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Brief Summary  

This is a single center retrospective study of 5,000 patients evaluating the effect of cardiac 

rehabilitation on long-term outcomes following coronary artery bypass surgery. A multivariable 

Cox proportional hazard model showed that cardiac rehabilitation was associated with a 

reduction in the composite of all-cause mortality, acute myocardial infarction, stroke or repeat 

revascularization, hazard ratio (HR) 0.83, 95% confidence interval (CI)  0.75-0.91, p<0.0001 and 

mortality HR 0.76, 95% CI 0.68-0.84, p<0.0001 over 20 years of follow-up. 

Conclusions: There was a reduction in MACCE, and late mortality associated with CR 

attendance, highlighting the importance of patient referral and sustained participation in cardiac 

rehabilitation after CABG. 
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                                              Chapter 1  

                                          Introduction and Background 

 

1.1 Cardiac Rehabilitation (CR) it’s evolution in practice 

Cardiac rehabilitation (CR) is an important component in the management of chronic 

cardiovascular disease. The benefit of early ambulation after coronary events was first explored 

very cautiously and conservatively in a few small studies during the 1950’s where patients were 

allowed a daily short walk of 3-4 minutes 4 weeks after the coronary event 1. In 1968 Saltin et.al 

published a small study which showed the importance of exercise and the detrimental effect of 

prolonged bed rest 2. Since then, various investigators have clearly demonstrated the 

physiological benefits of exercise in patients with heart disease looking at modifiable and non-

modifiable factors. As a result over the past five decades CR has evolved to a multi-disciplinary 

program targeting patient care not just from an exercise prescription but also through 

optimization of cardioprotective therapies, psychological counselling, nutritional counselling, 

and stress management 1.  

 

The first objective of CR is to improve regular physical activities and help patients regain their 

normal lifestyle. The next objective of CR is to control modifiable risk factors, such as smoking, 

diabetes, blood pressure, cholesterol and emphasize therapeutic education which would improve 

lifestyle changes. The therapeutic education involved counselling which would make the patients 



2 
 

aware of their medical conditions and understand strategies to manage them. Lastly, the final 

objective is to help cardiac patients cope with their psychological problems, like depression, 

anxiety and develop stress management techniques 1. The World Health Organization (1993) has 

defined cardiac rehabilitation as “The sum of activities required to influence favorably the 

underlying cause of the disease, as well as to provide the best possible physical, mental and 

social conditions, so as the patients may, by their own efforts, preserve or resume when lost as 

normal a place as possible in the community ” 3. CR is a chronic disease management 

programme, supporting provision of secondary prevention and lifestyle changes, which 

successfully reduces the risk of recurrence and short-term mortality 4.  

 

The first time CR was explored in Canadian patients was in 1970 5 and today there are 

approximately 220 CR programs in Canada, predominantly in Ontario 6. In Toronto, Ontario 

there are six CR centers with Toronto Rehabilitation Institute (TRI) being one of the oldest and 

largest CR centers in Canada 7. The Canadian Association for Cardiovascular Prevention and 

Rehabilitation (CACPR) is the national leader in cardiovascular disease prevention and 

rehabilitation and their mission is the enhancement and maintenance of cardiovascular health of 

Canadians through CR practice, research, and advocacy 8. There are also some regional CR 

networks, like the Canadian Rehabilitation Network of Ontario and the Atlantic Cardiac 

Rehabilitation Network. The core components of CR published in the Canadian Guidelines for 

Cardiac Rehabilitation and Cardiovascular Disease Prevention, 3rd Edition in Chapter 11 are: 1] 

systematic patient referral processes, 2] patient assessments, 3] health behavior interventions and 

risk factor modification, 4] adaptations of program models to improve accessibility, especially 

for under-served populations, 5] development of self-management techniques based around 
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individualized assessment, problem-solving, goal-setting and follow-up, 6] exercise training, 7] 

leisure-time activities, 8] outcomes assessment and performance measurement, 9] continuous 

quality improvement programs, and 10] professional development programs 8. These guidelines 

were developed and produced in accordance with the principles of the AGREE (Appraisal of 

Guidelines, Research and Evaluation) collaboration and the GRADE (Grading of 

Recommendations Assessment, Development and Evaluation) evidence classification  

scheme 9, 10.  

 

1.2 The global variation in CR programs 

 

 

Globally there is variation in CR programs depending on the available resources and regional 

variations depending on the regional health policies and funding options. In North America, most 

of the rehab programs are ambulatory while in some European countries they can be delivered at 

a patient’s home or at an old age residential facility as well. In most countries, the CR program 

consists of three phases; Phase I is an in-patient program started in-hospital and continued until 

the patient is ready for discharge, Phase II is a supervised ambulatory outpatient program of 3 to 

6 months duration and Phase III is the lifetime maintenance phase. Phase III focuses on physical 

fitness (exercising at home or joining a community fitness program) and additional risk-factor 

reduction by maintaining a healthy diet, adhering to preventative medications and stress 

management techniques. There are CR quality performance measures established by American, 

Canadian, Australian and European CR societies. The 2011 American College for Cardiology 

Foundation / American Heart Association Task Force on Practice Guidelines for Coronary artery 

bypass graft surgery (CABG)  recommends Cardiac Rehabilitation (CR, Class 1, Level of 

Evidence A) for all eligible patients post Coronary artery bypass graft surgery beginning 4-8 
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weeks after CABG, 3 times per week for 3 months 11. The 2016 European Guidelines on 

cardiovascular disease prevention in clinical practice recommend participation in CR for all 

patients hospitalized for revascularization (Class 1, Level of Evidence A) 12. 

 

A survey was collected from 93 countries to assess the nature of the CR programs, specifically 

targeting the type of patients served, number of health care professionals providing the service, 

and the service delivered 13. Countries were identified based on previous communication and the 

reviews and responses were then compared by World Health Organization region allocation. Out 

of 203 countries, 111 countries (55%) offered CR services which were mostly led by physicians.  

These CR services included patients with acute myocardial infarction (AMI), percutaneous 

coronary intervention (PCI) and coronary artery bypass graft surgery (CABG). Characteristics of 

the selected CR programs included initial assessment, structured exercises and at least one 

strategy to control CV risk factors. All countries that offered Phase II CR services were 

identified and in countries where several programs existed a random sample of 250 programs 

was selected for this survey. Most of the programs were in urban areas (72.8%) with referrals 

from a tertiary center (46.1%) and the overall responsibility for the CR program was most often 

with the cardiologist (48.4%). The median duration of supervised exercises was 8 weeks with 2.5 

± 1.3 frequency of sessions / week. Functional capacity tests such as the six-minute walk were 

used more often than a graded exercise stress test. Programs on average offered 9 of 11 

recommended core components. The most frequently delivered components were initial 

assessment, risk factor management and patient education. There were significant regional 

differences with return to work, tobacco cessation and women-only classes between countries. 

The components which were less commonly delivered were, stress management, electronic 
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patient charting, other forms of exercise (yoga, dance) and follow-up programs post completion 

of Phase II.  

 

1.3 The CR program at Toronto Rehabilitation Institute (TRI) 

The Toronto Rehabilitation Centre was founded in 1922 to meet the rehabilitation needs of 

Canadians wounded in the First World War and was the first free-standing rehab facility in North 

America. In 1968, it became home to the first outpatient cardiac program in Ontario. In 1998, the 

Toronto Rehabilitation Institute (TRI) was created by the amalgamation of the Rehabilitation 

Institute of Toronto, the Toronto Rehabilitation Centre, and Lyndhurst Hospital. The TRI cardiac 

rehab program receives about >2,400 referrals / year and provides comprehensive CR care in 

accordance with the recommended CACPR guidelines. On July 1, 2011, Toronto Rehab 

officially became part of University Health Network (UHN), joining the Princess Margaret 

Hospital, Toronto Western Hospital and Toronto General Hospital. Patient services at the TRI-

CR program are billed to the Ontario Ministry of Health. There is a Toronto Rehab Foundation 

funded by donors which supports the infrastructure for the rehab activities.  

 

Once a patient is ready to be discharged from a hospital following CABG or valve surgery, PCI, 

or after an acute coronary syndrome, a referral is sent to TRI by their cardiologist or surgeon, or 

other healthcare professional. When the referral is received the patient is contacted by the CR 

program and an intake assessment (clinical – physical assessment) is done, following which 

participation in the program begins. After referral and collection of additional medical history 

documents by the CR team, patients are scheduled for a cardiopulmonary exercise stress test 

(CPET) appointment a minimum of 6 weeks after surgery. At the CPET appointment, the first 
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CR session is scheduled. The program is led by an interprofessional team of physicians, 

physiotherapists, nurses, kinesiologists, psychologists, social work and dietitians. During the 

time frame of this study, patients attended 90-minute exercise classes once per week for 6 

months and were offered another CPET at the end of 6 months. There were additional optional 

monthly classes for 4 to 12 months afterwards (duration varied depending on date of CR entry). 

Exercise classes include aerobic and resistance training, education sessions, as well as 

psychosocial and dietary counseling. Each patient is assigned to a case manager, and patients are 

required to complete 5 aerobic and 2 to 3 resistance training sessions per week, which are 

tracked via an exercise diary. One exercise session is conducted in the facility, with the balance 

of the exercise being completed in the home/community. The initial walking prescription is on 

average set at a distance of ≈1.6 km per day (but very individualized) and prescriptions are 

progressed to a moderate intensity of 6.4 km. Ventilatory anaerobic threshold (VAT) is used to 

measure exercise tolerance; it is measured at rest and at maximal exercise. Individualized 

exercises (maximum duration of 60 minutes) are prescribed based on the baseline peak oxygen 

intake during exercise (VO2peak) and are targeted to achieve 60% to 80% of the baseline 

VO2peak. Resistance training exercises included 3 lower body (2 with dumbbells and 1 with 

exercise bands), 5 upper body (dumbbells), and 2 trunk-stabilizing exercises (depending on the 

patient’s body weight)14. Ideally at program completion, patients will have completed all the 

required CR sessions, risk factors are within the recommended target and patients are meeting 

the nutritional guidelines. A discharge letter is sent to the referring physician within one month 

of graduation from the program. At completion patients are provided a written summary of the 

care received outlining future goals to achieve an optimal risk profile. Patients are encouraged to 



7 
 

implement long-term self-management strategies through community services and patient 

support groups.  

 

The study population reviewed in this thesis attended a CR program which comprised of the 

active phase and the maintenance phase. The active phase consisted of 24 to 36 prescheduled 

weekly supervised exercise sessions, while the maintenance phase consisted of monthly on-site 

visits and continued home-based exercise sessions recommended five times per week 15 . This 

program fits into the recommended framework of Phase II CR which comprises of an initial 

assessment, structured supervised exercises and maintenance strategy to control the risk factors. 

 

1.4 Barriers to CR care  

CR attendance rate is low (around 30% of all eligible patients) in most centers and it is 

dependent on both patient related factors and administrative delays 16-19. In Canada there is a 

Cardiac Rehabilitation Barrier Scale which has been developed and validated that assesses the 

patient’s perceptions of the health system-level and personal barriers to cardiac rehabilitation 

utilization 20. Patients from 11 hospitals completed a one-year follow-up survey to investigate the 

structure and psychometric properties of the Cardiac Rehabilitation Barriers Scale. Participants 

were asked to rate 21 cardiac rehabilitation barriers on a five-point Likert scale regardless of 

cardiac rehabilitation referral or enrolment 20. Some of the main hurdles which have been 

identified are 1] delayed entry into a program due to a longer wait-time to get referred by a 

physician, 2] wait-time for a CR program to get a patient assessed and started, 3] poor socio-

economic status (SES) affecting patients motivation to attend 4] long travel distance to the CR 

facility and 5] time constraints.  
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Despite the evidence in regards to CR in patients with coronary heart disease, many patients are 

unable to or prefer not to attend a CR program. Various researchers have tried to identify the 

nature of the barriers among vulnerable groups using the psychometrically validated and 

comprehensive CR barrier scale 20. A survey study tried to evaluate the sex differences in CR 

barriers by participation status and found that there was no significant sex difference in total 

number of barriers, but the nature of the barriers was different in non-participants 16. For women 

it was mostly related to family responsibilities, lack of CR awareness and experiencing exercise 

as tiring or painful 16. Also, due to cultural restraints some female patients are reluctant to wear  

exercise clothing in front of others or prefer women-only group or CR for the family 21. Studies 

have shown that other patient oriented factors like education, employment and income also affect 

CR enrollment and completion. Patients with at least high school education are more likely to 

participate in a CR program 22. Employment also plays an important role in CR adherence; as 

most young eligible patients working part-time or full-time although they are motivated to attend 

must return to work due to employment obligations and are not able to fulfill all the required 

sessions in a CR program. Patients without medical insurance coverage or under a family 

economic burden tend to have a lower CR attendance 22, 23. Age is also another barrier to CR 

participation as studies have shown that the peak participation is between ages 50-65 and drops 

significantly after 80 years of age 24.  

 

Another important barrier is the CR referral time frame due to access issues. CR referral rates 

vary, and most eligible patients never get referred or many referred patients do not initiate or 

complete the program 14. Studies have shown that delay in referral results in lower adherence and 
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worse long-term outcomes 14. In Ontario due to the limited number of publicly funded CR 

centers, there is generally a long wait time until the program starts and there is only enough 

capacity to provide CR services to 34% of the eligible population 25. The Canadian 

Cardiovascular Society Access to Care Working Group explored the actual wait time and factors 

that affect these wait times. They found that the main barriers negatively affecting these wait 

times were patient travel and staff capacity 26.  To implement and better coordinate the program 

across 24 centers in Ontario, in 2001 the Ontario Ministry of Health and Long-Term care 

announced a pilot project 27. To be eligible for the pilot program, patients were required to have 

had a cardiac event related to hospitalization or change in cardiac status within two years of 

referral. The most common referring events were coronary artery bypass surgery (CABG)-

31.9%, percutaneous transluminal coronary angioplasty (PTCA)-21.3% and myocardial 

infarction (MI)-17.8%. The objective was to design, coordinate and evaluate a health service 

delivery model for CR and secondary prevention center. This streamlined process was 

implemented by 94% of the sites and was able to serve 60% more people in a single year 27. 

Unfortunately, these advances in enrollment and capacity were not sustained after the pilot 

project as volume accountability “report-back” requirements were removed by the Ministry of 

Health, associated with a reduction of funding to the CR programs (personal communication PO 

and NS). 

 

Additionally, over the years various other new strategies have been adopted to increase the CR 

referral and enrollment rate. A meta-analysis of 14 studies tried to analyse the enrollment rates 

based on referral strategy and found that innovative referral strategies such as patient letters, as 

well as a combined systematic and liaison strategy increased the CR use 28. A recently published 
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study showed that a strategy of automated referral should be advocated to improve CR 

participation and completion in CABG patients. Although, it resulted in near doubling of the 

proportion of patients referred to CR, there was only a modest increase in overall CR 

completion. Before automation, referral rates were increasing at 0.9% (absolute) per 6 months 

while with automation the referral rates increased to 21.4%. Mortality benefit was seen only in 

CR completers whereas a mortality benefit was not seen simply with CR enrolment 29 .  

 

1.5 Role of CR after Coronary artery bypass grafting 

Coronary heart disease (CHD) remains the leading cause of hospitalization and death in Canada 

30. Coronary artery bypass graft surgery (CABG) was first performed in 1960 and is the standard 

surgical intervention for patients with advanced CHD when other modalities such as lifestyle 

changes, medical and minimally invasive procedures such as angioplasty fail to correct the 

condition 31. In Canada, about three quarters of the revascularization procedures are done 

through PCI and one quarter through CABG 32. The European Society of Cardiology and the 

European Association for Cardio-Thoracic Surgery guidelines on myocardial revascularization 

published in 2018 (Class 1, level A) and the 2011 American Heart Association guidelines (Class 

1, level B) recommend CABG surgery in stable patients to improve survival 11, 33. These 

recommendations are based for patients with stable CHD, with suitable anatomy and with low 

surgical predicted mortality. CABG is still the preferred line of treatment in patients with triple 

vessel disease with or without diabetes and left main disease 34. 
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A] Risk of mortality after CABG 

The Canadian average 30 day in-hospital mortality rate with isolated CABG is 1.3% with 

provincial rates ranging from 0.5% - 3.1% 32. A recent meta-analysis of 11 randomized 

controlled trials (RCT) showed that the 30-day all-cause mortality after CABG was 1.4% and at 

5-year it was 8.9% 35. The ART multi-center randomized trial compared CABG patients with 

single versus bilateral internal thoracic artery grafts with all- cause mortality as the primary 

outcome. At 10 years the mortality rate in the single graft group was 21.2% vs 20.3% in the 

bilateral graft group 36. Another population-based Ontario study compared all-cause mortality 

and composite outcomes at a mean follow-up of 9.1±3.9 years between South Asians (SA) and 

General Population (GP) in a propensity matched CABG population (N=2,473). The primary 

outcome was a composite of major adverse cardiac and cerebrovascular events (MACCE) and 

all-cause mortality was the secondary outcome 37. The study showed the risk of adverse events 

gradually progressed overtime. Freedom from MACCE at: 1 year-SA: 93.9%, GP: 93.8%; 5 

years-SA: 84.0%, GP: 83.5%; 10 years-SA: 67.6%, GP: 64.4%. Freedom from all-cause 

mortality at: 1 year-SA: 97.3%, GP: 97.2%; 5 years- SA: 92.9%, GP: 92.2%; 10 years-SA: 

83.0%, GP: 78.7% 37. 

 

B] Some known benefits of CR in a CABG population 

It is known that the secondary events after CABG can be prevented by cardiovascular risk factor 

control through intensive lifestyle behavioural changes such as regular physical activity, eating 

well and medication adherence 38, 39. In the view of the existing evidence, authors from a review 
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article studied the impact of pre-existing comorbidities on short and long-term outcome of 

patients undergoing CABG and implications for CR. They felt that this particular patient 

population with multiple pre-existing comorbidities may potentially benefit more through a 

multidisciplinary CR prevention program 40. Additionally, studies have shown that undertaking 

pre-surgical CR has long-term survival benefit over patients who do not attend such services 41.  

