued training. The center-based rehabilitation group performed 
group-based training sessions on a treadmill or cycle ergome-
ter under the supervision of a physical therapist and exercise 
specialist.

Maddison et al[13] included patients with atherosclerosis, 
angina pectoris, myocardial infarction, and coronary revascu-
larization. The telecardiac rehabilitation group performed 3 
exercise sessions per week for 12 weeks. Sessions lasted for a 
total of 30 to 60 minutes, including a warm- up and cool down, 
and patients exercised at an intensity of 40% to 65% of the 
heart rate reserve. The heart rate, respiration rate, and location 
data were uploaded to a web application through wearable sen-
sors worn by the participants. Experts reviewed the uploaded 
data to monitor and coach workouts in real time. Outside of the 
real-time interaction, the participants were allowed to self-mon-
itor and review feedback. The individualized and progressive 
exercise program was provided according to maximal aerobic 
capacity, exercise-induced signs and symptoms, demographic 
characteristics, and preferences. The center-based rehabilitation 

Figure 4.  Forest plot showing the results of (A) systolic blood pressure and (B) diastolic blood pressure before and after telecardiac and center-based rehabili-
tation. CI = confidence interval, SD = standard deviation.
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group performed 12 weeks of supervised exercise provided by 
a clinical exercise physiologist at a cardiac rehabilitation clinic.

Varnfield et al[19] performed 6 weeks of telecardiac and cen-
ter-based rehabilitation in patients with myocardial infarction. 
During telecardiac rehabilitation, the patients were motivated 
and educated by SMS and audio/video files, and they had a 
smartphone installed with a health diary and activity monitor-
ing application. The web application was instructed to upload 
data, and consultations were conducted based on the uploaded 

contents. The main exercise was walking, with at least 30 min-
utes of moderate-intensity activity (Borg scale 11–13) on most 
days of the week, and weekly telephone counseling was provided. 
The center-based rehabilitation group performed a rehabilitation 
program that included supervised exercise twice a week and a 
1-hour education session. It was an individualized and super-
vised circuit-based program of light (6–10) to moderate (11–13) 
intensity according to Borg scale. Exercises included treadmills, 
resistance bands, rowers, weights, squats, and pushups.

Figure 5.  Forest plot showing the results of (A) total cholesterol, (B) high-density lipoprotein cholesterol, (C) low-density lipoprotein cholesterol, and (D) tri-
glycerides before and after telecardiac and center-based rehabilitation. CI = confidence interval, SD = standard deviation.
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3.3. Risk of bias

Of all the papers included in this review, 3 studies[15,17,18] had an 
unclear risk of bias in random sequence generation and allocation 
concealment, while the other 5 studies[12–14,16,19] had a low risk of 
bias. In blinding of participants and personnel, 2 studies[12,19] had 
a low risk of bias, and 6 studies[13–18] had an unclear risk of bias. 
With respect to blinding of the outcome assessment, 3 studies[12–14] 
had a low risk of bias, 4 studies[16–19] had an unclear risk of bias, 
and 1 study conducted by Batalik et al[15] had a high risk of bias. 
With respect to incomplete outcome data, selective reporting, and 
other bias categories, all studies[12–19] had a low risk of bias (Fig. 2).

3.4. Meta-analysis results

3.4.1. Cardiorespiratory fitness.  The VO2 peak, peak heart 
rate, and peak respiratory exchange ratio were measured to 

investigate cardiorespiratory fitness. Seven studies[12–18] evaluated 
the VO2 peak, of which 339 participants in the telecardiac 
rehabilitation group and 335 participants in the center-based 
rehabilitation group were included. A random-effect model was 
used for the analysis, and the improvement of VO2 peak was 
not significantly different between the 2 groups (SMD: 0.29; 
95% CI: –0.08 to 0.66; P = .13; I2: 81%). Peak heart rate was 
investigated in 4 studies (194 in the telecardiac rehabilitation 
group and 193 in the center-based rehabilitation group).[12,14–16] 
A random-effect model was used for analysis, and there was 
no significant difference between the 2 groups (SMD: –0.09; 
95% CI: –0.47 to 0.29; P = .64; I2: 65%). The peak respiratory 
exchange ratio was measured in 4 studies (106 in the telecardiac 
rehabilitation group and 109 in the center-based rehabilitation 
group).[12,15,16,18] A fixed-effect model was used for the analysis, 
and there was no significant difference between the 2 groups 
(SMD: 0.03; 95% CI: –0.24 to 0.30; P = .82; I2: 0%; Fig. 3).

