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Is Cardiac Rehabilitation after PCI as Effective as CABG? The First Experience from 1 

the Eastern Mediterranean Region Cardiac Rehabilitation Registry 2 

 Abstract 3 

Background: Effectiveness of cardiac rehabilitation (CR) programs after either percutaneous 4 

coronary intervention (PCI) or coronary artery bypass grafting (CABG) have been studies, 5 

however, similar CR program are conducted for both of them. No study has ever compared the 6 

effects of a similar CR programs between PCI and CABG from the Eastern Mediterranean 7 

Region. 8 

Aim: The aim of this study was to compare the effects of phase II comprehensive CR in patients 9 

recruited following either PCI or CABG on coronary heart disease risk factors, psychological 10 

variables, and functional capacity in patients from the Eastern Mediterranean region.  11 

Methods: For this retrospective study, CR program registry of the Isfahan Cardiovascular 12 

Research Institute were reviewed from 2008 to 2018. Essential assessments were performed 13 

one week before starting CR and one week after the end of this 8-week program. Age, sex, 14 

smoking status, clinical data (resting heart rate (HR), resting systolic and diastolic blood 15 

pressure (SBP and DBP, respectively), and echocardiography) and laboratory data consisting 16 

of lipid profile and fasting blood sugar (FBS) were obtained. Functional capacity was evaluated 17 

using the international physical activity questionnaire, and a treadmill exercise test. Anxiety, 18 

depression, general quality of life (QoL), and health-related QoL were selected for 19 

psychological status.  20 

Results: Patients with CABG (n=557) were more likely to be referred to CR than patients with 21 

PCI (n=440). All variables changed significantly after the CR program in comparison to their 22 

baseline value in both PCI and CABG groups. However, LDL-C and TC levels, peak SBP, and 23 

resting and peak DBP did not change in any of the groups, and FBS (p=0.01) and TG (p=0.01) 24 
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levels significantly decreased only in the PCI group. Between-group comparisons indicated 25 

that after full-adjustment, no significant difference was observed between PCI and CABG 26 

groups except for TG, which was significantly reduced in PCI (p=0.01) 27 

Conclusions: The CR program was equally effective in patients with either PCI or CABG.  28 

Keywords: Cardiac Rehabilitation; percutaneous coronary intervention; coronary artery 29 

bypass grafting; coronary heart diseases; psychological factors; risk factor     30 

 31 

Introduction 32 

Cardiovascular diseases as the leading cause of death in the world, have some modifiable risk 33 

factors (1,2) and can be controlled and intervened by comprehensive exercise-based 34 

rehabilitation programs (3). Cardiac rehabilitation (CR) programs have been introduced to 35 

patients after coronary events to make changes in their life-style (4–6). Indeed, CR has 36 

significant positive effects on patients' functional capacity, lipid profile, glycemic control, 37 

echocardiographic indexes, smoking behavior, and blood pressure (6–8). These programs can 38 

also improve the quality of life, modify psychological factors, and decrease mortality and 39 

readmission rates (9,10). Although CR is highly recommended for all patients with coronary 40 

artery disease, globally referral to and participation in CR is low (11–13).   41 

There are extensive studies for the effectiveness of CR after coronary artery bypass grafting 42 

(CABG), leading to the accumulation of evidence in favor of CR after this intervention (4). 43 

Revascularization in patients with coronary artery diseases is also treated with less invasive 44 

procedures like percutaneous coronary intervention (PCI). Plenty of studies have evaluated the 45 

impacts of CR in PCI only (10,14); however, there is a lack of evidence from middle-east 46 

region in this regard. Furthermore, no study has ever compared the effectiveness of CR after 47 

PCI to the CABG. Therefore, we aimed to compare the impact of phase-II comprehensive CR 48 
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after PCI vs. CABG on coronary heart disease risk factors, psychological variables, and 49 

functional capacity of the CR registry in the Eastern Mediterranean region. We hypothesize 50 

that if the value of CR after PCI is not more than CABG, it is not less than that and both PCI 51 

and CABG patients will benefit from CR to an equal magnitude. 52 

  53 

Material and Methods 54 

Study design: 55 

For this retrospective study, CR program registry of the Cardiac Rehabilitation Research Center 56 

of Cardiovascular Research Institute (a WHO-collaborating center in EMRO) were searched 57 

and reviewed from January 2008 to December 2018. All of the ischemic heart disease patients 58 

who were admitted for either PCI or CABG were advised to participate in this hospital-based 59 

