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Abstract 

Repeat acute coronary heart disease (CHD) events are common. Cardiac rehabilitation (CR) is a 

complex secondary prevention intervention proven to reduce repeat cardiac events. However, the 

delivery of CR services varies substantially between contexts, influencing important patient outcomes. 

In this thesis, the influence of CR service delivery characteristics on patient-focused outcomes, 

particularly exercise capacity, exercise self-efficacy, and health-related quality of life (HRQL), as well 

as patient experiences was investigated. The 29-item Patient-Reported Outcomes Measurement 

Information System Profile Measure version 2.0 (PROMIS-29v2) was also evaluated for use in CR 

settings. 

A series of studies were conducted to determine the effects of CR delivery on patient-focused 

outcomes. Patient-focused outcomes in CR were positive overall. Exercise capacity improved 

substantially in CR programs in the Australian cross-state audit, where more improvements were 

demonstrated following shorter wait times regardless of program duration/number of sessions. 

Multiple aspects of HRQL improved substantially from CR in the meta-analysis and in the multi-site 

pre-post study, regardless of delivery mode (in-person or remote). The PROMIS-29v2 demonstrated 

validity, reliability, and sensitivity to HRQL changes occurring in CR. A benefit evident for remote CR 

delivery was shorter wait times, which is balanced against lower completion rates and less 

improvements in exercise self-efficacy.  

This thesis contributes to understanding the complex influences of CR service delivery characteristics 

to patient-focused outcomes. Consistent improvements in important patient-focused outcomes with 

CR participation and the influence of CR delivery models and patient characteristics are confirmed in 

this thesis. A granular, multi-level evaluation of CR components, considering the wider health care 

and societal systems, is required in designing effective and sustainable future CR delivery models.   
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CHAPTER 1 

Introduction and Background 

Coronary heart disease 

Cardiovascular disease (CVD), a group of conditions that affect the heart and blood vessels, remains 

the leading cause of mortality and disability worldwide.1 The number of CVD-related deaths has been 

estimated to reach 17.9 million each year, which accounts for more than one-third of total deaths 

globally.2 Of all CVDs, coronary heart disease (CHD) is one of the most significant contributors to the 

overall CVD burden.3 CHD is a chronic disease, so while reductions in mortality are observed in many 

high-income countries including Australia (approximately 80% decline since the 1980’s), the number 

of people who survive an acute cardiac event and live with CHD is increasing. In 2020, about 571,000 

Australians aged 18 and over (2.9% of the adult population) had CHD.4 Repeat events are also 

common; about 10% of myocardial infarction (MI) survivors will experience a subsequent cardiac 

event within the first year and 20% within three years.5 These repeat events lead to unplanned 

hospital readmissions that have physical and emotional effects on patients6 and economic impact on 

the health care system, costing about AUD$8.4 billion in Australia, equivalent to 46% of the yearly 

total health-related spending.7  

CHD is caused by atherosclerosis, or the formation of plaque composed of fat, cholesterol, calcium, 

and inflammatory cells within the coronary arterial walls.8 The development of atherosclerotic plaque 

causes the narrowing of the lumen of the coronary arteries and restricts blood flow to the heart 

muscle or myocardium. As the disease progresses, plaque rupture may occur, leading to partial or 

complete coronary artery occlusion.8 Acute coronary syndrome (ACS) refers to a range of conditions 

associated with sudden disruption of myocardial blood flow, including unstable angina, non–ST-

segment–elevation MI (NSTEMI), and ST-segment–elevation MI (STEMI). Unstable angina refers to 

chest pain at rest without elevated cardiac enzymes. NSTEMI results from partial and transient 
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occlusion of a coronary artery and is defined by raised cardiac enzymes but without the elevation of 

the ST segment on an electrocardiogram. STEMI results from complete and prolonged occlusion of a 

coronary artery and is defined by electrocardiogram changes that indicate significant myocardial 

ischemia. To restore myocardial perfusion after STEMI, revascularisation strategies such as 

percutaneous coronary intervention (PCI) and coronary artery bypass graft (CABG) surgery may be 

needed.9 Regardless, as these events are preventable, cardiovascular risk factor management is 

recommended as an essential part of the treatment and secondary prevention of ACS in addition to 

the prescription of guideline-directed medical therapy.10,11 

Risk factors for CHD can be modifiable or non-modifiable. Non-modifiable risk factors include age, 

gender, ethnicity, and a family history of CHD. Modifiable risk factors are often related to lifestyle and 

behaviours, including tobacco smoking, physical inactivity, obesity and being overweight, diabetes, 

high blood cholesterol, and hypertension.12 Other modifiable factors such as stress, depression,13 

excessive alcohol intake, low adherence to cardio-protective dietary patterns (for example, a 

Mediterranean or similar diet, unsaturated instead of saturated fats, and low salt intake)14 also 

contribute to increased CHD risk. Stronger secondary preventative efforts using a systematic, 

comprehensive, and interdisciplinary approach are therefore warranted to address these risk factors 

and reduce CHD deaths and decrease societal disease burden.5,11,15,16  

Cardiac rehabilitation 

CR is the most well-established secondary prevention strategy for CHD. Participation in 

comprehensive exercise-based CR is recommended as beneficial, useful, and effective (Class I) for 

reducing mortality and morbidity based on multiple high-quality randomised clinical trials (RCTs) or 

meta-analyses of RCTs (Evidence Level A).14 CR is recognised as an essential part of integrated cardiac 

care in international clinical practice guidelines for all patients with a primary diagnosis of acute MI or 

chronic unstable angina, or those who have undergone PCI or CABG.10,14,17,18  
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The World Health Organization (WHO) defines CR as “the sum of activities required to ensure them 

[patients with CVD] the best possible physical, mental, and social conditions, so that they may, by their 

own efforts, resume and maintain as normal a place as possible in the community”.19, p.1 This definition 

emphasises a fundamental goal of CR: to improve multiple aspects of patients' lives by enhancing 

their abilities. The UK British Association for Cardiovascular Prevention and Rehabilitation (BACPR) 

extends this definition by adding “ and through improved health behaviour, slow or reverse 

progression of disease”20, p.1 to emphasise the importance of a comprehensive lifestyle management 

approach in addressing the underlying causes of CHD. Limitations in functional capacity are common 

after a cardiac event and these impairments may be due to diminished cardiac performance from 

ischemia,21 reduced mobility from hospitalisation, or fear of movement and exercise.22 These physical 

limitations are more pronounced in patients who had CABG because of the invasive nature of surgery 

and the associated sequelae compared to non-surgical interventions.23 Psychological issues also have 

a bi-directional relationship with CHD, which means that while psychological symptoms such as 

anxiety and depression may result from a CHD event, these symptoms may also precede and 

contribute to the risk of the event occurring. Either way, psychological support after an acute cardiac 

event is essential.24  

Evidence of CR efficacy 

Comprehensive exercise-based CR is underpinned by a strong evidence base for reducing mortality, 

morbidity, and hospitalisation.25 The most recent Cochrane review26 of 85 RCTs (23,430 participants) 

showed that at short-term follow-up (6 to 12 months), CR participation produced a 28% reduction in 

risk of MI (22 trials; risk ratio (RR) 0.72, 95% confidence intervals (CI) 0.55, 0.93) and 42% for all-cause 

hospitalisation (14 trials; RR 0.58, 95% CI 0.43, 0.77), but a 13% reduction in all-cause mortality (25 

trials; RR 0.87, 95% CI 0.73, 1.04). A 23% reduction in cardiovascular mortality was also found at 

medium-term follow-up (>12 to 36 months) (5 trials; RR 0.77, 95% CI 0.63, 0.93), which was sustained 

in the long-term (>36 months) with 42% risk reduction (8 trials; RR 0.58, 95% CI 0.43, 0.78). A 2018 



 
 

5 

systematic review of 22 RCTs (4,834 participants) concluded that current CR approaches have no 

effect on all-cause mortality or cardiovascular mortality in patients treated with optimal medical 

therapy.27 When directly compared with medication therapy through a network meta-analyses of 305 

RCTs (339,274 participants), exercise interventions had equivalent mortality benefits in the secondary 

prevention of CHD. The odds of mortality in patients with CHD, was reduced with use of statins (odds 

ratio (OR) 0.82, 95% credible interval (CrI) 0.75, 0.90), β-blockers (OR 0.85, 95% CrI 0.78, 0.92), 

angiotensin converting enzyme inhibitors (OR 0.83, 95% CrI 0.72, 0.96), and antiplatelets (OR 0.83, 

95% CrI 0.74, 0.93) compared with control, whereas exercise interventions had a similar point 

estimate (OR 0.89, 95% CrI 0.76, 1.04).28 

In another systematic review with network meta-analysis of 148 RCTs (50,965 participants),29 CR 

programs that included psychosocial management, exercise training, and patient education 

interventions were identified to reduce all-cause mortality (hazard ratio (HR) 0.68, 95% CrI 0.54, 0.85), 

MI morbidity (HR 0.68, 95% CrI 0.47, 0.99), and hospitalisation (HR 0.76, 95% CrI 0.58, 0.96). These 

findings are consistent with a previous meta-analysis of contemporary (2010 to 2015) RCTs30 and, 

therefore, highlight the synergistic benefits of incorporating several components in CR design and 

delivery.  

Recognising CR as a complex intervention 

CR is a complex health care intervention conceptualised as such by having multiple interacting 

components that, together or individually, generate causal powers to influence patient outcomes.31 

These components are underpinned by theoretical principles and tailored to individual needs, which 

are also complex and often change during the course of the CR program.31 CR interventions are 

delivered by a multidisciplinary team of specialists who work in an interdisciplinary way to provide 

coordinated care.32 The latest UK Medical Research Council framework33, p.2 suggests that “an 

intervention might be considered complex because of 1) properties of the intervention itself, such as 

the number of components involved; 2) the range of behaviours targeted; 3) expertise and skills 
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required by those delivering and receiving the intervention; 4) the number of groups, settings, or levels 

targeted; and 5) the permitted level of flexibility of the intervention or its components.” These 

characteristics are an accurate portrayal of the complexity inherent in CR as an intervention.  

Comprehensive CR programs include several components that can be individualised based on a 

comprehensive assessment of personal risk factors and capability performed at CR commencement.34 

These CR components are delivered via instruction or coaching and with substantial supervision and 

monitoring. Such activities occur in social settings and involve constantly changing dynamics and 

interactions between patients, multidisciplinary providers, and fellow patients. Thus, interactions 

within CR programs may not solely depend on provider expertise and skills but are intrinsically 

influenced by individual patient factors such as values, culture, motivation, needs, and 

characteristics.35 Furthermore, these interactions occur over time, often for months in duration, and 

during the course of a patient's personal experience of natural healing and recovery. CR is, therefore, 

complex in terms of the characteristics of its various components, the mechanisms by which these 

components interact with each other, and the variability and context-dependence of CR delivery. 

Core components and delivery of CR 

International peak organisations such as the American Heart Association (AHA),36 European 

Association of Preventive Cardiology (EAPC),37 and the Australian Cardiovascular Health and 

Rehabilitation Association (ACRA)38 recommend the inclusion of specific core components in all CR 

programs. These core components include patient assessment, nutritional counselling, risk factor 

management (weight, blood pressure, lipids, diabetes, and tobacco smoking), psychosocial 

management, physical activity counselling, and exercise training (Figure 1).34 The delivery of these 

core components often involves an interdisciplinary approach, which may include registered nurses, 

exercise physiologists, physiotherapists, dietitians, pharmacists, doctors, psychologists, and/or social 

workers. 
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Figure 1. A visual summary of the major components of comprehensive cardiac rehabilitation 
 
Source: Taylor RS, Dalal HM, McDonagh STJ. The role of cardiac rehabilitation in improving cardiovascular outcomes. Nat Rev 
Cardiol. 2022 Mar;19(3):180-194. Reproduced with permission according to Creative Commons Attribution 4.0 International 
Licence: http://creativecommons.org/licenses/by/4.0/ 
 

Exercise training prescription is central to CR programs34,39,40 because of well-established benefits in 

reducing all-cause and CVD mortality.41 According to the FITT (frequency, intensity, time [duration], 

and type of exercise) model of exercise training prescription, exercise frequency in CR should be at 

least 3 days per week (6 to 7 days per week preferred) with moderate or moderate-to-high intensity.42 

While the amount of aerobic exercise needed to achieve reductions in mortality is difficult to 

determine,41 lower mortality has been associated with exercise levels double that of the physical 

activity (PA) recommendations of 150 to 300 minutes per week of moderate PA and 75 to 150 

minutes per week of vigorous PA.43  

http://creativecommons.org/licenses/by/4.0/
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Exercise dose, often defined as a product of several exercise variables,44 is important to examine in CR 

programs. Exercise dose has been operationalised in the CR literature as the number of exercise 

sessions per week × program duration.45 There is a wide variation in CR doses being delivered globally, 

with patients receiving a median of 22 hours per program (interquartile range (IQR) 12, 36), or a 

median of 3 sessions per week (IQR 2, 3) over 8 weeks (IQR 6, 12), at 60 minutes per session (IQR 50, 

60).45 Of the 111 countries offering CR worldwide, 67% (n=74) met the threshold of a mean ≥ 12 

sessions per program, and 44% (n=49) met a threshold of a mean ≥ 36 sessions recommended by the 

American College of Cardiology (ACC) and the AHA.36   

As well as exercise training during CR programs, the adoption of healthy behaviours and the 

development of effective self-management skills are the cornerstones of long-term cardiovascular 

prevention. Educational and health behaviour change components supplement exercise training and 

remain fundamental to all other components of a comprehensive CR model.25 Educational strategies 

are planned and deliberate activities that aim to stimulate behaviour change to achieve optimum 

clinical, functional, and behavioural benefits.46 Patient education in CR is most commonly delivered in 

groups, with self-teaching materials provided, and whenever possible, also involving family members, 

partners, and significant others.37 As with exercise prescription, patient education can be tailored in 

CR through individualised health coaching, where educational needs are assessed so that the advice 

given is personalised. One key behaviour change promoted in CR programs is physical activity, but 

recent recommendations not only focus on increasing energy expenditure but also reducing 

sedentary behaviours.47 There has also been a recent change in focus in relation to nutrition 

management. Healthy eating or intake of a cardio-protective diet and maintaining a healthy body 

weight and shape is emphasised in health coaching activities instead of prescribing diet. Where more 

complex dietary interventions are needed, a referral to a registered dietitian is recommended.25 The 

importance of tobacco cessation more broadly, and not simply cigarette smoking, is also emphasised, 

using shared decision-making strategies for tobacco cessation methods. Assessing psychosocial health 

using standardised tools is also crucial for cardiac patients in CR programs as patients who experience 
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negative emotional states, such as anxiety and depression, that are common after a cardiac event, are 

at increased risk of a subsequent event and premature death.48 Identifying those patients in most in 

need of intervention can facilitate the provision of support or referral to external appropriately 

trained psychological practitioners.25 A more holistic and individualised approach in behaviour and 

lifestyle change interventions is key in ensuring that the core components of cardiovascular 

prevention and rehabilitation is acknowledged. 

CR in the Australian context 

In Australia, all patients who had a cardiac event are strongly recommended to attend CR, consistent 

with international guidelines.18 Australian CR programs are primarily funded by a universal health care 

system (Medicare), with a small proportion of private programs supported by a patient’s self-funded 

health insurance.49 CR programs are typically centre-based and offer supervised group exercise 

training and education.40 Specialist registered nurses commonly manage and coordinate CR programs, 

with exercises led by physiotherapists or exercise physiologists. Group exercise often includes aerobic 

and resistance training of low to moderate intensity (3 to 5 on a 0 to 10 modified Borg Rating of 

Perceived Exertion scale). Multidisciplinary professionals deliver education sessions in-person, and 

common topics include physical activity, diet and nutrition, understanding heart physiology and 

disease, medications, psychological health, and home exercise.40  

Australian CR programs typically offer 6 to 8 exercise sessions, with one-third of programs providing 9 

to 12 sessions.40 This number of sessions contrasts with many international programs in comparable 

high-resource settings, which offer much higher CR doses. For instance, CR programs in the United 

Kingdom usually run 2 sessions per week for 10 to 12 weeks50 and up to 36 sessions in the United 

States,51 while Canadian programs extend for a total duration of up to 6 months.52 The language of 

reporting program length in the literature is also inconsistent across studies, with duration and 

number of sessions frequently used interchangeably. Even within countries, a wide variation in terms 

of duration/number of sessions is observed.52 Recent evidence demonstrates a longer CR program 
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duration, but shorter wait time between the cardiac event and CR commencement may be beneficial 

for patient outcomes.53  

Wait time in Australian CR programs is one of the shortest in the world, with a median of 15 days.54 

Shorter CR wait times have been associated with increased CR uptake and participation55,56 and 

improved anxiety and depression symptoms.57 The impact of shorter wait times on exercise capacity 

outcomes is less understood, especially in the context of Australia's comparatively shorter-duration 

programs internationally. Shorter waits to start CR may provide patients and their families earlier 

reassurance about physical activity, reinforce education about risk factor management, and ensure 

more timely opportunities for learning, discussing, and adopting health-promoting behaviours.58 

However, there is no firm guidance on the optimal wait time to CR commencement. The UK’s National 

Audit of Cardiac Rehabilitation (NACR) recommends a wait time to start CR of 28 days after referral 

for MI and/or PCI and 42 days for CABG,59 while the 2018 ACC/AHA recommends a wait time of 21 

days regardless of diagnosis.36 The Canadian Cardiovascular Society (CCS) consensus guidelines 

recommend a 30-day wait but consider waits of up to 60 days acceptable.60 Country-specific health 

system factors and local contexts may contribute to these variations in wait time benchmarks.  

