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Abstract: Cardiac rehabilitation after percutaneous coronary intervention decreases recurrence and 
mortality but has a high dropout rate. The aim of this study is to identify dropout predictors by 
comparing the characteristics of complete and dropout patients in cardiac rehabilitation. The study 
included 593 patients (455 men and 138 women) who received percutaneous coronary intervention 
and were enrolled in a 1-year cardiac rehabilitation program consisting of home-based cardiac 
rehabilitation with three center visits. Dropout was defined as participation in the first center visit 
but not the second or third center visits. Blood lipids, quality of life, socioeconomic status, and 6-
minute walk distance measurements at the first visit were compared between participants who 
completed and dropped out of cardiac rehabilitation. For both men and women, the dropout rate 
significantly correlated with a low 6-minute walk distance and low muscle mass ratio. The dropout 
rate was significantly higher for men, but not women, with low education and low income. 
However, the dropout rate was decreased for women, but not men, with low blood pressure and 
triglycerides. An improved understanding of the characteristics of participants and the cardiac 
rehabilitation dropout rate are expected to contribute to the development of cardiac rehabilitation 
strategies that decrease patient dropout. 

Keywords: 6-minute walking distance; cardiac rehabilitation; dropout; muscle ratio; socioeconomic 
status 

 

1. Introduction 

Cardiovascular disease is a major cause of death worldwide [1]. The most common treatments 
for this disease include medication, percutaneous coronary intervention (PCI), and coronary artery 
bypass graft. Systemic healthcare, known as cardiac rehabilitation (CR), is also recommended 
through lifestyle modifications [2]. CR aims to lower relapse and mortality in patients with 
cardiovascular disease through exercise, nutrition, and psychological counseling by nurses [3]. 
Previous studies suggest that CR decrease cardiovascular risk factors as obesity hypertension, 
diabetes, dyslipidemia, as well as increase patient’s life satisfaction, by inducing positive effects on 
quality of life (QoL) and psychological comfort [4,5]. In addition, CR helps patients by increasing the 
maximum oxygen consumption and improving exercise capacity [6]. Despite the positive effects of 
CR, the dropout rate tends to be relatively high. In previous, 46.9% of women did not complete the 
CR program, and dropouts were more likely to have obesity and depression [7]. In another study, 
the characteristics of CR participation in 176 patients discharged from the hospital after treatment for 
heart disease were analyzed. There were 25 patients who completed the 18-session CR program, 47 
who dropped out, and 104 who not participate at all [8]. Barriers to participation in CR include 
psychological problems, such as depression and anxiety and discomforts such as physical health 
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problems. In addition, distance to the medical center, economic burden, and low physical strength 
can decrease participation [8,9]. 

Fitness and body composition have been studied as predictors of cardiovascular disease and 
mortality. Even among individuals with normal weight, those with low fitness have a 2.7-fold 
increase in cardiovascular mortality compared to those with high fitness [10]. Additionally, it has 
been found that the mortality rate decreases as the 6-minute walking capacity increases in people 
with chronic obstructive pulmonary disease [11]. Body composition studies show that high fat and 
low muscle mass increase the risk of cardiovascular disease [12,13]. In a study related to participation 
in CR, high exercise capacity and low body mass index (BMI) were found to be positive factors for 
participation in CR. However, studies examining factors predictive of completion of CR are rare [14]. 
Therefore, we hypothesized that individuals with high exercise capacity and muscle mass would 
have higher participation in cardiac rehabilitation. We examined the correlation of various physical 
variables, socioeconomic status (SES), body composition, and lipid levels with participation in CR.  

2. Materials and Methods  

2.1. Participants  

There were 650 patients who underwent PCI in our cardiology department. However, 
depending on the patient's choice, there were patients who did not participate in CR or had 
incomplete test data. Therefore, 57 of these patients were excluded from the analysis. The criteria for 
inclusion in the study were participation in the CR program at least once and completion of physical 
fitness tests, body composition analysis, and SES surveys. A total of 593 patients (455 men and 138 
women) were finally included in the analysis. 