CR program. Before being discharged, an invitation card were given to them, which needed to 60 

be validated by their cardiologist or surgeon before participating in the program. The inclusion 61 

criteria were all registered patients who undergone either PCI or CABG for the first time, 62 

underwent the CR program as scheduled, and answered all the questionnaires. The exclusion 63 

criteria included the following: patients with serious medical disease (e.g., cerebral vascular 64 

attacks, chronic kidney disease, cirrhosis, and chronic obstructive sleep apnea), patients who 65 

couldn’t tolerate physical activity sessions, > 20% missing data in the medical documents or 66 

questionnaires, a previous history of PCI or CABG, and missing two or more CR program 67 

sessions. 68 

 69 

Cardiac rehabilitation program: 70 
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CR was advised to every patient with any indications of CR. This 8-week exercise-based CR 71 

program included both physical exercise and educational sessions. The physical exercise 72 

sessions were offered three times a week for eight weeks (24 sessions in total) and supervised 73 

by a trained sport physician. The eight lecture-based educational sessions for controlling stress, 74 

anxiety, and depression, as well as for quitting smoking were led by a trained psychologist with 75 

the sessions on following a healthy lifestyle and nutrition plan led by a trained dietician. The 76 

patients were contacted regularly before their sessions by the center secretary and reminded of 77 

the scheduled classes.   78 

 79 

Assessments: 80 

A checklist of demographic variables (age and sex), smoking status (current, former, and 81 

never), physical activity level, laboratory data, cardiac function test results, and psychological 82 

status was used at the registration time (within one week before starting the program), and was 83 

repeated with one week of completing the program.  84 

To assess the physical activity level, the Persian validated long-form version of the 85 

international physical activity questionnaires (IPAQ), was used (15). IPAQ is a 7-day recall 86 

questionnaire that measures time spent per week on vigorous activity, moderate activity, and 87 

walking. Briefly, IPAQ assesses physical activity undertaken across a comprehensive set of 88 

domains (work, transportation, housework, and leisure-time). Activity is then calculated as the 89 

total time (in minutes) spent in three activity categories. The total time in each category is then 90 

weighted by a metabolic equivalent of tasks (METs). According to the reported METs, subjects 91 

were categorized into three levels of activity: walking, moderate, and vigorous (15). 92 

Fasting blood samples were obtained before starting and after completing the program. All the 93 

samples were taken in the central laboratory at the center by the same team. Fasting blood 94 
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glucose (FBS) and a lipid profile (triglyceride (TG)), total cholesterol (TC), high-density 95 

lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C)) were 96 

recorded.  97 

Echocardiography was scheduled for all the patients before starting and after completing the 98 

CR. All echocardiographies were performed on the left lateral decubitus position with the 99 

Philips IE33 ultrasound machine and interpreted by an echocardiologist under standard 100 

protocols to obtain left ventricular ejection fraction (EF) (16).  101 

The computer-controlled treadmill exercise test (Stress Test System, AST-3000, AVECINA 102 

Company, Iran) was used to evaluate functional capacity. The resting heart rate (HR), systolic 103 

and diastolic blood pressure (SBP and DBP, respectively) were measured manually with under 104 

the standard protocol before the exercise by an experienced exercise test room nurse. The 105 

intensity of the exercise test was scheduled with the graded multi-stage maximal symptom-106 

limited Bruce protocol (17,18), which was continued until physical exhaustion or serious 107 

signs/symptoms occurred. The HR, SBP, and DBP were measured once every stage, at peak 108 

exercise, and twice during the recovery phase. After completion, test duration, 109 

cardiorespiratory function in METs (derived from the walking speed and slope), and 110 

electrocardiography were extracted from the program. The exercise test's final result was 111 

interpreted by a cardiologist and categorized as positive, negative, or 112 

undetermined/unidentifiable.  113 

To evaluate psychological status, the validated Persian versions of the questionnaires were used 114 

to assess the anxiety (19), depression (20), general quality of life (QoL) (21), and health-related 115 

quality of life (HR-QoL)  (22).  116 

Anxiety was assessed with the 20 items Zung’s self-rating anxiety scale (S.A.S) questionnaire 117 