Impact of the COVID-19 pandemic on CR program delivery 

On 11 March 2020, the WHO declared the coronavirus disease 2019 (COVID-19) a pandemic.61 To 

reduce disease transmission, national governments including Australia's Federal Government 

implemented some form of travel, social gathering, and physical distancing restrictions, even strict 

stay-at-home directives during specific periods. As a result of these restrictions, many hospital 

processes changed, and most in-person CR group exercise and education sessions were suspended, 

either temporarily or indefinitely.62 Many CR programs entirely ceased providing patient services, 

while those that continued made arrangements to provide alternative services offering a home-based 

or telehealth-enabled CR; online, phone, or email consultations; or education via phone, online, or 

postal mail of resources.62,63 CR program adaptations also occurred, including reducing the number of 
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program components offered, deferring patient completions until post-program assessments could 

be completed, shortening the overall program duration, and allowing individual patients to finish 

sooner.62 Alternative home-based or telehealth-enabled CR models were also created, which took 

different forms, from using low-technology such as landlines and email only to more sophisticated 

modalities such as online videoconferencing platforms.62 Some programs employed a combination or 

hybrid format with both supervised and unsupervised sessions.62 

CR staff were also affected by changes in response to COVID-19 restrictions. With the health care 

workforce being stretched to capacity because of a sudden rise in patients,64 many CR staff were re-

deployed to other hospital areas.62 Because of the suspension or significant reduction of CR services 

offered, other CR staff had reduced hours or were temporarily or permanently released from their 

position.62 Those staff members that continued providing CR services had to adapt quickly to new 

workflow, processes, and equipment or technology.  

The COVID-19 pandemic restrictions prompted the rapid adoption of new models of CR delivery. 

While home-based CR has been successfully used for years,65 its implementation was never 

widespread. The swift move to remotely delivered CR models during COVID-19 forced innovation for 

many CR services. This change provided a vital push to advance the evolution of CR service delivery. 

For the past 50 years, CR programs have been structured and delivered almost the same way, which 

may be incongruent with contemporary contexts and may not be responsive to current patient 

profiles (Figure 2).66 Examining newly adopted CR delivery models provides a much-needed evaluation 

of the effectiveness of different models in practice, especially in relation to patient-focused 

outcomes.  
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Figure 2. Timeline of cardiac rehabilitation development in the context of acute care and 
transformation and societal change 

Source: Redfern J, Gallagher R, O'Neil A, Grace SL, Bauman A, Jennings G, Brieger D, Briffa T. Historical Context of Cardiac 
Rehabilitation: Learning From the Past to Move to the Future. Front Cardiovasc Med. 2022 Apr 27;9:842567. 
Reproduced with permission according to Creative Commons Attribution 4.0 International Licence: 
http://creativecommons.org/licenses/by/4.0/ 

 

Patient-focused outcomes for CR 
Assessing patient-focused outcomes such as improvements in exercise capacity, exercise self-efficacy, 

and health-related quality of life (HRQL) is necessary to ensure effectiveness and quality of CR service 

delivery. Such assessments offer opportunities to measure patient-valued health benefits of CR67 

beyond other important clinical endpoints centred on survival and disease.68,69  

Exercise capacity 

Supervised, structured, and graduated exercise is an integral component of CR programs.70 More than 

50% of CR patients report substantial limitations in strength and exercise capacity after an acute 

cardiac event.71 Lower exercise capacity in patients with CHD is strongly associated with poorer 

prognosis and higher rates of mortality, MI, and revascularisations,72 such that each metabolic 

equivalent of task (MET) increment in exercise capacity was associated with a HR 0.87 (95% CI 0.85, 

0.89) for mortality, HR 0.93 (95% CI 0.90, 0.97) for MI, and HR 0.94 (95% CI 0.92, 0.96) 

revascularisations. Therefore, improving cardiorespiratory fitness (aerobic capacity and exercise 

tolerance) is a fundamental goal of CR programs.70 

 

http://creativecommons.org/licenses/by/4.0/
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Physiologically, engaging in progressive intensity exercises increases heart rate response and 

peripheral oxygen extraction, as well as left ventricular systolic and diastolic function.73 Resistance 

exercise reduces the consequences of sarcopenia or the loss of skeletal muscle strength, mass, and 

functionality.74 Thus, combining aerobic training and resistance exercise prevents the development 

and progression of physical limitations from restricted activity commonly experienced following an 

acute cardiac event. These responses to exercise improve physical function and promote 

independence in performing daily activities and engagement in previous levels of activity.21 

Exercise capacity testing is one of the most common patient assessments performed in CR programs. 

Exercise capacity assessments guide appropriate and individualised exercise prescription and is often 

used to measure the effectiveness of a CR program. Exercise capacity can be measured in several 

ways in CR. The most widely used, readily available, and low-cost is the 6-minute walk test (6MWT).75 

The 6MWT is a well-established direct measure of submaximal exercise capacity for patients with 

cardiac diseases. The 6MWT does not require specialised equipment, space, or advanced training for 

health professionals, although a standardised method must be followed.76 In this test, patients are 

asked to walk as far as they can on a pre-measured track for 6 minutes and are given prompts to keep 

moving. The 6MWT accurately reflects the physical exertion performed during most activities of daily 

living. However, 6MWT has an inherent ceiling effect as it is a walking test. The 6MWT has been 

determined to be valid, reliable, and sensitive to changes in patients attending CR, and therefore an 

appropriate measure of exercise capacity in this population group.77 The published minimal clinically 

important difference (MCID) or the smallest change that patients with CHD recognise and deem 

meaningful is 25 metres.78 To have an effect on CVD outcomes, exercise must be engaged in regularly, 

with increasing intensity, and sustained over time. 
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Exercise self-efficacy 

Self-efficacy plays an essential role in the success of interventions that require behaviour change, 

such as CR. Perceived self-efficacy provides a foundation for understanding why and how patients 

choose to initiate and sustain behaviours including exercise.79 Self-efficacy is a central construct in 

social cognitive theory, which posits that behaviour is influenced by a dynamic and bi-directional 

interaction (also known as behavioural determinism) between personal, environmental, and 

behavioural factors within a social context.80 Self-efficacy is defined as “people’s judgments of their 

capabilities … to attain designated types of performances [that operate] partially independent of 

underlying skills.”80, p.391 Self-efficacy, therefore, is an essential determinant of whether behaviour 

change such as exercise engagement will be achieved and sustained despite life’s variable events.  

Exercise self-efficacy, or the belief that one will exercise in the face of constraints or barriers, is 

developed in CR programs through four primary sources: 1) mastery experiences, 2) vicarious 

experiences, 3) verbal persuasion, and 4) physiological and emotional states.80 Mastery or 

performance attainment is considered the most influential source of exercise self-efficacy. Patients 

generate efficacy beliefs about their exercise capabilities by achieving gradual and progressive 

exercise intensities. Successful performance of activity enhances patients’ confidence and increases 

motivation to perform more, creating a self-reinforcing process. However, people do not rely solely 

on the development of their own mastery. Vicarious experiences also influence self-efficacy beliefs. 

Self-comparison with others, especially to those with similar characteristics such as diagnosis, age, 

gender, or ethnic or cultural background provides benchmarks for comparison of performance. Verbal 

persuasion from trusted exercise professionals in the CR program may also be beneficial in enhancing 

self-efficacy. Persuasive boosts or encouragements push people to try harder, perform better, and 

achieve more. Lastly, self-monitoring and judgment of physiological and emotional responses during 

exercise, especially when acknowledged by CR staff, can produce positive impacts on self-efficacy. 

These sources of exercise self-efficacy are reinforced and enabled during in-person CR, but whether 
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the same mechanisms occur in home-based and remote delivery settings is less certain. Unlike the 

objectively measured exercise capacity, exercise self-efficacy is a patient-reported outcome that only 

the patient can gauge. Patient-reported outcomes are essential assessments that provide useful 

information about the patient, including behaviours, directly from their perspective. Another 

important patient-reported outcome recognised as a valuable measure of CR effectiveness is HRQL.  

Health-related quality of life 

The WHO defines overall Quality of Life (QOL) as an overarching construct that refer to an individual’s 

“perception of their position in life in the context of the culture and value systems in which they live 

and in relation to their goals, expectations, standards and concerns”.81, p.1 While QOL, in a broad sense, 

includes other factors such as socio-economic, political, cultural, and spiritual, HRQL is conceptualised 

as life quality influenced by health, the impact of illness, or the effects of interventions such as CR.82 

The International Society of Quality of Life Research (ISOQOL) defines HRQL as the health aspect of 

QOL that focuses on people's self-perceived level of ability, daily functioning and ability to experience 

a fulfilling life.83 HRQL is also generally understood as a multidimensional construct that provides 

essential information on several aspects of a person’s life, including physical, mental, emotional, and 

social domains.69,84   

Improving HRQL in patients with CHD is a priority of CR.85 Patients with CHD were 2.7 times more 

likely to perceive their general health as fair or poor and are 1.5 times more likely to report limitations 

in daily activities compared to the general population.86 Poorer HRQL is also a known predictor of 

health care utilisation and subsequent death.87 Assessing HRQL in patients with CHD is essential 

because patients place equal importance on HRQL improvements as they do on longevity.69 The AHA 

also recognises HRQL as an important independent health measure and not just  supplementary to 

physiological health parameters.88 

Many questionnaires, known as patient-reported outcome measures (PROMs), are available to 

measure HRQL. PROMs are tools used to drive quality improvement in health care, broadly classified 
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as generic and disease specific. Generic questionnaires address multiple dimensions of HRQL across 

patient or disease groups. In contrast, disease-specific questionnaires measure aspects relevant to a 

particular patient diagnostic group.69 The choice to use a generic or disease-specific HRQL 

questionnaire depends on whether the intention is to assess broader aspects of life and compare 

outcomes across various disease conditions or to capture subtle and specific symptoms or symptom 

impacts from a particular diagnosis. Regardless, selecting an HRQL questionnaire that is valid, reliable, 

and sensitive to changes is vital in ensuring the accuracy of the results from HRQL assessments. The 

most widely used generic HRQL questionnaire is the Short-Form Health Survey, with 36 items (SF-36) 

or its abridged equivalent with 12 items, SF-12 version 2.0 (SF-12v2).89 The 29-item Patient-Reported 

Outcomes Measurement Information System version 2.0 (PROMIS-29v2) is a relatively new generic 

HRQL questionnaire that assesses well-being and functioning across seven health domains (physical 

function, fatigue, pain interference, depressive symptoms, anxiety, ability to participate in social roles 

and activities, and sleep disturbance) with a pain intensity item rated using 0 to 10.90 Unlike the well-

established SF-12v2, the measurement properties of the PROMIS-29v2 have not been examined in 

patients participating in CR and using electronic data collection methods.  

Patient consumer involvement 

Patients, as primary CR stakeholders, have been integral to this research, especially given that patient-

focused outcomes are explored in this thesis. Patient consumers who were former CR program 

participants in the local health district were engaged in co-designing the pre-post study in this thesis 

(Chapters 3, 5, and 6).91 With the increasing importance of including the patient voice in research, the 

inclusion of patient consumers ensured that research is conducted with them, rather than to, about 

or for them.92 Patient consumers volunteered their time in attending research meetings and were 

equal and active partners and collaborators. They were instrumental in designing the research and 

selecting and prioritising appropriate outcome measures, as well as planning of effective participant 

recruitment strategies, reviewing patient information sheets and consent forms, developing interview 
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questions for the qualitative study, and practicing interview techniques. One patient consumer was 

also instrumental in interpreting the research findings in light of the patient perspective, which 

resulted in co-authorship for the published paper presented in Chapter 5, an approach that is 

increasingly supported by scientific journals.93 Involving patient consumers authentically and 

meaningfully at every stage of the research ensured that patient perspectives are integrated in the 

research. The honest and valuable perspectives of patient consumers fostered dynamic discussions 

and ensured that decisions made about the research remained significant to patients as end-users.94 

Exploring questions pertinent and valuable to patient consumers also created the potential for more 

impactful research with more meaningful contribution.95  

Summary of knowledge and evidence gaps 

Patient-focused outcomes are influenced by CR delivery characteristics as much as patient-specific 

factors. Examining CR delivery characteristics is critical in evaluating effectiveness and understanding 

potential variations in patient outcomes. For instance, given shorter duration, lower exercise doses, 

and shorter wait times in Australia, patient-focused outcomes in Australian programs need to be 

investigated. In addition, the impact of changes in CR delivery during COVID-19 restrictions on patient 

outcomes and experiences also needs to be evaluated for future CR service planning. 

Previous reviews evaluating CR effectiveness focused on important other clinical endpoints such as 

mortality, morbidity, and hospital readmission, but failed to capture patient-valued outcomes such as 

HRQL. A meta-analysis of most recent evidence needed to form robust conclusions has also not been 

performed. Lastly, while the PROMIS-29v2 HRQL questionnaire has been validated and used in other 

disease conditions because of the inclusion of broader HRQL domains, there is little information on 

the performance of the PROMIS-29v2 in patients with CHD and none in CR contexts and using 

electronic data collection methods. 
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Research aims 

Based on the identified knowledge and evidence gaps, this thesis aimed to explore the influence of 

service delivery characteristics on patient-focused outcomes in CR. This thesis has the following aims: 

1) investigate patient-focused outcomes from CR (exercise capacity, exercise self-efficacy, and 

HRQL) in the Australian context; 

2) synthesise evidence of CR efficacy for HRQL outcomes in most recent RCTs (from year 2000); 

3) understand the relative influence of patient factors and CR program delivery characteristics, 

specifically, wait time, duration/number of sessions, and mode of delivery (in-person versus 

remote) on patient-focused outcomes;  

4) examine the validity, reliability, and sensitivity to change of the PROMIS-29v2 HRQL 

questionnaire and the feasibility of using electronic data collection methods; and 

5) include patients in the research and gain insights into their experiences from in-person and 

remotely delivered CR. 

Thesis structure 

This thesis consists of seven chapters, including five published manuscripts (Chapters 2 to 6) and two 

chapters (Chapter 1: Introduction and Chapter 7: Discussion and Conclusions), which integrates the 

output from the work conducted for this thesis (Figure 3). 
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Figure 3. A schematic diagram of the thesis chapters and key messages 
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CHAPTER 2 

Shorter Wait Times to Cardiac Rehabilitation Associated with 

Greater Exercise Capacity Improvements: A Multisite Study 

Chapter overview 

The previous chapter highlighted the growing rate of people living with CHD and the need for 

secondary prevention strategies such as CR to reduce the high risk of repeat cardiac events. The 

scientific underpinnings of CR efficacy for reducing mortality, morbidity, and hospitalisations in RCTs 

were presented. Chapter 1 also emphasised the key role of patient consumers in this thesis, partially 

addressing Research Aim 5. As CR is a complex intervention and delivery in clinical practice can vary, 

examining the potential influences of such variations on patient-focused outcomes is essential.  

This chapter partially addresses Research Aims 1 and 3 and focuses on exercise capacity outcomes 

from CR, one of the most important patient-focused outcomes investigated in this thesis. Patient-

level data from a CR audit of 2 states and 1 territory in Australia were analysed to determine changes 

in exercise capacity from CR entry to completion. This chapter also examines the independent effects 

of patient factors (age, sex, ethnicity, primary referral diagnosis, and risk factors) and CR program 

characteristics (wait time and duration/number of sessions) on exercise capacity change during CR. 