The CR program was presented by a cardiologist, and only patients who agreed to participate 
in the program were included. Patients who underwent PCI were instructed to participate in the CR 
program at 4 weeks following discharge. Patients were encouraged to participate in CR through 
home-based exercise for 10–12 months. A dropout patient was defined as one who did not continue 
with follow-up CR after the first visit. A complete patient was defined as one who continued follow-
up CR for 1 year. This study complies with the Helsinki Declaration and was approved by the 
institutional review board (AMC 2015-0594).  

2.2. Cardiac Rehabilitation Program 

The CR team consisted of cardiologists, exercise specialists, nutritionists, and nurses. The nurse 
explained to patients how to deal with precautions such as the Valsalva maneuver, how to use 
nitroglycerin, and how to monitor heart rate. Dietitians consulted on how to make a balanced diet, 
including low-sodium and low-fat diets, and menu choices when eating out. The exercise program 
was prescribed based on the American College of Sports Medicine guidelines [15]. Based on the 
results of the participant’s cardiac exercise load test, exercise intensity was set in the range of 40–70% 
of heart rate reserve. Patients were educated on how to exercise within the suggested range using the 
Rating of Perceived Exertion [16]. In addition, patients were educated to monitor their heart rate by 
electronic devices or radial arteries. 

2.3. Measurements 

QoL was assessed with the short Form Health Survey (SF-36), and SES was assessed through a 
questionnaire. Physical fitness was evaluated based on grip strength, flexibility, balance, and a 6-
minute walking test (6MWT). Fasting with limited water was requested for 8 hours prior to the 
analysis of blood lipids. The study measurements were performed in the following order: (1) 
questionnaire, (2) body composition and anthropometric measurements, (3) blood pressure 
measurement, and (4) physical fitness tests. 

2.3.1. Body Composition and Waist Circumference 
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Body weight, BMI, and muscle mass were measured using the Inbody 770 (Inbody Co., Seoul, 
Korea), per the manufacturer’s instructions. Waist circumference was measured twice horizontally 
using a tape measure at the thickest part of the navel level. If the measurements differed by more 
than 0.5 cm, the waist circumference was measured again.  

2.3.2. Grip Strength 

Grip force was measured using a Takei 5401 handle force dynamometer (TKK-5401; TAKEI 
Scientific Instruments Co., Ltd., Niigata, Japan). The patient stood upright with the elbows in line 
with the waist and chest and the hand being examined extended. The hand was placed next to the 
thigh, and the patient was instructed not to touch the thigh. Then, the mechanical handle was placed 
on the second metacarpal bone. When the patient was ready, the examiner gave the signal “go,” and 
the patient exerted maximum strength. The posture was not disturbed during the test [17,18]. The 
grip of both hands was tested twice, and the average of the highest value was calculated for each 
hand. 

2.3.3. Balance 

For the balance test, the patient stood on a foot-shaped examination table, and both hands were 
placed on the waist. Then, the patient closed his eyes and stood on one leg. The opposite leg was bent 
back 90 degrees at the examiner's “go.” The test ended when the patient opened his eyes, removed 
his hands from his waist, and placed both feet on the ground[17,19]. Both sides were tested twice. 
The average of the highest value was calculated for each leg. If the average did not exceed 2 seconds 
after starting, the test was performed again. 

2.3.4. 6-Minute Walk Distance (6MWD) 

A 6MWD test was administered, in which the participant was allowed to walk as fast as possible 
for 6 minutes on a 60-meter track. Cones were installed at both ends of the track, and the test was 
conducted in a safe space with a flat floor and no obstacles. The examiner started the test after the 
test had been fully explained and the patient understood the test method. The test started with the 
inspector's “go” signal, and the patient was informed of the time in 1-minute increments. The walking 
pace was self-regulated, and running was prohibited[20,21].  

2.3.5. Socioeconomic Status (SES) 

Socioeconomic variables were based on monthly income and education level. Household income 
was divided by tertiles, and the survey was conducted in Korean Won (KRW), with low (< 2,000,000 
KRW), middle (2,000,000–3,900,000 KRW), and high (> 4,000,000 KRW) groups. The education level 
was also divided into three groups: low, middle school graduation; middle, high school graduation; 
and high, college or higher. 

2.3.6. Quality of Life (QoL) 

A participant’s general health and QoL were measured using the Korean version of the SF-36 in 
a self-administered manner. In the analysis, mental, physical, and total scores were calculated using 
the standard calculation formula. As a result of structural equation modeling, the Comparative Fit 
Index was 0.984, the root mean square error of approximation was 0.039, and the standardized root 
mean square residual was 0.038, indicating this was a valid questionnaire [22]. 