Figure 6.  Forest plot showing the results of (A) body mass index, (B) waist circumference, (C) hip circumference, and (D) weight before and after telecardiac 
and center-based rehabilitation. CI = confidence interval, SD = standard deviation.
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3.4.2. Blood pressure.  To investigate improvement in blood 
pressure, systolic and diastolic blood pressures were measured. 
These were measured in 4 studies (174 in the telecardiac 
rehabilitation group and 194 in the center-based rehabilitation 
group).[12,13,17,19] A random-effects model was used to analyze the 
effects of rehabilitation on systolic and diastolic blood pressures, 
which found no significant difference between telecardiac 
rehabilitation and center-based rehabilitation (systolic blood 
pressure [SMD: –0.01; 95% CI: –0.21 to 0.20; P = .94; I2: 
38%]; diastolic blood pressure, [SMD: 0.05; 95% CI: –0.36 to 
0.45; P = .82; I2: 72%]; Fig. 4).

3.4.3. Blood lipids.  Total cholesterol, high-density lipoprotein 
cholesterol, low-density lipoprotein cholesterol, and triglycerides 
were included as variables to determine the degree of improvement in 
blood lipid levels. All variables were identified in 5 studies,[12,13,16,17,19] 
and a fixed-effects model was used for the analysis. The number 
of participants included in the analysis was 206 in the telecardiac 
rehabilitation group and 228 in the center-based rehabilitation 
group. Total cholesterol was significantly reduced after center-
based rehabilitation than after telecardiac rehabilitation (SMD: 
–0.21; 95% CI: –0.40 to –0.02; P = .03; I2: 0%). For high-density 
lipoprotein cholesterol, low-density lipoprotein cholesterol, and 
triglycerides, there was no significant difference between the 2 
groups (high-density lipoprotein cholesterol [SMD: 0.11; 95% CI: 
–0.08 to 0.29; P = .28; I2: 0%]; low-density lipoprotein cholesterol, 
[SMD: –0.15; 95% CI: –0.34 to 0.04; P = .11; I2: 0%]; triglycerides, 
[SMD: –0.15; 95% CI: –0.35 to 0.04; P = .11; I2: 46%]; Fig. 5).

3.4.4. Body composition.  Body composition included body 
mass index, waist circumference, hip circumference, and weight, 

which was investigated in 3,[12,13,15] 4,[12,13,16,19] 2,[12,13] and 3[12,17,19] 
studies, respectively. The number of participants included 114, 
154, 94, and 106 in the telecardiac rehabilitation group and 
119, 183, 101, and 122 in the center-based rehabilitation group, 
respectively. A fixed-effect model was used to analyze the effect 
sizes of body mass index, waist circumference, hip circumference, 
and weight, which showed no significant intergroup difference 
(body mass index [SMD: –0.09; 95% CI: –0.34 to 0.17; P = 
.51; I2: 0%]; waist circumference, [SMD: 0.01; 95% CI: –0.20 
to 0.23; P = .92; I2: 0%]; hip circumference, [SMD: –0.22; 95% 
CI: –0.50 to 0.06; P = .13; I2: 0%]; weight, [SMD: 0.02; 95% 
CI: –0.24 to 0.28; P = .88; I2: 0%; Fig. 6).

3.4.5. Quality of life.  Quality of life was confirmed using the 
Short-Form 36-Item Health Survey and Euro-Quality of Life-5 
Dimension. Short-Form 36-Item Health Survey was evaluated 
separately for physical and mental health, which were evaluated 
in 2 studies (139 in the telecardiac rehabilitation group and 
138 in the center-based rehabilitation group).[12,14] A fixed-effect 
model was adopted for the analysis, and there was no significant 
difference between the 2 groups in the physical health domain 
(SMD: 0.21; 95% CI: –0.02 to 0.45; P = .08; I2: 17%), but the 
center-based rehabilitation showed a significant improvement in 
the mental health domain compared to telecardiac rehabilitation 
(SMD: –0.27; 95% CI: –0.51 to –0.04; P = .02; I2: 0%). Euro-
Quality of Life-5 Dimension was assessed in 2 studies,[13,19] with 
96 participants in the telecardiac rehabilitation group and 120 
participants in the center-based rehabilitation group. A random-
effect model was used for the analysis, and there was no 
significant difference between the 2 groups (SMD: 0.49; 95% 
CI: –1.27 to 2.26; P = .59; I2: 97%; Fig. 7).

Figure 7.  Forest plot showing the results of (A) physical domain of SF-36, (B) mental domain of SF-36, and (C) EQ-5D index before and after telecardiac and 
center-based rehabilitation. CI = confidence interval, EQ-5D = Euro-Quality of Life-5 Dimension, SD = standard deviation, SF-36 = Short-Form 36-Item Health 
Survey.
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3.4.6. Publication bias.  Funnel plot analysis and Egger test were 
performed to evaluate the publication bias. The graphic funnel 
plots of all variables were symmetrical (Fig. 8). Moreover, the P 
value of Egger test was >.05, except for 1 variable (peak respiratory 
exchange ratio), indicating an insignificant publication bias (VO2 
= 0.058, peak heart rate = 0.471, peak respiratory exchange ratio 
= 0.011, body mass index = 0.169, systolic blood pressure = 0.719, 
diastolic blood pressure = 0.829, total cholesterol = 0.876, high-
density lipoprotein cholesterol = 0.341, low-density lipoprotein 
cholesterol = 0.953, triglyceride = 0.758, waist circumference = 
0.538, and weight = 0.429).