 

Physical fitness defined by peak oxygen intake (VO2peak) has been identified as an independent 

predictor for sustained patient health outcomes in patients with CHD 42. A meta-analysis of 18 

RCT’s looked at the effect of VO2peak in patients with CHD. The study showed that there was 

an increase in VO2peak in patients who started CR < 3months after the event as compared to 

those who started CR > 3 months 43. CABG patients may benefit more from CR than PCI in 

terms of mortality reduction. This survival benefit may be related to increase in greater gains in 

peak oxygen uptake capacity (V̇O2peak) and improvement in pulmonary function 38, 44. The 

effect of CR training depends on various factors such as age, initial level of fitness and extent of 

revascularization. It also depends on the duration, frequency and intensity of the CR sessions. 

Studies have shown that although exercise training is effective after both CABG and PCI, 

participation in a three month CR program after CABG increased the VO2peak by 32.8% as 

compared to an increase of 14.6%in the PCI group 45.  

 

Additionally, due to median sternotomy, mechanical ventilation and longer hospital stay the 

pulmonary function is more compromised after CABG than after PCI 46 47. Pulmonary function 

tests (PFT’s) were studied at baseline, 3weeks and 3.5 months in 50 patients undergoing CABG. 
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The study showed that the PFT’s deteriorated significantly for at least 3.5 months post CABG. 

The forced vital capacity dropped from 98% at baseline to 63% at 3 weeks and 75%  at 3.5 

months 46.  

A recent single center Canadian observational study examined how CR referral and program 

completion are related to survival benefits in 8,118 CABG patients. This study showed that the 

survival rate at 10 years was 67.4% in those who were not referred and 84.2% in those who were 

referred and completed CR 29.   

Apart from the above effects CR attendance also has some other direct physiological benefits on 

the heart and coronary vasculature in patients with CHD 48, 49. Oxidative stress is known to have 

adverse effects on heart, kidney, lungs and brain. Reactive oxygen plays an important role in 

aging as well in age-related diseases such as CHD. Oxidative stress results from imbalance 

between reactive oxygen species and anti-oxidant defense mechanisms and heart tolerance to 

oxidative stress decreases with age because of reduction in anti-oxidative enzymes. This affects 

the coagulation system and myocardial oxygen demand in patients with CHD. Studies have 

shown that there is an association between atherosclerosis and oxidative low density lipoprotein 

50. In a single center study of 100 patients with CHD the reactive oxidative metabolite levels 

decreased 3-6 months after CR with an increase of the percentage of the predicted values of V̇O2 

peak 49. 

 

C] Core components of CR following cardiac surgery 

A recent update to the 2010 position paper about CR program models was published in the 

European Journal of Preventive Cardiology 51. This was done to update the practical 
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recommendations of the core components in different cardiovascular conditions, so as to ensure 

favorable functional outcomes of the CR program and decrease the risk of disability and death. 

In this paper advances in different training modalities were added targeting challenging 

populations such as patients undergoing cardiac transplantation, coronary artery or valve surgery, 

trans catheter aortic valve implantation, MitraClip procedures and patients with ventricular assist 

device who would benefit from secondary prevention. Therefore, in this update some novel 

components of CR have been recommended for this specific population.   

 

The five main core components which were updated with regards to a CABG population are: 1] 

patient assessment, 2] physical activity counselling (exercise training), 3] nutritional counselling, 

4] tobacco cessation and 5] psychosocial management. It is also necessary in this population to 

assess the wound healing, complications and disabilities with a special focus on perioperative 

events. The exercise training can be started in the early in-hospital phase and out-patient 

programmes should initiate early after discharge. After six weeks when the sternum is healed and 

the chest is stable, upper body exercises can be started. Since cardiac surgery patients are on a 

mechanical ventilator post-op, it is important to consider inspiratory muscle training techniques. 

These patients are usually on antithrombotic and at times on anti-arrhythmic drugs and therefore 

during nutritional counselling it is important to make sure that there is no interaction with any 

dietary supplements. A large sternal incision and leg incisions when a vein graft is harvested 

during CABG, impairs quality of life for a long time and these patients need close attention to 

wound care and additional psychological support. 
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D] Significance of CR referral timeframe in CABG 

Apart from adherence and lifestyle changes, CR attendance within a certain time frame post 

CABG holds important implications for patient outcomes 14. The Canadian and International 

guidelines recommend early referral to CR 11. Usually after a CABG procedure, at time of 

hospital discharge a referral is sent to the rehabilitation center based on the patient’s 

geographical location. A CR referral can also be made afterwards by a family physician, 

cardiologist, surgeon, or other healthcare professional. A study published in Circulation 

Cardiovascular Quality and Outcomes in 2015 recommends initiating CR within 60 days of 

surgery for better outcomes 14. In this study the investigators examined the effects of later entry 

on CR outcomes (i.e. CR use, anthropometrics, and functional capacity) in post coronary artery 

bypass graft surgery patients while accounting for demographic, environmental, and 

physiological correlates of longer wait time in both phases: wait time to get referred by a 

physician and the wait time for the CR program to get a patient assessed and started. Among 

6,497 post- coronary artery bypass graft participants, mean and median total wait time (time 

from surgery to first exercise session) was 101.1±47.9 and 80 days, respectively. Patients with 

longer wait-times were more likely to have poorer adherence and diminished gains in 

cardiovascular fitness. 

 

E] Barriers to CR attendance in a CABG population 

There are some unique barriers that delay entry to CR in a CABG population as compared to 

nonsurgical patients. Although studies have shown that CR attendance improves survival in a 

CABG population, many referred patients experience barriers as previously described and are 
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thus unable to or choose not to attend a CR program 14.  A high percentage of the CABG 

population is elderly, and recurrent events, hospital admissions, physical and social limitations 

can prevent them from attending the CR program. Studies have shown that only 31% of CABG 

patients who are over the age of 65 actively participate in all the recommended out-patient CR 

sessions. Higher median household income, higher level of education, and shorter distance to the 

nearest CR facility were important predictors of higher CR use 52. Due to a long recovery time, 

CABG patients are financially and emotionally dependent on others and need support for 

transportation. They are also more vulnerable in terms of recurrent events and there is still a lack 

of awareness of the importance of secondary prevention measures amongst CABG patients. 

Poorer utilization of CR in elderly CABG patients is concerning as they are at higher risk of later 

mortality and morbidity.  

Therefore, there is a strong need to emphasize supervised physical activity and comprehensive 

CR which can bring about beneficial lifestyle changes and improve quality of life especially in 

this patient population 38, 45, 49.  

 

Some of the future goals for CR and chronic cardiovascular care as outlined in the Canadian 

guidelines include: 1] plan for the development of healthy communities by patient education, 2] 

maximize physical activity opportunities to maintain cardiometabolic fitness, 3] advertising and 

marketing  the CR program and the types of services offered within health professionals, 4] 

Educating health professionals and patients about the CR program within their vicinity so that 

there is expedited  referral  with increase in enrollment rate and 5] CR services should be treated 

as an integral part of cardiac care and not just as a secondary prevention program 8.
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                                                            Chapter 2  

                                                Literature review 

 

2a. Existing literature 

A systematic review of the literature using both MEDLINE and EMBASE from years 1946 to 

May 2020 was performed. The following key terms and MeSH terms were used for studies that 

looked at the effectiveness of Cardiac Rehabilitation in cardiac patients, and for studies that 

examined in particular postop cardiac rehabilitation strategies that may benefit patients with 

coronary artery bypass graft surgery: [Coronary artery bypass /Coronary Artery Disease/ or exp 

Exercise Therapy/ or exp Cardiac Rehabilitation/or exp Postoperative Complications/ or exp 

Treatment Outcome] (appendix 1). In addition, the reference list of relevant studies and reviews 

was hand searched for studies published in the last five years (2015- present) to ensure a review 

that reflects contemporary practice.   

 

The evidence base looking at the effectiveness of CR programs in patients with CHD has been 

around for over two decades. One of the first systematic reviews and meta-analysis was 

published in 2004 of 48 RCT’s with a total of 8,940 patients with CHD. It included studies with 

a six month or more follow-up period. The review showed that exercise –based CR resulted in a 

reduction in all-cause mortality  (Odds ratio (OR) 0.80, 95% CI 0.68 - 0.93) and cardiac 

mortality (OR 0.74, 95% CI 0.61- 0.96) 53. Since then, various investigators have updated the 

systematic review to include newer studies with a follow-up period extending beyond a year. In 
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order to better understand the effectiveness of CR in patients with CHD, the updated meta-

analysis also tried to evaluate the effect of CR care on other significant cardiac endpoints such as 

MI or revascularization after CHD in addition to fatal outcomes (mortality and CV mortality) 4, 

54. In the 2016 update, apart from clinical endpoints it also assessed the effects of exercise-based 

CR with regards to quality of life and cost-effectiveness 54 .  

 

A] CR survival effects in patients with CHD based on previous meta-analysis of randomized 

controlled trials - observational studies and individual single center studies. 

The most recent 2016 Cochrane systematic review and meta-analysis of 63 randomized 

controlled trials (RCT) with over 14,486 participants with CHD, showed that with a median 

follow-up of 12 months, CR led to a reduction in cardiovascular mortality and reduced risk of 

hospital admissions 54. Selection criteria included men and women who have had myocardial 

infarction (MI), coronary artery bypass surgery or percutaneous transluminal coronary 

angioplasty (PTCA). Exercise-based CR was associated with a significant reduction in 

cardiovascular mortality, relative risk (RR) (0.74, 95%CI 0.64-0.86). The overall reported all-

cause mortality in 47 out of the 63 studies was not significant between the two groups (RR 0.96, 

95% CI 0.88-1.04) at a median follow-up period of 12 months. In this meta-analysis the outcome 

effects were consistent across the studies, irrespective of the patient population, nature of CR 

program, location, and study characteristics.  

 

While the above meta-analysis focused on the effects of CR in RCTs of patients with CHD, the 

Cardiac Rehabilitation Outcome Study (CROS) was predominantly an observational study meta-

analysis (one RCT and 24 observational studies). It included 219,702 patients – [46,338 (ACS 
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patients), 14,583(CABG) and 158,781(mixed population i.e. patients with chronic stable 

coronary artery disease with or without PCI)]. There was a significant reduction in mortality 

after CR participation following acute coronary syndrome (OR 0.20, 95%CI 0.08-0.48) at a 

mean follow-up of 40 months 55. With a large sample size from a mixed population, this study 

also found that participation in a structured multi-component CR is associated with better 

survival.  

Thus, both the Cochrane and the CROS meta-analysis have provided a comprehensive better 

estimate of the relationship between CR and mortality as compared to previous small single 

center studies and earlier systematic reviews. Nevertheless, the existing literature was able to 

evaluate only short and mid-term survival benefits with CR attendance in patients with CHD. 

 

To evaluate the long-term outcomes, a large registry based study from Alberta, Canada not 

included in the above meta-analysis - The Alberta provincial project for outcome assessment in 

coronary heart disease (Approach) Registry study - compared > 13,000 patients (South Asians 

and the European Canadian population) who had a clinical diagnosis of coronary artery disease 

on angiography with ≥ 70% stenosis in at least 1 coronary vessel. Results showed that 

participation in a CR program improved the long-term survival rate as compared to those who 

did not attend irrespective of the ethnicity (HR 0.57, 95%CI 0.52-0.63). After propensity 

adjustment, improved long-term survival was observed in South Asians who attended CR as 

compared to European-Canadian patients who attended CR (HR 0.66, 95%CI 0.43-1.00) 56. This 

study did provide a new insight into the effect of CR in a high-risk ethnic group; however the 

follow-up period was restricted to a median of 6 years. 
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Additionally, studies have also shown that supervised exercise session for 6 months improves 

pulmonary function and increases VO2 peak which is usually compromised in patients with 

CHD, which in turn improves survival 42, 49. The mortality reduction with exercise-based CR can 

also be attributed to reductions in major risk factors such as caseation in smoking, weight loss 

and improvement in oxygen consumption. Risk factors can be controlled through healthy 

behaviour, exercise training protocols and self-management techniques which are some of the 

fundamental components of a CR program 7, 51. The published evidence does support that CR is 

an important asset in the management of patients with CHD, although there is still uncertainty 

regarding the long-term CR effects.  

 

 

B] The impact of CR attendance on mortality in patients with advanced CHD who require 

CABG. 

While the above studies have looked at the benefits of CR in heterogeneous CHD patient 

cohorts, there are very few studies which have targeted a CABG population. The evidence base 

around the benefit of CR in those with extensive CHD requiring CABG is smaller. The CROS 

meta-analysis of retrospective cohort studies analyzed the CABG subgroup (5 studies, 14,583 

patients); there was reduced mortality at a mean follow-up of 40 months (HR 0.62, 95%CI 0.54-

0.70) after participating in CR within three months of hospital discharge 55. Additionally, a study 

by Lee and colleagues in Korea not included in the above CROS meta-analysis found that all-

cause mortality was lower with CR in a propensity matched CABG registry cohort. This study 

showed that there was a 20% reduction in all-cause mortality after phase I (at least one in-

hospital) CR (1,097 CR attendees) and 40% reduction after phase II (outpatient) CR (379 CR 

attendees) within three months of discharge after CABG 57. Moreover, a single center 
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observational study of 869 CABG patients included in the above CROS meta-analysis, showed 

that at a 10 year follow-up period there was a decrease in mortality in the patients who attended 

CR (HR 0.54, 95% CI 0.40-074)39. Thus, there is some evidence which shows that CR 

attendance is associated with early and mid-term survival benefits in a CABG population. 

 

C] Is there a dose – response effect associated with level of CR attendance? 

To better understand the impact of CR care, some studies have also tried to evaluate a dose 

response relationship (dose ≥1,000 U vs. dose <1,000 U) of exercise intervention in patients with 

ACS 54. The dose of exercise intervention was calculated as (dose = number of weeks of exercise 

training x average number of sessions/week x average duration of session in minutes). The 

results showed that there was no differential CR treatment effect with the CR dose although point 

estimates for both levels of intervention favoured CR - this lack of difference may be related to 

sample size and length of follow-up 54. A single center observational Australian study also 

looked at the dose response survival benefits associated with CR in patients who had AMI, 

CABG or PCI with a median follow-up of 14 years (544 patients in total, 155 CABG patients).  

Patients who attended < 25% of the CR sessions had a higher risk of all-cause mortality (OR 

2.57, 95% CI 1.04-6.38) 23. Though studies have shown that CR attendance maybe associated 

with a beneficial dose-response in CHD patients, these results were not consistent. 

 

However, a US – Medicare claim database study supports the relationship between level of CR 

attendance and outcome. The study population included elderly patients who had MI, stable 

angina, heart failure and CABG and who attended at least one outpatient CR session (overall 

30,161 subjects). The date of each patient’s first CR claim served as the index date. In CABG 
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patients (N=8,325), full CR attendance (36 sessions) was associated with a lower risk of death 

and MI at 4 years compared with lesser CR attendance.  

Attending 36 sessions was associated with a lower risk of mortality (HR 0.86, 95% CI 0.76-1.00) 

as compared to attending 15 sessions or lower 58. Thus, this study has shown that a strong dose–

response relationship exists between the number of CR sessions attended and long-term 

outcomes in a CABG population. 

 

D] Does fatal or non-fatal MI and revascularization vary with CR attendance? 

Apart from mortality outcomes, few studies have also reported the following outcomes after CR: 

fatal and non-fatal MI, revascularizations (CABG or PCI) in addition to CV mortality and all-

cause mortality while stroke was not reported 54. A meta-analysis of 36 studies (9,717 

participants) looked at fatal and/or non-fatal MI in patients with ACS and found that there was 

no statistical difference in the risk for fatal and non-fatal MI for all studies of exercise-based CR 

(RR 0.90, 95%CI 0.79-1.04). Also, there was no significant difference between exercise based 

CR and the control group in terms of repeat revascularization by either CABG [(29/63 studies, 

5,891 participants), (RR 0.96, 95%CI 0.80-1.16)] or PCI [(16/63 studies, 4,012 participants), 

(RR 0.85, 95%CI 0.70-1.04)] 54.  

 

The Medicare claim study which looked at the association between level of CR attendance and 

outcomes, showed that elderly CHD patients who attended all sessions (36 CR sessions) had 

lower risk of MI as compared to those who attended fewer sessions (24 sessions / 12 sessions / 

one session) at 4 years. After adjustment, attending each additional 6 CR sessions was associated 
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with a 5% lower risk of MI among CABG patients, 6% lower risk among patients with previous 

MI and 11% lower risk among patients with stable angina 58.  

 

So although, there is some evidence which shows that attendance of all required CR sessions 

reduces the risk of nonfatal MI, to date, there is no convincing evidence that CR attendance is 

associated with a reduction in the risk of fatal or nonfatal MI or repeat revascularization over the 

long-term. 

 

E] Other significant quality of life measures which are correlated with CR attendance. 

A number of studies have also looked at the health costs and quality of life with exercise-based 

CR 54, 59, 60. The cost-effectiveness and health-related quality of life (HRQL) between the CR and 

the control groups was assessed using validated instruments 61-63. 14 out of the 20 studies that 

assessed HRQL reported higher level of HRQL in one or more subscales following exercise-

based CR as compared to control group. For cost-effectiveness the results varied from no 

difference in costs between CR and control group (three studies), to higher healthcare costs in the 

CR group (one study), and lower health-care costs for CR group (one study) 54.  Additionally, a 

multi centered randomized trial involving 140 CR centers, evaluated the cost-effectiveness of the 

traditional CR program in comparison to comprehensive cardiac tele-rehabilitation. Cardiac tele-

rehabilitation reduced the number of readmissions during the follow up period from 22.9% to 

10.1%, achieved an average cost reduction of €564 per patient and increased quality of life 59. 

Levin et al. did an economic evaluation comparing a CR program with standard care in patients 

with MI or CABG with a 5-year follow-up period. He found that that there was a decrease in re-

hospitalizations and increase in return to work from 38% to 53% and resulted in overall cost 
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savings per person in patients who attended the CR program 60. A group of investigators at TRI 

examined the relationship between CR attendance and expenses in a publicly funded health care 

system. 7,345 patients were referred to CR following PCI, CABG, ACS, CHD and other heart 

related conditions. After propensity matching, 6,284 referred and 6,284 non-referred patients 

were included in the final analysis. The results showed that, as compared with non-referred 

patients, the health expenditures were lowest in patients who had highest level of CR attendance. 