2.4. Statistical Analysis 

SPSS 25.0 (IBM SPSS Inc., Armonk, NY, USA) was used for data analysis. For complete and 
dropout patient characteristics, independent t-tests were performed to compare medical and fitness 
test results at the first visit. The categorical variable SES went through the process of setting it as a 
dummy variable. Monthly income and education level were classified as high, meddle, and low 
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through the tertile. Comparison of complete and dropout patient was performed by chi-square test. 
Variables with significant differences in the comparison between complete and dropout patients were 
selected as the odds ratio. As a result, it was the 6MWD and muscle ratio, monthly income and 
education level in men, while it was the 6-MWD, muscle ratio, systolic blood pressure (SBP), and 
triglyceride (TG) in women. In order to convert these variables into dummy variables, a tertile was 
performed and classified into high, middle and low. Odds ratio was calculated by logistic regression 
analysis. These variables were also used as adjustment variables. The significance level was at p < 
0.05.  

3. Results 

3.1. Comparison between Complete and Dropout Patients. 

Table 1 shows the general characteristics of the participants. Men had significantly higher age, 
height, and weight than women. 

Table 1. Characteristics of participants. 

 
Men 

(n = 455) 
Women 
(n = 138) p 

Age, years 58.7 ± 9.8 62.1 ± 9.8 <0.001 * 
Height, cm 168.5 ± 27.6 154.3 ± 6.1 <0.001 * 
Weight, kg 70.6 ± 10.5 59.6 ± 7.4 <0.001 * 
BMI, kg/m2 25.1 ± 3.0 25.0 ± 2.8 0.744 

* p < 0.05; BMI, body mass index. Data was presented mean ± standard deviation. Data analysis was 
used independent t-test. 

Comparisons of variables measured at the initial visits of the complete and dropout groups are 
shown in Table 2. For men, significant differences in muscle ratio and 6MWD were observed between 
the dropout and complete patients. For women, significant differences in muscle ratio, 6MWD, SBP, 
and TG were observed between the dropout and complete patients (Table 2). 

Table 2. General characteristics comparison between cardiac rehabilitation dropout patients and 
complete patients. 

 Men  Women  
 DOP CG  DOP CG  

N ( %) 196(43.1%) 259 (56.9%)  55(39.9%) 83(60.1%)  
Age, years 59.4 ± 9.7 57.7 ± 10.3  64.0 ± 10.9 61.0 ± 9.2  
Height, cm 170.6 ± 42.6 166.0 ± 7.3  153.1 ± 6.4 154.7 ± 5.3  
Weight, kg 70.6 ± 10.7 69.7 ± 9.5  58.8 ± 7.8 58.8 ± 6.4  

BMI 25.0 ± 3.5 25.2 ± 2.6  25.1 ± 3.1 24.6 ± 2.2  
Waist circumference, cm 90.6 ± 8.3 90.0 ± 6.6  90.9 ± 8.4 90.3 ± 6.3  

Muscle mass, % 37.5 ± 7.2 40.2 ± 4.1 *  30.8 ± 6.8 35.7 ± 2.6 *  
Fat, % 24.8 ± 6.3 24.6 ± 5.6  35.4 ± 6.1 33.7 ± 4.8  

SBP, mmHg 120.0 ± 16.4 121.6 ± 15.2  124.2 ± 15.8 114.5 ± 14.4 *  
DBP, mmHg 75.7 ± 11.5 75.4 ± 9.3  74.2 ± 10.9 74.5 ± 10.0  
TC, mg/dL 138.5 ± 26.8 142.1 ± 32.7  156.2 ± 32.8 161.8 ± 46.6  
TG, mg/dL 129.0 ± 69.6 120.9 ± 58.5  134.5 ± 88.1 113.7 ± 54.1 *  

HDLC, mg/dL 45.3 ± 12.3 46.2 ± 9.5  49.2 ± 11.3 53.8 ± 13.1  
LDLC, mg/dL 80.3 ± 24.9 81.9 ± 28.2  96.0 ± 44.6 88.9 ± 31.6  