(23) with scores of normal to mild (20-44), moderate (45-59), severe (60-74), and very severe 118 

(75 and more).   119 
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The depression level and score were assessed using the Beck depression inventory (second 120 

edition) questionnaire (BDI-II), which has 21 questions (20) with scores of low (0-10), mild 121 

(11-16), moderate (17-30), and high (31 and more).   122 

The SF-36 questionnaire was used to evaluate the general aspects of QoL (21). This 123 

questionnaire has two general domains, namely physical and mental health, with four domains 124 

in each. HR-QoL in the cardiac disease was evaluated using the 27-item MacNew questionnaire 125 

(22) with  questions classified into physical, emotional, and social domains.  126 

 127 

Statistical Analysis: 128 

All analyses were carried out with IBM SPSS software version 20.0. The categorical variables 129 

are expressed as the number and percentages, while the quantitative variables are expressed as 130 

mean and standard deviation. The Kolmogorov-Smirnov test was used to check normality 131 

assumption. Baseline measurement assessed by independent t-test or Mann–Whitney test (if 132 

the normality assumption was not held) for quantitative variables. Categorical variables were 133 

compared using the Chi-square. Bonferroni correction used to determine the significance of 134 

any differences. Within-group comparisons were assessed by the paired t-tests for normally 135 

distributed variables or Wilcoxon for non-normally distributed variables. Analysis of 136 

covariance (ANCOVA) was applied to evaluate between-group comparisons.  Variables which 137 

were significantly different at baseline or were as confounders were also adjusted in 138 

ANCOVA. If the heterogeneity of variance was not met, logarithmic transformation was used. 139 

P-values < 0.05 (two-tailed) are considered statistically significant.  140 

 141 

 142 
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Results  143 

The CR program has been conducted more after CABG than PCI (n=557 vs. n=440 patients, 144 

respectively). Among these patients, males participated more than females but with no 145 

significant difference between two genders (426 (76.48%) in CABG and 316 (71.81%) in PCI, 146 

p=0.1). The CABG patients were significantly older than the PCI patients (58.94±8.85 vs. 147 

57.72±9.79 years, p= 0.02). 111 documents were excluded from secondary analysis due to 148 

missing data in after CR assessments.   149 

CABG participants had significantly higher LDL-C (p<0.0001) and TC (p<0.0001) levels 150 

compared to PCI. However, the mean EF (p=0.01), exercise test METs (p=0.019), and anxiety 151 

(p<0.0001) and depression (p<0.0001) scores were significantly higher in PCI (Table-1). 152 

As demonstrated in Table-2, all the variables changed significantly after the CR program in 153 

comparison to their baseline value in either PCI or CABG group. However, LDL-C and TC 154 

levels, peak SBP, and resting and peak DBP did not change in any of the groups, and FBS 155 

(p=0.01) and TG (p=0.01) levels significantly decreased only in the PCI group.  156 

Between-group comparisons indicated that after full-adjustment, there is no significant change 157 

after CR program between PCI and CABG groups except for TG (Table-3). TG had significant 158 

reduction after CR program in patients with PCI rather than CABG.  159 

 160 

Discussion 161 

Although it is believed that CR should be recommended to all patients with cardiovascular 162 

disease as a secondary prevention strategy (24), CR outcomes have not been compared between 163 

PCI and CABG patients in a comprehensive study from an advanced CR center in the Eastern 164 

Mediterranean region. Our results suggest that both PCI and CABG patients benefited similarly 165 
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from CR, as CR outcomes were not significantly different between PCI and CABG in the large 166 

majority of the examined variables. These data indicate that CR is a highly effective secondary 167 

prevention strategy in coronary artery disease patients and its priority after PCI is as equal as 168 