The material presented in this chapter has been peer-reviewed and published in the Journal of 

Cardiopulmonary Rehabilitation and Prevention (Journal Impact Factor 3.646). 

Citation: 

Candelaria D, Zecchin R, Ferry C, Ladak L, Randall S, Gallagher R. Shorter wait times to cardiac 

rehabilitation associated with greater exercise capacity improvements: A multisite study. J 

Cardiopulm Rehabil Prev. 2021;41(4):243-248. 



 
 

28 

Authorship and contribution statement 

 

 

I hereby confirm the contribution of Dion Candelaria as the primary author, in compliance with the 
International Committee of Medical Journal Editors (ICMJE) authorship criteria, for the manuscript:  
 

Candelaria D, Zecchin R, Ferry C, Ladak L, Randall S, Gallagher R. Shorter wait times to cardiac 
rehabilitation associated with greater exercise capacity improvements: A multisite study. J 
Cardiopulm Rehabil Prev. 2021;41(4):243-248. (Journal Impact Factor 3.646). 

 
Dion Candelaria, during his PhD candidature, developed the original concept of this secondary data 
analysis from a larger dataset and was primarily responsible for refining the specific research 
questions, analysing and interpreting the data, drafting and revising the manuscript, responding to 
reviewer comments, and coordinating the submission of the original research paper for publication. 
 
The individual contributions of the co-authors are as follows: 
 

Contribution Authors 
Development of the study concept and design DC, RG 

Data collection RZ, CF 

Data cleaning DC 

Data analysis and interpretation DC, RZ, RG 

Manuscript drafting DC 

Critical review of the manuscript DC, RZ, CF, LL, SR, RG 

 
 
Yours sincerely, 
 
[REDACTED] 
 
Professor Robyn Gallagher, PhD, RN 
Principal Supervisor 
Susan Wakil School of Nursing and Midwifery, Faculty of Medicine and Health  
Charles Perkins Centre 
Rm 2210, Lvl 2, The Hub D17 
The University of Sydney, Camperdown, NSW, 2006, Australia 
 
Tel +61 2 8627 0279 Mob +61  
Email robyn.gallagher@sydney.edu.au  

 

[REDACTION]

mailto:robyn.gallagher@sydney.edu.au


Cardiac Rehabilitation

www.jcrpjournal.com Shorter CR Wait Time Associated With Exercise Improvement 243

Shorter Wait Times to Cardiac Rehabilitation Associated 
With Greater Exercise Capacity Improvements
A MULTISITE STUDY

Dion Candelaria, RN, MN; Robert Zecchin, RN, MN; Cate Ferry, RN, BN, GradDipPublicHealth; 
Laila Ladak, PhD, RN; Sue Randall, PhD, RN; Robyn Gallagher, PhD, RN

Author Affiliations: Susan Wakil School of Nursing and Midwifery, and 
Charles Perkins Centre, Faculty of Medicine and Health, The University 
of Sydney, Sydney, Australia (Mr Candelaria and Drs Ladak, Randall, and 
Gallagher); Western Sydney Local Health District, Sydney, Australia (Mr 
Zecchin); National Heart Foundation of Australia, Sydney, Australia (Ms 
Ferry); and The Aga Khan University, Karachi, Pakistan (Dr Ladak).

Supplemental digital contents are available for this article. Direct URL 
citations appear in the printed text and are provided in the HTML and PDF 
versions of this article on the journal’s Web site (www.jcrpjournal.com).

The authors declare no conflicts of interest.

Correspondence: Dion Candelaria, RN, MN, Susan Wakil School 
of Nursing and Midwifery, Faculty of Medicine and Health, The 
University of Sydney, 88 Mallett St, Camperdown, NSW 2050, Australia 
(dion.candelaria@sydney.edu.au).

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved

DOI: 10.1097/HCR.0000000000000548

shown to improve myocardial perfusion through angiogen-
esis, contributing to left ventricular (LV) recovery, improved 
ejection fraction, and symptom reduction.4 Exercise also re-
duces skeletal muscle wasting so that physical function is 
increased and independence in performing daily activities 
is optimized.4 Therefore, improving exercise capacity is a 
fundamental goal of comprehensive, exercise-based cardiac 
rehabilitation (CR).5,6

Exercise outcomes from CR can vary substantially, which 
may be related to both patient and CR program factors. For 
instance, patient age7 and sex8 are known to independently 
contribute to variations in exercise capacity outcomes, as is 
the presence of metabolic, musculoskeletal, and respiratory 
comorbidities,9 and psychological symptoms such as anxi-
ety and depression.10 Furthermore, ethnic minority status11 
and exercise capacity levels at CR entry may also influence 
improvement rate. However, CR program characteristics are 
also important to consider because program aspects such as 
wait time and exercise dose (program duration × sessions/
wk) are modifiable when other factors are not.12

Cardiac rehabilitation programs that offer more exercise 
sessions also have more benefits for mortality and morbidity 
outcomes in a widely accepted dose-response relationship.13 
However, the impact of wait time on patient outcomes is less 
clear due to inconsistent benchmarks. Generally, shorter wait 
times to CR entry have been linked to increased uptake and 
participation14,15 and improvement of anxiety and depres-
sion.16 A recent systematic review concluded that a prompt 
CR start can improve exercise capacity outcomes15; howev-
er, optimal wait time has yet to be identified and is highly 
variable in practice. The UK National Audit’s recommended 
maximum wait time to start CR was 28 d,17 while a retro-
spective pilot study from Canada considered a short wait time 
to be ≤114 d. Both studies reported that shorter wait times 
positively impact cardiorespiratory fitness outcomes and ad-
aptation.17,18 Australian CR programs provide an interesting 
point of comparison for the effects of CR wait time and CR 
duration, as Australian programs have some of the shortest 
wait times internationally (median 15 d), and comparatively 
short duration (median 12 sessions).19 The effects of early 
initiation of CR (≤60 d) in improving exercise capacity are 
notable in patients post-coronary artery bypass graft,20 but 
unclear in other cardiac diagnostic groups. This study aimed 
to determine improvements in exercise capacity from CR and 
examine the independent effects of patient factors and CR 
program characteristics such as wait time and number of ex-
ercise sessions on exercise capacity change in CR.

METHODS
This is a secondary analysis of data from a prospective, 
multicenter audit of CR program quality, content, and 
outcomes across two states (New South Wales [NSW] and 

Purpose: Comprehensive exercise-based cardiac rehabilitation 
(CR) results in improved, though highly variable, exercise capac-
ity outcomes. Whether modifiable factors such as CR program 
wait time and session duration are associated with exercise ca-
pacity outcomes has not been adequately investigated. 
Methods: Patients with coronary heart disease (±primary and 
elective percutaneous coronary interventions, cardiac surgery) 
who participated in CR programs involved in a three-state au-
dit (n = 32 sites) were eligible. Exercise capacity was measured 
using the 6-min walk test before and after a 6- to 12-wk super-
vised exercise program. CR program characteristics were also 
recorded (wait time, number of sessions). Correlations and linear 
mixed-effects models were used to identify associations between 
sociodemographic and CR program characteristics and change 
in exercise capacity.
Results: Patients (n = 849) had a mean age of 65.9 ± 11.8 yr, 
71% were males, 33% were referred for cardiac surgery, and 
median wait time was 16 d (interquartile range 9, 26). Exer-
cise capacity improved significantly and clinically (mean increase 
70.4 ± 61.8 m). After adjusting for statistically significant fac-
tors including younger age (<50 vs ≥80 yr [β = 52.07]), fe-
male sex (β = −15.86), exercise capacity at CR entry (β = 0.22) 
and those nonsignificant (ethnicity, risk factors, and number of 
sessions), shorter wait time was associated with greater exercise 
capacity improvement (β = 0.23).
Conclusions: This study confirms that greater exercise capac-
ity improvements occur with shorter wait times. Coordinators 
should prioritize implementing strategies to shorten wait time to 
optimize the benefits of CR.

Key Words: cardiac rehabilitation • exercise capacity • exercise 
outcomes • 6-min walk test • wait time

Exercise training has well-established benefits for im-
proving exercise capacity in patients with coronary 

heart disease (CHD), such as those recovering from myocar-
dial infarction (MI).1-3 Post-MI exercise training has been 
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Tasmania) and one territory (Australian Capital Territo-
ry) of Australia.19 All reporting is in accordance with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines.21 Human Research 
Ethics and Research Governance Committee approval for 
all participating sites has been granted for this study (HREC 
Ref. 5472LNR/17/WMEAD/585).

This study was conducted in Australian CR programs 
(n = 32), which were primarily outpatient-based and in-
cluded supervised exercise training and education sessions 
on secondary prevention of cardiovascular disease. Patients 
were eligible if they were attending CR for CHD regardless 
of treatment and for other cardiac diagnoses (arrhythmias, 
heart failure, and implantable devices), and were assessed 
for exercise capacity using the 6-min walk test (6MWT) 
at entry and discharge. Exercise sessions typically began 
2-4 wk post-discharge and were usually 60 min long. The
vast majority of programs offered aerobic floor exercises
and the use of cycles, treadmill, rowers, or arm ergometers,
while some sites also offered additional resistance training.
Exercise intensity was aimed at a ≥55%HRmax or 4-6 on 
a 0-10 modified Borg Rating of Perceived Exertion scale. 
The total number of exercise sessions offered per site var-
ied and ranged from 6-18, with 12 sessions the most com-
mon. Exercise volume was primarily 1-2 sessions/wk over 
6-12 wk. Exercise classes were led by exercise physiologists,
physiotherapists, and/or registered nurses.22 Sites were re-
cruited via email to pilot study participants,23 and in-person
at the Australian Cardiovascular Health and Rehabilitation
Association National Conference in 2016.

Data collection occurred from March to May 2017, guided 
by the NSW CR Quality Indicators Data Dictionary23 with 
all CR staff receiving training in the data collection methods. 
Data were collected by participating sites from the patient 
for age, sex, Aboriginal/Torres Strait Islander status, and eth-
nic minority status and from the medical record for prima-
ry reason for referral and cardiovascular risk factors such as 
smoking status, diabetes (types 1 and 2), and high-risk waist 
circumference (>94 cm for male and >80 cm for female par-
ticipants). Program characteristics (wait time and number of 
sessions) were also collected from the CR program record. 
Wait time was calculated as the number of days from hospital 
discharge or general practice (GP) referral (for those without 
recent hospitalization) up to CR commencement, which is 
typically the day of initial assessment. Patients attending CR 
in Australia are almost always referred from hospitals and GP 
referrals are the exception. The number of sessions refers to 
the exercise classes the individual CR program offered.

Exercise capacity was assessed using the 6MWT, a 
well-established direct measure of submaximal exercise ca-
pacity for cardiac diseases.24 CR staff were trained in the 
standardized approach required for this test,22 where pa-
tients were asked to walk as far as they could for 6 min on 
a pre-measured track and provided with prompts to keep 
moving. The 6MWT accurately reflects the physical exer-
tion performed during most activities of daily living; how-
ever, there is an inherent ceiling effect, as it is a walking test. 
The 6MWT is well-recognized as appropriate and sensitive 
to improvement in cardiac populations.25 The minimal clin-
ically important difference (MCID) is 25 m.26

STATISTICAL ANALYSIS
Data were entered, coded, and analyzed using SPSS Statis-
tics version 24 (IBM). Descriptive statistics were used to 
summarize patient characteristics and wait time through 
sample mean ± SD, median (interquartile range), frequen-
cy, and percentage, depending on the level of the variable. 
Incomplete data were not replaced, and missing cases were 

considered missing at random and were deleted listwise for 
all analyses. Means were compared using paired t tests, and 
correlations between continuous variables including age, 
wait time, 6MWT distance at CR entry, and 6MWT change 
from CR entry to completion were assessed using Pearson’s 
R. Linear mixed-effects models (LMM) that included a ran-
dom intercept were used to account for the inherent cluster-
ing of observations. A primary LMM analysis of the main
outcome (6MWT change) was conducted with wait time as
the only predictor. A secondary analysis that included all
categorical variables (age, sex, ethnicity, primary reason for
referral, and risk factors) and covariates (wait time, num-
ber of CR sessions, and 6MWT distance at CR entry) was
used to identify independent factors associated with 6MWT
change. A LLM was also performed to identify factors asso-
ciated with wait time. For pairwise comparison of variables
with more than two categories, the least significant differ-
ence was used. Statistical significance was set at P < .05.

RESULTS
Of the 849 patients included in this study, 607 had com-
plete data for analysis of exercise capacity outcomes. The 
mean age of the patients was 65.9 ± 11.8 yr, 71% were 
males, and 15% came from ethnic minorities (Table 1). 
The median sample size per site was 24 (range 1-71), the 
mean age of patients at each site ranged from 57.0-81.8 
yr, and the proportion of males ranged from 0-51% (see 
Supplemental Digital Content 1, available at: http://links.
lww.com/JCRP/A206). The median wait time to start CR 
in this study was 16 d (9, 26; range 0-252 d) from hospital 
discharge, which ranged from 3.5-147 d for individual sites. 
Fifty percent of the patients attended programs that offered 
≥12 exercise sessions (6, 16; range 6-18). The most fre-
quent reason for CR referral was cardiac surgery (33%) fol-
lowed by MI ± percutaneous coronary intervention (PCI) 
(25%). Risk factors such as high-risk waist circumference 
(69%) and diabetes were also common (24%). The mean 
6MWT at CR entry was 426 ± 98 m (range 85-735 m) 
(Figure). Age was significantly correlated with 6MWT 

Table 1

Sample Characteristics (N = 849)a

Characteristic

Age, yr 65.9 ± 11.8
Male 604 (71)
Aboriginal/Torres Strait Islander 19 (2)
Ethnic minorityb 97 (15)
Living in a major city 539 (64)
Primary reason for referral

Cardiac surgery 278 (33)

 MI ± PCI 216 (25)

 Angina 184 (22)
Other (arrhythmias, HF, PPM, ICD) 103 (12)
Elective PCI 68 (8)

Risk factors
Current smoker 68 (8)

 Diabetes 208 (24)
High-risk waist circumferencec 586 (89)

Number of CR sessions 12 (6, 16)
Wait time, d 16 (9, 26)

Abbreviations: CR, cardiac rehabilitation; HF, heart failure; ICD, implantable cardioverter 
defibrillator; MI, myocardial infarction; PCI, percutaneous coronary intervention; PPM, 
permanent pacemaker.
aData are presented as mean ± SD, n (%), or median (interquartile range).
bn = 658.
cn = 739.
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distance at CR entry (r = −0.362, P < .01), 6MWT change 
(r = −0.161, P < .01), and wait time (r = 0.138, P < .01).

EXERCISE CAPACITY FROM CR ENTRY TO 
COMPLETION
The mean 6MWT change from CR entry to completion was 
70.4 ± 61.8 m (P < .001), and this change was both statis-
tically significant and clinically important (Figure). Overall, 
78% of patients (n = 666) achieved the MCID in 6MWT 
(>25 m),26 12% (n = 105) improved by less than the MCID, 
and 9% (n = 78) did not improve or worsened. Significant 
correlations were present between 6MWT change and wait 
time (r = −0.108, P < .01), and between 6MWT change 
and 6MWT distance at CR entry (r = −0.214, P < .01).

An initial unadjusted analysis using LMM of 6MWT 
change with wait time as the only predictor showed that lon-
ger wait time was significantly associated with less change 
in 6MWT distances (β = −0.27, P = .008). In the adjusted 
model including all the other variables (Table 2), longer wait 
time remained associated with less change in the 6MWT 
(β = −0.23, P = .013), such that for every 1-d increase 
in wait time, there was a decrease of 0.2 m in the 6MWT 
change score. Change in the 6MWT was also associated 
with 6MWT distance at CR entry, older age, female sex, 
being referred to CR for MI ± PCI, elective PCI, and other 
diagnoses (heart failure, arrhythmias, or implanted device). 
Patients with better performance in the 6MWT at entry 
showed less change on completion, such that for every 1-m 
increase in 6MWT distance at CR entry, there was a decrease 
of 0.2 m in 6MWT change at completion. When compared 
with patients ≥80 yr, significant progressive reductions in 
6MWT change occurred for every decade increase in age: 
<50 yr (β = 52.07, P < .001), 50-59 yr (β = 41.90, P < 
.001), 60-69 yr (β = 37.09, P < .001), and 70-79 yr (β = 
22.11, P = .010). Female patients (β = −15.86, P = .003) 
had less change in 6MWT distances. Patients referred for 
cardiac surgery improved the most, and those who had MI 
± PCI (β = −11.66, P = .038), elective PCI (β = −37.96, 
P < .001), and “other” diagnoses (β = −19.31, P = .022) 
achieved comparatively less 6MWT change.