Also, high level of CR attendance resulted in overall lower hospital readmissions, emergency 

department visits, drug usage and physician visits 64. The above literature has shown variable 

cost differences between exercise-based CR and usual care. CR attendance has also been shown 

to decrease re-hospitalizations which in turn results in overall costs savings. It has also shown 

that the costs with CR compare with other medical interventions performed commonly in 

patients with CHD.  
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2b. Need for this study 

 

Table 1a]  

This table summarizes the studies reported in this thesis, which evaluate the short and mid-term 

outcomes in patients with CHD who attended CR vs. control.  

Study name/ 

first author 

and year of 

publication 

with reference 

link 

 

Sample 

size 

Type of 

study  

Follow-up 

period 

Fatal 

outcomes and  

results  

Nonfatal 

cardiac 

outcomes 

and results  

 

 

 

 

 

 

 

Updated 

Cochrane 

meta-analysis – 

2016 54  

 

 

 

 

14,486  

 

 

 

 

 

 

 

 

Meta-analysis 

of RCTs 

 

 

 

 

 

 

 

Median 

follow-up = 

12 months 

 

 

 

 

1] CV 

mortality – 

RR: 0.74, 

95%CI 0.64-

0.86 

2] all-cause 

mortality – 

RR:0.96, 95% 

CI 0.88-1.04 

 

 

9,717 

 

 MI – RR: 

0.90, 95% CI 

0.79-1.04 

 

4,012 

 

 PCI – RR: 

0.85, 95% CI 

0.70-1.04 

 

5,891  

 

 CABG – 

RR:0.96, 

95% CI 0.80-

1.16 

 

CROS meta-

analysis – 2016 
55 

 

219,702 

 

Meta-analysis 

of 

observational 

studies  

 

Mean 

follow-up = 

40 months 

 

Mortality – 

OR: 0.20, 95% 

CI 0.08-0.48 

 

Not reported  

Approach 

Registry study 

– 2016 56 

 

13,000 

 

Single center 

observational 

study  

Median 

follow-up = 

of 6 years 

 

Mortality – 

HR: 0.66, 95% 

CI 0.43-1.00 

 

Not reported  
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Doimo et al – 

2019 65 

1,280 Dual center 

observational 

study  

Median 

follow-up = 

82 months 

Composite 

endpoint 

included -  

hospitalizations 

for 

cardiovascular 

causes and 

cardiovascular 

mortality 

 

HR: 0.58, 95% 

CI 0.43–0.77 

Not reported  

 

 

Table 1b]  

This table summarizes the trials reported in this thesis which evaluate the effect of CR in CABG 

patients or where CABG population has been analyzed as a subgroup. 

Study 

name/ first 

author and 

year of 

publication 

with 

reference 

link 

 

Sample 

size 

Patient 

population 

Type of study Follow-

up 

period 

Fatal 

outcomes 

and  

results 

Nonfatal 

cardiac 

outcomes 

and 

results 

CROS meta-

analysis – 

2016 55 

 

 

14,583 

 

CABG 

patients: sub-

group analysis 

 

Meta-analysis 

of 

observational 

studies  

 

Mean 

follow-

up = 40 

months 

 

Mortality – 

HR:0.62, 

95% CI 

0.54-0.70 

Not 

reported 

 

 

This thesis will address some of the current gaps in knowledge of CR specifically in a CABG 

population. While we know about the physiological 42, 49 and survival benefits 4, 23, 39, 54-57, 65, 66 

associated with timely CR attendance in patients with CHD, there is limited data in patients with 

advanced CHD who undergo CABG 39, 54, 55, 57, 66, 67.  
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Most of the existing evidence had a short and mid-term follow-up period in patients with CHD 

and lacks extended longitudinal follow-up 39, 54, 55.  Moreover, in a dedicated CABG population , 

Quinn et al. was the only one study that identified the survival benefits of exercise-based CR 

over a10 year follow-up period, however this study had a small sample size (N=869) 39. There is 

still uncertainty about the effect of post-op CR in CABG patients extending beyond 10 years 

looking at mortality in a larger population. As most patients who undergo CABG survive more 

than 10 years 36, 37, the association of CR and late mortality benefits is important.   

 

Lastly, to date there is much less evidence in a dedicated CABG population regarding non-fatal 

cardiac outcomes such as MI, stroke or repeat revascularization 4, 23, 39, 54-57, 65, 66 during the 

follow-up period which could be potential drivers for mortality. Although some of the secondary 

cardiac events - fatal and /or non-fatal MI and repeat revascularization were addressed in patients 

with ACS, the results were inconclusive 54. The Medicare claim study by Hammill et al, did 

project an association between number of CR sessions and MI at 4 years 58, however it failed to 

include stroke which is a clinically important event in this specific population. The goal for 

secondary prevention of coronary disease is to control vascular risk factors such as hypertension, 

diabetes, hyperlipidemia and smoking cessation. This can be brought about by modification in 

lifestyle habits and exercise which are some of the core components of exercise –based 

rehabilitation 68. While we do know that exercise-based rehabilitation also has a beneficial effect 

on patients who have had a stroke event 69, 70, it is still unclear if CR can prevent the risk of 

stroke after CABG. It is also unclear if a combination of exercise with education and 
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psychological support can help to reduce the risk of other clinically significant secondary events 

such as AMI and repeat revascularization in patients after CABG. 

 

To better understand the effect of preventative interventions on secondary non-fatal cardiac 

events, most large cardiovascular trials have utilized a composite clinical endpoint such as major 

adverse cardiac and cerebrovascular events (MACCE) as the primary study outcome. The 

rationale for the cluster is that all events that constitute the composite are individually important 

and are all potentially modifiable with the intervention. The composite outcome is more 

comprehensive than a single primary outcome, is clinically meaningful in its own right and is 

statistically more powerful.  

A drawback of using composite outcomes is that the overall significance of the composite 

outcome cannot be interpreted to be the same for each individual outcome and this may result in 

some statistical uncertainty. Also, death is a competing event. Therefore, for precise 

interpretation of the CR effect, in addition to the composite outcome, it would be helpful to also 

analyze each of the individual nonfatal cardiac events in an adjusted model after accounting for 

death as a competing risk. 

 

This thesis will attempt to address the limitations and knowledge gaps presented above and aims 

to determine the influence of CR after CABG beyond 10 years.  

 

Hence, the primary objective of this study is to examine the long-term major adverse cardiac and 

cerebrovascular events (MACCE, defined as the composite of all-cause mortality, myocardial 
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infarction, repeat coronary revascularization, or stroke) in post CABG patients who attended CR 

versus those who did not attend CR.  

The secondary objective is to determine whether attending CR is associated with better long-

term survival.  

 

The hypotheses are that patients who attend postop cardiac rehab care have better long-term 

MACCE free survival and long-term survival as compared to those who were referred but did do 

not attend postop cardiac rehab. 

 

The tertiary objective is to evaluate the dose response relationship of CR intervention in CABG 

patients over long-term. The hypothesis is that CABG patients with a high level of CR 

attendance have better long-term MACCE free survival as compared to patients with low level of 

CR attendance.  
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                                           Methodology and Methods 

3.1 Database linkages  

Study Design 

A retrospective comparison of late outcomes of CABG patients attending CR at Toronto 

Rehabilitation Institute (TRI) was performed through linkages of multiple clinical and 

administrative databases housed at the ICES in Toronto, Ontario, Canada. In Ontario, TRI is one 

of the largest and oldest rehabilitation institutes and it receives > 2,400 referrals per year and 

provides comprehensive CR care in accordance with the recommended guidelines by the 

Canadian Association for Cardiac Rehabilitation 8. ICES is Canada’s largest health services 

research institute and holds multiple population-based health databases of the Ontario 

population. ICES is a prescribed entity under Ontario’s Personal Health Information Protection 

Act which allows for researchers to link together encoded population-based administrative 

databases and clinical registries for conducting approved research studies under strict privacy 

and security policies, procedures and practices (see link to Data and Privacy at www.ices.on.ca). 

The use of data in this project was authorized under section 45 of Ontario’s Personal Health 

Information Protection Act, which does not require review by a Research Ethics Board. The need 

for individual patient consent was waived under this framework. These datasets were linked 

using unique encoded identifiers and analyzed at ICES. 

As required by the Institute of Health Policy Management and Evaluation (IHPME), this study 

was submitted and received approval by the institutional review board of the University of 

Toronto. 
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Study Population  

All adults identified from the CorHealth Ontario Cardiac registry (a repository of patients 

undergoing any cardiac procedure in Ontario) who had isolated CABG with the surgery date 

between January 1, 1996 and September 30, 2008 and who were referred to TRI were linked at 

ICES to create our patient population. All patients were followed to March 31, 2017 and this end 

date was selected based on the linkages which were available at ICES when the data creation 

plan was executed.  The index date used for this study was the “Referral Date” defined as the 

date when the referral was processed at TRI and contact with the patient was initiated. We 

excluded patients who died before the referral date and those who had a CABG to referral 

timeframe greater than 365 days based on the recommendations of the existing literature. The 

rationale for exclusion was that  they represent a unique group and studies have shown that 

CABG patients who have delayed referral and entrance into the CR program have poorer 

compliance and outcome 14. The study cohort was divided into two groups (CR and No-CR) 

based on attendance. Patients in the CR group were referred and attended at least the intake CR 

session; the No-CR group were referred but did not attend any CR sessions.    

 

Baseline demographics such as age and sex were derived from Registered Persons Database. The 

ethnic origin was extracted from the Canadian Immigration database and ICES ethnic database. 

Variables such as body mass index, hypertension, diabetes, Canadian Cardiovascular Society 

Class (CCS), left ventricular ejection fraction (LVEF), smoking, previous myocardial infarction, 

prior percutaneous coronary intervention, peripheral vascular disease, congestive heart failure, 

chronic obstructive pulmonary disease and cerebrovascular disease were identified by linkage to 
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CorHealth Ontario Cardiac Registry.  The ICES hypertension and diabetes databases were used 

to identify missing hypertension and diabetes variables. All the databases had a look-back 

window of 15 years. The income quintile for this study was computed by cross-referencing 

patient postal codes with the average household income by area from census data, with “1” being 

the lowest. This was ascertained from completed referral forms and administrative databases. A 

detailed list of the specific datasets for specific variables is presented in (Appendix 2). The 

number of arterial and overall coronary bypass grafts was based on the physician’s billing 

through the Ontario Health Insurance Plan (OHIP) 71. Perioperative and postoperative outcomes 

were identified by linkage to the Canadian Institute for Health Information Discharge Abstract 

Database (CIHI) and International Classification of Diseases, ninth and tenth Revision (ICD 9 

and ICD10). The Ontario Registered Deaths Database was used to identify all-cause mortality.  

Patients with an invalid identification number, missing age and who died on or before the cohort 

entry date were excluded. 

 

Outcome definition 

The primary outcome was MACCE, a composite endpoint of all-cause mortality, acute 

myocardial infarction (AMI), stroke or repeat revascularization (percutaneous coronary 

intervention (PCI) or redo-CABG).  The secondary outcome was all-cause mortality. The tertiary 

outcomes were AMI, stroke, and repeat revascularization (PCI or redo-CABG). 

The Canadian Classification of Health Intervention codes, graft codes (OHIP) and codes for 

AMI, stroke: (ICD 9 and 10) are presented in (Appendix 3). As referral date was used as the 

exposure date for analysis, only outcomes which occurred after the referral date contributed to 

the primary outcome of MACCE. However, we did examine in-hospital perioperative outcomes 
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including AMI, Stroke, and Dialysis, as well as all-cause readmissions that occurred after 

discharge from the CABG hospitalization and before the referral date. In-hospital outcomes 

(AMI, Stroke and Dialysis) and all-cause readmissions after discharge were treated as covariates 

in the adjusted multivariable models as these non-fatal events may have occurred differentially 

between the two groups. However, patients who were readmitted for AMI, stroke or repeat 

revascularization prior to the referral date (n=56) were censored for the MACCE outcome as the 

dataset included only the first date of any of the non-fatal cardiovascular events. These patients 

remained at risk for mortality, and for the other non-fatal cardiovascular events which could 

affect the outcomes. 

 

      3.2 Type of analysis & modelling  

Statistical analyses 

Continuous variables were reported as the mean ±standard deviation or median (interquartile 

range). Categorical variables were reported as frequencies and percentages. Baseline 

demographics were compared between groups (CR and No-CR) using two sample t-tests 

(continuous data) or chi-square tests (categorical data). A two-tailed p-value <0.05 was 

considered statistically significant. Standardized mean differences (SMD) were determined to 

compare the baseline balance in variables between the two groups and a SMD of >10% was 

considered to indicate substantial imbalance72. Kaplan-Meier curves were used to compare the 

event free survival and all-cause survival rates (i.e. the primary and secondary outcomes). Effect 

estimates for CR for the primary and secondary endpoints are presented as hazard ratios (HR) 

and their associated 95% confidence intervals (CI). A multivariable Cox proportional hazards 

model was used to derive a measure of the CR treatment effect in the unadjusted and adjusted 
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analyses (adjusting for baseline characteristics, in-hospital outcomes and all-cause readmissions 

before the referral date. Prior to modelling we tested for multicollinearity by calculating 

tolerance statistics for all predictor variables. A tolerance value less than 0.2 was considered to 

indicate the presence of multicollinearity and in such cases only one member of a correlated set 

of variables was retained for the models. The assumptions of proportional hazards were assessed 

for MACCE and all-cause mortality by examining the cumulative hazards graph for proportional 

parallel lines (log-negative log survival graph for ‘parallel lines’) 73. The cumulative incidence 

functions for AMI, stroke and repeat revascularization were determined and Fine-Gray sub-

distribution hazard models were generated in the presence of death as a competing risk 74. To 

validate our findings, we compared the results to a model in which we imputed missing data 

using the Markov chain Monte Carlo method 75. 

 

Secondary analyses 

An exploratory secondary analysis was performed based on the percentage of attendance after 

adjusting for baseline characteristics, in-hospital outcomes, and outcomes before referral date for 

both MACCE and all-cause mortality using a Cox proportional hazards model.  

We split the entire study cohort into four groups: High attendance > 67% of CR sessions (25-36 

visits out of a full CR program schedule of 36 visits), Mid attendance 33% - 67% of CR sessions 

(17-24 visits), Low attendance <33% (1-16 visits), and No-attendance 0% (i.e. the No-CR 

group).  Multiple pairwise comparisons were performed – no adjustment for multiple 

comparisons was performed. 
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SAS statistical software  

 

All analyses were conducted with SAS version 14.3; (SAS Institute, Cary, NC). As per ICES 

policy, all cells with fewer than 5 events were presented as a range to avoid patient identification.   
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                                                   Results  

The exposure in the analysis was all patients who had isolated CABG during the study time 

frame who were referred to TRI and attended at least one CR session. The control group was 

CABG patients who were referred but did not attend any sessions. 

 

Out of the 98,681 CABG patients in Ontario with the surgery date between 01 January 1996 and 

30 September 2008, linkage was possible for 90,654 CABG patients who had valid CIHI records 

on the same day of, or one day before or after the surgery. In total 25,470 patients were referred 

to TRI during this timeframe for multiple cardiac diagnoses. After linkage between the TRI 

dataset and the CorHealth Ontario Cardiac registry at ICES, there were 5,000 patients who had 

isolated CABG surgery and who were referred to TRI between 01 January 1996 and 30 

September 2008 (Figure 1). We did not include CABG patients during the same time frame who 

may have been referred to another rehab institute or who were not referred to TRI. 

 

The study cohort was divided into two groups (CR and No-CR group) based on the level of 

attendance. Patients in the No-CR group were referred but did not attend any session. The final 

cohort included 3,685 (73.7%) in the CR group and 1,315 (26.3%) in the No-CR group.   

 

The median discharge to referral time was 32.5 days (IQR: 15-56 days) and the median follow-

up duration was 13 years (IQR: 10.0-16.6 years). Out of the 5,000 patients, 56 patients had either 
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a MI or stroke before the referral date, i.e. the exposure date, and were excluded from the 

primary analysis.  As a result, 4,944 patients were included in the multivariable analysis for the 

primary outcome (MACCE).  

 

For the secondary analysis, the study cohort was divided into four groups based on the 

percentage of attendance: high attendance (N=1,974), mid attendance (N=1,210), low attendance 

(N= 501) and No-attendance (N = 1,315). 

 

4.1 Baseline characteristics 

Overall, patients in the CR group were younger (62.6±9.6 vs 64.0±10.5, p<0.001), more likely 

male (85.0% vs 79.5%), had lower BMI (BMI<30: 73.8% vs 59.0%, p<0.001), more likely from 

a higher income quintile (31.1% vs 19.3%, p<0.001) and had fewer cardiac comorbidities 

compared to the No-CR patients (Table 2). 

 

4.2 Early outcomes 

There were no significant differences between groups with respect to the unadjusted in-hospital 

outcomes (data for CR vs. No-CR group respectively - AMI: 2.1% vs 1.4%, p=0.09; stroke: 

0.8% vs 0.8%, p=0.92; and dialysis: 2.4% vs 3.3%, p=0.05) (Table 3a). Patients in the CR group 

had fewer all-cause readmissions (excluding readmissions for cardiac events) in the time period 

between discharge from CABG hospitalization but before starting CR as compared to the no-CR 

group (6.2% vs 9.4%, p <0.001) (Table 3b). There was no significant difference between the two 

groups for other cardiac outcomes between discharge and referral date, CR vs No-CR (AMI: 
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0.6% vs 0.6%, p=0.96; stroke: 0.2% vs 0.3%, p=0.71 and CABG: 0%vs 0%, p= 0.55). However, 

readmissions for PCI prior to the referral date were lower in the CR patients (0.2% vs 0.6%, p= 

0.03) (Table 3b).  

 

 

4.3 Late Outcomes: MACCE and All-cause Mortality 

The crude MACCE and mortality Kaplan Meier curves are depicted in (Figures 2a and 3a). 

In adjusted analyses using Cox proportional hazards models, MACCE was lower in patients who 

attended CR compared to those who did not attend CR (HR 0.83, 95% CI 0.75-0.91, p<0.001) 

(Table 4a and Figure 2b) and had higher freedom from MACCE (27.1% vs 21.9%) at 20 years. 

Freedom from MACCE at 10 and 15 years was 69.9% and 51.0% in patients who attended CR 

compared to 65.4% and 45.2% in those who did not (Table 5a).   