CABG.  169 

It has previously been confirmed that after coronary events, CR can decrease mortality and 170 

morbidity through modifying cardiovascular risk factors, increasing physical activity, and 171 

improving QoL (10). It remained however uncertain whether similar benefits would be 172 

observed in PCI vs. CABG patients from the EMRO.  173 

Although the CR goal is to educate patients about the harmful effects of smoking on the heart, 174 

its efficacy is not comparable to explicit smoking cessation programs in addiction treatment 175 

centers. More than half of Portuguese CR participants quit smoking in the follow-up 176 

evaluations, and authors have suggested that CR is a great opportunity to educated patients and 177 

emphasize the importance of smoking cessation (25). In this study, the smoking status 178 

distribution changed significantly before and after CR in each group, which is in agreement 179 

with others (25,26) but with no significant difference between PCI and CABG.  180 

The positive effects of CR on functional capacity after PCI and CABG has been assessed in 181 

many studies with the vast majority of the studies reporting promising effects (27–31), some 182 

of which indicated a greater benefit for patients undergoing CABG (28,32,33) probably due to 183 

the more extensive surgical procedure with greater postoperative muscle deconditioning than 184 

with the less invasive PCI procedure, in which patients are able to ambulate immediately 185 

following the procedure. Therefore, CABG patients have a lower functional capacity at the 186 

entry of CR, but, by the aid of CR, this phenomenon is reversible and transient (28,32), 187 

emphasizing the importance of CR after CABG. In this study, both groups of patients 188 
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significantly improved after CR although no significant difference was found between CABG 189 

and PCI in physical activity, left-ventricular EF, treadmill exercise test duration, and METs.  190 

A study on PCI demonstrated that CR positively affected all aspects of the lipid profile level 191 

(34) with evidence for lipid profile components significantly decreased with CR following 192 

CABG (35). Although there is a lack of evidence for a link between exercised-base CR and 193 

FBS in patients with PCI (34), it was revealed that FBS and TG decreased only in the PCI 194 

group with HDL-C increasing in both groups and no change in TC and LDL-C with CR. 195 

Possible explanations are worsening of insulin sensitivity by statins (34), patients' nutrition at 196 

home, their compliance to dietary recommendations, ethnic differences, the intensity of 197 

physical activity, and its duration. Besides, except for TG which was significantly decreased 198 

in patients with PCI, CR on lipid profile and FBS of CABG and PCI patients had the same 199 

effect.  200 

Resting and peak HR both significantly changed in both groups with no significant greater 201 

change in favor of CABG or PCI patients. Other studies found the greater change in resting 202 

HR in patients with CABG than PCI, perhaps as an indicator of greater parasympathetic tone 203 

due to the longer convalescence period after surgery (36). Nevertheless, as HR-lowering drugs 204 

such as beta-blockers are prescribed to lower the heart demand after any coronary events, 205 

therefore, HR-change will be under drug control rather than a CR response.   206 

Resting SBP decreased significantly and equally in both groups, however, DBP and peak SBP 207 

were not affected by CR. Although some studies support our findings that exercise-based CR 208 

does not influence BP in patients with either PCI or CABG (36,37), it was suggested that 209 

CABG patients had significantly lower peak DBP as well as resting and peak SBP in 210 

comparison with the group without CR (38) and CR participants after PCI had significantly 211 

lower SBP and DBP (34). These hemodynamic contradictories can be due to different exercise 212 
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protocols with various intensity, age and gender dissimilarities, sample size variations, and 213 

medications after each procedure (38).    214 

Improvement in controlling anxiety and depression, along with enhanced general QoL and HR-215 

QoL, are among the established outcomes of CR program (39–41) and were observed in the 216 

present study, although no significant difference was found between the two intervention 217 

groups. In addition, PCI patients have been shown to have better HR-QoL in the short-term 218 

following CR than CABG patients (42). Furthermore, it was suggested that in contrast to the 219 

CABG patients, PCI patients would have better HR-QoL after the intervention and before the 220 

CR, suggesting that greater improvement may be observed in CABG than PCI (43). Although 221 

it remains controversial, these findings are linked to possible confounding factors like age, sex, 222 

socioeconomic status, education level, body weight, and comorbid disease (42,44). 223 