4. Discussion
In the current meta-analysis, we found that telecardiac rehabili-
tation has an effect similar to that of center-based rehabilitation. 
Both rehabilitation methods showed similar positive effects on 
cardiorespiratory fitness (VO2 peak, peak heart rate, and peak 
respiratory exchange ratio), systolic and diastolic blood pres-
sures, body composition (body mass index, waist circumfer-
ence, hip circumference, and weight), and physical quality of 
life. However, total cholesterol was lower after center-based 
rehabilitation than after telecardiac rehabilitation, although 
the effects on high-density lipoprotein cholesterol, low-density 
lipoprotein cholesterol, and triglycerides did not differ between 
both rehabilitation methods. In addition, the mental quality of 
life improved more after center-based rehabilitation than after 
telecardiac rehabilitation.

Currently, cardiac rehabilitation is a class 1 recommenda-
tion for patients with coronary heart disease.[22] Several previ-
ous studies have demonstrated the positive therapeutic effects 
of cardiac rehabilitation.[23–25] Cardiac rehabilitation improves 
functional status, exercise capacity, and quality of life.[25] In 
addition, it decreases the occurrence of coronary heart events 
and mortality rates.[23,24] Usually, cardiac rehabilitation is per-
formed using a center-based rehabilitation program; however, 
despite evidence of positive therapeutic effects, it is underuti-
lized. Typically, 30% to 40% of patients with coronary heart 
disease participate in cardiac rehabilitation.[7,8,26] Recently devel-
oped information and communication technologies are expected 
to help increase compliance with cardiac rehabilitation. For tele-
cardiac rehabilitation, a smart wearable device is attached to a 
patient’s body to monitor physical activity and body condition, 
and the device can measure the patient’s movement, cardiore-
spiratory fitness, blood pressure, and blood lipids.[13] When all 
the measured data are uploaded to the web application, medical 
staff can determine the patient’s condition based on the data 
and provide individualized feedback to each patient.[13] This 
ensures that the patient is given appropriate advice and reas-
surance.[27] Moreover, telerehabilitation facilitates participation 
in rehabilitation, especially for people with reduced mobility or 
environmental restrictions. In support of this, previous studies 
have reported that prior to coronavirus disease 2019, >50% 
of patients did not complete any type of cardiac rehabilitation 
after discharge from the hospital, but after coronavirus disease 
2019, 69% participated in telerehabilitation after completing an 
in-person outpatient program.[28]

Figure 8.  Graphic funnel plots showing the differences in each assessment before and after telecardiac and center-based rehabilitation.



12

Jin Choo and Chang  •  Medicine (2022) 101:28� Medicine

In our meta-analysis, although patients did not visit the hospital 
in-person, telecardiac rehabilitation had similar improvement effects 
with center-based rehabilitation in most of the evaluated domains, 
including cardiorespiratory fitness, systolic and diastolic blood pres-
sure, blood lipids (high- and low-density lipoprotein cholesterol, tri-
glycerides), body composition, and physical quality of life.

In addition, despite no significant intergroup difference in 
high- and low-density lipoprotein and triglycerides, total cho-
lesterol was lower after center-based rehabilitation. We think 
that integrated slight or minimal intergroup differences in high- 
and low-density lipoprotein and triglycerides resulted in signif-
icant intergroup differences in their sum (total cholesterol). In 
addition, mental quality of life was significantly improved after 
center-based rehabilitation than after telecardiac rehabilitation. 
Participants in center-based rehabilitation can feel supported by 
direct contact with physicians. Moreover, participants would 
feel psychological stability and bonding or be motivated by 
other patients in the same rehabilitation center.[29,30]

This meta-analysis had some limitations. First, reoccurrence and 
mortality rates were not compared between groups. A meta-anal-
ysis of reoccurrence and mortality rates could not be performed 
because no related data were reported except by Batalik et al.[15] 
Second, the cardiac rehabilitation duration was not considered. 
For each study, the outcomes were evaluated over various periods, 
from the immediate effect after cardiac rehabilitation to 15 months 
later. When the rehabilitation period was classified in detail, the 
inclusion of too few studies prevented a meta-analysis. A future 
meta-analysis to compensate for these limitations is warranted.

In conclusion, we compared telecardiac rehabilitation and 
center-based rehabilitation in patients with coronary heart dis-
ease and found that the overall effects of both rehabilitation 
methods were similar, except for total cholesterol and mental 
quality of life. Telecardiac rehabilitation can improve access to 
healthcare services for patients who are unable to visit a hos-
pital due to time or location problems. Therefore, increasing 
the participation rate of patients with coronary heart disease 
by actively introducing remote cardiac rehabilitation can help 
improve prognosis after coronary heart disease.
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