 

Adjusted survival at 10 and 15 years was 84.0% and 66.3% in the CR group versus 80.1% and 

60.1% in the No-CR group (Table 5b). Adjusted survival at 20 years was higher in the CR group 

compared to the No-CR group (Tables 4b, 5b and Figure 3b; 38.2% vs 31.4%, HR 0.76, 95%CI 

0.68-0.84, p<0.001). 

 

4.4 Late Outcomes: Non-fatal Cardiovascular Events 

Stroke (number of events =407), AMI (number of events=772) and repeat revascularization 

(number of events=795) were compared using the Fine-Gray model adjusting for death as a 

competing risk. There was a lower incidence of stroke at 20 years follow-up in the CR group 

compared to the No- CR group (adjusted sub-distribution HR 0.76, 95% CI 0.60 – 0.96, 

p=0.025) after accounting for death as a competing risk. There was no statistically significant 
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difference in AMI (adjusted sub-distribution HR 0.84, 95% CI 0.71 – 1.01, p=0.066), or repeat 

revascularization (adjusted sub-distribution HR 0.90, 95% CI 0.75 – 1.07, p=0.24 during the 

follow-up period (Tables 6, 7 and Figures 4a, 4b and 4c). 

 

Additionally, in a post hoc fashion, the CR group had a lower risk of the composite outcome of 

AMI, stroke or repeat revascularization compared to the No-CR group (adjusted sub-distribution 

HR 0.85, 95% CI 0.75-0.96, p = 0.013) after accounting for death as a competing risk. 

 

4.5 Secondary analysis 

To evaluate the association of low, medium, and high CR attendance on the primary outcome a 

secondary analysis was done. Baseline characteristics and early outcomes are described in 

(Tables 8, 9a and 9b).  

There did not seem to be any benefit from low CR attendance compared to No-attendance for 

both MACCE and all-cause mortality. There was a graded response, with medium attendance as 

the minimum effective CR dose.  The greatest effect on MACCE and mortality was observed in 

the high CR attendance group (Figures 5a, 5b and Figures 6a and 6b).   

 

4.6 Sensitivity analysis 

There was less than 4% missing data and the findings were robust after multiple imputations for 

missing data. Five imputed datasets were created and the summarized results across the five 

models were compared to the Cox model fit on the original data. In the adjusted analyses, CR 

continued to be associated with an improvement in MACCE (HR 0.86, 95% CI 0.78-0.93, 

p=0.0008) and all-cause mortality (HR 0.81, 95% CI 0.73-0.89, p <0.0001) (Table 10).  
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                                                         Chapter 3 

                                                 Discussion 

 

This chapter will summarize the key findings and discuss the limitations of this study. 

To my knowledge, this current study is the first to assess major cardiac outcomes of CABG 

patients following cardiac rehabilitation over nearly two decades of follow-up. This study 

targeted a study population defined by patients who underwent CABG with MACCE as our 

primary outcome and all-cause mortality as the secondary outcome. Despite the study being a 

single center study, the sample size was moderately large (N=5,000) and had a large number of 

outcome events to inform the analysis over the long follow-up period.  

 

The key findings are:   

(1) CABG patients who attended CR following hospital discharge had higher freedom from 

MACCE and lower all-cause mortality at any given point of time. 

(2)  There was consistency between the results of the primary analysis and secondary 

analysis which strengthen the credibility of the findings. A high level of CR attendance (> 67%) 

was associated with improved outcomes as compared to low level of attendance. 

(3) There was a significant reduction in stroke in patients who attended CR compared to 

those that did not attend CR. 

 

As compared to the No-CR group, patients in the CR group were younger, more likely male, had 

BMI (between 25-30), belonged to the higher income quintile, and had creatinine, CCS class and 

LV grade within the normal range. They had a lower prevalence of cardiac risk factors including 
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previous MI, hypertension, diabetes, smoking, peripheral vascular disease, chronic obstructive 

pulmonary disease, and cerebrovascular disease. Additionally, the extent of coronary disease was 

slightly greater in the No-CR group while the numbers of bypasses constructed was slightly 

greater in the CR group. The CR group had a shorter length of stay after surgery and had fewer 

readmissions within 30 days. However, the prevalence of recent MI (within 30 days of surgery) 

was higher in the CR group. There was no significant difference between the groups with respect 

to the other in-hospital outcomes (AMI, stroke, and dialysis).   

 

In this study, patients in the CR group belonged to a higher income quintile (31.1% vs 19.3%, p 

=<0.001) which can be translated as having a better SES, higher education, and possibly better 

understanding of the impacts of CR care. This is consistent with previous research which has 

shown that especially in a CABG population CR compliance is highly dependent on these 

sociodemographic factors19
. Patients with low SES experience greater barriers to CR as 

compared to patients belonging to high SES 19. Additionally, studies have shown that low SES is 

associated with higher morbidity and mortality in patients with CHD 76. A prospective 

observational study of 2,256 patients following AMI across 53 hospitals in Ontario, found that 

pre-existing heart disease and comorbidities such as hypertension, diabetes, smoking were higher 

among poorer and less educated people 77. 

 

There was a recent update to the CROS meta-analysis in November 2020 (i.e. after the 

publication of the manuscript in October 2020 based on this thesis); it included an additional 6 

studies (2RCT’s and 4 observational studies), in total 31 studies (228,337 patients) with a follow-

up period ranging from 9-14 years 78. CR continued to be associated with a significant reduction 
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in total mortality in patients with acute coronary syndrome (HR: 0.64, 95% CI 0.53-0.76). In this 

meta-analysis, CABG patients were analyzed as a subgroup (6/31 studies) and results showed 

that CR remained to be associated with reduced mortality (HR: 0.62, 95% CI 0.54-0.70) in this 

patient population 78.  

Reassuringly, the findings of this thesis project are consistent with the existing literature and 

provide confirmation regarding the benefits of CR attendance and association with reduced 

mortality in a CABG population. In this study as well, the CR group had better survival rate and 

lower MACCE which remained persistent over time both in the unadjusted analysis and 

multivariable modelling. The adjusted Kaplan-Meier curves showed a reduction in all-cause 

mortality and MACCE in the CR group, which remained in the same direction even after 

imputations for the missing data.  

 

There is existing evidence which portrays how individual events like AMI and stroke tend to 

vary with the intervention in patients with CHD 79 80. In order to better understand the effect of 

individual non-fatal cardiac events, in this study additional analysis was done where AMI, stroke 

and repeat revascularization were analyzed with death as a competing risk. Similar to a recent 

Cochrane meta-analysis of CR outcomes, our study showed that repeat revascularization was 

similar in the CR and No CR groups, (15.7% vs 16.4%, p=0.24, adjusted sub-distribution HR 

0.90, 95% CI 0.75-1.07). There was no statistically significant difference between the two groups 

in terms of new myocardial infarction, although numerically there were less events in the CR 

group (14.3% vs 18.4%, p=0.06, adjusted sub-distribution HR 0.84, 95% CI 0.71-1.01) 

throughout the follow-up period. However, there was a lower incidence of stroke at 20 years 

follow-up in the CR group compared to the No-CR group (adjusted sub-distribution HR 0.76, 
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95% CI 0.60 – 0.96, p=0.025) after accounting for death as a competing risk. The reduction in 

stroke in this patient population is a novel finding. 

 

Furthermore, in a post hoc analysis, patients in the CR group had a lower incidence of the 

composite of AMI, stroke or repeat revascularization (adjusted sub-distribution HR 0.85, 95%CI 

0.75-0.96, p = 0.013) after accounting for death as a competing risk. 

Additionally, in an exploratory fashion, patients in the No-CR group had a higher rate of nonfatal 

events (AMI or stroke or repeat revascularization) preceding death than the CR patients [CR vs 

No-CR: 38.0% vs 44.0%, p=0.01]. These are crude results without further adjustment for 

baseline characteristics and ignore the time to event nature of the data.  

 

None-the-less, these findings are relevant because the results do support the concept that one of 

the benefits of CR is the reduction in non-fatal events. The protective effect to prevent premature 

mortality could be mediated through these non-fatal cardiac events and CR attendance could be 

the potential driver for the outcomes. Further studies are required to corroborate these findings so 

as to better understand if these non-fatal events are indeed the main driver for the long-term 

outcomes in a CR-CABG population. 

 

To minimize bias the study population included all referred patients but any attendance was not 

sufficient to observe a treatment effect. The dose-response in this study showed that high-level of 

CR attendance had better outcomes as compared to low level of attendance. A secondary 

interpretation of the dose-response finding would be that the overall CR effect seen in the 

primary analysis is a true treatment effect rather than one related to unmeasured confounders. 
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We do not have information about CABG patients who were referred to another CR institute 

which may have had a different CR program and required level of attendance. Also, we do not 

have information of patients that underwent CABG and were never referred; these patients may 

have had different baseline characteristics which could alter the outcomes.  

 

Findings from this study highlight the importance of patient referral to CR after CABG. It also 

portrays the significance of sustained participation in CR for improved outcomes and better 

longevity.   
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                                                      Limitations  

 

As with any observational study there were some pertinent limitations with this study. As TRI is 

one of the oldest and largest rehabilitation centers in Ontario, findings from this single center 

study may not be easy to replicate at other rehabilitation centers which may reduce external 

generalizability. The retrospective nature of this study raises concerns for measured and 

unmeasured confounders which were not resolved with multivariable modelling. In particular, 

while we used neighbourhood income quintile as a surrogate measure for SES, we recognize that 

there are limitations to this approach and that true SES measures include other aspects such as 

education, available social supports, and mental health. Studies have shown that patients that 

undergo CR are more likely from higher socioeconomic status groups and higher socioeconomic 

status is associated with improved outcomes 19. While our exposure definition for the CR group 

was defined by any attendance, a large majority of the patients had moderate to high attendance 

(86.5% of cohort) and only 13.5% had low attendance. We were unable to determine the effect 

of compliance with the program (i.e. home based exercise) outside of the on-site sessions. 

Furthermore, the study population included only referred CABG patients and did not look at 

those who were not referred who may have had different baseline characteristics with different 

outcomes. Despite observing a dose-response effect, there is a possibility that this may reflect a 

change in the subject’s behavior itself rather than a function of the program’s effectiveness. A 

systematic review of 29 studies across different countries showed that factors related to CR 

attendance and compliance followed a determined pattern irrespective of the CR program. Older 

patients, women, persons who were unemployed with lower household income, patients with 

comorbidities, those who did not have transportation and those who were less educated had a 
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decreased CR attendance 24. Another limitation of this study is that the time to event analysis 

only included the date for the first event and did not include recurring non-fatal cardiac events. 

With increasing age and comorbidities CABG patients are at higher risk of AMI, stroke or repeat 

revascularization. They may experience multiple occurrences of non-fatal events over time. 

Therefore, to better understand the long-term clinical and survival effects of CR in a CABG 

population, the inclusion of recurrent non-fatal cardiac events may be informative. In addition, 

the study population is not a true contemporary cohort as the final year for inclusion into the 

cohort was 2008; however, the key features of CR delivery have remained the same over the last 

decade. Finally, it is possible that the long-term outcome difference observed may be attributable 

to the differences in lifestyle/exercise during the follow-up period rather than the act of CR 

referral in of itself. While important research has been published looking at CR care, studies 

specifically evaluating CR practices following CABG are still lacking. There is a need to 

evaluate other CR centers and analyze parameters such as ethnicity and gender which may have 

important impacts on long-term outcomes following CABG. 

 

 

 

 



47 
 

                                             

Copyright Acknowledgements  

The clinical registry data used in this project are from the CorHealth Ontario and its participating 

hospitals. CorHealth Ontario serves as an advisory body to the Ontario Ministry of Health and 

Long-Term Care (MOHLTC) and is dedicated to improving the quality, efficiency, access, and 

equity of adult cardiovascular services in Ontario, Canada.  

Parts of this material are based on data and/or information compiled and provided by CIHI.  

However, the analyses, conclusions, opinions, and statements expressed in the material are those 

of the author(s), and not necessarily those of CIHI. 

 

Source of funding  

This project was supported in part by the Bernard S Goldman Chair in Cardiovascular Surgery.  

Dr Fremes (Principal Supervisor) is supported in part by the Bernard S Goldman Chair in 

Cardiovascular Surgery. 

Dr Wijeysundera (ICES supervisor) is supported by a Phase 2 Clinician Scientist Award from the 

Heart and Stroke Foundation of Canada, Ontario Office. 

The authors did not receive any additional financial support for this project. 

 

Conflict of Interest None 

 

  



48 
 

Bibliography   

 

 

1. Mampuya WM. Cardiac rehabilitation past, present and future: an overview. Cardiovasc Diagn Ther. 

2012;2:38-49. 

2. Saltin B, Blomqvist G, Mitchell JH, Johnson RL, Jr., Wildenthal K and Chapman CB. Response to exercise 

after bed rest and after training. Circulation. 1968;38:Vii1-78. 

3. WHO Technical Report Series G. Rehabilitation of patients with cardiovascular disease. 1964;270:3-46. 

4. Heran BS, Chen JM, Ebrahim S, Moxham T, Oldridge N, Rees K, Thompson DR and Taylor RS. Exercise-

based cardiac rehabilitation for coronary heart disease. Cochrane Database Syst Rev. 2011:CD001800. 

5. Kavanagh T and Shephard RJ. Importance of physical activity in post-coronary rehabilitation. American 

journal of physical medicine. 1973;52:304-14. 

6. Grace SL, Bennett S, Ardern CI and Clark AM. Cardiac rehabilitation series: Canada. Prog Cardiovasc 

Dis. 2014;56:530-5. 

7. CCN_Cardiovascular_Rehab_Standards_2014. 

8. Stone J, Arthur, HM., Suskin, N., Austford, L., Carlson, J., Cupper, L., et al. Canadian Guidelines for 

Cardiac Rehabiliation and Cardiovascular Disease Prevention: Translating Knowledge into Action. Canadian 

Association of Cardiac Rehabilitation. 2009. 

9. Development and validation of an international appraisal instrument for assessing the quality of clinical 

practice guidelines: the AGREE project. Quality & safety in health care. 2003;12:18-23. 

10. Stone JA, Austford L, Parker JH, Gledhill N, Tremblay G, Arthur HM and Canadian Vascular C. 

AGREEing on Canadian cardiovascular clinical practice guidelines. The Canadian journal of cardiology. 

2008;24:753-757. 

11. Hillis LD SP, Anderson JL et al. 2011 ACCF/AHA Guideline for Coronary Artery Bypass Graft Surgery. A 

report of the American College of Cardiology Foundation/American Heart Association Task Force on Practice 

Guidelines. Developed in collaboration with the American Association for Thoracic Surgery, Society of 

Cardiovascular Anesthesiologists, and Society of Thoracic Surgeons. J Am Coll Cardiol. 2011;58(24):e123-210. 

12. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, Cooney MT, Corra U, Cosyns B, 

Deaton C, Graham I, Hall MS, Hobbs FDR, Lochen ML, Lollgen H, Marques-Vidal P, Perk J, Prescott E, Redon J, 

Richter DJ, Sattar N, Smulders Y, Tiberi M, van der Worp HB, van Dis I, Verschuren WMM and Binno S. 2016 

European Guidelines on cardiovascular disease prevention in clinical practice: The Sixth Joint Task Force of the 

European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical Practice 

(constituted by representatives of 10 societies and by invited experts)Developed with the special contribution of the 

European Association for Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart J. 2016;37:2315-2381. 

13. Supervia M, Turk-Adawi K, Lopez-Jimenez F, Pesah E, Ding R, Britto RR, Bjarnason-Wehrens B, Derman 

W, Abreu A, Babu AS, Santos CA, Jong SK, Cuenza L, Yeo TJ, Scantlebury D, Andersen K, Gonzalez G, Giga V, 

Vulic D, Vataman E, Cliff J, Kouidi E, Yagci I, Kim C, Benaim B, Estany ER, Fernandez R, Radi B, Gaita D, 

Simon A, Chen SY, Roxburgh B, Martin JC, Maskhulia L, Burdiat G, Salmon R, Lomeli H, Sadeghi M, Sovova E, 

Hautala A, Tamuleviciute-Prasciene E, Ambrosetti M, Neubeck L, Asher E, Kemps H, Eysymontt Z, Farsky S, 

Hayward J, Prescott E, Dawkes S, Santibanez C, Zeballos C, Pavy B, Kiessling A, Sarrafzadegan N, Baer C, 

Thomas R, Hu D and Grace SL. Nature of Cardiac Rehabilitation Around the Globe. EClinicalMedicine. 

2019;13:46-56. 

14. Susan Marzolini R, PhD; Chris Blanchard, PhD; David A. Alter, MD, PhD; Sherry L. Grace, PhD;Paul I. 

Oh, MD. Delays in Referral and Enrolment Are Associated With Mitigated Benefits of Cardiac Rehabilitation After 

Coronary Artery Bypass Surgery. Circ Cardiovasc Qual Outcomes. 2015;8:608-620. 

15. Grace SL, Oh PI, Marzolini S, Colella T, Tan Y and Alter DA. Observing temporal trends in cardiac 

rehabilitation from 1996 to 2010 in Ontario: characteristics of referred patients, programme participation and 

mortality rates. BMJ Open. 2015;5:e009523. 

16. Grace SL, Gravely-Witte S, Kayaniyil S, Brual J, Suskin N and Stewart DE. A multisite examination of sex 

differences in cardiac rehabilitation barriers by participation status. Journal of women's health (2002). 2009;18:209-

16. 



49 
 

17. Grace SL, Grewal K, Arthur HM, Abramson BL and Stewart DE. A prospective, controlled multisite study 

of psychosocial and behavioral change following women's cardiac rehabilitation participation. Journal of women's 

health (2002). 2008;17:241-8. 

18. Grace SL, Shanmugasegaram S, Gravely-Witte S, Brual J, Suskin N and Stewart DE. Barriers to cardiac 

rehabilitation: DOES AGE MAKE A DIFFERENCE? Journal of cardiopulmonary rehabilitation and prevention. 

2009;29:183-7. 

19. Shanmugasegaram S, Oh P, Reid RD, McCumber T and Grace SL. Cardiac rehabilitation barriers by 

rurality and socioeconomic status: a cross-sectional study. International journal for equity in health. 2013;12:72. 

20. Shanmugasegaram S, Gagliese L, Oh P, Stewart DE, Brister SJ, Chan V and Grace SL. Psychometric 

validation of the cardiac rehabilitation barriers scale. Clin Rehabil. 2012;26:152-64. 