This study could have been limited by the fact that medical documents of one CR referral center 224 

were reviewed; and socioeconomic status, educational level, and logistic factors were not 225 

evaluated. According to our observation, although CR is advised after both PCI and CABG, 226 

more CABG patients were participated due to low PCI referral rate. Moreover, its retrospective 227 

nature should be taken into account. 228 

 229 

Conclusion 230 

Both PCI and CABG patients from the Eastern Mediterranean region benefit significantly, and 231 

to the same extend, from CR. Therefore, it indicates that CR should be supported by the health-232 

care insurances, noticed by policymakers, and recommended by the physician to both groups.  233 

 234 
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Table-1: Cardiac rehabilitation participants' baseline characteristics before the program  423 

Variables Total 
(n=997) 

PCI 
(n=440) 

CABG 
(n=557) P 

Smoking 
 n, (%) 

Never 761 (76.32) 335 (76.13) 426 (76.48) 
0.61 Current 93 (9.32) 45 (10.22) 48 (8.61) 

Past 143 (14.34) 60 (13.63) 83 (14.9) 
Physical Activity (MET.min/week) 

Walking 2025.87±2141.84 1885.80±2123.94 2212.63±2157.77 0.03 
Moderate 1896.29±3832.13 2391.70±4670.37 1235.73±2118.79 <0.0001 
Vigorous 1140.09±4322.76 824.88±2551.24 1560.36±5894.96 0.86 

Total 9265.11±5367.67 9451.47±5497.35 9016.25±5195.70 0.52 
Lab Data 

Fasting Blood Sugar (mg/dL) 111.08±36.63 112.08±40.39 110.30±33.41 0.80 
Triglyceride (mg/dL) 165.54±91.49 163.87±90.98 166.85±91.95 0.38 

Low-density lipoprotein (mg/dL) 92.85±35.57 86.66±32.26 97.78±37.30 <0.0001 
High-density lipoprotein (mg/dL) 39.54±9.19 38.92±8.58 40.03±9.62 0.14 

Total cholesterol (mg/dL) 167.03±45.85 160.33±44.43 172.31±46.29 <0.0001 
Cardiac Function tests 

Ejection fraction (%) 51.21±11.27 52.02±11.87 50.57±10.73 0.01 

Treadmill 
Exercise 

stress 
test 

Resting HR (bpm) 79.78±16.03 76.69±15.00 82.23±16.40 <0.0001 
Peak HR (bpm) 125.87±23.85 122.52±23.19 128.53±24.05 <0.0001 

Resting SBP (mmHg) 116.99±17.66 117.07±16.48 116.94±18.57 0.83 
Peak SBP (mmHg) 131.84±22.53 129.35±23.43 133.39±21.85 0.01 

Resting DBP(mmHg) 72.25±10.24 72.72±9.68 71.86±10.67 0.20 
Peak DBP(mmHg) 77.43±10.52 76.84±10.98 77.79±10.23 0.40 
Test Duration (min) 14.41±4.94 14.36±4.64 14.45±5.18 0.67 

METs 8.49±3.06 8.79±3.32 8.25±2.81 0.01 

Result 
Negative 700 (70.21) 312 (70.9) 388 (69.65) 

0.01  ⃰Positive 100 (10.03) 31 (7.07) 69 (12.38) 
UD 197 (19.75) 97 (22.04) 100 (17.95) 

Psychological status 
Anxiety 

Level 
 

Normal -mild 711 (71.31) 288 (65.45) 423 (75.94) 

<0.0001† Moderate 231 (23.16) 123 (27.95) 108 (19.38) 
Severe 51 (5.11) 26 (5.9) 25 (4.48) 

Very severe 4 (0.4) 3 (0.68) 1 (0.17) 
Anxiety Score 40.34±10.61 41.89±11.11 39.09±10.02 <0.0001 

Depression 
level 

 

Low 735 (73.72) 293 (66.59) 442 (79.35) 

<0.0001‡ Mild 118 (11.83) 65 (14.77) 53 (9.51) 
Intermediate 90 (9.02) 52 (11.81) 38 (6.82) 

High 54 (5.41) 30 (6.81) 24 (4.30) 
Depression Score 11.19±9.14 12.50±10.06 10.13±8.18 <0.0001 