A LMM was also used to identify factors significantly 
associated with wait time (see Supplemental Digital Con-
tent 2, available at: http://links.lww.com/JCRP/A207), and 
these factors were increased number of CR sessions, older 
age, and a referral diagnosis of cardiac surgery. For every 
additional session in a program, there was a 1.6-d increase 
in wait time (P < .001). Younger patients also started their 
programs significantly sooner than those ≥80 yr old: <50 

yr (β = −12.21, P = .005), 50-59 yr (β = −9.30, P = 
.014), and 60-69 yr (β = −7.9, P = .023). Furthermore, 
patients with other diagnoses (heart failure, arrhythmias, or 
implanted device) (β = −7.55, P = .033) had shorter CR 
wait times when compared with those referred for cardiac 
surgery.

DISCUSSION
Our study demonstrated that the majority of patients (78%) 
attending CR achieved clinically important though variable 
improvements in exercise capacity, and CR program char-
acteristics, particularly wait time, contributed substantially. 
Our findings show that given the already short wait time 
in Australian CR programs, greater exercise capacity im-
provements occurred with even shorter wait times. Factors 
independently associated with longer wait times include 
advancing age, referral diagnosis of cardiac surgery, and 
an increased number of CR sessions in a program. Patient 
characteristics also contributed to the variability in exer-
cise capacity outcomes. Patients who achieved less exercise 
capacity improvement from CR were older, female, and 
started CR with higher exercise levels. Those referred for 
cardiac surgery had the lowest exercise capacity at entry but 
showed the most improvements.

Our findings highlight the importance of early initia-
tion of CR in improving exercise outcomes, in addition to 
well-established effects on enrollment.14 While this result 
is consistent with other studies,17,18,20,27,28 patients in our 
study typically waited about 2 wk to start CR, which is well 
below the international benchmark of 4 wk29,30 and within 
the 17 d considered optimum.31 Furthermore, greater exer-
cise outcomes were achieved despite the potential impact 
of comparatively shorter duration programs, which was 
surprising given the known dose-response relationship be-
tween more exercise sessions and better patient outcomes.13 
Australian CR models have much shorter duration (median 
12 sessions over 6-12 wk) compared with international pro-
grams (median 57 d in the UK and 5 mo in Canada),17,19,32 
and while the optimum dose of CR remains uncertain,22 
some guidance is available on the progression of exercise 
dose.33 A potential explanation for the positive effect of 
early CR initiation is that patients who wait longer to start 
CR lose more opportunities to achieve exercise benefits. 
For each week delay in exercise in clinically stable post-
MI patients, one additional month of training was required 
to achieve the same level of benefits on LV remodelling.34 
Furthermore, patients who are afforded support especial-
ly in the early phases post-cardiac event are more likely to 
be motivated to make lifestyle changes and comply with 
exercise recommendations. Post-MI patients who were not 
attending CR were shown to perform lower levels of ex-
ercise than current recommendations (≥150 min of mod-
erate-to-vigorous physical activity/wk),35 whereas CR par-
ticipation promoted exercise engagement.36 Therefore, our 
study results suggest that getting patients to start CR pro-
grams sooner should be an important goal for CR services.

Reducing wait times is complex and involves system-level 
changes.37 Systematic inpatient referral, measurement of wait 
time as a performance or quality indicator, and improved 
patient communication were identified as key strategies in 
improving wait times.31 However, the time to CR initiation 
in practice is heavily dependent on and determined by wider 
health care systems and processes. For instance, developed 
countries such as Canada, the United States, and the UK 
all have unique health care systems that influence patient 
access to health services. In Canada, physician assessment 
is needed prior to CR referral and exercise stress testing is 

Figure. Exercise capacity at cardiac rehabilitation entry and completion.
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considered a standard; therefore, availability of physician 
time could explain some of the delay in enrollment.32 Cana-
dian CR programs are also considerably longer in duration 
(median of 5 mo),32 which may reduce individual program 
capacity and thus patient flow through the programs. Esti-
mates among Medicare fee-for-service beneficiaries in the 
United States showed that patients in geographic regions 
with low socioeconomic status were least likely to have an 
acceptable wait time to start CR, indicating disparities in 
access among those without supplemental insurance.38 Aus-
tralia has universal health care that contributes to more ac-
cessible health services. In addition, comparatively shorter 
duration of CR programs also enables faster patient flow 
through programs and therefore optimizes wait time. Given 
the benefits for exercise improvements when wait times are 
shorter, resources should be focused in promoting prompt 
CR start by improving efficiency through streamlining pro-
cesses and addressing specific contextual access- and equi-
ty-related barriers.

Exercise capacity variability was associated with several 
patient factors, with largest differences in improvement oc-
curring for age and sex. Progressive decreases of 10% in ex-
ercise are reported to occur for every decade of life,39 with a 
steeper decline starting from age 60 yr.40 These differentials 
have been attributed to physical changes such as reduced 
skeletal muscle oxidative capacity and increased oxygen ex-
penditure during exercise.40 Women also have been report-
ed to achieve lower exercise capacity due to higher body fat 
composition, lower hemoglobin, and decreased maximal 
stroke volume in women.41 However, behavioral and social 
factors may also contribute to sex differences in outcomes 
for women, such as more conservative attitudes, values, and 
beliefs toward exercise as well as decreased motivation and 
confidence to adhere to recommended regimens.42 Current 
CR program content and delivery may add to these issues, 
as preferences of women in terms of confidence building and 
exercise prescription are seldom addressed.42 Furthermore, 
when the influence of sex and age is combined, there is the 

Table 2

Independent Factors Associated With Change in 6MWT Distances (m) From CR Entry to Completion (N = 607)

Variable n
Estimated Marginal 

Mean (m) SE β 95% CI (β) P Value

Wait time −0.23 −0.42 to −0.05 .013

Number of CR sessions −0.89 −2.29 to 0.51 .214

6MWT distance at CR entry −0.22 −0.28 to −0.17 <.001
Age, yr

<50 58 80.7 63.2 52.07 30.43-73.72 <.001

50-59 113 70.5 63.0 41.90 22.94-60.87 <.001
60-69 203 65.7 63.0 37.09 20.11-54.08 <.001
70-79 174 50.8 63.0 22.11 5.33-38.89 .010

≥80 (reference) 59 28.6 63.4

Sex
 Female 181 51.3 63.0 −15.86 −26.22 to −5.50 .003

 Male (reference) 426 67.2 62.9
Ethnicity
Aboriginal/Torres Strait Islander
 Yes 16 63.8 64.0 9.14 −18.23 to 36.52 .512

No (reference) 591 54.7 62.6
Minority
 Yes 97 54.3 63.1 −9.87 −22.16 to 2.41 .115

 No (reference) 510 64.2 62.8
Primary reason for referral

 MI ± PCI 203 64.4 63.0 −11.66 −22.65 to −0.67 .038

Elective PCI 68 38.1 63.2 −37.96 −53.44 to −2.48 <.001
 Angina 73 61.2 63.2 −14.85 −30.04 to 0.33 .055

Other (arrhythmias, HF, PPM, ICD) 60 56.7 63.2 −19.31 −35.76 to −2.86 .022

Cardiac surgery (reference) 203 76.0 63.0
Risk factors
Current smoker
 Yes 57 51.9 63.2 −14.70 −30.17 to 0.77 .062

 No (reference) 550 66.6 62.8
Diabetes
 Yes 163 55.2 63.0 −8.07 −18.21 to 2.07 .119

No (reference) 444 63.3 62.9

High-risk waist circumference
 Yes 467 56.7 62.9 −5.10 −15.76 to 5.55 .347

No (reference) 140 61.8 63.0

Abbreviations: CR, cardiac rehabilitation; HF, heart failure; ICD, implantable cardioverter defibrillator; MI, myocardial infarction; PCI, percutaneous coronary intervention; PPM, permanent 
pacemaker; 6MWT, 6-min walk test.
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potential for older women to have much worse outcomes. 
The implications are that CR providers should consider de-
veloping and testing more innovative and individually tai-
lored programs to improve appeal, uptake, completion, and 
ongoing adherence43 for patient groups who are at risk of 
lesser progress such as the elderly and women.

Patients with the lowest exercise levels at CR entry im-
proved the most at completion, highlighting the potential 
of CR to produce benefits in patients with lower exercise 
capacity. Consistent with previous reports, patients who 
had cardiac surgery started with the lowest exercise per-
formance among the diagnostic patient groups44,45 but also 
achieved the greatest improvements when compared with 
other diagnostic groups such as acute coronary syndrome44 
and PCI.45 Low starting exercise in post-cardiac surgery pa-
tients may be attributed to physiological factors associated 
with the early post-operative phase such as anemia, physical 
deconditioning, fatigue and/or sleep deprivation, pain, and 
changes in respiratory function,44 especially in our study 
given the prompt CR start. Exercise capacity improvements 
in cardiac surgical patients are likely to be a combination 
of the impact of CR participation on self-confidence and 
the natural course of physical and psychological recovery.44 
It is also likely that actual exercise improvements may be 
greater than illustrated in our study given the ceiling effect 
to performance that occurs with using a walking-based test 
such as the 6MWT.24

Limitations of this study include that the results may not 
be generalizable to all CR patients, given the single-nation 
setting and the CR context of early entry and relatively 
short duration. Furthermore, as the study was not a ran-
domized controlled trial and did not compare outcomes 
with nonattendees, cause-and-effect of CR on exercise 
improvement cannot be implied. This study could not de-
termine differences in wait time and outcomes in patients 
referred at hospital discharge versus referrals from general 
practitioner clinics; future studies should address this topic. 
Lastly, a limited array of variables that were feasible to be 
collected were assessed, reducing the explanatory power of 
the analyses. Further investigation that crosses internation-
al boundaries and contexts is recommended.

CONCLUSIONS
This study confirms that the majority of patients attending 
CR achieve clinically important improvements in exercise 
capacity. However, our data indicate that the most substan-
tial benefits in exercise capacity occurred where CR wait 
time was shortest, regardless of program duration. Based 
on the results of this study, coordinators should prioritize 
implementing strategies to shorten wait time between CR 
referral and program start to optimize the benefits of CR. 
The potential benefits of tailoring programs to suit the per-
sonalized needs of patients who waited longer, are older, 
and are female should be considered in CR programs.
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CHAPTER 3 

Exercise Self-efficacy Improvements During Cardiac 

Rehabilitation: Impact of Social Disparities 

Chapter overview 

The previous chapter showed that statistically significant and clinically important improvements in 

exercise capacity occur during CR. A shorter wait time to CR commencement, regardless of program 

duration/number of sessions, was identified as a modifiable CR program characteristic associated with 

greater exercise capacity improvements. Older and female patients were also identified as achieving 

less benefits in exercise capacity, whereas patients who had CABG had more gains at CR completion. 

However, exercise self-efficacy or the patient’s confidence and self-belief to exercise regularly in 

everyday constraints is an intrapersonal factor needed to sustain exercise efforts. 

This chapter examines exercise self-efficacy, another key patient-focused outcome in this thesis, and 

partially addresses Research Aims 1 and 3. Pre-post data for this study were collected from four sites 

in a metropolitan health district. This study investigated exercise self-efficacy outcomes from CR entry 

to completion and identified independent predictors of least improvement. Identifying patients at risk 

of poor improvements in exercise self-efficacy enables provision of additional or tailored support. 

The material presented in this chapter has been peer-reviewed and accepted in the Journal of 

Cardiopulmonary Rehabilitation and Prevention (Journal Impact Factor 3.646). 
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Cardiac rehabilitation (CR) is a highly recommended 
secondary prevention strategy for patients with coro-

nary heart disease (CHD) because of benefits in reducing 

mortality and hospitalization, and improving health-re-
lated quality of life.1,2 Exercise is a key component of CR 
programs3-5 that improves physical fitness, cardiovascular 
disease (CVD) risk factors, and CVD-related symptoms.6 
However, CR not only focuses on supporting patients to 
exercise during training sessions, but also aims to build con-
fidence to exercise regularly at home and sustain efforts in 
the face of everyday constraints, known as exercise self-ef-
ficacy.7 Regular exercise needs to be maintained by patients 
with CHD even after the conclusion of their CR programs 
to achieve optimal outcomes, yet many CR participants do 
not achieve or sustain the recommended 150-300 min/wk 
of moderate-intensity, or 75-150 min of vigorous-intensity 
physical activity (or any combination of the two).8,9 Exer-
cise self-efficacy is therefore important to understand given 
that self-efficacy is amenable to interventions such as CR10 
and is a known predictor of sustaining exercise behaviors 
over time.11,12

Self-efficacy to exercise is deliberately developed in CR 
programs through gradual and progressive exercise perfor-
mance (mastery experiences), self-comparison with other 
patients (vicarious experiences), verbal encouragement from 
trusted exercise professionals (social persuasion), and mon-
itoring physical and emotional responses during exercise 
(somatic and affective states).7,13 However, patients may 
not benefit equally in terms of improvement in self-efficacy 
to exercise from CR, and social determinants may be asso-
ciated with these differences.14 Social disparities have been 
demonstrated in the literature to impact patient referrals, 
enrollment, and completion of CR programs,15 but could 
also have a disproportionate impact on health outcomes, 
even for those who do attend and complete their program. 
For example, lower levels of education, which is commonly 
associated with limited health literacy, results in less dis-
ease-specific knowledge, poorer health management skills, 
and less participation in continued preventive behaviors in-
cluding exercise.16-18 Furthermore, lower levels of physical 
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Purpose: The objective of this study was to determine exercise 
self-efficacy improvements during cardiac rehabilitation (CR) 
and identify predictors of exercise self-efficacy change in CR 
participants.
Methods: Patients with coronary heart disease at four metro-
politan CR sites completed the Exercise Self-efficacy Scale at 
entry and completion. A general linear model identified indepen-
dent predictors of change in exercise self-efficacy.
Results: The mean age of patients (n = 194) was 65.9 ± 10.5 
yr, and 81% were males. The majority (80%) were married or 
partnered, 76% were White, and 24% were from an ethnic 
minority background. Patients received CR in-person (n = 91, 
47%) or remote-delivered (n = 103, 54%). Exercise self-effica-
cy mean scores improved significantly from 25.2 ± 5.8 at CR 
entry to 26.2 ± 6.3 points at completion (P = .025). The ma-
jority of patients (59%) improved their self-efficacy scores, 34% 
worsened, and 7% had no change. Predictors of reduced exer-
cise self-efficacy change were being from an ethnic minority (B 
= −2.96), not having a spouse/partner (B = −2.42), attending 
in-person CR (B = 1.75), and having higher exercise self-efficacy 
at entry (B = −0.37) (adjusted R2= 0.247).
Conclusions: Confidence for self-directed exercise improves in 
most, but not all, patients during CR. Those at risk for poor 
improvement (ethnic minorities, single patients) may need ex-
tra or tailored support, and screening for exercise self-efficacy at 
CR entry and completion is recommended. Differences identified 
from CR delivery mode need exploration using robust methods 
to account for complex factors.

Key words:  cardiac  rehabilitation  •  exercise  •  minority  • 
self-efficacy • social disparities

KEY PERSPECTIVE

•  Exercise self-efficacy improves in patients attending 
cardiac rehabilitation programs, but less so in pa-
tients from an ethnic minority and those who do not 
have a spouse/partner.

•  Screening for exercise self-efficacy at cardiac rehabili-
tation entry and completion is recommended because 
of the potential to address low self-efficacy through 
discussing barriers to exercise.

•  Tailoring cardiac rehabilitation interventions to sup-
port exercise self-efficacy is needed to better support 
patients from ethnic minorities and those without a 
partner/spouse.
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activity insufficient to meet international recommendations 
are often reported by patients from ethnic minorities, wom-
en, and those from lower socioeconomic status.19,20 These 
differences may be explained, at least in part, by complex 
systemic barriers known to be experienced by these popu-
lations,16 as well as individual factors such as lower levels 
of self-motivation and confidence to exercise.21 Spousal or 
partner support may also contribute to the promotion of 
self-efficacy to exercise because partners can remind, en-
courage, and support the other person to follow an exercise 
regimen that can be undertaken in the home environment 
both during and after CR.22

The development of exercise self-efficacy during CR has 
been well established.12,13,23 However, patients with poorer 
exercise self-efficacy outcomes from CR programs who may 
benefit from targeted support and tailored interventions 
have not been specifically studied. Therefore, this study 
aimed to determine exercise self-efficacy outcomes from CR 
and identify independent predictors of least improvement in 
exercise self-efficacy.