21. Ethnicity and Cardiac rehabilitation research and care. CACRC 2012;20(2). 

22. Parashar S, Spertus JA, Tang F, Bishop KL, Vaccarino V, Jackson CF, Boyden TF and Sperling L. 

Predictors of early and late enrollment in cardiac rehabilitation, among those referred, after acute myocardial 

infarction. Circulation. 2012;126:1587-95. 

23. Beauchamp A, Worcester M, Ng A, Murphy B, Tatoulis J, Grigg L, Newman R and Goble A. Attendance 

at cardiac rehabilitation is associated with lower all-cause mortality after 14 years of follow-up. Heart. 2013;99:620-

5. 

24. Ruano-Ravina A, Pena-Gil C, Abu-Assi E, Raposeiras S, van 't Hof A, Meindersma E, Bossano Prescott EI 

and González-Juanatey JR. Participation and adherence to cardiac rehabilitation programs. A systematic review. 

International journal of cardiology. 2016;223:436-443. 

25. Candido E RJ, Oh P, et al. . The relationship between need and capacity for multidisciplinary 

cardiovascular risk-reduction programs in Ontario. Can J Cardiol 2011;27:200–7. 2011. 

26. Grace SL TY, Marcus L, Dafoe W, Simpson C, Suskin N, Chessex C. Perceptions of cardiac rehabilitation 

patients, specialists and rehabilitation programs regarding cardiac rehabilitation wait times. BMC Health Serv Res. 

2012;12:259. 

27. Arthur HM, Swabey T, Suskin N and Ross J. The Ontario Cardiac Rehabilitation Pilot Project: 

Recommendations for health planning and policy. The Canadian journal of cardiology. 2004;20:1251-5. 

28. Grace SL CC, Arthur H, Chan S, Cyr C, Dafoe W, Juneau M, Oh P, Suskin N. Systematizing Inpatient 

Referral to Cardiac Rehabilitation 2010: Canadian association of cardiac rehabilitation and Canadian cardiovascular 

society joint position paper. J Cardiopulm Rehabil Prev 2011;31(3):E1-8. 

29. Liu H, Wilton SB, Southern DA, Knudtson ML, Maitland A, Hauer T, Arena R, Rouleau C, James MT, 

Stone J and Aggarwal S. Automated Referral to Cardiac Rehabilitation After Coronary Artery Bypass Grafting Is 

Associated With Modest Improvement in Program Completion. The Canadian journal of cardiology. 2019;35:1491-

1498. 

30. GB. L. Public health: global burden of cardiovascular disease. Nat Rev Cardiol. 2013;10:59. 

31. Deb S WH, Ko DT, Tsubota H, Hill S, Fremes SE. . Coronary artery bypass graft surgery vs percutaneous 

interventions in coronary revascularization: a systematic review. JAMA. 2013;310:2086–2095. 

32. Cardiac Care Quality Indicators Report. 

33. Neumann FJ, Hochholzer W and Siepe M. [ESC/EACTS guidelines on myocardial revascularization 2018 : 

The most important innovations]. Herz. 2018;43:689-694. 

34. Sousa-Uva M, Neumann F-J, Ahlsson A, Alfonso F, Banning AP, Benedetto U, Byrne RA, Collet J-P, Falk 

V, Head SJ, Jüni P, Kastrati A, Koller A, Kristensen SD, Niebauer J, Richter DJ, Seferović PM, Sibbing D, Stefanini 

GG, Windecker S, Yadav R, Zembala MO and Group ESD. 2018 ESC/EACTS Guidelines on myocardial 

revascularization. European Journal of Cardio-Thoracic Surgery. 2018;55:4-90. 

35. Head SJ, Milojevic M, Daemen J, Ahn JM, Boersma E, Christiansen EH, Domanski MJ, Farkouh ME, 

Flather M, Fuster V, Hlatky MA, Holm NR, Hueb WA, Kamalesh M, Kim YH, Mäkikallio T, Mohr FW, 

Papageorgiou G, Park SJ, Rodriguez AE, Sabik JF, 3rd, Stables RH, Stone GW, Serruys PW and Kappetein AP. 

Mortality after coronary artery bypass grafting versus percutaneous coronary intervention with stenting for coronary 

artery disease: a pooled analysis of individual patient data. Lancet (London, England). 2018;391:939-948. 

36. Taggart DP, Benedetto U, Gerry S, Altman DG, Gray AM, Lees B, Gaudino M, Zamvar V, Bochenek A, 

Buxton B, Choong C, Clark S, Deja M, Desai J, Hasan R, Jasinski M, O'Keefe P, Moraes F, Pepper J, 

Seevanayagam S, Sudarshan C, Trivedi U, Wos S, Puskas J and Flather M. Bilateral versus Single Internal-

Thoracic-Artery Grafts at 10 Years. The New England journal of medicine. 2019;380:437-446. 

37. Deb S, Tu JV, Austin PC, Ko DT, Rocha R, Mazer CD, Kiss A and Fremes SE. Impact of South Asian 

Ethnicity on Long-Term Outcomes After Coronary Artery Bypass Grafting Surgery: A Large Population-Based 

Propensity Matched Study. J Am Heart Assoc. 2016;5. 



50 
 

38. Hansen D, Dendale P, Leenders M, Berger J, Raskin A, Vaes J and Meeusen R. Reduction of 

cardiovascular event rate: different effects of cardiac rehabilitation in CABG and PCI patients. Acta cardiologica. 

2009;64:639-44. 

39. Quinn R Pack KG, Brian D Lahr et al. . Participation in cardiac rehabilitation and survival after coronary 

artery bypass graft surgery: a community based study. Circulation. 2013;128:590-597. 

40. Scrutinio D and Giannuzzi P. Comorbidity in patients undergoing coronary artery bypass graft surgery: 

impact on outcome and implications for cardiac rehabilitation. Eur J Cardiovasc Prev Rehabil. 2008;15:379-85. 

41. Rideout A, Lindsay G and Godwin J. Patient mortality in the 12 years following enrolment into a pre-

surgical cardiac rehabilitation programme. Clin Rehabil. 2012;26:642-7. 

42. Kavanagh T, Mertens DJ, Hamm LF, Beyene J, Kennedy J, Corey P and Shephard RJ. Peak oxygen intake 

and cardiac mortality in women referred for cardiac rehabilitation. J Am Coll Cardiol. 2003;42:2139-43. 

43. Valkeinen H, Aaltonen S and Kujala UM. Effects of exercise training on oxygen uptake in coronary heart 

disease: a systematic review and meta-analysis. Scandinavian journal of medicine & science in sports. 2010;20:545-

55. 

44. Jelinek HF, Huang ZQ, Khandoker AH, Chang D and Kiat H. Cardiac rehabilitation outcomes following a 

6-week program of PCI and CABG Patients. Frontiers in physiology. 2013;4:302. 

45. Lan C, Chen SY, Hsu CJ, Chiu SF and Lai JS. Improvement of cardiorespiratory function after 

percutaneous transluminal coronary angioplasty or coronary artery bypass grafting. American journal of physical 

medicine & rehabilitation. 2002;81:336-41. 

46. Shenkman Z, Shir Y, Weiss YG, Bleiberg B and Gross D. The effects of cardiac surgery on early and late 

pulmonary functions. Acta anaesthesiologica Scandinavica. 1997;41:1193-9. 

47. Pengelly J, Pengelly M, Lin KY, Royse C, Karri R, Royse A, Bryant A, Williams G and El-Ansary D. 

Exercise Parameters and Outcome Measures Used in Cardiac Rehabilitation Programs Following Median 

Sternotomy in the Elderly: A Systematic Review and Meta-Analysis. Heart, lung & circulation. 2019;28:1560-1570. 

48. Clausen JP. Circulatory adjustments to dynamic exercise and effect of physical training in normal subjects 

and in patients with coronary artery disease. Prog Cardiovasc Dis. 1976;18:459-95. 

49. Fukuda T, Kurano M, Fukumura K, Yasuda T, Iida H, Morita T, Yamamoto Y, Takano N, Komuro I and 

Nakajima T. Cardiac rehabilitation increases exercise capacity with a reduction of oxidative stress. Korean 

circulation journal. 2013;43:481-7. 

50. Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-Morte D, Gargiulo G, Testa G, Cacciatore F, 

Bonaduce D and Abete P. Oxidative stress, aging, and diseases. Clinical interventions in aging. 2018;13:757-772. 

51. Ambrosetti M, Abreu A, Corrà U, Davos CH, Hansen D, Frederix I, Iliou MC, Pedretti RF, Schmid JP, 

Vigorito C, Voller H, Wilhelm M, Piepoli MF, Bjarnason-Wehrens B, Berger T, Cohen-Solal A, Cornelissen V, 

Dendale P, Doehner W, Gaita D, Gevaert AB, Kemps H, Kraenkel N, Laukkanen J, Mendes M, Niebauer J, 

Simonenko M and Zwisler AO. Secondary prevention through comprehensive cardiovascular rehabilitation: From 

knowledge to implementation. 2020 update. A position paper from the Secondary Prevention and Rehabilitation 

Section of the European Association of Preventive Cardiology. Eur J Prev Cardiol. 2020:2047487320913379. 

52. Suaya JA, Shepard DS, Normand SL, Ades PA, Prottas J and Stason WB. Use of cardiac rehabilitation by 

Medicare beneficiaries after myocardial infarction or coronary bypass surgery. Circulation. 2007;116:1653-62. 

53. Taylor RS, Brown A, Ebrahim S, Jolliffe J, Noorani H, Rees K, Skidmore B, Stone JA, Thompson DR and 

Oldridge N. Exercise-based rehabilitation for patients with coronary heart disease: systematic review and meta-

analysis of randomized controlled trials. The American Journal of Medicine. 2004;116:682-692. 

54. Lindsey A NO, David R, et al. Exercise-based cardiac rehabilitation for coronary heart disease. Cochrane 

Database Syst Rev. J Am Cardiology. 2016;(1):CD001800. 

55. Rauch B, Davos CH, Doherty P, Saure D, Metzendorf MI, Salzwedel A, Voller H, Jensen K and Schmid 

JP. The prognostic effect of cardiac rehabilitation in the era of acute revascularisation and statin therapy: A 

systematic review and meta-analysis of randomized and non-randomized studies - The Cardiac Rehabilitation 

Outcome Study (CROS). Eur J Prev Cardiol. 2016;23:1914-1939. 

56. Sharma R NC, Gyenes G, Senaratne M, Bainey KR. . Effect of Cardiac Rehabilitation on South Asian 

Individuals with Cardiovascular Disease: Results from the APPROACH Registry. The Canadian journal of 

cardiology. 2016;32(10s2): s397-s402. 

57. Jong-Young Lee SH, Jung-Min Ahn et al. . Impact of participation in Phase 1 and Phase 11 cardiac 

rehabilitation on long-term survival after coronary artery bypass graft surgery. International journal of Cardiology. 

2014;176:1429-1432. 



51 
 

58. Hammill BG, Curtis LH, Schulman KA and Whellan DJ. Relationship between cardiac rehabilitation and 

long-term risks of death and myocardial infarction among elderly Medicare beneficiaries. Circulation. 2010;121:63-

70. 

59. Frederix I, Hansen D, Coninx K, Vandervoort P, Vandijck D, Hens N, Van Craenenbroeck E, Van 

Driessche N and Dendale P. Effect of comprehensive cardiac telerehabilitation on one-year cardiovascular 

rehospitalization rate, medical costs and quality of life: A cost-effectiveness analysis. Eur J Prev Cardiol. 

2016;23:674-82. 

60. Levin LA, Perk J and Hedbäck B. Cardiac rehabilitation--a cost analysis. Journal of internal medicine. 

1991;230:427-34. 

61. Dixon T, Lim LL and Oldridge NB. The MacNew heart disease health-related quality of life instrument: 

reference data for users. Quality of life research : an international journal of quality of life aspects of treatment, 

care and rehabilitation. 2002;11:173-83. 

62. Ware JH KM, Dewey J. How to score version 2 of SF-36 health survey - Standards and acute forms. 

Lincoln: Quality Metric. 2000. 

63. Dougherty CM, Dewhurst T, Nichol WP and Spertus J. Comparison of three quality of life instruments in 

stable angina pectoris: Seattle Angina Questionnaire, Short Form Health Survey (SF-36), and Quality of Life Index-

Cardiac Version III. Journal of clinical epidemiology. 1998;51:569-75. 

64. Alter DA, Yu B, Bajaj RR and Oh PI. Relationship Between Cardiac Rehabilitation Participation and 

Health Service Expenditures Within a Universal Health Care System. Mayo Clinic Proceedings. 2017;92:500-511. 

65. Doimo S, Fabris E, Piepoli M, Barbati G, Antonini-Canterin F, Bernardi G, Maras P and Sinagra G. Impact 

of ambulatory cardiac rehabilitation on cardiovascular outcomes: a long-term follow-up study. Eur Heart J. 

2019;40:678-685. 

66. Nancy G Kutner RZ, Yijian Huang, Charles A Herzog. . Cardiac rehabilitation and survival of dialysis 

patients after coronary bypass. J Am Soc Nepro. 2006;17:1175-1180. 

67. Hedbäck B, Perk J, Hörnblad M and Ohlsson U. Cardiac rehabilitation after coronary artery bypass 

surgery: 10-year results on mortality, morbidity and readmissions to hospital. J Cardiovasc Risk. 2001;8:153-8. 

68. Esenwa C and Gutierrez J. Secondary stroke prevention: challenges and solutions. Vascular health and risk 

management. 2015;11:437-50. 

69. Prior PL, Hachinski V, Unsworth K, Chan R, Mytka S, O'Callaghan C and Suskin N. Comprehensive 

cardiac rehabilitation for secondary prevention after transient ischemic attack or mild stroke: I: feasibility and risk 

factors. Stroke. 2011;42:3207-13. 

70. Billinger SA, Arena R, Bernhardt J, Eng JJ, Franklin BA, Johnson CM, MacKay-Lyons M, Macko RF, 

Mead GE, Roth EJ, Shaughnessy M and Tang A. Physical activity and exercise recommendations for stroke 

survivors: a statement for healthcare professionals from the American Heart Association/American Stroke 

Association. Stroke. 2014;45:2532-53. 

71. Rocha RV, Tam DY, Karkhanis R, Nedadur R, Fang J, Tu JV, Gaudino M, Royse A and Fremes SE. 

Multiple Arterial Grafting Is Associated With Better Outcomes for Coronary Artery Bypass Grafting Patients. 

Circulation. 2018;138:2081-2090. 

72. Austin P. Using the Standardized Difference to Compare the Prevalence of a Binary Variable Between Two 

Groups in Observational Research. Peter C Austin. 2009;38. 

73. Hess KR. Graphical methods for assessing violations of the proportional hazards assumption in cox 

regression. Statistics in Medicine. 1995;14:1707-1723. 

74. Austin PC, Lee DS and Fine JP. Introduction to the Analysis of Survival Data in the Presence of 

Competing Risks. Circulation. 2016;133:601-9. 

75. Yuan YC. Multiple imputation for Missing Data: Concepts and New Development (version 9.0). 

76. Smith GD, Hart C, Blane D, Gillis C and Hawthorne V. Lifetime socioeconomic position and mortality: 

prospective observational study. BMJ (Clinical research ed). 1997;314:547-52. 

77. Alter DA, Iron K, Austin PC and Naylor CD. Socioeconomic status, service patterns, and perceptions of 

care among survivors of acute myocardial infarction in Canada. Jama. 2004;291:1100-7. 

78. Salzwedel A, Jensen K, Rauch B, Doherty P, Metzendorf MI, Hackbusch M, Völler H, Schmid JP and 

Davos CH. Effectiveness of comprehensive cardiac rehabilitation in coronary artery disease patients treated 

according to contemporary evidence based medicine: Update of the Cardiac Rehabilitation Outcome Study (CROS-

II). Eur J Prev Cardiol. 2020;27:1756-1774. 

79. Edwards FH, Shahian DM, Grau-Sepulveda MV, Grover FL, Mayer JE, O'Brien SM, DeLong E, Peterson 

ED, McKay C, Shaw RE, Garratt KN, Dangas GD, Messenger J, Klein LW, Popma JJ and Weintraub WS. 



52 
 

Composite outcomes in coronary bypass surgery versus percutaneous intervention. The Annals of thoracic surgery. 

2014;97:1983-8; discussion 1988-90. 

80. Serruys PW, Morice MC, Kappetein AP, Colombo A, Holmes DR, Mack MJ, Ståhle E, Feldman TE, van 

den Brand M, Bass EJ, Van Dyck N, Leadley K, Dawkins KD and Mohr FW. Percutaneous coronary intervention 

versus coronary-artery bypass grafting for severe coronary artery disease. The New England journal of medicine. 

2009;360:961-72. 