SF-36       
Physical score 1410.3 ± 375.7 1494.3 ± 309.2  1106.8 ± 463.5 1248.9 ± 303.5  
Mental score 800.5 ± 255.6 834.6 ± 230  680 ± 221.9 742.2 ± 182.1  
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Total score 2254.5 ± 605.5 2368.6 ± 499.2  1818.6 ± 661.6 2032.8 ± 448.8  
Fitness       

Grip strength, kg 35.7 ± 7.5 37.0 ± 6.7  25.9 ± 17.7 24.5 ± 6.3  
Balance, seconds 7.9 ± 4.2 11.2 ± 12.6  6.0 ± 3.3 6.5 ± 7.4  

6 min walking, meter 517.2 ± 99.2 554.8 ± 67.0 *  454.2 ± 92.3 490.1 ± 36.0 *  
* p < 0.05; Data was presented mean ± standard deviation. Data analysis was used independent t-test. 
DOP, dropout patients; CG, complete group; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; TC, total cholesterol; TG, triglyceride; HDLC, high density lipoprotein cholesterol; LDLC, 
low density lipoprotein cholesterol. 

Table 3 shows the comparison between the groups according to SES. For men, there were 
significant differences in completing CR based on monthly income and education level. In the high-
income group, 40.5% were complete patients, whereas in the low-income group, only 23.2% were 
complete patients (p = 0.016). In the high education group, 47.9% were complete patients, whereas in 
the middle and low education groups, only 36.7% and 15.4% were complete patients, respectively (p 
= 0.034). 

Table 3. Socioeconomic status comparison between cardiac rehabilitation dropout patients and 
complete patients. 

 DOP 
(n= 196) 

CG 
(n= 259) p 

DOP 
(n= 55) 

CG 
(n= 83) p 

Monthly income a       
High 55(28.1%) 105(40.5%) 

0.016* 
14(25.5%) 20(24.1%) 

0.584 Middle 68(34.7%) 94(36.3%) 19(34.5%) 27(32.5%) 
Low 70(37.2%) 60(23.2%) 22(40.0%) 36(43.4%) 

Education level b       
High 64(32.7%) 124(47.9%) 

0.034 * 
11(20.0%) 23(27.7%) 

0.863 Middle 98(50.0%) 95(36.7%) 16(29.1%) 20(24.1%) 
Low 34(17.3%) 40(15.4%) 28(50.9%) 40(48.2%) 

* p < 0.05; Data was presented number of patients (%); Data analysis was used chi-square test; DOP, 
dropout patients; CG, complete group. a Monthly income: low (<2,000,000 KRW); middle (2,000,000–
3,900,000 KRW); and high (> 4,000,000 KRW). b Education level: low (to middle school graduation); 
middle (to high school graduation); and high (to college or higher). 

3.2. Odds Ratio of Dropout in Cardiac Rehabilitation 

Table 4 analyzes the dropout prevalence using the significant variables from Table 2 and 3. For 
men, dropout increased by 1.867 times for the low muscle ratio group as compared to the high muscle 
ratio group (95% confidence interval [CI] 1.059–3.635, p = 0.036) and 1.573 times for the low 6MWD 
group as compared to the high 6MWD group (95% CI 1.025–6.460, p = 0.044). Moreover, dropout for 
men increased by 2.102 times for the low income group as compared to the high income group (95% 
CI 1.414–3.985, p = 0.021) and 1.980 times for the low education group as compared to the high 
education group (95% CI 1.139–2.654, p = 0.018). For women, dropout increased by 2.538 times for the 
low muscle ratio group as compared to the high muscle ratio group (95% CI 1.246–6.444, p = 0.016) 
and 1.800 times for the low 6MWD group as compared to the high 6MWD group (95% CI 1.029–4.155, 
p = 0.041). In addition, the dropout for women in the low SBP and TG groups increased by 3.000 and 
1.708 times, respectively, compared to the high SBP and TG groups (Table 4). 

Table 4. Adjusted odds ratios of cardiac rehabilitation dropout. 