METHODS
We conducted a secondary analysis of data from a larger 
study of patient outcomes from CR,24 which used a pro-
spective observational design. Human Research Ethics and 
Research Governance Committee approval for all partic-
ipating sites has been granted for this study (HREC Ref. 
2019/PID14063). All reporting adheres to the STROBE 
(Strengthening the Reporting of Observational Studies in 
Epidemiology) statement.25

PATIENTS AND STUDY SETTING
Recruitment occurred from December 2019 to October 
2020, across four CR sites in metropolitan Sydney, Aus-
tralia. Patients were recruited at CR entry if they: (1) were 
referred to CR for a CHD diagnosis, including myocardial 
infarction with or without percutaneous coronary interven-
tion (PCI), elective PCI, and coronary artery bypass graft-
ing (CABG) as documented in the medical record, (2) had 
sufficient English proficiency to provide informed consent 
and complete the Exercise Self-efficacy Scale, and (3) had 
no dementia diagnosis.

In these services, the CR staff systematically screened 
and referred all eligible patients to CR during hospital ad-
mission. Patients typically attended an initial assessment at 
CR entry, 2-4 wk after hospital discharge, which included 
medical history, exercise and lifestyle behaviors assessment, 
review of current medications and risk factor profiles, anx-
iety and depression screening, and exercise capacity testing.

In-Person CR
Exercise training sessions (60 min) were offered 2-3 times/wk 
for 6-8 wk, in hospital gyms and included aerobic and resis-
tance training by specialist exercise staff and individualized 
according to an initial assessment. Exercise intensity was 
aimed at 3-5 on a 0-10 modified Borg Rating of Perceived 
Exertion (RPE) scale. Education classes providing compre-
hensive secondary prevention content were delivered weekly 
in conference rooms by a multidisciplinary team. At program 
completion, a comprehensive reassessment of the measures 
as at CR entry was performed and an individualized ongoing 
management plan was discussed with patients.

Remote-Delivered CR
For remote-delivered CR during coronavirus disease-2019 
(COVID-19) pandemic restrictions (April to October 2020), 

individual contacts with the CR team occurred every 2 wk, 
and the timing was negotiated with the patient. The initial 
and completion assessments and the progression of the ex-
ercise program occurred via telephone or videoconference 
coaching. Patients performed the resistance exercise classes 
in their own home, together with a small videoconference 
group of two to four other patients. These sessions were led 
by exercise professionals and visual monitoring of exercise 
was possible. The exercise intensity starting with 2-4 on a 
0-10 modified Borg RPE scale was gradually increased ac-
cording to individual capacity and progress. Patients were 
encouraged to engage in aerobic training in their own time. 
Education sessions were offered weekly in small groups us-
ing videoconferences covering the same content as in-person 
classes in addition to the scheduled contacts of every 2 wk. 
The communication method also depended on the patient 
preference, capability, and available technical resources.

SOCIODEMOGRAPHIC AND CLINICAL VARIABLES
All staff participating in data collection underwent training 
to standardize methods. Data were extracted from the pa-
tient CR records using a data form at CR entry for sociode-
mographic and clinical variables. Data collected were age, 
sex, ethnicity (ethnic minority vs not), family status (sin-
gle/divorced/widowed vs with partner/married), education 
(university level vs high school/vocational), employment 
(employed full-time/part-time/casual vs unemployed), pri-
mary reason for referral, and musculoskeletal comorbidity. 
In this study, we define social disparity as health inequali-
ties or differences in health outcomes experienced by social-
ly relevant groups including race/ethnicity, gender, marital 
status, education, income, and occupation.26

EXERCISE SELF-EFFICACY SCALE
The 9-item self-administered Exercise Self-efficacy Scale11 
was used to assess belief in, or confidence to, exercise at 
CR entry and completion. The main question stem “How 
confident are you to exercise …” is followed in each ques-
tion by separate statements indicating common contexts 
and barriers, such as “feeling tired,” “under pressure to get 
things done,” or “feeling down or depressed.” Patients rate 
how much they agree or disagree with the given statements 
using a 4-point scale (1 = not confident at all, to 4 = very 
confident). Scores are totaled and range from 9 to 36, with 
higher scores indicating higher self-efficacy. The Exercise 
Self-efficacy Scale has been reported to have sound psycho-
metric properties including internal consistency reliability 
(Cronbach α 0.88)11 and as adopted in the Australian CR 
context (Cronbach α 0.95).27 Patients who attended CR 
in-person answered a paper-based version and remote-de-
livered CR participants completed the questionnaire elec-
tronically by email, or an online survey link.

STATISTICAL ANALYSIS
Data were summarized using descriptive statistics with 
mean ± SD (continuous variables), and n (%) (categorical 
variables). We used a general linear model (GLM), in the 
form of multivariable linear regression,28 to identify inde-
pendent predictors of exercise self-efficacy change scores, 
accounting for variation in exercise self-efficacy scores at 
CR entry. Only those patients who completed the study 
were included in the analysis.

Change in exercise self-efficacy was calculated using the 
simple mathematical difference between score at comple-
tion and score at entry. We have categorized patients into 
“improved” (an increase of ≥1 points in exercise self-effi-
cacy from CR entry to completion), “worsened” (a decrease 
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Table 1

Sample Characteristics at CR Entry (n = 194)a

Characteristic

Age, yr 65.9 ± 10.5

Male 157 (81)

Ethnic minority 46 (24)

Married/partnered 156 (80)

Education—university level 92 (47)

Employed 83 (43)

Primary reason for referral

 Myocardial infarction ± PCI 68 (35)

 Coronary artery bypass surgery 52 (27)

 Elective PCI 74 (38)

Musculoskeletal comorbidity 71 (37)

Mode of delivery

 Remote 103 (54)

 In-person 91 (47)

Exercise self-efficacy 25.2 ± 5.8

Abbreviation: PCI, percutaneous coronary intervention.
aData are presented as mean ± SD, or n (%).

Table 2

Group Comparison of Exercise Self-efficacy Scores at CR Entry and Completion (n = 133)a

Categories

CR Entry

Mean ± SD (95% CI)

CR Completion

Mean ± SD (95% CI) Effect Size P Value

Improved (n = 78) 24.05 ± 5.40 (22.83–25.27) 28.19 ± 5.04 (27.05–29.33) 0.80 <.001

Same (n = 10) 28.70 ± 4.88 (25.21–32.19) 28.70 ± 4.88 (25.21–32.19) N/A N/A

Worsened (n = 45) 26.71 ± 6.24 (24.84–28.58) 22.33 ± 6.83 (20.28–24.39) 0.67 <.001

Abbreviations: CR, cardiac rehabilitation; N/A, not available.
aComparisons at CR entry: improved vs same, P value = .011; improved vs worsened, P value = .014; same vs worsened, P value = .35.
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of ≥1 points), or “same” (no change in scores). The means 
of these categories at CR entry and completion were then 
compared using paired-samples t tests.

Variables included in the linear regression model were 
social determinants (age, sex, ethnicity, education, employ-
ment, and family status) and clinical factors (primary rea-
son for referral and musculoskeletal comorbidity). We have 
included mode of delivery as a variable in the multivariable 
regression analyses as well as many of the variables, which 
may commonly be associated with participation in CR to 
account for these.29 All variables in the model were categor-
ical, except for age and exercise self-efficacy score at entry, 
which were continuous. Data collection occurred before and 
during COVID-19 pandemic restrictions, so the CR delivery 
mode (in-person vs remote) was added as a predictor in the 
analyses. Assumptions for the regression model were test-
ed,30 including heteroscedasticity (plot of residuals against 
predicted values evenly distributed); independence of residu-
als (Durbin-Watson statistic = 1.98); normality of residuals 
based on Q-Q plot; and multicollinearity (tolerance statistics 
0.60-0.88 and variance inflation factor estimates 1.12-1.67).

A sample of 118 patients was required for the GLM anal-
ysis of change in exercise self-efficacy scores with a medium 
effect size (0.15), α of .05, power (1 − β) of 80%, and 
10 predictor variables. Sample size was calculated using 
GPower v3.1.7. All data were analyzed using SPSS Statistics 
version 26 (IBM). Statistical significance was set at P < .05.

RESULTS
Of the 462 patients referred to CR, 194 were enrolled and 
133 (69%) completed their CR program and were included 
in the analyses. The CR entry exercise self-efficacy scores 
of those who dropped out did not differ from those who 
completed the study (P = .21). Tests between completers 
and noncompleters on all other demographic and clinical 
variables are reported in Supplemental Digital Content 1 
(available at: http://links.lww.com/JCRP/A420).

SAMPLE CHARACTERISTICS
Patient mean age was 65.9 ± 10.5 yr, and 81% were male. 
The majority (80%) were married or partnered, 76% were 
White, and 24% were from an ethnic minority background. 
Patients participated in CR in-person (n = 91, 47%) or re-
motely (n = 103, 53%) (Table 1).

The mean exercise self-efficacy scores improved signifi-
cantly from CR entry (25.2 ± 5.8) to completion (26.2 ± 
6.3) (P = .025). The majority of patients (59%) improved 
their self-efficacy scores, whereas 34% worsened, and 7% 
had no change.

EXERCISE SELF-EFFICACY SCORES
Exercise self-efficacy mean scores improved significant-
ly from 25.2 ± 5.8 (median 25 [21, 29]) at CR entry to 

26.2 ± 6.3 (median 27 [22, 31]) at completion. The mean 
difference from CR entry to completion was 0.96 (95% 
CI, 0.12–1.80, P = .025). Cohen’s d for the overall mean 
change was 0.20, considered a small effect size.

Patients whose scores did not change (“same” cate-
gory) had higher exercise self-efficacy scores than the 
other two categories at CR entry. The changes in ex-
ercise self-efficacy scores were statistically significant  
(P < .001) for both “improved” and “worsened” cate-
gories, with “improved” having a large effect size (Co-
hen’s d = 0.80) and medium for “worsened” (Cohen’s d 
= 0.67) (Table 2).

Normality of the self-efficacy scores at CR entry and 
completion was considered acceptable based on the ratio 
of skewness/SE skew, and histograms of the measure at 
both time points indicated no ceiling effect. The normal-
ity of residuals derived from the regression also showed 
no serious deviations from normality as assessed by the 
Q-Q plot.

PREDICTORS OF EXERCISE SELF-EFFICACY
Independent predictors of the least improvement in exer-
cise self-efficacy were being from an ethnic minority (mean 
decrease in score of 1.75) versus not from ethnic minority 

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

40



Table 3

Independent Factors Associated With Change in Exercise Self-efficacy From CR Entry to Completion (n = 133)

Variable Estimated Marginal Mean SE B 95% CI (B) P Value

Exercise self-efficacy at entry −0.37 −0.51 to −0.23 <.001

Age −0.04 −0.11 to 0.06 .47

Ethnic minority

 Yes −1.75 0.95 −2.96 −4.90 to −1.02 .003

 No (reference) 1.21

Married/partnered

 No −1.48 0.96 −2.42 −4.49 to −0.35 .023

 Yes (reference) 0.94 0.63

Sex

 Female −0.16 0.93 −0.23 −2.25 to 1.79 .82

 Male (reference) −0.39 0.66

Education

 University level −0.20 0.78 0.15 −1.48 to 1.77 .86

 Less than university level (reference) −0.34 0.71

Employed

 No −0.48 0.75 −0.41 −2.40 to 1.58 .68

 Yes (reference) −0.07 0.85

Mode of delivery

 Remote 0.60 0.81 1.75 0.12–3.39 .036

 In-person (reference) −1.15 0.68

Primary reason for referral

 Myocardial infarction ± PCI −0.81 0.86 −0.07 −2.00 to 1.87 .95

 Coronary artery bypass surgery 0.73 0.89 1.47 −0.50 to 3.45 .14

 Elective PCI (reference) −0.74 0.79

Musculoskeletal comorbidity

 Yes −0.04 0.83 0.48 −1.29 to 2.24 .60

 No (reference) −0.51 0.70

Abbreviations: CR, cardiac rehabilitation; PCI, percutaneous coronary intervention.
Adjusted R 2= 0.247.
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(mean decrease of 1.21) (B = –2.96, 95% CI, –4.90 to 
–1.02, P = .003), not having a spouse/partner (mean de-
crease 1.48) versus partnered (mean decrease of 0.94) (B = 
–2.42, 95% CI, –4.49 to –0.35, P = .023), attending in-per-
son CR (mean decrease 1.15) versus remote CR (mean de-
crease of 0.60) (B = 1.75, 95% CI, 0.12–3.39, P = .036), 
and having higher exercise self-efficacy scores at CR entry 
(B = –0.37, 95% CI, –0.51 to –0.23, P < .001) (adjusted 
R2= 0.247) (Table 3).

We have also conducted a multinomial logistic regres-
sion, as sensitivity analysis to determine the robustness of 
the findings, with “improved” as the reference category (see 
Supplemental Digital Content 2, available at: http://links.
lww.com/JCRP/A420). The likelihood of membership in 
the “worsened” group was ethnic minority and in-person 
CR, while there were no statistically significant predictors 
of membership in the “same” group. The results of the mul-
tinomial regression and GLM were therefore similar. We 

have kept the GLM analysis as we feel that the GLM pro-
vides a simpler and more interpretable result.

DISCUSSION
The present study demonstrates that patients generally im-
proved their self-efficacy to exercise during CR participa-
tion. However, one unique finding in this study is that one 
in three had a reduction or no improvement in self-effica-
cy, and social disparities may explain some of these differ-
ences. Specifically, patients from an ethnic minority group, 
those without a spouse/partner, as well as those attending 
in-person CR and have higher exercise self-efficacy scores 
at CR entry, achieved the least improvements in exercise 
self-efficacy.

Being from an ethnic minority was associated with less 
exercise self-efficacy improvements from CR and there-
fore they are less likely to sustain regular exercise in the 
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long-term, especially when faced with difficulties.31 These 
social disparities may perpetuate a form of risk-treatment 
paradox, wherein the already higher risk of CVD progres-
sion in vulnerable groups such as ethnic minorities32 is 
further accentuated by insufficient secondary prevention 
behaviors such as exercise. Furthermore, people from eth-
nic minorities may be immigrants and thus may experience 
both language and culture-related barriers33 to confidence 
building in CR programs. Although Bandura7 proposed 
that self-efficacy is a universal concept, and that confidence 
building occurs independent of culture, cultural contexts 
inevitably influence health behaviors and decision-making 
such as undertaking continued exercise.34 Ethnic minorities 
more commonly experience environmental and familial fac-
tors that could hinder self-efficacy development and lead 
to poorer outcomes compared with their majority coun-
terparts.35 These factors may include prioritizing work 
and family commitments, and having concerns around 
cost and exercise location distances.36 The effect of lower 
self-efficacy to exercise in minorities is also reflected in dis-
proportionately lesser improvements in exercise capacity,37 
suggesting opportunities for targeted or at least more ap-
propriate intervention during CR. Cultural sensitivity train-
ing for staff is a good starting point, as carefully designed 
interventions that are culturally inclusive and sensitive have 
been shown to improve both patient outcomes and experi-
ences.38,39 Having a more diverse staff in the long run may 
better facilitate these interventions. Specific and practical 
interventions such as targeted motivational interviewing are 
being explored to improve self-efficacy and decrease ethnic 
disparities in physical activity.40

Single patients, which included patients whose single sta-
tus could be for multiple reasons, did not gain as much in 
exercise self-efficacy in our study. A potential explanation 
could be that lack of an intimate partner may mean that 
patients do not have live-in support and encouragement, 
which has been reported previously to actively and tangibly 
contribute to incremental mastery and sustained lifestyle 
behavior change.41,42 While not all partnerships are ideal, 
a supportive and health-focused partnership between cou-
ples/partners not only facilitates coping and disease man-
agement but also assists with initiating and reinforcing 
long-term exercise efforts.22 Demands from household tasks 
or social activities may also create barriers to exercise for 
people who are single.41 In addition, single patients would 
have to rely only on their own intrinsic motivation to bol-
ster self-efficacy when the CR program concludes, which 
can be more challenging. However, aside from partnership 
status, many other factors may be at play, including emo-
tional (feeling down or depressed), motivational (do not 
feel like exercising), social (having no support from family 
or friends), task-related (having too much, more pressing, 
or more interesting things to do), or circumstantial (being 
away from home).43 For single patients, support in building 
exercise self-efficacy outside CR programs may be needed 
as much as within programs. Therefore, active referral to 
a community physical activity group for exercise mainte-
nance or extended contacts with CR staff via remote meth-
ods or in the form of additional sessions might be beneficial.