  



53 
 

 

Appendix 1:  

 

Database(s): Ovid MEDLINE: Epub Ahead of Print, In-Process & Other Non-Indexed Citations, 

Ovid MEDLINE® Daily and Ovid MEDLINE® 1946-May 2020  
  
 
 

Search Strategy: 

 

# Searches Results 

1 exp Coronary Artery Bypass/rh [Rehabilitation] 828 

2 

limit 1 to (English language and humans and (clinical study or clinical trial, all or 

controlled clinical trial or dataset or English abstract or journal article or meta-analysis or 

multicenter study or observational study or randomized controlled trial or "review" or 

systematic reviews)) 

579 

3 
exp Coronary Artery Bypass/ or exp Postoperative Complications/ or exp Treatment 

Outcome/ 
1289404 

4 exp Cardiac Rehabilitation/ 1531 

5 

limit 3 to (English language and humans and ("adult (19 to 44 years)" or "middle age (45 to 

64 years)" or "all aged (65 and over)" or "aged (80 and over)") and (clinical study or 

clinical trial, all or English abstract or journal article or meta-analysis or multicenter study 

or observational study or randomized controlled trial or "review" or systematic reviews)) 

664412 

6 4 and 5 134 

7 2 or 6 702 

8 2 or 4 2093 

9 exp Coronary Artery Disease/ or exp Exercise Therapy/ or exp Cardiac Rehabilitation/ 95063 

10 8 and 9 1658 

11 9 or 10 166 
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Appendix 2:  Specific datasets for baseline variables (dataset creation) 

 

Variable                                                            Dataset  

 RPDB 

 

CIC Corhealth 

Ontario cardiac 

registry 

ICES database TRI database 

Age Yes - - - Yes 

Sex Yes - - - Yes 

BMI - - Yes - Yes 

Income quintile - - - - Yes 

Ethnicity - Yes - Yes - 

Creatinine - - Yes - - 

CCS class - - Yes - - 

LVEF grade - - Yes - - 

Hypertension - - Yes Yes - 

Diabetes - - Yes Yes - 

Hyperlipidemia - - Yes - - 

Smoking - - Yes - Yes 

PVD - - Yes - - 

COPD - - Yes - - 

CVD - - Yes - - 

Redo CABG - - Yes - - 

Previous PCI - - Yes - - 

Previous MI - - Yes - - 

Previous MI within 

30 days 

- - Yes - - 

 

Legend – RPDB: registered persons database; CIC: Canadian Immigration database; TRI: 

Toronto rehabilitation institute database 

CCS: Canadian Cardiovascular Society Class; PVD: peripheral vascular disease; COPD: 

chronic obstructive pulmonary disease; CVD: cerebrovascular disease; HTN: hypertension; 

LVEF: left ventricular ejection fraction 
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Appendix 3:  Codes for outcome variables 

 

Outcome ICD-9 code ICD-10 code CCI code OHIP code 
     

Coronary artery 

bypass graft 

surgery 

 

 1IJ76  

Double coronary 

bypass graft 

 
  R743 

Each additional 

coronary bypass 

graft 

 

  E654 

Total number of 

grafts 

 
  

R742 or R743 + 

(E654 x N) 

Total number of 

arterial grafts 

 
  E652 x N 

AMI 410 I21.x, I22.x   

Stroke 

 

430,431,434,436,36

2.3 

I60.x I61.x I62.x 

I63.x, I64.x, H34.1 

(excluding I63.6) 

  

Percutaneous 

coronary 

intervention 

 

 
1IJ50, 1IJ54, 

1IJ57GQ 
 

 

Legend - AMI: Acute Myocardial Infarction; CCI: Canadian Classification of Health Interventions; ICD: 

International Classification of Diseases, N: Number of OHIP claims; OHIP: Ontario Health Insurance 

Plan. 
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Table 2: Baseline characteristics of the CR group and No-CR groups  

 
 

 CR Group  No-CR Group  

Standardized 

difference P-Value 

 

VARIABLE 
VALUE       N=3,685 N=1,315    

     

Age  Mean (SD)           62.6 ± 9.6           64.0 ± 10.5 0.14 <0.001 

Sex  

 
F            552 (15.0%)            270 (20.5%) 0.15 

<0.001 M          3,133 (85.0%)          1,045 (79.5%) 0.15 

 

 

BMI 

 

<25            925 (25.1%)            313 (23.8%) 0.03 

<0.001 

25-30          1,793 (48.7%)            463 (35.2%) 0.28 

31-35            702 (19.1%)            264 (20.1%) 0.03 

>35            215 (5.8%)             88 (6.7%) 0.04 

   Missing             50 (1.4%)            187 (14.2%) 0.49 

 

 

Income quintile 

 

1            594 (16.1%)            286 (21.7%) 0.14 

<0.001 

2            616 (16.7%)            282 (21.4%) 0.12 

3            640 (17.4%)            242 (18.4%) 0.03 

4            689 (18.7%)            251 (19.1%) 0.01 

5          1,146 (31.1%)            254 (19.3%) 0.27 

 

Surname-based Ethnic 

Group 

 

Chinese             92 (2.5%)             39 (3.0%) 0.03 

0.12 

General 

population          3,428 (93.0%)          1,201 (91.3%) 0.06 

South Asian            165 (4.5%)             75 (5.7%) 0.06 

Charlson Index  Mean (SD) 0.9 ± 0.7 1.0 ± 0.7 0.16 <0.001 

 

Creatinine 

 

<120          3,312 (89.9%)          1,140 (86.7%) 0.10 

0.003 

120-180            222 (6.0%)             91 (6.9%) 0.04 

>180             33 (0.9%)             23 (1.7%) 0.07 

   Missing            118 (3.2%)             61 (4.6%) 0.07 

 

CCS class 

 

0             16-20              6-10 0.03 

 

 

 

 

 

0.08 

1            228 (6.2%)             82 (6.2%) 0.00 

2            579 (15.7%)            179 (13.6%) 0.06 

3          1,045 (28.4%)            345 (26.2%) 0.05 

4          1,809 (49.1%)            698 (53.1%) 0.08 

   Missing              4-8              1-5 0.01 

 

LVEF grade 

 

1          1,770 (48.0%)            563 (42.8%) 0.10 

<0.001 

2          1,269 (34.4%)            474 (36.0%) 0.03 

3            542 (14.7%)            224 (17.0%) 0.06 

4             77 (2.1%)             41 (3.1%) 0.06 

   Missing             27 (0.7%)             13 (1.0%) 0.03 

HTN           2,502 (67.9%)            986 (75.0%) 0.16 <0.001 

Diabetes           1,159 (31.5%)            521 (39.6%) 0.17 <0.001 
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Legend - CR group – patients who were referred and attended at least one session 
No-CR group – patients who were referred but did not attend any sessions 

CCS: Canadian Cardiovascular Society Class; PVD: peripheral vascular disease; COPD: chronic 

obstructive pulmonary disease; CVD: cerebrovascular disease; HTN: hypertension; LVEF: left 

ventricular ejection fraction; previous MI: previous myocardial infarction (any MI within 15 years prior 

to index CABG); previous MI within 30 days: indicates any myocardial infarction within 30 days prior to 

index coronary artery bypass graft (CABG);PCI: percutaneous coronary intervention; TVD: triple vessel 

disease; SVD: single vessel disease; LAD: left anterior descending artery; RCA: right coronary artery; 

Cx: circumflex, St. Diff: standardized difference (less than 0.1 is negligible). 

As per ICES policy, all cells with fewer than 5 events were presented as a range to avoid patient 

identification. 

Hyperlipidemia           2,460 (66.8%)            882 (67.1%) 0.01 0.83 

Smoking           2,136 (58.0%)            798 (60.7%) 0.06 0.08 

PVD             362 (9.8%)            179 (13.6%) 0.12 <0.001 

COPD             192 (5.2%)             86 (6.5%) 0.06 0.07 

CVD             271 (7.4%)            122 (9.3%) 0.07 0.02 

Redo CABG              96 (2.6%)             47 (3.6%) 0.06 0.07 

Previous PCI             243 (6.6%)            104 (7.9%) 0.05 0.10 

Previous MI           1,299 (35.3%)            534 (40.6%) 0.11 <0.001 

Previous MI within 30 

days             719 (19.5%)            225 (17.1%) 0.06 0.05 

Number of grafts based 

on OHIP billing Mean (SD)         3.2 ± 0.9         3.1 ± 0.9 0.12 <0.001 

 

 

Number of grafts based 

on OHIP billing 

 

 

Missing             90 (2.4%)             33 (2.5%) 0.00 

<0.001 

1             83 (2.3%)             38 (2.9%) 0.04 

2            503 (13.6%)            216 (16.4%) 0.08 

3          1,472 (39.9%)            551 (41.9%) 0.04 

4          1,191 (32.3%)            391 (29.7%) 0.06 

5            323 (8.8%)             80 (6.1%) 0.10 

6             23 (0.6%)              6 (0.5%) 0.02 

Episode length of stay 

(LOS) 

Median 

(IQR) 7.0 (6-10) 8.0 (6-12) 0.16 <0.001 

 

 

Arterial graft 

 

0            240 (6.5%)            106 (8.1%) 0.06 
 

 

 

0.007 

1          2,456 (66.6%)            899 (68.4%) 0.04 

2            796 (21.6%)            252 (19.2%) 0.06 

3            193 (5.2%)             58 (4.4%) 0.04 

Left Main 1            823 (22.3%)            304 (23.1%) 0.02 

0.35 

Proximal LAD + one or 

more Cx & RCA 2          1,918 (52.0%)            689 (52.4%) 0.01 

TVD without proximal 

LAD 3            126 (3.4%)             56 (4.3%) 0.04 

SVD of proximal LAD 4            296 (8.0%)             83 (6.3%) 0.07 

1 or 2 vessel disease or 

none of the above 5            497 (13.5%)            171 (13.0%) 0.01 

Disease location    Missing             25 (0.7%)             12 (0.9%) 0.03 



58 
 

Table 3a: In-hospital outcomes of the CR group and No-CR groups 

  

 

Legend – CR group – patients who were referred and attended at least one session 

No-CR group – patients who were referred but did not attend any sessions 

AMI: acute myocardial infarction  
 

 

Table 3b: Outcomes between discharge – referral date of the CR group and No-CR groups  

 

Legend – CR group – patients who were referred and attended at least one session 

No-CR group – patients who were referred but did not attend any sessions 

 

AMI: acute myocardial infarction, PCI:  percutaneous coronary intervention, CABG: coronary artery 

bypass graft 

As per ICES policy, all cells with fewer than 5 events were presented as a range to avoid patient 

identification. 

 

CR Group No-CR Group P-value 

Relative risk (95% CI) 

- crude 

Variable  N = 3,685 N = 1,315   

     

AMI 78 (2.1%) 18 (1.4%) 0.09 0.64 (0.38-1.07) 

Stroke 29 (0.8%) 10 (0.8%) 0.92 0.96 (0.47-1.97) 

Dialysis 87 (2.4%) 44 (3.3%) 0.05 1.41 (0.99-2.02) 

 

 
 

CR group 

 

No-CR group 

 

P-value 

Relative risk  

(95%CI) – crude  

Variable  

 

 

N = 3,685 

 

N = 1,315 
  

     

All-cause readmission 

(excluding readmissions 

for AMI, Stroke or repeat 

revascularization) 

 

228 (6.2%) 124 (9.4%) <0.001 1.52 (1.23-1.87) 

AMI 22 (0.6%) 8 (0.6%) 0.96 1.01 (0.45-2.28) 

Stroke 9 (0.2%) 1-5 0.71 1.24 (0.38-4.03) 

PCI 8 (0.2%) 8 (0.6%) 0.03 2.80 (1.05-7.45) 

Redo-CABG 1-5 0 (0.0%) 0.55 1.00 (0.99-1.00) 
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Table 4a: Multivariable Cox proportional hazards model for Primary Outcome (MACCE) 

 

 

Variable 

 Hazard Ratio 

95% Hazard 

confidence 

limits 

P-value  

 
     

CR Group  

 

0.83 

 

 

0.75-0.91 

 

 

<0.0001  

Age   1.04 1.03-1.04 <0.0001  

Sex Female 0.99 0.89-1.11 0.95 Ref = Male 

BMI 25-30 1.03 0.93-1.14 0.54  

 

Ref = BMI <25 
31-35 1.17 1.03-1.32 0.01 

>35 1.28 1.06-1.53 0.008 

Missing 0.90 0.74-1.09 0.28 

 

 

Income quintile 

 

1 1.07 0.95-1.21 0.23  

 

Ref = Income 

quintile 5 

2 1.05 0.93-1.18 0.41 

3 1.10 0.97-1.24 0.11 

4 1.06 0.94-1.20 0.28 

 

Surname-based 

Ethnic Group 

 

Chinese 0.67 0.49-0.90 

 

0.009 

 

Ref = general 

population South 

Asian 1.19 0.98-1.44 

 

0.07 

Charlson Index   1.18 1.04-1.34 0.007  

 

Creatinine 

120-180 1.20 1.03-1.39 0.01  

Ref = creatinine < 

120 
>180 1.65 1.21-2.26 0.001 

Missing 1.31 1.08-1.58 0.004 

 

CCS class 

 

2 1.25 1.02-1.55 0.03  

 

Ref = CCS class 1 
3 1.35 1.11-1.64 0.002 

4 1.30 1.07-1.58 0.006 

Missing 1.67 0.76-3.67 0.19 

 

LVEF grade 

 

2 1.02 0.93-1.12 0.58  

 

Ref = LVEF grade 

1 

3 1.18 1.05-1.33 0.004 

4 1.71 1.36-2.14 <0.0001 

Missing 1.55 1.04-2.29 0.03 

HTN  1.04 0.95-1.14 0.37  

Diabetes  1.29 1.18-1.42 <0.0001  

Hyperlipidemia  0.95 0.88-1.04 0.32  

Smoking  1.12 1.03-1.22 0.005  

PVD  1.35 1.20-1.52 <0.0001  

COPD  1.19 1.01-1.39 0.028  

CVD  1.25 1.10-1.43 0.0007  

Redo CABG  1.18 0.95-1.46 0.13  

Previous PCI  1.09 0.93-1.28 0.24  

Previous MI  1.24 1.07-1.43 0.003  

Previous MI within 

30 days  0.80 0.70-0.92 

 

0.003 

 

Number of grafts 

based on OHIP 

billing  0.96 0.92-1.00 

 

 

0.06 

 



60 
 

 

Legend - Ref: reference group for the variable 

CCS: Canadian Cardiovascular Society Class; PVD: peripheral vascular disease; COPD: chronic 

obstructive pulmonary disease; CVD: cerebrovascular disease; HTN: hypertension; LVEF: left 

ventricular ejection fraction; previous MI: previous myocardial infarction (any MI within 15 years prior 

to index CABG); PCI: percutaneous coronary intervention; TVD: triple vessel disease; SVD: single 

vessel disease; LAD: left anterior descending artery; RCA: right coronary artery; Cx: circumflex ; AMI: 

acute myocardial infarction 

Episode length of 

stay (LOS)  1.01 1.01-1.02 

 

<0.0001 

 

 

 

Arterial graft 

 

0 0.95 0.81-1.11 0.54  

Ref = Single arterial 

graft x1 
2 0.87 0.78-0.97 0.012 

3 0.84 0.67-1.04 
0.11 

Proximal LAD + 

one or more Cx & 

RCA 2 0.93 0.84-1.03 

0.20  

 

 

Ref = Left Main 

disease 
TVD without 

proximal LAD 3 0.92 0.71-1.18 

0.52 

SVD of proximal 

LAD 4 0.96 0.81-1.14 

0.68 

1 or 2 vessel disease 

or none of the above 5 1.05 0.91-1.20 

0.47 

Disease location Missing 1.20 0.77-1.85 0.40 

                                                        In-Hospital Outcomes 

AMI  0.84 0.63-1.12 0.25  

Stroke  1.39 0.94-2.06 0.09  

Dialysis  1.27 0.98-1.64 0.06  

                                                       Outcome before referral date 

All-cause 

readmission 

(excluding 

readmissions for 

AMI, Stroke or 

repeat 

revascularization)  1.22 1.06-1.41 

 

 

 

 

 

 

0.004 
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Table 4b: Multivariable Cox proportional hazards model for Secondary Outcome (All-cause mortality) 

 

Variable 

 Hazard Ratio 

95% Hazard 

confidence 

limits 

P-value  

 
     

CR Group  

 

0.76 

 

 

0.68-0.84 

 

 

<0.0001  

Age   1.08 1.07-1.08 <0.0001  

Sex Female 0.93 0.82-1.05 0.27 Ref = Male 

BMI 25-30 0.96 0.85-1.08 0.50  

 

Ref = BMI <25 
31-35 1.20 1.04-1.38 0.01 

>35 1.40 1.13-1.73 0.001 

Missing 0.82 0.66-1.02 0.07 

 

 

Income quintile 

 

1 1.07 0.93-1.24 0.29  

 

Ref = Income 

quintile 5 

2 1.08 0.94-1.24 0.25 

3 1.05 0.92-1.21 0.42 

4 1.05 0.92-1.21 0.41 

 

Surname-based 

Ethnic Group 

 

Chinese 0.78 0.56-1.09 0.15  

Ref = general 

population South 

Asian 1.10 0.87-1.40 

0.40 

Charlson Index   1.11 0.95-1.28 0.16  

 

Creatinine 

120-180 1.29 1.10-1.52 0.001  

Ref = creatinine < 

120 
>180 2.01 1.43-2.82 <0.0001 

Missing 1.40 1.14-1.71 0.001 

 

CCS class 

 

2 1.30 1.01-1.67 0.03  

 

Ref = CCS class 1 
3 1.37 1.09-1.73 0.006 

4 1.29 1.02-1.62 0.029 

Missing 1.50 0.90-2.38 0.08 

 

LVEF grade 

 

2 1.08 0.97-1.21 0.12  

 

Ref = LVEF grade 1 
3 1.40 1.23-1.60 <0.0001 

4 2.50 1.95-3.20 <0.0001 

Missing 1.50 0.90-2.38 0.08 

HTN  1.09 0.98-1.21 0.11  

Diabetes  1.49 1.34-1.66 <0.0001  

Hyperlipidemia  0.91 0.83-1.00 0.06  

Smoking  1.18 1.07-1.30 0.0008  

PVD  1.57 1.38-1.79 <0.0001  

COPD  1.16 0.97-1.38 0.09  

CVD  1.24 1.07-1.43 0.004  

Redo CABG  1.10 0.86-1.40 0.43  

Previous PCI  0.92 0.76-1.12 0.43  

Previous MI  1.16 0.98-1.36 0.07  

Previous MI within 

30 days  0.87 0.69-0.94 

0.006  

Number of grafts 

based on OHIP 

billing  0.96 0.91-1.01 

 

 

0.15 

 

Episode length of 

stay (LOS)  1.01 1.01-1.02 

 

<0.0001 
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Legend - Ref: reference group for the variable 

CCS: Canadian Cardiovascular Society Class; PVD: peripheral vascular disease; COPD: chronic 

obstructive pulmonary disease; CVD: cerebrovascular disease; HTN: hypertension; LVEF: left 

ventricular ejection fraction; previous MI: previous myocardial infarction (any MI within 15 years prior 

to index CABG); PCI: percutaneous coronary intervention; TVD: triple vessel disease; SVD: single 

vessel disease; LAD: left anterior descending artery; RCA: right coronary artery; Cx: circumflex; AMI: 

acute myocardial infarction 

 

 

  

 

 

Arterial graft 

 

0 1.04 0.88-1.23 0.59  

Ref = Single arterial 

graft 
2 0.83 0.79-0.96 0.010 

3 0.90 0.69-1.19 

 

0.49 

Proximal LAD + 

one or more Cx & 

RCA 2 0.86 0.76-0.96 

 

 

0.010 

 

 

 

Ref = Left Main 

disease 
TVD without 

proximal LAD 3 0.92 0.68-1.23 

 

0.58 

SVD of proximal 

LAD 4 0.95 0.77-1.17 

 

0.66 

1 or 2 vessel disease 

or none of the above 5 0.95 0.81-1.11 

 

0.54 

Disease location Missing 1.02 0.63-1.66 0.91 

                                                   In-Hospital Outcomes 

AMI  0.91 0.67-1.24 0.57  

Stroke  1.53 1.10-2.33 0.044  

Dialysis  1.35 1.01-1.81 0.042  

                                                 Outcomes before referral date  

All-cause 

readmission 

(excluding 

readmissions for 

AMI, Stroke or 

repeat 

revascularization)  1.40 1.20-1.64 

 

 

 

 

 

 

<0.0001 

 

AMI   1.40 0.76-2.56 0.27  

Stroke  5.89 3.26-10.67 <0.0001  

Repeat 

revascularization   0.33 0.04-2.45 

 

0.28 
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Table 5a: [Adjusted] Time to event analysis for Freedom from MACCE 

 

 

 

 

 

 

 

 

 

 

Legend - CR group – patients who were referred and attended at least one session 

No-CR group – patients who were referred but did not attend any sessions 

 

MACCE is defined by all-cause mortality, myocardial infarction, stroke, or repeat revascularization. The 

data is the table are the adjusted Kaplan -Meier estimates with the 95% confidence interval (CI). 