General  
Quality of 

life  

Physical functioning 59.05±23.33 60.78±24.79 56.96±21.28 0.02 
Role-Health 35.31±37.25 36.92±37.98 33.36±36.31 0.26 
Body pain 63.47±26.24 64.22±26.33 62.56±26.14 0.45 

General health 59.14±19.07 58.95±18.96 59.38±19.22 0.82 
Energy/Fatigue 56.95±22.10 56.45±22.64 57.57±21.45 0.42 

Social functioning 67.46±25.93 68.50±26.36 66.19±25.39 0.18 
Role emotional 53.75±40.93 54.99±41.61 52.24±40.10 0.37 

Emotional Well being 66.11±22.30 66.57±21.79 65.55±22.93 0.64 
Health-
related 

Quality of 
life 

Physical 4.75±1.08 4.69±1.10 4.79±1.07 0.28 
Social 4.81±1.08 4.78±1.06 4.84±1.09 0.46 

Emotional 4.75±0.93 4.64±0.86 4.83±0.98 0.01 

 424 

PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting surgery; UD, undetermined; 425 

HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure 426 
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⃰ According to Bonferroni method analysis, this significant P value was seen in two situation: when comparing 427 

negative group with positive group and when comparing group "other" with positive group.   428 

 † According to Bonferroni method analysis, this significant P value was seen when comparing the normal-mild 429 

group with moderate group.  430 

‡ According to Bonferroni method analysis, this significant P value was seen when comparing group "low" with 431 

other groups.  432 
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 450 

Table-2: Comparison of variables before and after the program in each group  451 

Variables PCI CABG 
Before After P Before After P 

Smoking 
Never 335 (76.13) 328 (80.19) <0.000

1   ⃰

426 (76.48) 412 (86.37) <0.000
1    ⃰Current 45 (10.22) 23 (5.62) 48 (8.61) 12 (2.51) 

Past 60 (13.63) 58 (14.18) 83 (14.9) 53 (11.11) 

Physical Activity (MET.min/week) 

Walking 1885.80±2123.9
4 2273.18±1956.64 <0.000

1 
2212.63±2157.7

7 3094.22±2797.82 <0.000
1 

Moderate 2391.70±4670.3
7 3399.20±3059.22 <0.000

1 
1235.73±2118.7

9 3080.00±3686.04 <0.000
1 

Vigorous 824.88±2551.24 2346.86±9522.90 <0.000
1 

1560.36±5894.9
6 1293.04±4097.96 0.16 

Total 9451.47±5497.3
5 

11179.09±5078.5
7 

<0.000
1 

9016.25±5195.7
0 

11218.78±5275.1
6 

<0.000
1 

Lad Data 
Fasting Blood Sugar (mg/dL) 112.08±40.39 107.31±30.56 0.01 110.30±33.41 108.97±33.44 0.84 

Triglyceride (mg/dL) 163.87±90.98 144.94±65.72 0.01 166.85±91.95 156.97±76.48 0.66 
Low-density lipoprotein 

(mg/dL) 86.66±32.26 84.48±27.30 0.81 97.78±37.30 94.38±31.69 0.37 

High-density lipoprotein 
(mg/dL) 38.92±8.58 39.89±10.46 0.03 40.03±9.62 41.41±9.77 0.01 

Total cholesterol (mg/dL) 160.33±44.43 154.68±36.03 0.26 172.31±46.29 167.50±37.84 0.44 
Cardiac Function tests  

Ejection fraction (%) 52.02±11.87 53.79±10.51 <0.000
1 50.57±10.73 53.96±9.59 <0.000

1 

Treadmill 
Exercise 

stress 
test 

Resting HR 
(bpm) 76.69±15.00 74.47±14.42 0.02 82.23±16.40 77.13±15.84 <0.000

1 

Peak HR (bpm) 122.52±23.19 131.36±23.68 <0.000
1 128.53±24.05 130.03±24.12 0.01 

Resting SBP 
(mmHg) 117.07±16.48 113.70±16.12 0.02 116.94±18.57 116.05±17.02 0.04 