People with higher exercise self-efficacy scores at CR 
entry improved less than those with lower scores (overall 
mean at CR entry 25.2 out of a possible 36). That is, pa-
tients who are already engaged and confident in exercising 
may not gain more from the relatively low-to-moderate in-
tensity and shorter duration CR programs provided in the 
study context. Furthermore, it is also possible that initial 
estimates of exercise self-efficacy were overly optimistic.11 
Although expert CR clinicians are likely to notice patient 

exercise behaviors,44 some patients who need additional 
support may still be undetected without systematic screen-
ing. Such assessments and monitoring may be used as basis 
for developing and tailoring interventions to support iden-
tified at-risk patients.

In our study, patients who attended in-person programs 
did not improve in exercise self-efficacy as much as those 
who participated in remote-delivered programs. This find-
ing is consistent with other studies showing that remote CR 
delivery not only achieves equivalent outcomes,45 but is as-
sociated with sustained improvements for up to 6 yr post-
CR in patients who had CABG.46 It is important that these 
results are interpreted with caution, given that the effects 
of the COVID pandemic impacted patient willingness and 
preparedness to participate in the remote model of CR de-
livery. Remote methods of CR delivery may have been more 
appealing to those who were already self-motivated to exer-
cise, whereas in-person sessions were preferred by patients 
who needed more support because of closer and direct in-
struction, guidance, and supervision.24 This proposition is 
supported by a study that examined motivation in patients 
participating in cardiac telerehabilitation versus traditional 
CR, which found that the traditional CR group was more 
likely to be dependent on external sources of motivation, 
such as health personnel, compared with the telerehabilita-
tion group.47

This study has several limitations. Given the observa-
tional study design, cause and effect could not be implied. 
The study was conducted in one metropolitan local health 
district with fairly similar CR models, limiting the wider ap-
plication of the results to other contexts. We also acknowl-
edge the likelihood of systematic differences in patient 
characteristics between those eligible to participate in CR 
and those who do attend and complete, and these should 
be explored and accounted for in future studies. Further-
more, we have detected statistically significant differences 
between completers and noncompleters in terms of employ-
ment status and CR delivery mode, such that those who are 
not employed or attending in-person CR are more likely to 
complete their programs (see Supplemental Digital Content 
1, available at: http://links.lww.com/JCRP/A420). Exercise 
capacity change would be ideal to be included in the analy-
sis for this study. However, when CR programs pivoted to 
remote delivery during the COVID-19 restrictions, we were 
unable to collect exercise capacity data that were compara-
ble to those collected in-person (6-min walk test). Exploring 
the associations of exercise self-efficacy with more robust 
assessments such as exercise capacity or objectively mea-
sured physical activity is also recommended. Lastly, to our 
knowledge, there have not been any published benchmarks 
of clinical importance (how much change is meaningful 
for patients) for the Exercise Self-efficacy Scale. While our 
study provides some information on effect sizes between 
the variables in the model, determining minimum clinically 
important differences of this scale provides an important 
direction for future research.

CONCLUSIONS
Confidence to exercise improves for most patients in CR 
programs, providing an important source of resilience to 
support sustained exercise efforts over time. However, for 
those who do not improve/worsen, social disparities may be 
important. Just as being from an ethnic minority may act a 
barrier in current CR program success, so does being single. 
Screening for exercise self-efficacy at CR entry and comple-
tion is recommended, as well as addressing identified dif-
ferences through targeted and tailored CR interventions for 
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patients from ethnic minorities and those who do not have 
a partner/spouse. Exploring the reasons for differences in 
outcomes from in-person and remote-delivered CR using 
robust methods should be the focus of future research.
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CHAPTER 4 

Health-Related Quality of Life and Exercise-Based Cardiac 

Rehabilitation in Contemporary Acute Coronary Syndrome 

Patients: A Systematic Review and Meta-Analysis 

Chapter overview 

The previous chapter showed that exercise self-efficacy improves in most patients attending CR 

programs. However, social disparities play a role in determining the development of exercise self-

efficacy during CR. The identified independent predictors of least improvement in exercise self-

efficacy at CR completion include being from an ethnic minority, being single, remote versus in-

person attendance, and higher self-efficacy at CR entry. 

This chapter addresses Research Aim 2 and examines extant literature on CR effectiveness for HRQL, a 

fundamental patient-focused outcome explored in this thesis. This chapter presents a systematic 

review and meta-analyses that establishes the efficacy of exercise-based CR in most recent RCTs 

(from year 2000), which represent patients treated using contemporary guidelines. This meta-analysis 

was one of the first reviews to pool the patient-valued outcome of HRQL outcomes of RCTs needed to 

make robust conclusions about CR efficacy beyond mortality, morbidity, and hospitalisations.  

The material presented in this chapter has been peer-reviewed and published in the journal Quality of 

Life Research (Journal Impact Factor: 3.440). 

Citation: 

Candelaria D, Randall S, Ladak L, Gallagher R. Health-related quality of life and exercise-based 

cardiac rehabilitation in contemporary acute coronary syndrome patients: A systematic 

review and meta-analysis. Qual Life Res. 2020;29(3):579-592.  
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Abstract
Purpose To review the literature on health-related quality of life (HRQoL) outcomes for exercise-based cardiac rehabilita-
tion (EBCR) in contemporary acute coronary syndrome (ACS) patients.
Methods Electronic databases (CENTRAL, MEDLINE, Embase, and CINAHL) were searched from January 2000 to March 
2019 for randomised controlled trials (RCTs) comparing EBCR to a no-exercise control in ACS patients recruited after 
year 2000, follow-up of at least 6 months, and HRQoL as outcome. Potential papers were independently screened by two 
reviewers. Risks of bias were assessed using the Cochrane Tool. Data analyses were performed using RevMan v5.3, random 
effects model.
Results Fourteen RCTs (1739 participants) were included, with eight studies suitable for meta-analyses. EBCR resulted in 
statistically significant and clinically important improvements in physical performance (mean difference [MD] 7.09, 95% 
CI 0.08, 14.11) and general health (MD 5.08, 95% CI 1.03, 9.13) (SF-36) at 6 months, and in physical functioning (MD 
9.82, 95% CI 1.46, 18.19) at 12 months. Statistically significant and sustained improvements were also found in social and 
physical functioning. Meta-analysis of two studies using the MacNew Heart Disease HRQoL instrument did not show any 
significant benefits. Of the six studies unsuitable for meta-analyses, five reported significant changes in overall HRQoL, 
general physical activity levels and functional capacity, or quality-adjusted life-years (QALYs).
Conclusions In an era where adherence to clinical practice guidelines has improved survival, EBCR still achieves clinically 
meaningful improvements in physical performance, general health, and physical functioning in the short and long term in 
contemporary ACS patients.

Keywords Health-related quality of life · Quality of life · Exercise · Cardiac rehabilitation · Acute coronary syndrome · 
Systematic review · Meta-analysis

Introduction

Acute coronary syndrome (ACS) is the leading contributor 
to overall cardiovascular disease (CVD) burden globally [1], 
resulting in 18 million deaths in 2016 [1, 2] and projected 
to exceed 23 million by 2030 [3, 4]. Disease reoccurrence 
is also extremely common as 40% of ACS survivors are 
readmitted to hospital within 30 days of discharge [5] and 
20% experience a repeat cardiac event within the first year 
[6]. Although there have been reductions in mortality from 
CVD in recent decades due to the availability and accessibil-
ity of life-saving cardiac interventions and guideline-based 
medications, this rate of decline is slowing, thus many more 
people live with CVD and related disability.
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Lower health-related quality of life (HRQoL) is often 
experienced post cardiac event [7]. Persistent symptoms, 
both physical (e.g. pain and fatigue) and psychological 
(e.g. depression and anxiety), decrease patients’ perceived 
level of personal competence and their ability to perform 
usual activities [8–10]. When compared to the general 
population, ACS survivors are shown to be 2.7 times more 
likely to report fair/poor general health and 1.5 times more 
likely to state limitations to daily activities [11]. There-
fore, more comprehensive interventions aimed at improv-
ing patients’ physical functioning, reducing physical limi-
tations, and regaining previous abilities are needed.

Cardiac rehabilitation (CR) aims to improve multiple 
aspects of a patient’s life and includes several interven-
tions such as supervised exercise, smoking cessation 
counselling, medication education, and stress reduction 
strategies. CR is defined by the World Health Organization 
(WHO) as “the sum of activities required to ensure them 
[patients] the best possible physical, mental and social 
conditions, so that they may, by their own efforts, resume 
and maintain as normal a place as possible in the commu-
nity” [12]. Exercise-based cardiac rehabilitation (EBCR) 
is the most widely recognised CR strategy [13] because 
of known dose–response benefit for mortality from all 
causes including CVD [14, 15], and a strong potential to 
improve HRQoL [16]. EBCR is consistently and strongly 
recommended in international clinical practice guidelines, 
particularly for ACS [17–21].

Previous reviews evaluating the effectiveness of EBCR 
[22–24] including the latest Cochrane review [24] focused 
on clinical endpoints such as mortality, morbidity, and 
hospital readmission. The most recent of these reviews, 
which examined only contemporary trials (since 2000) 
reported a lack of benefits for mortality and hospital read-
missions [22]. These reviews referred to improvements in 
HRQoL but failed to conduct the meta-analyses needed 
to form robust conclusions. One review conducted a the-
matic analysis on HRQoL outcomes reported that HRQoL 
improvements have a bidirectional relationship with 
increased physical activity [25]. Another recently pub-
lished meta-analysis of HRQoL outcomes [26] concluded 
that CR results in modest benefits with greater improve-
ments from non-exercise-based and psychological inter-
ventions, which seems counterintuitive. These findings 
contradict the results of two recently updated Cochrane 
reviews, which found no consistent evidence of superior 
HRQoL following patient education [27] and considerable 
uncertainty around the effects of psychological interven-
tions [28]. One criticism of this meta-analysis is that older 
trials were included, which may not reflect the impact of 
contemporary therapies for ACS. Therefore, the impact of 
EBCR on patient-reported outcome measures (PROMs) 

such as HRQoL considering medical progress in this 
evolving patient group remains poorly understood.

Clinicians and policymakers need to be guided by robust 
evidence to decide on appropriate patient interventions 
with reference to endpoints that matter to patients with 
ACS. PROMs provide more individualised perspectives 
on patient-valued outcomes [29] and offer opportunities to 
measure health benefits of interventions beyond survival, 
disease, and physiological markers [30, 31]. Therefore, this 
review aimed to synthesise available evidence and evaluate 
the HRQoL benefits of EBCR in ACS patients who were 
treated based on latest guideline recommendations and were 
recruited from year 2000.

Methods

This systematic review and meta-analysis was performed 
following a protocol registered in PROSPERO (ID: 
CRD42018109816). All reporting is in accordance with the 
Cochrane collaboration [32] and the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines [33].

Data sources and searches

We used Boolean search methods combining keywords (car-
diac rehabilitation AND exercise) AND quality of life AND 
‘acute coronary syndrome’ OR ‘myocardial infarction’ OR 
‘angina’ AND ‘trial’. To identify relevant papers, one author 
(DC) searched four electronic databases including Cochrane 
Central Register of Controlled Trials (CENTRAL), MED-
LINE, and Embase via OvidSP and CINAHL via EBSCO 
(Supplementary Table).

Two reviewers (DC and RG) independently screened 
titles and abstracts. Full-text publications of potentially rel-
evant papers were assessed for eligibility based on prespeci-
fied criteria. Any differences in decisions were resolved by 
other reviewers (SR, LL). We also examined the reference 
lists of included papers, publications with the first or last 
authors, and sought full-text articles that may have come out 
from conference abstracts, and consulted previous system-
atic reviews with similar aims to this review [22, 24, 25, 34] 
to ensure a comprehensive search.

Study selection

We included published randomised controlled trials (RCTs) 
comparing EBCR to a no-exercise control with HRQoL as 
outcome assessed using a validated instrument, and a follow-
up of at least 6 months. Studies that compared traditional 
EBCR to alternative exercise CR modalities such as yoga, 
tai chi, and other similar routines were excluded. Only those 
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trials reported in English were included, unless a translated 
version was readily available.

Interventions

EBCR is delivered supervised or unsupervised, either in 
isolation or as part of a comprehensive program that may 
include some form of educational and/or psychosocial sup-
port [12, 24]. Standard care is defined in this review as usual 
medical care and follow-up mainly focused on pharmaco-
logic therapy and may include advice or informal education 
on exercise, psychosocial support, and diet, but does not 
involve a structured exercise component.

Participants

To ensure representation of a population that would have 
received contemporary treatments, we included adult par-
ticipants who have had ACS (where ≥ 80% of total study 
population had acute myocardial infarction [AMI] with or 
without revascularisation such as PCI or CABG), angina 
pectoris, or CAD confirmed by angiography; on optimum 
secondary preventative medical therapy according to the 
recommendations of the Sixth Joint Task Force [21]; and 
recruited after the year 2000 (following the methods of a 
recently published systematic review) [22].

Risk of bias assessment

We utilised the Cochrane Risk of Bias Assessment Tool 
[35] (Supplementary Table), specifically designed for RCTs, 
which assesses selection, performance, detection, attrition, 
and reporting biases. Three further quality characteristics 
were included in the assessment (groups balanced at base-
line, intention-to-treat analysis, and groups that received 
comparable treatment except for the intervention) in accord-
ance with the 2016 Cochrane review [24]. One reviewer 
(DC) critically appraised the risks of bias of included stud-
ies and a second reviewer (RG) independently reviewed all 
assessments. Any inconsistencies were resolved by discus-
sion or by consensus meeting (SR, LL).

Data extraction

Data from included studies were extracted and entered into 
an electronic spreadsheet. There was substantial variation in 
the quality of data reporting in studies included in the meta-
analyses. We contacted the original authors [36–41] for data 
not reported in the papers. However, necessary statistical 
information such as standard deviations (SDs) that could 
not be supplied by the original researchers were imputed for 
meta-analysis with the guidance of a statistician. Methods 
employed to estimate missing SDs [42, 43] were (a) using 

the Cochrane SD spreadsheet, (b) manual computation for 
SD using the upper and lower limits of the confidence inter-
vals (CIs), and (c) using the t test table. Where data on indi-
vidual domains were not reported at all [41] or when SDs 
were too impracticable to be statistically estimated robustly 
[40, 44], the specific HRQoL domains of these studies were 
excluded from the meta-analyses.

Data synthesis and analysis

Where meta-analysis was possible, data were combined for 
statistical analyses using Review Manager v5.3, random 
effects model. Statistical heterogeneity of included studies 
was assessed using the χ2 test and the I2 statistic. Data were 
presented as mean differences (MD) with 95% confidence 
interval (CI) and statistical significance at p value ≤ 0.05. 
Furthermore, data were interpreted using the published 
minimal clinically important differences (CID) standards 
in health status for patients with heart disease [45]. These 
standards were developed using state changes, which repre-
sent the smallest amount that an individual’s score can shift 
by moving up or down one response choice [45]. CID values 
for the Short Form-36 Health Survey (SF-36) vary according 
to domain (5 for physical functioning, general health, and 
mental health; 6.25 for physical performance and vitality; 
8.33 for emotional performance; 10 for bodily pain; and 12.5 
for social functioning) [45]. For the MacNew Questionnaire 
(MacNew), the published CID value is 0.5 [46]. A sensitivity 
analysis was also conducted to examine the robustness of the 
study findings (difference MD ranged from − 1.53 to 2.74 
for each domain). Potential for publication bias was assessed 
using Egger’s test and funnel plots were constructed to vis-
ualise possible asymmetry [47] (Supplementary Figure). 
Where meta-analysis was not appropriate, the results have 
been analysed and reported descriptively.