HR=hazard ratio. 

  

Freedom from 

MACCE for CR 

group compared to 

No-CR group 

 

Hazard ratio: 0.83, 95% CI (0.75– 0.91) 

Adjusted p-value for Cox proportional hazards model = <.0001 

 

Freedom from 

MACCE  

 

  CR group    No-CR group   

  

% (95 CI) 

 

% (95 CI) 

 

HR (95%CI) 

    

5yr  86.1% (85.1-87.1) 83.6% (82.3-85.0) 0.71(0.60-0.83) 

10yr 69.9% (68.6-71.3) 65.4% (63.4-67.6) 0.80(0.72-0.89) 

15yr  51.0% (49.3-52.6) 45.2% (42.7-47.9) 0.80(0.74-0.86) 

20yr 27.1% (24.7-29.8) 21.9% (19.2-25.1) 0.83(0.77-0.89) 
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Table 5b: [Adjusted] Time to event analysis for Freedom from all-cause mortality 

 

 

 

 

 

 

 

 

 

 

 

Legend - CR group – patients who were referred and attended at least one session 

No-CR group – patients who were referred but did not attend any sessions 

 

The data is the table are the adjusted Kaplan -Meier estimates with the 95% confidence interval (CI). 

HR=hazard ratio. 

  

Freedom from All-cause 

Mortality for CR group 

compared to No-CR group 

 

Hazard ratio: 0.76, 95% CI (0.68– 0.84) 

Adjusted p-value for Cox proportional hazards model = <.0001 

 

Freedom from All-cause 

Mortality 
CR Group No-CR group  

 

 

  

% (95 CI) 

 

% (95 CI) 

 

 

HR (95%CI) 

5yr  94.9% (94.4-95.5) 93.5% (92.7-94.3) 0.56(0.44-0.73) 

10yr  84.0% (83.0-85.0) 80.1% (78.6-81.7) 0.75(0.66-0.85) 

15yr 66.3% (64.9-67.8) 60.1% (57.9-62.4) 0.77(0.71-0.83) 

20yr 38.2% (35.8-40.8) 31.4% (28.5-34.6) 0.78 (0.72-0.83) 
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Table 6:  [Adjusted] Sub-distribution HR for AMI, Stroke, and repeat revascularization (PCI or CABG) 

with death as a competing risk at 20 years follow-up 

 

 

 

 

Legend - CR group – patients who were referred and attended at least one session 

No-CR group – patients who were referred but did not attend any sessions 

 

AMI – acute myocardial infarction 

  

 

 
 

CR group 

 

No-CR group 

 

Sub-distribution 

HR (95%CI) 

 

P-value  

Variable  

 

 

N = 3,685 

 

N = 1,315 
  

     

AMI 529 243 0.84 (0.71-1.01) 0.06 

Stroke 267 140 0.76 (0.60-0.96) 0.02 

Repeat revascularization 

(PCI or CABG) 

 

579 

 

216 

 

0.90 (0.75-1.07) 

 

0.24 
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Table 7: Cumulative incidence for non-fatal events adjusted for Death as a competing risk 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend - CR group – patients who were referred and attended at least one session 

No-CR group – patients who were referred but did not attend any sessions 

 

AMI – acute myocardial infarction 

 

 

 

 

 

 CR Group  No-CR Group 

 

  

% (95 CI) 

 

 

% (95 CI) 

Cumulative incidence 5yr AMI 0.5 (0.3-0.7) 1.9 (1.2-2.7) 

Cumulative incidence 10yr AMI 3.3 (2.8-3.9) 6.0 (4.8-7.3) 

Cumulative incidence 15yr AMI 9.5 (8.5-10.6) 13.7 (11.8-15.8) 

Cumulative incidence 20yr AMI 21.5 (19.6-23.4) 24.3 (21.5-27.3) 

   

Cumulative incidence 5yr stroke 0.4 (0.2-0.6) 1.1(0.6-1.8) 

Cumulative incidence 10yr stroke 2.1 (1.7-2.6) 4.2 (3.2-5.4) 

Cumulative incidence 15yr stroke 5.6 (4.9-6.5) 8.7 (7.1-10.4) 

Cumulative incidence 20yr stroke 10.3 (9.0-11.8) 14.1 (11.8-16-5) 

   

Cumulative incidence 5yr repeat 

revascularization 

0.2 (0.1-0.4) 0.6 (0.3-1.2) 

Cumulative incidence 10yr repeat 

revascularization 

2.4 (1.9-2.9) 3.2 (2.3-4.3) 

Cumulative incidence 15yr repeat 

revascularization 

9.2 (8.2-10.3) 10.5 (8.8-12.4) 

Cumulative incidence 20yr repeat 

revascularization 

23.0 (21.2-24.9) 22.0 (19.3-24.7) 
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Table 8: Baseline characteristics based on the level of Cardiac rehab participation [High, Medium, Low 

and No participation]  

 

 

Variable value High - > 67% Mid - 33 - 

67% 

low - < 33% No-CR group 

– (intake only 

- 0% 

attendance) 

p-value 

  
N=1,974 

 

 

N=1,210 N=501 N=1,315 
 

       

Age  Mean ± 

SD 

63.8 ± 9.3 61.4 ± 9.8 60.6 ±10.0 64.0 ± 10.5 <0.001 

 

Sex  

F 275 (13.9%) 197 (16.3%) 80 (16.0%) 270 (20.5%) <0.001 

M 1,699 (86.1%) 1,013 (83.7%) 421 (84.0%) 1,045 (79.5%) 
 

 

 

BMI 

<25 533 (27.0%) 273 (22.6%) 119 (23.8%) 313 (23.8%)  

 

<0.001 
25-30 1,003 (50.8%) 571 (47.2%) 219 (43.7%) 463 (35.2%) 

31-35 331 (16.8%) 251 (20.7%) 120 (24.0%) 264 (20.1%) 

>35 83 (4.2%) 97 (8.0%) 35 (7.0%) 88 (6.7%) 

missing 24 (1.2%) 18 (1.5%) 8 (1.6%) 187 (14.2%) 

 

 

Income Quintile 

1 266 (13.5%) 219 (18.1%) 109 (21.8%) 286 (21.7%)  

 

 

<0.001 

2 318 (16.1%) 204 (16.9%) 94 (18.8%) 282 (21.4%) 

3 361 (18.3%) 195 (16.1%) 84 (16.8%) 242 (18.4%) 

4 357 (18.1%) 247 (20.4%) 85 (17.0%) 251 (19.1%) 

5 672 (34.0%) 345 (28.5%) 129 (25.7%) 254 (19.3%) 

 

Surname-based 

Ethnic Group 

Chinese 58 (2.9%) 25 (2.1%) 9 (1.8%) 39 (3.0%)  

 

0.03 
General 

population 

1,844 (93.4%) 1,118 (92.4%) 466 (93.0%) 1,201 (91.3%) 

South 

Asian 

72 (3.6%) 67 (5.5%) 26 (5.2%) 75 (5.7%) 

Charlson Index Mean ± 

SD 

0.8 ± 0.7 0.9 ± 0.7 0.9 ± 0.7 1.0 ± 0.7 <0.001 

 

 

Creatinine 

<120 1,778 (90.1%) 1,090 (90.1%) 444 (88.6%) 1,140 (86.7%)  

 

0.03 
120-180 115 (5.8%) 68 (5.6%) 39 (7.8%) 91 (6.9%) 

>180 15 (0.8%) 13 (1.1%) 4-8  23 (1.7%) 

missing 66 (3.3%) 39 (3.2%) 13 (2.6%) 61 (4.6%) 

 

 

 

CCS class 

0 4-8 5-9 1-5 6-10   

 

0.36 
1 138 (7.0%) 64 (5.3%) 26 (5.2%) 82 (6.2%) 

2 305 (15.5%) 197 (16.3%) 77 (15.4%) 179 (13.6%) 

3 555 (28.1%) 346 (28.6%) 144 (28.7%) 345 (26.2%) 

4 964 (48.8%) 596 (49.3%) 249 (49.7%) 698 (53.1%) 

missing 4-8 1-5 

 

1-5 
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LVEF grade 

1 974 (49.3%) 588 (48.6%) 208 (41.5%) 563 (42.8%)  

 

<0.001 
2 671 (34.0%) 407 (33.6%) 191 (38.1%) 474 (36.0%) 

3 279 (14.1%) 182 (15.0%) 81 (16.2%) 224 (17.0%) 

4 37 (1.9%) 28 (2.3%) 12 (2.4%) 41 (3.1%) 

missing 13 (0.7%) 4-8 6-10  13 (1.0%) 

HTN 
 

1,354 (68.6%) 802 (66.3%) 346 (69.1%) 986 (75.0%) <0.001 

Diabetes 
 

563 (28.5%) 399 (33.0%) 197 (39.3%) 521 (39.6%) <0.001 

Hyperlipidemia 
 

1,314 (66.6%) 802 (66.3%) 344 (68.7%) 882 (67.1%) 0.79 

Smoking 
 

1,114 (56.4%) 706 (58.3%) 316 (63.1%) 798 (60.7%) 0.01 

PVD 
 

185 (9.4%) 119 (9.8%) 58 (11.6%) 179 (13.6%) <0.001 

COPD 
 

103 (5.2%) 61 (5.0%) 28 (5.6%) 86 (6.5%) 0.32 

CVD 
 

151 (7.6%) 80 (6.6%) 40 (8.0%) 122 (9.3%) 0.09 

Redo CABG 
 

45 (2.3%) 34 (2.8%) 17 (3.4%) 47 (3.6%) 0.14 

Previous PCI 
 

119 (6.0%) 78 (6.4%) 46 (9.2%) 104 (7.9%) 0.03 

Previous MI 
 

691 (35.0%) 428 (35.4%) 180 (35.9%) 534 (40.6%) 0.007 

Previous MI within 

30 days 

 
404 (20.5%) 218 (18.0%) 97 (19.4%) 225 (17.1%) 0.08 

Graft number based 

on OHIP billing  

Mean ± 

SD 

3.3 ± 0.9 3.3 ± 0.9 3.2 ± 0.9 3.1 ± 0.9 0.002 

 

 

 

Graft number based 

on OHIP billing 

0 49 (2.5%) 28 (2.3%) 13 (2.6%) 33 (2.5%)  

 

 

0.07 

1 50 (2.5%) 25 (2.1%) 6-10  38 (2.9%) 

2 256 (13.0%) 169 (14.0%) 78 (15.6%) 216 (16.4%) 

3 804 (40.7%) 469 (38.8%) 199 (39.7%) 551 (41.9%) 

4 624 (31.6%) 402 (33.2%) 165 (32.9%) 391 (29.7%) 

5 177 (9.0%) 111 (9.2%) 35 (7.0%) 80 (6.1%) 

6 14 (0.7%) 4-8  1-5  6 (0.5%) 

 

 

Episode length of 

stay (LOS) 

Arterial graft 

Mean ± 

SD 

8.9 ± 5.6 9.3 ± 6.8 9.1 ± 6.2 10.2 ± 7.7 <0.001 

0 117 (5.9%) 87 (7.2%) 36 (7.2%) 106 (8.1%)  

 

0.01 
1 1,337 (67.7%) 802 (66.3%) 317 (63.3%) 899 (68.4%) 

2 404 (20.5%) 263 (21.7%) 129 (25.7%) 252 (19.2%) 

3 116 (5.9%) 58 (4.8%) 19 (3.8%) 58 (4.4%) 

Left main 1 435 (22.0%) 262 (21.7%) 126 (25.1%) 304 (23.1%)  

 

 

 

0.52 

Proximal LAD + 

one or more Cx & 

RCA 

2 1,047 (53.0%) 625 (51.7%) 246 (49.1%) 689 (52.4%) 

TVD without 

proximal LAD 

3 63 (3.2%) 41 (3.4%) 22 (4.4%) 56 (4.3%) 

SVD of proximal 

LAD 

4 162 (8.2%) 99 (8.2%) 35 (7.0%) 83 (6.3%) 

1 or 2 vessel disease 

or none of the above 

5 254 (12.9%) 174 (14.4%) 69 (13.8%) 171 (13.0%) 

Disease location missing 13 (0.7%) 7-11  1-5  12 (0.9%) 
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Legend - (High attendance was defined as attended > 67% of CR sessions, Mid attendance attended 33% 

- 67% of CR sessions, Low attendance attended <33%, and No-attendance 0%) 

CCS: Canadian Cardiovascular Society Class; PVD: peripheral vascular disease; COPD: chronic 

obstructive pulmonary disease; CVD: cerebrovascular disease; HTN: hypertension; LVEF: left 

ventricular ejection fraction; previous MI: previous myocardial infarction (any MI within 15 years prior 

to index CABG); previous MI within 30 days: indicates any myocardial infarction within 30 days prior to 

index coronary artery bypass graft (CABG);PCI: percutaneous coronary intervention; TVD: triple vessel 

disease; SVD: single vessel disease; LAD: left anterior descending artery; RCA: right coronary artery; 

Cx: circumflex, St. Diff: standardized difference (less than 0.1 is negligible). 

As per ICES policy, all cells with fewer than 5 events were presented as a range to avoid patient 

identification. 
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Table 9a: [Crude] In – hospital outcomes based on the level of cardiac rehab participation [High, 

Medium, Low and No participation] - (after surgery – before discharge) 

 

 

Legend - (High attendance was defined as attended > 67% of CR sessions, Mid attendance attended 33% 

- 67% of CR sessions, Low attendance attended <33%, and No-attendance 0%) 

AMI: acute myocardial infarction. As per ICES policy, all cells with fewer than 5 events were presented 

as a range to avoid patient identification. 

  

 
High - > 67% 

 

Mid - 33 - 67% 

 

 

low - < 33% No-CR group – 

(intake only - 0% 

attendance) 

 

 

p-value 

 N=1,974 

 

N=1,210 N=501 N=1,315  

AMI 41 (2.1%) 25 (2.1%) 12 (2.4%) 18 (1.4%) 0.37 

Stroke 13 (0.7%) 12 (1.0%) 1-5  10 (0.8%) 0.78 

Dialysis 39 (2.0%) 32 (2.6%) 16 (3.2%) 44 (3.3%) 0.08 
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Table 9b: [Crude] Outcomes between discharge – referral date based on the level of cardiac rehab 

participation [High, Medium, Low and No participation] 

 

 

Legend - (High attendance was defined as attended > 67% of CR sessions, Mid attendance attended 33% 

- 67% of CR sessions, Low attendance attended <33%, and No-attendance 0%) 

AMI: acute myocardial infarction, PCI: percutaneous coronary intervention, CABG: coronary artery 

bypass graft  

As per ICES policy, all cells with fewer than 5 events were presented as a range to avoid patient 

identification. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
High - > 67% 

 

Mid - 33 - 67% 

 

 

low - < 33% No-CR group – 

(intake only – 0% 

attendance) 

 

 

p-value 

 

 

 N=1,974 

 

N=1,210 N=501 N=1,315  

All-cause 

readmission 

(excluding 

readmissions for 

AMI, Stroke or 

repeat 

revascularization) 

123 (6.2%) 71 (5.9%) 34 (6.8%) 124 (9.4%) 0.001 

AMI 8-12 9 (0.7%) 1-5 8 (0.6%) 0.39 

Stroke 6 (0.3%) 1-5  1-5  1-5  0.86 

PCI 6 (0.3%) 1-5  1-5  8 (0.6%) 0.12 

CABG 1-5  0 (0.0%) 0 (0.0%) 0 (0.0%)  0.67 
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Table 10: Baseline characteristics of the CR group and No-CR group (with imputations for missing 

variables) 

 
Variable Value Yes No Standardized 

difference 

p-value 

  
N=3,685 N=1,315 

  

      

Age  Mean ± SD 62.61 ± 9.69 64.08 ± 10.51         0.14 <.001 

 

Sex  

F 552 (15.0%) 270 (20.5%)         0.15  

<.001 M 3,133 (85.0%) 1,045 (79.5%)         0.15 

 

 

BMI 

Missing 1 (0.0%) 0 (0.0%)         0.02  

 

<.001 
<25 928 (25.2%) 353 (26.8%)         0.04 

25-30 1,819 (49.4%) 552 (42.0%)         0.15 

31-35 718 (19.5%) 313 (23.8%)         0.10 

>35 219 (5.9%) 97 (7.4%)         0.06 

 

 

Income Quintile 

1 594 (16.1%) 286 (21.7%)         0.14  

 

<.001 
2 616 (16.7%) 282 (21.4%)         0.12 

3 640 (17.4%) 242 (18.4%)         0.03 

4 689 (18.7%) 251 (19.1%)         0.01 

5 1,146 (31.1%) 254 (19.3%)         0.27 

 

Surname-based Ethnic 

Group 

Chinese 92 (2.5%) 39 (3.0%)         0.03  

0.126 General 

population 

3,428 (93.0%) 1,201 (91.3%)         0.06 

South Asian 165 (4.5%) 75 (5.7%)         0.06 

Charlson Index  Mean ± SD 0.91 ± 0.74 1.02 ± 0.71         0.16 <.001 

 