Peak SBP 
(mmHg) 129.35±23.43 129.35±21.49 0.85 133.39±21.85 134.68±25.45 0.53 

Resting 
DBP(mmHg) 72.72±9.68 71.42±9.05 0.48 71.86±10.67 72.11±9.97 0.20 

Peak 
DBP(mmHg) 76.84±10.98 76.82±10.41 0.47 77.79±10.23 78.42±15.13 0.13 

Test Duration 
(min) 14.36±4.64 18.09±4.95 <0.000

1 14.45±5.18 17.73±4.76 <0.000
1 

METs 8.79±3.32 11.93±3.70 <0.000
1 8.25±2.81 10.90±3.07 <0.000

1 

Resul
t 

Negativ
e 312 (70.9) 359 (87.77) <0.000

1 † 

388 (69.65) 421 (88.05) <0.000
1 † Positive 31 (7.07) 16 (3.91) 69 (12.38) 23 (4.82) 

UD 97 (22.04) 34 (8.31) 100 (17.95) 33 (6.91) 
Psychological status 

Anxiety 
Level 

 

Normal -mild 288 (65.45) 318 (77.75) 
<0.000

1 ‡ 

423 (75.94) 387 (81.13) 
<0.000

1 ‡ 
Moderate 123 (27.95) 73 (17.84) 108 (19.38) 83 (17.40) 

Severe 26 (5.9) 18 (4.4) 25 (4.48) 6 (1.25) 
Very severe 3 (0.68) 0 (0) 1 (0.17) 1 (0.2) 

Anxiety Score 41.89±11.11 39.72±11.13 <0.000
1 39.09±10.02 38.02±9.78 0.000 

Depressio
n 

level 
 

Low 293 (66.59) 318 (77.75) 
<0.000

1 § 

442 (79.35) 363 (76.1) 
<0.000

1 § 
Mild 65 (14.77) 62 (15.15) 53 (9.51) 93 (19.49) 

Intermediate 52 (11.81) 18 (4.4) 38 (6.82) 12 (2.51) 
High 30 (6.81) 11 (2.68) 24 (4.30) 9 (1.88) 
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Depression Score 12.50±10.06 10.31±9.16 <0.000
1 10.13±8.18 8.18±7.34 <0.000

1 

General 
Quality of 

life 

Physical 
functioning 60.78±24.79 70.16±20.86 <0.000

1 56.96±21.28 68.13±20.93 <0.000
1 

Role-Health 36.92±37.98 55.43±39.35 <0.000
1 33.36±36.31 51.03±38.60 <0.000

1 

Body pain 64.22±26.33 74.39±22.80 <0.000
1 62.56±26.14 73.58±21.67 <0.000

1 

General health 58.95±18.96 64.03±18.74 <0.000
1 59.38±19.22 64.38±17.82 <0.000

1 

Energy/Fatigue 56.45±22.64 64.16±20.19 <0.000
1 57.57±21.45 62.65±20.56 <0.000

1 
Social 

functioning 68.50±26.36 77.60±22.02 <0.000
1 66.19±25.39 76.21±22.63 <0.000

1 

Role emotional 54.99±41.61 64.86±38.30 <0.000
1 52.24±40.10 64.66±37.56 <0.000

1 
Emotional Well 

being 66.57±21.79 71.77±19.56 <0.000
1 65.55±22.93 69.74±21.04 <0.000

1 

Health 
related 

Quality of 
life 

Physical 4.69±1.10 5.25±1.00 <0.000
1 4.79±1.07 5.27±0.93 <0.000

1 

Social 4.78±1.06 5.35±1.01 <0.000
1 4.84±1.09 5.38±0.96 <0.000

1 

Emotional 4.64±0.86 4.88±0.80 <0.000
1 4.83±0.98 5.07±0.86 <0.000

1 
PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting surgery; UD, undetermined; 452 

HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure 453 

⃰ Bonferroni correction showed significant difference when comparing the "never" group with either "smoker" or 454 

"past" group. 455 

† Bonferroni correction showed significant difference when comparing the "negative" group with either "positive" 456 

or "other" group.   457 

 ‡ Bonferroni correction showed significant difference when comparing the "normal-mild" group with either 458 