Results

Study selection and characteristics

Initial electronic search yielded 2442 references, of which 
1288 were screened after duplicate removal and 55 full-text 
articles were assessed for eligibility based on the prespeci-
fied criteria. Ultimately, 14 RCTs (Table 1) were included 
in the systematic review (1739 participants) and eight of 
these were suitable for meta-analyses (Fig. 1). Five studies 
were included in the meta-analysis for the SF-36 at 6-month 
follow-up [36, 37, 40, 44, 48], two for SF-36 at 12 months 
[44, 49], and two for the MacNew at 6 months [50, 51]. One 
study was included in meta-analyses for SF-36 for both 6 
and 12 months [44].
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1 3 Table 1  Summary of the characteristics of included studies

First author (year) 
Country

Participant characteristics HRQoL instrument Follow-up 
(months)

Intervention Control (Standard Care)

cBettencourt (2005) 
[49] Portugal

n = 126
Male: 83.5%
Mean age: 57 years
ACS only

SF-36 12 Delivery
Centre-based, supervised, 12 months
Exercise content
60 min, 3 ×/week for 12 weeks, then monthly for the rest of 

the year; treadmill or bicycle and a recovery period

Cardiology follow-up

a,cBriffa (2005) [44] 
Australia

n = 113
Male: 73.5%
Mean age: 61 years
ACS ± revascularisation

SF-36 6, 12 Delivery
Centre-based, supervised, 6 weeks
Exercise content
60–90 min, 3 ×/week; aerobic circuit and resistance train-

ing
Education content
12 sessions on symptom management, pharmacologi-

cal treatment, and healthy eating; 6 sessions on stress 
management

Cardiology follow-up

aMaddison (2015) [36] 
New Zealand

n = 171
Male: 81.0%
Mean age: 60 years.
IHD ± revascularisation

SF-36
EQ-5D

6 Delivery
Home- and mobile phone-based (HEART [Heart Exercise 

And Remote Technologies]), 6 months; 3–5 text mes-
sages/week and through a secure website; personalised 
feedback on progress

Exercise content
30 min, 5 ×/week; walking, swimming, or cycling
Education content
Information on other exercises; links to other websites; 

behaviour change strategies; and technical support

NR
Participants could access community-based 

CR or join a local cardiac support club

Mutwalli (2012) [41] 
Saudi Arabia

n = 49
Male: 100%
Mean age: 57 years
CABG only

SF-36 6 Delivery
Inpatient sessions and home-based, 6 months; Telephone 

follow-up
Exercise content
30 min; walking (initially supervised on the ward, then 

independently at home)
Education content
1-h session pre- and post-CABG, regarding CAD, risk 

factors, chest pain management, lifestyle modification, 
and deep breathing exercises; food management session; 
series of group workshops and socialisation

Education on medications, physical activity, 
and diet

aSeki (2003) [40] 
Japan

n = 38
Male: 100%
Mean age: 70 years
ACS ±
revascularisation

SF-36 6 Delivery
Centre-based, supervised, 6 months
Exercise content
60 min weekly; independent exercise 2 ×/week
Education content
Dietary counselling

Cardiology follow-up
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Table 1  (continued)

First author (year) 
Country

Participant characteristics HRQoL instrument Follow-up 
(months)

Intervention Control (Standard Care)

aWang (2012) [48] 
China

n = 160
Male: 83.4%
Mean age: 58 years
AMI only

SF-36
MIDAS

6 Delivery
Home-based, 6 weeks; Chinese version of the Heart 

Manual which includes tai chi, qi gong, and Chinese diet; 
face-to-face introduction; telephone follow-up

Exercise content
NR (Individualised fitness plan with self-evaluation)

Cardiology follow-up
Education on medications, diet, and smoking 

cessation

aYu (2004) [37] Hong 
Kong

n = 269
Male: 75.5%
Mean age: 64 years
AMI ±
revascularisation

SF-36 6, 24 Delivery
Centre-based, supervised, 8 weeks; then home-based, 24 

months
Exercise content
2-h, 2 ×/week; aerobic exercises (first hour with physi-

otherapist, then with occupational therapist)
Education content
60-min sessions on risk factor modification and secondary 

prevention

Cardiology follow-up
2-h education session on risk factor modifica-

tion and physical activity

Oerkild (2012) [38] 
Denmark

n = 40
Male: 63.8%
Mean age: 77 years
AMI ± revascularisation

SF-12 12 Delivery
Home-based, 12 weeks; 2 physiotherapist visits at 6-week 

intervals; telephone follow-up between visits
Exercise content
Individualised; 30 min, 6 ×/week

Cardiology follow-up

bDevi (2014) [50] UK n = 94
Male: 74.5%
Mean age: 66 years
Angina only

MacNew 6 Delivery
Home- and web-based (ActivateYourHeart), 6 weeks; face-

to-face introduction; weekly chat room; individual chat 
option with nurse for queries

Content
Individualised goal setting on exercise, diet, emotions, and 

smoking cessation

GP follow-up

bReid (2011) [51] 
Canada

n = 223
Male: 84.3%
Mean age: 56 years
ACS with PCI only

MacNew 6, 12 Delivery
Home- and web-based (CardioFit), 6 months; initial visit 

and personal email contact with exercise physiologist
Exercise content
Walking measured by pedometer; self-reported leisure-

time physical activity
Education content
Five mandatory online tutorials on exercise planning, goal 

setting, monitoring, and relapse prevention

Cardiology follow-up
Education on physical activity

Sandström (2005) [52] 
Sweden

n = 101
Male: 80.2%
Mean age: 71 years
AMI only

EQ-5D 12 Delivery
Centre-based, supervised, 12 weeks
Exercise content
60 min, 3 ×/week for 3 months, with step-down option of 

weekly sessions for 3 more months; aerobic exercises 
with relaxation

Cardiology follow-up
Education on physical activity and monthly 

information meetings
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First author (year) 
Country

Participant characteristics HRQoL instrument Follow-up 
(months)

Intervention Control (Standard Care)

Santaularia (2017) 
[39] Spain

n = 86
Male: 85.0%
Mean age: 60 years
AMI only

EQ-5D 12 Delivery
Centre-based, supervised, 10 weeks
Exercise content
60 min, 3 ×/week; aerobic and isotonic exercises

Education on physical activity 4 follow-up 
visits with a cardiac nurse

Hautala (2017) [53] 
Finland

n = 204
Male: 72.0%
Mean age: 61 years
CAD only

15D 12 Delivery
Combination of centre- and home-based, 12 months; face-

to-face follow-up
Exercise content
60–80 min, 4–5  ×/week; supervised for the first two ses-

sions, then weekly unsupervised sessions for 6 months

NR

Houle (2012) [54] 
Canada

n = 65
Male: 78.5%
Mean age: 59 years
ACS only

QOLI—cardiac 
version III

6, 12 Delivery
Home-based, 12 months; face-to-face introduction; tel-

ephone and face-to-face follow-ups
Exercise content
Walking measured by pedometer
Education content
Self-monitoring, graded tasks, goal setting, social compari-

son, and barrier identification

Education on physical activity, diet, and 
medications

HRQoL Health-related Quality of Life, ACS Acute Coronary Syndrome, SF-36 or SF-12 Short Form-36 or -12, IHD Ischaemic Heart Disease, EQ-5D EuroQol-5D, NR not reported, CR cardiac 
rehabilitation, CABG coronary artery bypass graft, CAD coronary artery disease, AMI acute myocardial infarction, MIDAS Myocardial Infarction Dimensional Assessment Scale, GP general 
practitioner, PCI percutaneous coronary intervention, QOLI Quality of Life Index
a Included in the meta-analysis for SF-36 at 6 months
b included in the meta-analysis for MacNew at 6 months
c Included in the meta-analysis for SF-36 at 12 months
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The mean age of participants in individual studies ranged 
from 56 to 77 years, 81.1% were males, with two studies 
including males exclusively [40, 41]. Included studies were 
conducted in Europe (n = 6) [38, 39, 49, 50, 52, 53], Canada 
(n = 2) [51, 54], and one each in Australia [44], China [48], 
Hong Kong [37], Japan [40], New Zealand [36], and Saudi 
Arabia [41].

HRQoL assessment instruments

All HRQoL instruments used in the included trials were 
validated for the ACS patient population. The most com-
monly used generic HRQoL instrument was the SF-36 or 
its condensed version, SF-12 (n = 8) [36–38, 40, 41, 44, 48, 
49], followed by EQ-5D (n = 3) [36, 39, 52], and 15D (n = 1) 
[53]. Cardiac disease-specific instruments were also used 
such as the MacNew (n = 2) [50, 51], Myocardial Infarc-
tion Dimensional Assessment Scale (MIDAS) [48], and the 
Quality of Life Index (QOLI)—cardiac version III [54]. Two 
studies used multiple HRQoL instruments [36, 48].

Interventions

Centre-based with supervised exercise sessions was the most 
common mode of EBCR delivery (n = 6) [37, 39, 40, 44, 49, 
52], followed by home-based with telephone or face-to-face 
follow-up (n = 3) [38, 48, 54], home-based with technology- 
or web-based intervention (n = 3) [36, 50, 51], and a blended 
centre- and home-based model (n = 2) [41, 53]. EBCR was 
typically offered with education and psychosocial group ses-
sions including behavioural and lifestyle modification. While 
there was variation in CR programs, the most common struc-
ture was a 6- to 12-week program, with 60 min of supervised 
exercise, delivered three times a week. Telephone or email 
support was also available for those involving technological 
interventions.

Effect on HRQoL

The meta-analysis of five studies [36, 37, 40, 44, 48] that 
used SF-36 at 6-month follow-up (Fig. 2) showed that EBCR 

Fig. 1  Preferred reporting items 
for systematic reviews and 
meta-analyses flow diagram

Systema�c 
review
(n=6) 

Sc
re
en
in
g

El
ig
ib
ili
ty

Studies iden�fied through 
database searching 

(n = 2,442)

Id
en
�fi

ca
�o

n
In
cl
ud

ed

Full-text ar�cles excluded 
(n = 41) 

Reasons: 
Control included usual CR 
(n= 12) 
<6 months minimum follow-up 
(n= 9) 
Not RCTs (n=7)
No validated QoL scale (n= 5) 
CHD results not reported 
separately or <80% (n = 2)
Completed Phase II CR (n=2)
Home- vs Centre-based (n=2)
Par�cipants recruited before 
2000 (n=2)

Studies screened
(n = 1,288)

Full-text ar�cles assessed 
for eligibility

(n = 55)

Studies included
(n = 14)

Meta-analysis
(SF-36=6

MacNew=2) 

Duplicates removed
(n = 1, 154)

Excluded a�er �tle and abstract 
screening

(n = 1,233)

54



586 Quality of Life Research (2020) 29:579–592

1 3

Fig. 2  SF-36 domains at 6 months
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significantly increased physical performance (n = 555, MD 
7.09, 95% CI 0.08, 14.11), general health (n = 702, MD 5.08, 
95% CI 1.03, 9.13), social functioning (n = 664, MD 4.42, 
95% CI 0.35, 8.50), physical functioning (n = 664, MD 4.29, 
95% CI 0.98, 7.59), and mental health (n = 702, MD 3.04, 
95% CI 0.17, 5.92), with physical performance and general 
health improvements both statistically significant and clini-
cally important. Statistical heterogeneity across these studies 
was high (I2 = 4 to 84%).

In the two studies [44, 49] that used SF-36 at 12 months 
(Fig. 3), EBCR showed both statistically significant and 
clinically important improvements in physical functioning 
(MD 9.82, 95% CI 1.46, 18.19) and statistically significant 
benefits in bodily pain (MD 8.54, 95% CI 01.34, 15.75) and 
social functioning (MD 7.07, 95% CI 0.35, 13.79). There 

was moderate evidence of statistical heterogeneity between 
these studies (I2 = 0 to 71%).

Two studies [50, 51] that used MacNew at 6 months 
(n = 216) also qualified for a meta-analysis (Supplementary 
Figure) but showed no statistically significant nor clinically 
important difference between groups was observed across 
the four HRQoL domains. There was low statistical hetero-
geneity between these studies (I2 = 0 to 33%).

Six studies were unsuitable to be included in the meta-
analyses because there was no consistent instrument used 
[39, 52–54] or necessary statistics such as SDs for individual 
domains were not available [38, 41]. Of these, five stud-
ies individually showed statistically significant improve-
ments from EBCR, either in overall HRQoL (p < 0.05) 
[41, 52, 54], general physical activity levels and functional 

Fig. 3  SF-36 domains at 12 months
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capacity (p < 0.05) [39, 52, 54], or quality-adjusted-life-
years (QALYs) (average change + 0.013) [53].

Risk of bias assessment

The overall risk of bias of the included studies was low based 
on the Cochrane Risk of Bias Assessment Tool (Fig. 4). 
Studies that failed to report enough detail to be accurately 
assessed were given an unclear score. All studies showed 
balanced baseline characteristics. However, three studies 
[37, 40, 51] had interventions other than EBCR delivered 
unequally across intervention and control groups. The risk 
for reporting bias was low for all of the studies except one 
[38], which did not report exercise capacity outcomes at 
other follow-up periods. Four studies [37, 41, 51, 54] had 
high potential for attrition bias, while three studies [37, 40, 
41] did not conduct intention-to-treat analysis. Detection 
bias was judged as unclear for six studies [37, 38, 40, 41, 
53, 54] and high for four [44, 48–50]. For selection bias, 
eight studies [37, 40, 41, 48, 49, 52–54] had unclear score 
for allocation concealment and six [37, 40, 41, 49, 52, 53] 
for random sequence allocation. There was also low evi-
dence of publication bias as shown in the funnel plots (Sup-
plementary Table).

Discussion

In this systematic review and meta-analysis, we report that 
in the context of current optimal medical therapy, clinically 
important improvements from EBCR are still achieved in 
physical performance and general health, as well as physi-
cal functioning in the long term. Significant and sustained 
benefits are also observed in physical and social functioning, 
with the addition of short-term gains for mental health and 
long-term reductions in bodily pain. These findings support 
and complement previous reviews without meta-analyses 
that showed overall HRQoL benefits from EBCR [22, 24, 
25] and, particularly, improvements in physical activity [25]. 

However, contrary to the only meta-analysis that showed 
minimal improvements from exercise [26], our meta-analy-
ses found not only statistically significant but also clinically 
meaningful differences between groups in physical perfor-
mance and general health, as well as physical functioning—
the domains that are known to be impacted most by ACS 
diagnosis [11]. Combining RCTs that used the same instru-
ments in assessing HRQoL made it possible to pool data into 
a meta-analysis and quantify the differences between groups.

EBCR is a complex intervention and health benefits may 
be occurring as a result of the combined effect or interplay of 
different components. However, the main intervention used 
in EBCR is exercise due to the well-acknowledged health 
benefits in the literature such as decreased mortality and 
risk factors associated with most chronic diseases, includ-
ing CVD [55]. Participation in exercise activities improves 
physical function and exercise tolerance, especially if the 
exercises were tailored to individual needs and capacity [55, 
56]. These improvements in physical function are also more 
likely translated to increased performance of daily activities 
that are easily recognised and felt by patients. It is therefore 
not surprising to observe improvements in physical perfor-
mance as well as general health from EBCR. In addition, 
effects of exercise in physical functioning are not simply 
sustained but also found to be more meaningful in the long 
term. It is further suggested that health benefits from exer-
cise may not only be explained by way of increased physical 
activity, but also possibly by cellular or molecular mecha-
nisms [57].

Social functioning benefits from EBCR proved substan-
tial and were sustained over time. These improvements are 
potentially associated with physical gains, which enable 
patients to be more confident participating in social activi-
ties [58]. The inherent presence of social contact in EBCR 
from both staff and other participants in CR programs 
may also have been beneficial not just in social function-
ing but also in mental health. Regular social support from 
CR staff that kept patients socially engaged was identified 
as a contributor to the effectiveness of CR that extends to 

Fig. 4  Risk of bias assessment 0% 25% 50% 75% 100%
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the post-discharge period [59]. Furthermore, peer support 
through multiple modes of interaction between people expe-
riencing the same challenges from a life-changing event such 
as ACS have been shown to positively affect psychosocial 
health outcomes [60].

The meta-analyses in this review included both a generic 
(SF-36) and a cardiac disease-specific HRQoL questionnaire 
(MacNew), reflecting the recommendation of the American 
Heart Association (AHA) [61]. However, when cardiac-
specific data for the MacNew was pooled, no difference in 
any domain was detected between groups, despite individual 
studies [50, 51] reporting improvements in some domains. 
This result is contrary to a previous meta-analysis that 
included a wide range of interventions [26], which showed 
statistical improvement in all MacNew domains. Failure 
to detect significant change with the MacNew in our study 
could be a consequence of ceiling effect [62] as both studies 
had samples with high scores at baseline and the distribution 
of statistical power when combining data [63].