Creatinine 

Missing 1 (0.0%) 0 (0.0%)         0.02  

0.300 <120 3,449 (93.6%) 1,216 (92.5%)         0.04 

>120 235 (6.4%) 99 (7.5%)         0.05 

 

 

 

CCS class 

Missing 1 (0.0%) 0 (0.0%)         0.02  

 

0.074 
0 17 (0.5%) 9 (0.7%)         0.03 

1 228 (6.2%) 82 (6.2%)         0.00 

2 580 (15.7%) 179 (13.6%)         0.06 

3 1,050 (28.5%) 347 (26.4%)         0.05 

4 1,809 (49.1%) 698 (53.1%)         0.08 

 

 

LVEF grade 

Missing 1 (0.0%) 0 (0.0%)         0.02  

 

<.001 
1 1,776 (48.2%) 567 (43.1%)         0.10 

2 1,283 (34.8%) 481 (36.6%)         0.04 

3 547 (14.8%) 225 (17.1%)         0.06 

4 78 (2.1%) 42 (3.2%)         0.07 

HTN 
 

2,502 (67.9%) 986 (75.0%)         0.16 <.001 

Diabetes 
 

1,159 (31.5%) 521 (39.6%)         0.17 <.001 

Hyperlipidemia 
 

2,460 (66.8%) 882 (67.1%)         0.01 0.835 
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Smoking 
 

2,136 (58.0%) 798 (60.7%)         0.06 0.086 

PVD 
 

362 (9.8%) 179 (13.6%)         0.12 <.001 

COPD 
 

192 (5.2%) 86 (6.5%)         0.06 0.071 

CVD 
 

271 (7.4%) 122 (9.3%)         0.07 0.026 

Redo 
 

96 (2.6%) 47 (3.6%)         0.06 0.070 

Previous PCI 
 

243 (6.6%) 104 (7.9%)         0.05 0.107 

Previous MI 
 

1,299 (35.3%) 534 (40.6%)         0.11 <.001 

Previous MI within 

30days  

 
719 (19.5%) 225 (17.1%)         0.06 0.056 

episode LOS Median 

(IQR) 

7.0 (6-10) 8.0 (6-12)         0.16 <.001 

 

 

 

Number of grafts based 

on OHIP billing  

0 90 (2.4%) 33 (2.5%)         0.00  

 

 

<.001 

1 83 (2.3%) 38 (2.9%)         0.04 

2 503 (13.6%) 216 (16.4%)         0.08 

3 1,472 (39.9%) 551 (41.9%)         0.04 

4 1,191 (32.3%) 391 (29.7%)         0.06 

5 323 (8.8%) 80 (6.1%)         0.10 

6 23 (0.6%) 6 (0.5%)         0.02 

 

 

Arterial graft 

0 240 (6.5%) 106 (8.1%)         0.06  

 

0.007 
1 2,456 (66.6%) 899 (68.4%)         0.04 

2 796 (21.6%) 252 (19.2%)         0.06 

3 193 (5.2%) 58 (4.4%)         0.04 

Disease location Missing 1 (0.0%) 0 (0.0%)         0.02  

 

 

0.230 

Left main 1 825 (22.4%) 306 (23.3%)         0.02 

Proximal LAD + one or 

more Cx & RCA  

2 1,926 (52.3%) 694 (52.8%)         0.01 

TVD without prox LAD 3 135 (3.7%) 60 (4.6%)         0.05 

SVD of prox LAD 4 301 (8.2%) 84 (6.4%)         0.07 

1 or 2 vessel disease or 

none of the above 

5 497 (13.5%) 171 (13.0%)         0.01 

 

Legend - CR group – patients who were referred and attended at least one session 
No-CR group – patients who were referred but did not attend any sessions 

CCS: Canadian Cardiovascular Society Class; PVD: peripheral vascular disease; COPD: chronic 

obstructive pulmonary disease; CVD: cerebrovascular disease; HTN: hypertension; LVEF: left 

ventricular ejection fraction; previous MI: previous myocardial infarction (any MI within 15 years prior 

to index CABG); previous MI within 30 days:  indicates any myocardial infarction within 30 days prior to 

index coronary artery bypass graft (CABG); PCI: percutaneous coronary intervention; TVD: triple vessel 

disease; SVD: single vessel disease; LAD: left anterior descending artery; RCA: right coronary artery; 

Cx: circumflex, St. Diff: standardized difference (less than 0.1 is negligible). 
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                                                           Figure legends 
 

Figure 1. Cohort creation diagram 

Legend - ICES number (IKN) is a unique, confidential ICES number assigned to each person for 

successful linkage across data sets, CABG: coronary artery bypass graft, CIHI: Canadian Institute for 

Health Information Discharge Abstract Database 

 

Figure 2a.  Crude Kaplan-Meier curve for 20-year freedom from MACCE for the CR vs No-CR groups.  

Legend - CR group – patients who were referred and attended at least one session.  

No-CR group – patients who were referred but did not attend any sessions 

Freedom from Major Adverse Cardiac and Cerebrovascular events (MACCE). MACCE indicates Major 

Adverse Cardiac and Cerebrovascular Events. MACCE is defined as a composite endpoint of all-cause 

mortality, acute myocardial infarction (AMI), stroke or repeat revascularization.  

MACCE was lower in patients who attended CR compared to those who did not attend. 

 

Figure 2b. Adjusted Kaplan-Meier curve for 20-year freedom from MACCE for the CR vs No-CR 

groups.  

Legend - CR group – patients who were referred and attended at least one session.  

No-CR group – patients who were referred but did not attend any sessions 

Freedom from major adverse cardiac and cerebrovascular events (MACCE). MACCE is defined as a 

composite endpoint of all-cause mortality, acute myocardial infarction (AMI), stroke or repeat 

revascularization. The shaded area represents the 95% confidence interval. 

MACCE was lower in patients who attended CR compared to those who did not attend. 

 

Figure 3a. Crude Kaplan-Meier curve for 20-year freedom from all-cause mortality for the CR vs No-CR 

groups.  

Legend - CR group – patients who were referred and attended at least one session 

No-CR group – patients who were referred but did not attend any sessions 

Freedom from all-cause mortality.  

Overall survival was higher in the CR group as compared to the No-CR group. 

 

Figure 3b. Adjusted Kaplan-Meier curve for 20-year freedom from all-cause mortality for the CR vs No-

CR groups.  

Legend - CR group – patients who were referred and attended at least one session 

No-CR group – patients who were referred but did not attend any sessions 

Freedom from all-cause mortality. The shaded area represents the 95% confidence interval. 

Overall survival was higher in the CR group as compared to the No-CR group. 

 

Figure 4a. Cumulative incidence for stroke in CR vs No-CR with death as a competing risk.  

Legend - CR group – patients who were referred and attended at least one session. No-CR group – 

patients who were referred but did not attend any sessions. The shaded area represents the 95% 

confidence interval. 

When adjusted for Death as a competing risk, attendance of CR post isolated CABG was associated with 

a significant decrease in Stroke during the follow-up period. 
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Figure 4b. Cumulative incidence for AMI in CR vs No-CR with death as a competing risk.  

Legend - CR group – patients who were referred and attended at least one session. No-CR group – 

patients who were referred but did not attend any sessions. The shaded area represents the 95% 

confidence interval. 

When adjusted for Death as a competing risk, attendance of CR post isolated CABG was not associated 

with a significant decrease in AMI during the follow-up period although the adjusted hazard ratio 

favoured the CR group. 

 

Figure 4c. Cumulative incidence for repeat revascularization (PCI or CABG) in CR vs No-CR with death 

as a competing risk.  

Legend - CR group – patients who were referred and attended at least one session. No-CR group – 

patients who were referred but did not attend any sessions. The shaded area represents the 95% 

confidence interval. 

When adjusted for Death as a competing risk, attendance of CR post isolated CABG was not associated 

with a significant decrease in repeat revascularization during the follow-up period although the adjusted 

hazard ratio favoured the CR group. 

Figure 5a . Forest plot - showing stepwise comparison between levels of CR attendance, High vs Mid, 

Mid vs Low and Low vs No-CR for the primary outcome (MACCE). 

Legend - MACCE indicates Major Adverse Cardiac and Cerebrovascular Events. MACCE is defined 

above. 

(High attendance was defined as attended > 67% of CR sessions, Mid attendance 33% - 67%, Low 

attendance <33%, and No-attendance 0% of CR sessions). 

There was a stepwise graded response, for mid-level and high-level of attendance but there was no CR 

effect with low attendance. 

 

Figure 5b . Forest plot – showing stepwise comparison between levels of CR attendance, High vs Mid, 

Mid vs Low and Low vs No-CR for the secondary outcome (all-cause mortality). 

Legend - (High attendance was defined as attended > 67% of CR sessions, Mid attendance 33% - 67%, 

Low attendance <33%, and No-attendance 0% of CR sessions). 

There was no CR effect for low-level of attendance, but a stepwise graded response for mid-level and 

high-level of attendance. 

 

Figure 6a. Adjusted Kaplan-Meier curve for 20year freedom from MACCE for groups: High CR vs No-

CR group, Mid CR vs No-CR, Low CR vs No-CR, High CR vs Low CR and Mid CR vs Low CR.  

Legend - Freedom from major adverse cardiac and cerebrovascular events (MACCE). MACCE indicates 

Major Adverse Cardiac and Cerebrovascular events. MACCE is defined as a composite endpoint 

of all-cause mortality, acute myocardial infarction (AMI), stroke or repeat revascularization. Scale 

is adjusted to highlight Time zero= referral date up to 20 years. HR = hazard ratio (95% 

confidence interval (CI)). The shaded area represents the 95% confidence interval. (High 

attendance was defined as attended > 67% of CR sessions, Mid attendance attended 33% - 67% of 

CR sessions, Low attendance attended <33%, and No-attendance 0%). 

Patients with high level of attendance had better freedom from MACCE than non-attendees. 
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Figure 6b. Adjusted Kaplan-Meier curve for 20year freedom from all-cause mortality for groups: High 

CR vs No-CR group, Mid CR vs No-CR, Low CR vs No-CR, High CR vs Low CR and Mid CR vs Low 

CR.  

Legend - Freedom from all-cause mortality. Scale is adjusted to highlight Time zero= referral date up to 

20 years. HR = hazard ratio (95% confidence interval (CI)). The shaded area represents the 95% 

confidence interval. (High attendance was defined as attended > 67% of CR sessions, Mid 

attendance attended 33% - 67% of CR sessions, Low attendance attended <33%, and No-

attendance 0%). 

Overall survival was higher in patients with high level of attendance as compared to No-CR group. 
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Figure 1. Cohort creation diagram   

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Link to valid CIHI records of CABG on the same day of, or one day 

before or after, CABG surgery date (01 January 1996 and 30 

September 2008): N=90,654 

ICES Toronto rehab dataset - started with all records (01 

January 1996 and 31 December 2010): N= 28,767 

Linked CorHealth Ontario Cardiac registry dataset and Toronto rehab 

dataset N = 5,274 

FINAL N = 5,000 

Excluded patients with multiple records                

N = 3,702 

 Removed if Sex, Income quintile, 

address are missing N = 510 

Multiple records with same IKN were 

deleted N= 3,297 

Removed records if Death date is before 

referral date, CABG date or Discharge date 

N = 7 

Removed records if CABG to referral date 

is more than 365 days N = 267 

Unable to link to valid CIHI records              

N = 3,815 

ICES Toronto rehab dataset - N= 25,470 

Isolated CABG from CorHealth Ontario Cardiac registry 

with the surgery date between 01 January 1996 and 30 

September 2008: N=98,681 
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Legend: ICES number (IKN) is a unique, confidential ICES number assigned to each person for 

successful linkage across data sets, CABG: coronary artery bypass graft, CIHI: Canadian 

Institute for Health Information Discharge Abstract Database 
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Figure 2a.  Crude Kaplan-Meier curve for 20-year freedom from MACCE for the CR vs No-CR groups.  

 

 

 

 

 

 
 

 

 

 

Legend - CR group – patients who were referred and attended at least one session.  

No-CR group – patients who were referred but did not attend any sessions 

Freedom from Major Adverse Cardiac and Cerebrovascular events (MACCE). MACCE indicates Major 

Adverse Cardiac and Cerebrovascular Events. MACCE is defined as a composite endpoint of all-cause 

mortality, acute myocardial infarction (AMI), stroke or repeat revascularization.  

 

MACCE was lower in patients who attended CR compared to those who did not attend. 
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Figure 2b: Adjusted Kaplan-Meier curve for 20-year freedom from MACCE for the CR vs No-CR 

groups  

 

 

 

 

Legend: CR group – patients who were referred and attended at least one session 

No-CR group – patients who were referred but did not attend any sessions 

 

Freedom from major adverse cardiac and cerebrovascular events (MACCE). MACCE indicates Major 

Adverse Cardiac and Cerebrovascular Events. MACCE is defined as a composite endpoint of all-cause 

mortality, acute myocardial infarction (AMI), stroke or repeat revascularization. The shaded area 

represents the 95% confidence interval. 

MACCE was lower in patients who attended CR compared to those who did not attend. 
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Figure 3a. Crude Kaplan-Meier curve for 20-year freedom from all-cause mortality for the CR vs No-CR 

groups.  

 

 

 

 

 

 
 

 

 

 

Legend - CR group – patients who were referred and attended at least one session 

No-CR group – patients who were referred but did not attend any sessions 

Freedom from all-cause mortality.  

 

Overall survival was higher in the CR group as compared to the No-CR group. 
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Figure 3b: Adjusted Kaplan-Meier curve for 20-year freedom from all-cause mortality for the CR vs No-

CR groups  

 

 

 

 

 

 

 

Legend: CR group – patients who were referred and attended at least one session 

No-CR group – patients who were referred but did not attend any sessions 

Freedom from all-cause mortality. The shaded area represents the 95% confidence interval. 

Overall survival was higher in the CR group as compared to the No-CR group. 
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Figure 4a: Cumulative incidence for stroke in CR vs No-CR with death as a competing risk  

 

 

 

 

Legend - CR group and No-CR group  

CR group – patients who were referred and attended at least one session. No-CR group – patients who 

were referred but did not attend any sessions. The shaded area represents the 95% confidence interval. 

When adjusted for Death as a competing risk, attendance of CR post isolated CABG was associated with 

a significant decrease in Stroke during the follow-up period. 
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Figure 4b: Cumulative incidence for AMI in CR vs No-CR with death as a competing risk 

 

 

 

 

Legend - CR group and No-CR group  

CR group – patients who were referred and attended at least one session. No-CR group – patients who 

were referred but did not attend any sessions. The shaded area represents the 95% confidence interval. 

When adjusted for Death as a competing risk, attendance of CR post isolated CABG was not associated 

with a significant decrease in AMI during the follow-up period although the adjusted hazard ratio 

favoured the CR group. 
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Figure 4c: Cumulative incidence for repeat revascularization (PCI or CABG) in CR vs No-CR 

with death as a competing risk 

 

 

 

 

Legend - CR group and No-CR group  

CR group – patients who were referred and attended at least one session. No-CR group – patients who 

were referred but did not attend any sessions. The shaded area represents the 95% confidence interval. 

When adjusted for Death as a competing risk, attendance of CR post isolated CABG was not associated 

with a significant decrease in repeat revascularization during the follow-up period, although the adjusted 

hazard ratio favoured the CR group. 
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Figure 5a: Forest plot – showing stepwise comparison between levels of CR attendance, High vs Mid, 

Mid vs Low and Low vs No-CR for the primary outcome (MACCE) 

 

 

 

 

Legend - (High attendance was defined as attended > 67% of CR sessions, Mid attendance attended 33% 

- 67% of CR sessions, Low attendance attended <33%, and No-attendance 0%) 

MACCE indicates Major Adverse Cardiac and Cerebrovascular Events. MACCE is defined as a 

composite endpoint of all-cause mortality, acute myocardial infarction (AMI), stroke or repeat 

revascularization.   

There was a stepwise graded response, for mid-level and high-level of attendance but there was no CR 

effect with low attendance.  

  



87 
 

Figure 5b: Forest plot – showing stepwise comparison between levels of CR attendance, High vs Mid, 

Mid vs Low and Low vs No-CR for the secondary outcome (all-cause mortality) 

 

 

 

 

Legend - (High attendance was defined as attended > 67% of CR sessions, Mid attendance attended 33% 

- 67% of CR sessions, Low attendance attended <33%, and No-attendance 0%) 

All-cause mortality includes CV mortality and all other causes of mortality.  

There was no CR effect for low-level of attendance, but a stepwise graded response for mid-level and 

high-level of attendance.  
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Figure 6a: Adjusted Kaplan-Meier curve for 20-year freedom from MACCE for groups: High CR vs No-

CR group, Mid CR vs No-CR, Low CR vs No-CR, High vs Low CR and Mid vs Low CR  

 

 

 

 

Legend - (High attendance was defined as attended > 67% of CR sessions, Mid attendance attended 33% 

- 67% of CR sessions, Low attendance attended <33%, and No-attendance 0%) 

Freedom from major adverse cardiac and cerebrovascular events (MACCE). MACCE indicates Major 

Adverse Cardiac and Cerebrovascular events. MACCE is defined as a composite endpoint of all-cause 

mortality, acute myocardial infarction (AMI), stroke or repeat revascularization. Scale is adjusted to 

highlight Time zero= referral date up to 20 years. HR = hazard ratio (95%CI). The shaded area represents 

the 95% confidence interval. 

Patients with high level of attendance had better freedom from MACCE than non-attendees. 
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Figure 6b: Adjusted Kaplan-Meier curve for 20-year freedom from all-cause mortality for groups: High 

CR vs No-CR group, Mid CR vs No-CR, Low CR vs No-CR, High vs Low CR and Mid vs Low CR 

 

 

 

 

Legend - (High attendance was defined as attended > 67% of CR sessions, Mid attendance attended 33% 

- 67% of CR sessions, Low attendance attended <33%, and No-attendance 0%) 

Freedom from all-cause mortality. All-cause mortality includes CV mortality and all other causes of 

mortality. Scale is adjusted to highlight Time zero= referral date up to 20 years. HR = hazard ratio 

(95%CI). The shaded area represents the 95% confidence interval. 

Overall survival was higher in patients with high level of attendance as compared to No-CR group. 
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