"moderate" or "severe" group.  459 

§ Bonferroni correction showed significant difference when comparing the "low" group with either "mild", 460 

"intermediate" or, "high" group.  461 

 462 
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 470 

 471 

Table-3: Comparison of delta difference of each variable between the groups  472 

Variables Total PCI 
[After-Before] 

CABG 
[After-Before] P* 

Quit Smoking n, (%) 58 (5.81) 22 (5) 36 (6.46) 0.10 
Physical Activity (MET.min/week) 

Walking 536.37±2672.43 287.84±2533.96 834.62±2810.94 0.15a 

Moderate 1421.28±4710.96 1054.29±5385.52 1861.66±3718.88 0.86 

Vigorous 964.85±7651.86 1533.70±9422.53 282.24±4672.63 0.26 
Total 2117.79±6696.30 1995.71±6610.77 2262.70±6820.68 0.58 

Lab Data 
Fasting Blood Sugar (mg/dL) -2.66±28.48 -4.81±28.64 -0.88±28.26 0.31 

Triglyceride (mg/dL) -7.96±74.78 -11.76±61.54 -4.81±84.12 0.01a 

Low-density lipoprotein (mg/dL) -1.26±30.88 -0.47±27.43 -1.92±33.54 0.37 

High-density lipoprotein (mg/dL) 1.01±9.11 1.01±8.13 1.01±9.86 0.85 
Total cholesterol (mg/dL) -2.57±38.10 -3.48±37.13 -1.82±38.92 0.11 

Cardiac Function tests 
Ejection fraction (%) 2.51±6.74 2.03±6.47 2.93±6.94 0.14 

Treadmill 
Exercise 

stress 
test 

Resting HR (bpm) -3.31±14.42 -1.95±14.87 -4.46±13.95 0.12 
Peak HR (bpm) 5.83±23.83 8.96±25.74 3.15±21.75 0.06 

Resting SBP (mmHg) -2.30±17.96 -2.60±16.60 -2.04±19.04 0.31 
Peak SBP (mmHg) 1.03±22.37 0.01±21.97 1.70±22.64 0.81 

Resting DBP(mmHg) -0.70±10.73 -0.66±10.71 -0.73±10.77 0.27 
Peak DBP(mmHg) 1.30±14.31 1.42±13.02 1.22±15.12 0.34 
Test Duration (min) 3.52±4.41 3.53±4.28 3.51±4.53 0.27 

METs 2.73±2.64 2.98±2.89 2.53±2.39 0.98 

Negative results n, (%) 807 (91.08) 382 (93.39) 425 (89.09) 0.72 
Psychological status 

Anxiety Score -1.99±8.31 -2.24±9.11 -1.78±7.57 0.57 
Depression Score -2.04±6.54 -1.71±6.63 -2.30±6.45 0.29 

General  
Quality of Life 

Physical functioning 10.07±22.62 10.58±22.65 9.49±22.64 0.60 
Role-Health 18.74±43.96 20.23±44.55 17.03±43.32 0.22 
Body pain 9.90±25.56 9.59±24.95 10.26±26.29 0.09 

General health 3.96±17.88 4.00±17.02 3.91±18.85 0.56 
Energy/Fatigue 5.71±19.35 7.30±18.07 3.89±20.59 0.19 

Social functioning 8.13±24.29 8.67±22.25 7.52±26.45 0.40a 

Role emotional 11.45±47.55 11.93±45.95 10.91±49.42 0.97 
Emotional Well being 3.82±18.34 4.42±17.27 3.14±19.51 0. 63 

Health related 
Quality of Life 

Physical 0.46±0.86 0.48±0.86 0.45±0.86 0. 58 
Social 0.51±0.90 0.52±0.8 0.51±0.92 0. 42 

Emotional 0.22±0.76 0.22±0.74 0.22±0.78 .033a 

 473 

PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting surgery; HR, heart rate; SBP, 474 

systolic blood pressure; DBP, diastolic blood pressure 475 

*All p-values were obtained by ANCOVA, except for quit smoking obtained by Logistic regression. 476 
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a Based on logarithmic transformation due to heterogeneity of variance. 477 

 478 