 Classification Values Adjusted OR (95% CI) P 
Men     

Muscle mass% High ≥41.7 Reference - 
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 Middle 41.6–38.2 1.604(0.814–3.160) 0.172 
 Low ≤38.3 1.867(1.059–3.635) 0.036 * 

6 min walking, meter High ≥572.5 Reference - 
 Middle 507.4-572.4 1.031(0.786–5.249) 0.124 
 Low ≤507.5 1.573(1.025–6.460) 0.044 * 

Monthly income High > 4,000,000  Reference - 
 Middle 2,000,000–3,900,000  1.534(0.954–1.925) 0.241 
 Low <2,000,000  2.102(1.414–3.985) 0.021* 

Education High Above college Reference - 
 Middle To high school 1.426(0.724–2.902) 0.219 
 Low To middle school 1.980(1.136–2.654) 0.018 * 

Women     
Muscle mass% High ≥35.7 Reference - 

 Middle 31.3-35.6 1.800(1.005–5.692) 0.019 * 
 Low ≤31.4 2.538(1.246–6.444) 0.016 * 

6 min walking, meter High ≥504.3 Reference - 
 Middle 432.3–504.2 1.011(0.904–4.012) 0.190 
 Low ≤432.4 1.800(1.029–4.155) 0.041 * 

SBP, mmHg Low ≤111.0 Reference - 
 Middle 111.1-125.1 1.543(0.464–5.133) 0.480 
 High ≥125.2 3.000(1.036–9.616) 0.045 * 

TG, mg/dl Low ≤93.4 Reference - 
 Middle 93.4–131.6 1.555(0.471–5.133) 0.469 
 High ≥131.7 1.708(1.022–5.585) 0.036 * 

*p < 0.05; Data analysis was used logistic regression; 6MWD, 6-minute walk distance; SBP, systolic 
blood pressure; TC, total cholesterol; TG, triglyceride. 

4. Discussion 

This study was conducted with an attempt to show that exercise capacity and muscle mass 
influence cardiac rehabilitation adherence. The positive effects of exercise and other health behaviors 
for preventing and improving diabetes, obesity, and dyslipidemia and reducing the risk of 
cardiovascular disease are well known [23,24]. In a previous study, participation in a 12-month CR 
program led to a 0.74-times reduction in the death rate due to cardiovascular disease and a 0.82-times 
reduction in visits to the hospital emergency room [25]. However, despite these positive effects, a 
significant number of patients drop out of CR. To foster the development of strategies to enhance 
patient adherence to a CR program, we examined the fitness, anthropometry, blood lipid levels, SES, 
and QoL of patients who either completed or dropped out of a CR program after PCI. We compared 
the characteristics of the dropout and complete participants in order to identify the characteristics of 
people who complete CR.  

In the present study, the dropout rates were 43.1% for men and 39.9% for women; although the 
dropout rate of men was slightly higher than that of women, the difference was not statistically 
significant. Our results are similar to those from previous studies. In one study of 228 women, the 
dropout rate was 46.9% [7]; another study of 639 participants, comprising men and women, reported 
that 41.6% of participants dropped out [26]. In a relatively large Iranian cohort study of 1115 patients, 
55.2% of CR participants did not complete CR [27]. Because the dropout rate varies depending on the 
study conditions, CR duration, and characteristics of the participants, previous researcher suggested 
that the CR dropout rate broadly ranged from 0% to 50% [28].  

Although we found no significant difference in the dropout rates of men and women, other 
studies reported differences. In a study by Marzolini et al., significantly more women (35%) than men 
(29%) failed to complete 12 months of CR [29]. Conversely, there are reports that the dropout rate for 
women is rather low [30]. However, health experts emphasize that women's low healthcare 
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participation should be noted. They report that women have lower SES than men, and they have 
relatively low health consciousness and medical access [31–33].  

A main finding of this study was that the relationship between SES and CR dropout was 
significant for men but not for women. According to a cross-sectional study, participation in CR was 
significantly reduced for patients with a low level of education, those living in rural areas rather than 
cities, and those with a low SES [34]. Similarly, there was a result that the CR participation rate of 
low-income patients was low [35]. In this study, there was no significant relationship between SES 
and CR for women. This may be due to a greater number of women than men with low and middle 
SES. In addition, the overall CR participation rate was lower for women than for men, which is 
consistent with the results of prior reports. For example, in a meta-analysis of men and women, CR 
enrollment rates were significantly lower for women (39%) than for men (45%) [36]. The reduced 
enrollment of women in CR is potentially influenced by the role of women as primary caretakers of 
children and the elderly, as well as low SES, rather than a lack of individual effort or gender 
differences. Therefore, there is a need for supplemental social systems to support women in enrolling 
in and completing CR [37,38]. 

Another main finding of this study is that exercise capacity, as evaluated by the 6MWT, affects 
the dropout rate. The 6MWT, which measures the distance that a person can walk in 6 minutes or the 
6MWD, is a simple method to measure cardiopulmonary endurance without complicated equipment 
and is mainly used with cardiac or pulmonary patients or the elderly [21]. One study that analyzed 
complete and dropout CR patients found that patients with a below average 6MWD had a CR 
dropout rate 1.7- to 1.9-times higher than patients with an above average 6MWD [30]. This result is 
similar to that of this study, in which the dropout rate was 1.5-times higher in men and 1.8-times 
higher in women in the low 6MWD group compared to those in the high 6MWD group. These results 
suggest the possibility of predicting dropout, in addition to evaluating the effect of CR, based on a 
patient’s 6MWD. 

One of the main findings of this study was that people with low muscle mass had a high CR 
dropout rate. While there reports that physical fitness affects adherence to cardiac rehabilitation, 
studies on muscle mass are very rare[14,39]. However, several studies reported that body 
composition had a role as a predictor of cardiovascular disease and mortality. The high-muscle and 
low-fat group had a lower cardiovascular hazard risk by 0.32 than that of the low-muscle and high-
fat group, and the total mortality was lowered to 0.32 [13]. And another study for mortality found 
that fourth quartile (high muscle mass) had hazard ratios 0.80 than first quartile (low muscle mass) 
[40]. Muscle is typically at its maximum level when individuals are 30 years of age, and thereafter 
muscle decreases by 0.1% to 0.5% each year. The amount of muscle can change depending on age, 
strength training, and nutritional status [41]. Therefore, it is possible that people with high muscle 
mass had good exercise or nutritional status before the onset of heart disease.  

The SF-36 measures general health and well-being and is largely divided into sections on mental 
and physical health. In this study, there were no significant differences in mental health based on 
completion of CR. However, previous studies have suggested that psychological or mental factors 
such as depression and low QoL negatively affect adherence to CR [42,43]. Therefore, in future 
studies it may be necessary to use more specialized questionnaires that specifically evaluate issues of 
depression and self-satisfaction in order to gain further insight into the effect of mental factors on 
adherence to CR. Personal conditions such as health education, social or family support, and 
willingness or disposition also influence health behaviors [44–46].  

The main strength of this study is that muscle mass and 6-minute walking, which are often 
measured for health evaluation, are expanded usability as tools to predict cardiac rehabilitation 
adherence. This result can be used as information to prevent dropout during cardiac rehabilitation. 
Because, patients with low walking capacity and muscle mass have a high CR dropout rate, various 
CR adherence strategies are needed for these patients. Ultimately, increasing the participation rate of 
cardiac rehabilitation will contribute to the prevention of heart disease recurrence and psychological 
relaxation.  
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Nevertheless, our research has the following limitations: The individual reasons for dropout 
were not specifically investigated. In addition, the results of the exercise performance evaluation and 
the nutrition evaluation were not analyzed. Even if the patient did not come to the CR center, it cannot 
be excluded that the patient is engaging in healthy behavior. Additionally, this study did not assess 
the severity of the patient’s cardiovascular disease, and there were multiple medical staff and 
physical fitness testers. Therefore, the difference between therapists and examiners was an 
uncontrollable variable. In the future, it will be important to identify and compare relapse in complete 
and dropout patients. Additionally, as the elderly may have low physical activity [47], future studies 
should investigate other variables that may lower the CR dropout rate. Future studies should also 
include variables related to the use of information technology (IT). For example, some studies have 
reported a negative effect of IT due to cell phone addiction, whereas others have reported a positive 
effect of IT due to mobile healthcare programs [48,49]. It will be necessary to develop and verify the 
effectiveness of CR programs that promote health behaviors for cardiac patients.  

5. Conclusions 

This study was conducted to analyze predictors affecting cardiac rehabilitation program 
dropout in patients undergoing PCI. People with high 6-min walking distance and muscle mass had 
a high rate of participation in cardiac rehabilitation. Furthermore, a low level of education and 
economic status was increased the dropout rate in cardiac rehabilitation in men. 
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