Limitations

While we have run a systematic and thorough database 
search and examined the reference lists of previews reviews 
and included papers, as well as papers published by the 
first and last authors for comprehensiveness, one limita-
tion of this review is the possibility that some studies that 
used terms other than health-related quality of life but were 
still relevant and utilised a validated instrument may have 
been missed. Another limitation is the small number of 
eligible studies for meta-analysis due to the differences in 
instruments used. Excluding papers reported in languages 
other than English may also have narrowed the scope of 
this review. There was substantial contextual variability 
between studies in terms of income level of countries where 
the studies were conducted. While differences in the quality 
of data reporting was mitigated by contacting the authors 
for information needed and by estimating data using avail-
able statistical techniques, some studies were still excluded 
from meta-analyses due to incomplete data reporting. Meta-
regression analysis was also not conducted due to the incon-
sistent reporting of variables within individual studies.

Conclusions and recommendation

We report that EBCR imparts clinically important differ-
ences to HRQoL, particularly physical performance and 
general health (short term) and physical functioning (long 
term) in patients with ACS even in the current era of opti-
mised cardiac care. This review reinforces the importance 

of evaluating CR benefits beyond mortality and morbidity to 
consider patient-valued outcomes, such as HRQoL. Under-
standing the effects of EBCR in patient-reported outcomes 
offers guidance for clinicians and program coordinators to 
provide care and evaluate interventions using more person-
centred approaches. We recommend that PROMs be given 
due recognition as a valuable endpoint, with the specific 
inclusion of HRQoL as one PROM in routine assessments 
in ACS patients attending CR.
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CHAPTER 5 

Remote-Delivered Cardiac Rehabilitation During COVID-19:  

A Prospective Cohort Comparison of Health-Related Quality 

of Life Outcomes and Patient Experiences 

Chapter overview 

Chapter 4 confirmed that CR achieves clinically important improvements in many aspects of life 

compared to no-exercise program controls in RCTs. However, real-world CR delivery differs from the 

controlled nature of RCTs. The impact of a global phenomenon such as the COVID-19 pandemic may 

also impose changes in CR delivery in practice likely influential for patient outcomes and experiences. 

This chapter complements the previous chapter and presents HRQL outcomes in practice. This 

chapter contributes to addressing Research Aims 1, 3, and 5. The unique opportunity to naturally 

compare HRQL outcomes from in-person versus remotely delivered CR during COVID-19 restrictions is 

presented in this chapter. Patient experience interviews also shed light on patient perspectives on the 

advantages and disadvantages of the two delivery modes (in-person versus remote).  

The material presented in this chapter has been peer-reviewed and published in the European Journal 

of Cardiovascular Nursing (Journal Impact Factor 3.593). 
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Aims Enforced suspension and reduction of in-person cardiac rehabilitation (CR) services during the coronavirus
disease-19 (COVID-19) pandemic restrictions required rapid implementation of remote delivery methods, thus
enabling a cohort comparison of in-person vs. remote-delivered CR participants. This study aimed to examine the
health-related quality of life (HRQL) outcomes and patient experiences comparing these delivery modes.

...................................................................................................................................................................................................
Methods
and results

Participants across four metropolitan CR sites receiving in-person (December 2019 to March 2020) or remote-
delivered (April to October 2020) programmes were assessed for HRQL (Short Form-12) at CR entry and com-
pletion. A General Linear Model was used to adjust for baseline group differences and qualitative interviews to
explore patient experiences. Participants (n = 194) had a mean age of 65.94 (SD 10.45) years, 80.9% males.
Diagnoses included elective percutaneous coronary intervention (40.2%), myocardial infarction (33.5%), and coron-
ary artery bypass grafting (26.3%). Remote-delivered CR wait times were shorter than in-person [median 14 (inter-
quartile range, IQR 10–21) vs. 25 (IQR 16–38) days, P < 0.001], but participation by ethnic minorities was lower
(13.6% vs. 35.2%, P < 0.001). Remote-delivered CR participants had equivalent benefits to in-person in all HRQL
domains but more improvements than in-person in Mental Health, both domain [mean difference (MD) 3.56, 95%
confidence interval (CI) 1.28, 5.82] and composite (MD 2.37, 95% CI 0.15, 4.58). From qualitative interviews
(n = 16), patients valued in-person CR for direct exercise supervision and group interactions, and remote-delivered
for convenience and flexibility (negotiable contact times).

...................................................................................................................................................................................................
Conclusion Remote-delivered CR implemented during COVID-19 had equivalent, sometimes better, HRQL outcomes than in-

person, and shorter wait times. Participation by minority groups in remote-delivered modes are lower. Further re-
search is needed to evaluate other patient outcomes.
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Introduction

Cardiac rehabilitation (CR) is a Class 1, Level A recommended inter-
vention for patients with coronary heart disease (CHD)1,2 because of
well-established benefits in reducing mortality and morbidity, and
improving health-related quality of life (HRQL).3,4 Comprehensive
CR is typically outpatient-based, and delivered in-person by a multi-
disciplinary team.5 Physical distancing restrictions implemented to re-
duce disease transmission during the coronavirus disease-19
(COVID-19) pandemic resulted in many services being suspended or
having significantly reduced capacity and staffing, thus enforcing rapid
adoption of remote delivery formats.6,7

Remote-delivered CR programmes via telehealth have been in-
creasingly promoted as a viable option to improve access to sec-
ondary prevention support6,8 and address barriers to
participation related to travel and associated time demands.8

Remote-delivered programmes have demonstrated efficacy and
show potential for lowering costs for the healthcare system com-
pared to in-person.9 However, the need for additional staff time
(group vs. individual sessions), access to adequate private office
spaces, and required appropriate audio-visual equipment must
also be considered. Systematic reviews have also shown that
remote-delivered CR achieves comparable outcomes to in-
person for reducing modifiable risk factors10 and hospitalization,11

and improving exercise capacity.12 However, the impact on
patient-focused outcomes such as HRQL and patient experiences,
which provide important insights into the effect on patient’s lives,13,14

has not been well-investigated.
Assessing HRQL and patient experiences helps in refining CR pro-

grammes to improve participation and satisfaction, especially given
the longstanding suboptimal overall CR uptake.15 Using patient-
centred research approaches focuses attention on determining
which CR delivery method or component yields the most value from
patients’ perspectives.13,14 The immediate and almost complete
move from in-person to remote delivery that occurred international-
ly in March 2020 provides natural comparison cohorts to investigate
these effects. Therefore, this study aimed to compare HRQL out-
comes and experiences from in-person vs. remote-delivered CR.

Methods

All reporting adhered to the STROBE Statement (Strengthening the
Reporting of Observational Studies in Epidemiology).16 The COREQ
checklist (Consolidated Criteria for Reporting Qualitative Research)
guided the rigour of qualitative reporting.17

Study design
The study used a prospective observational cohort design comparing
data from two naturally occurring modes of CR delivery at two time peri-
ods: traditional in-person (December 2019 to March 2020) and remote-
delivered CR during COVID-19 pandemic restrictions (April to October
2020). A descriptive, qualitative study design was added to capture pa-
tient experiences of their CR programme.18 Patients commencing in-
person CR had an initial assessment and at least two supervised exercise
sessions. There was a 2-week suspension of the programme during the
enforcement of COVID 19 restrictions, and the small number of patients
(n = 6) affected by this transition period were asked to complete the rest
of their sessions remotely. Patients in the remote delivery group received
100% telehealth-delivered CR.

Study setting
This study was conducted across four publicly funded CR services (one
tertiary referral and two district hospitals, and one community health
centre) in one large metropolitan health district in Sydney, Australia. In
these CR services, eligible patients were systematically screened by CR
staff and referred to CR during hospital admission. A comprehensive ini-
tial CR assessment typically occurred 2–4 weeks after hospital discharge
and includes medical history, review of current medications, risk factor
profile, exercise and lifestyle behaviours, anxiety and depression screen-
ing, and exercise capacity to enable tailored exercise prescription. The
exercise training sessions of 60 min occurred two to three times/week
for 6–8 weeks. Education classes were delivered weekly by a multidiscip-
linary team with comprehensive secondary prevention content. At pro-
gramme completion, patients have a comprehensive re-assessment and
an individualized ongoing management plan discussed. For remote deliv-
ery, the initial assessment, progression of the exercise programme and
completion assessment occurred via telephone or videoconferencing on
a fortnightly basis with contact times negotiated with the patient.
Education sessions were also offered weekly in small groups using video-
conferences, covering the same contents as in-person, and were in add-
ition to the fortnightly contacts. Communication method depended on
patient’s preference, capability, and technical resources available.

Ethical considerations
Human Research Ethics and Governance Committee (HREC) approval
was granted for all participating sites in this study (Ref. 2019/PID14063)
and conforms with the principles outlined in the Declaration of
Helsinki.19

Recruitment
The CR staff screened potential patients for eligibility during the initial as-
sessment. Participants were provided study information and an oppor-
tunity to discuss before giving written informed consent, in-person or by
email or post.

Implications for practice
• Remote-delivered cardiac rehabilitation (CR) offers an alternative method of CR delivery to achieving health-related quality of life

outcomes.
• Patients report similar satisfaction with both methods but identify different strengths with each mode of delivery.
• Future research should focus on determining the efficacy, effectiveness, and cost-efficiency of different modes of delivery on exercise

capacity, mortality, and hospital readmissions.

2 D. Candelaria et al.
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Eligibility criteria included: (i) a referral diagnosis of CHD including

myocardial infarction (MI) with or without percutaneous coronary inter-
vention (PCI), elective PCI, and coronary artery bypass grafting (CABG),
(ii) sufficient English proficiency to provide informed consent and com-
plete the questionnaires, and (iii) no dementia diagnosis.

For the qualitative study, a purposive subsample of 16 patients com-
pleting the CR programme were invited to share their experiences via in-
dividual interview, seeking maximum variation for participating site, age,
sex, and mode of delivery. Sampling concluded when data were rich and
major themes well-saturated.

Data collection
Socio-demographic and clinical variables

All participating staff received training to standardize data collection
methods. Data were extracted from the patient’s CR records using a data
from at CR entry for socio-demographic variables (age, sex, ethnicity,
family status, education, and employment), clinical variables [primary rea-
son for referral, comorbidities, hospital length of stay (LOS)], and CR
wait time (days from hospital discharge to initial CR assessment). Data
directly collected from patients occurred via a paper-based version (in-
person) or by post, email, or an online survey link (remote-delivered).

Health-related quality of life

Patients’ HRQL was assessed using the 12-item Short Form Health
Survey version 2 (SF-12v2) at CR entry and at completion. The SF-12v2 is
a self-administered questionnaire that captures eight domains of HRQL:
Physical Functioning, Role Physical, Bodily Pain, General Health, Vitality,
Social Functioning, Role Emotional, and Mental Health, summarized into a
Physical Health Component Score (PCS) and a Mental Health
Component Score (MCS).20 Scores range from 0 to 100 (higher scores
means better health), with a mean of 50 and a standard deviation (SD) of
10 based on the US general population normative sample.20 The SF-12v2
has well-established validity and reliability in cardiac populations21 and
has demonstrated responsiveness to change in patients with CHD.22

Minimal clinically important difference benchmarks according to expert
consensus are 5 points for Physical Functioning, General Health, and
Mental Health, 6.25 for Role Physical and Vitality, 8.33 for Role
Emotional, 10 for Bodily Pain, and 12.5 for Social Functioning domains,23

two points for PCS and three for MCS.20

Patient experiences

One trained male investigator external to the CR programme (DC) con-
ducted the semi-structured interviews. All interviews were individual and
occurred in-person in a private CR space, or via telephone or videocon-
ferencing, and each lasted for about 30–45 min. A pilot-tested interview
guide with open-ended questions was used to explore patient experien-
ces of the programme they attended, particularly in relation to CR deliv-
ery format. The interview guide was based on observations and feedback
from previous patients who had recently completed CR, who we have
engaged in this study as consumer representatives or patient partners.
These consumers contributed to the research design and preparation.
Interviews were audiotaped and transcribed verbatim.

Data analysis
Statistical analysis

To summarize patient characteristics, descriptive statistics were used: fre-
quency and percentage for categorical variables, and mean, SD, or me-
dian, interquartile range (IQR) for continuous variables. Only patients
with paired HRQL data at CR entry and completion were analysed.
Independent samples t-test and v2 test were used to compare baseline

variables, and paired t-tests to compare HRQL change scores (from CR
entry to completion) for each delivery mode group. Given the differences
in HRQL scores at CR entry between in-person and remote-delivered
group, change scores from CR entry to completion were analysed for
outcomes.

We used a General Linear Model (GLM), which simultaneously analy-
ses several multiple linear regression models,24 to determine differences
in HRQL scores at completion between in-person and remote-delivered,
adjusting for known confounders, specifically, baseline HRQL scores,
age, sex, ethnicity, education, employment, family status, diagnosis, hos-
pital LOS, and wait time. All data were analysed using IBM SPSS Statistics
v26 (IBM Corp., Armonk, NY, USA). Statistical significance was set
at P < 0.05.

A sample of 118 patients was required for the GLM analysis for change
in HRQL with a medium effect size (0.15), a of 0.05, power (1 � b) of
80% and 10 predictor variables: scores at CR entry, age, sex, ethnicity,
education, employment, family status, diagnosis, hospital LOS, and wait
time. Sample size was calculated using GPower v3.1.7. The data underly-
ing this article are available in the article and in its online supplementary
material.

Qualitative analysis

Thematic analysis was used to examine patient experiences.25 An induct-
ive approach was used to explore the data and identify recurring patterns
or concepts about the participants’ experiences with their CR pro-
gramme and the way it was delivered. Initial patterns were identified and
coded manually, along with field notes, then the coded extracts were
grouped and discussed with members of the research team to ensure
that the properties of each theme clearly reflected their meaning. The
relationships of the individual themes were further examined to ensure
congruence between them. Qualitative participants are referred to by
pseudonym.

Results

Of the 462 patients referred to CR, 194 were enrolled; the remain-
der did not meet the eligibility criteria (n = 99), declined participation
(n = 86), or did not respond to the invitation (n = 83) (Figure 1). Of
the patients enrolled, 91 (46.9%) commenced in-person and 103
(53.1%) commenced remote-delivered CR.

Sample characteristics
Patients had a mean age of 65.94 (SD 10.46) years and 80.9% were
male (Table 1). The majority (80.0%) were married or had an intimate
partner and 33.5% were employed full-time. Participants were White
(76.4%) or from an ethnic minority background (23.6%) and univer-
sity was the highest education level reached for 50.3%. Referral diag-
nosis included elective PCI (40.2%), CABG (26.3%) and MI (33.5%)—
either with PCI (29.9%) or medically managed (3.6%). Cardiovascular
disease risk factors were common, especially hypertension (98.5%)
and hypercholesterolaemia (77.1%). The mean hospital LOS was
4.51 (SD 4.99) days.

Remote-delivered CR wait times were shorter than in-person by
11 days [median 14 (IQR 10–21) vs. 25 (IQR 16–38) days,
P < 0.001], but participation by ethnic minorities was much lower
(13.6% vs. 35.2%, P < 0.001). Overall programme completion rate
was 69.1%, lower for remote-delivered CR than in-person (63.1%
vs. 75.8%, P = 0.03) (Figure 1).
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..At CR entry, remote delivery participants had higher HRQL
scores in all domains and summary scores compared to in-person
CR (Table 2), with statistically significant mean differences (MDs)
for General Health (P < 0.01), Vitality (P = 0.04), Role
Emotional (P = 0.02), Mental Health (P = 0.02) domains, and MCS
(P = 0.01).

Cardiac rehabilitation health-related
quality of life outcomes compared for
delivery modes
All HRQL domains and summary scores improved significantly from CR
entry to completion for both groups, except for Role Emotional domain

Declined (n=86)
No response (n=83)

Incomplete (n=57)
No reason (n=54)
Poor health (n=2)
Family issues (n=1)

Assessed for eligibility (n=462)

Excluded (n=99): 
- Not coronary heart disease (n=71)
- Limited English (n=28)

Approached (n=363)

Enrolled (n=194)

In-person delivery (n=91) Remote delivery (n=103)

Completed (n=69; 75.8%) Completed (n=65; 63.1%)

Figure 1 Patient flow diagram.

............................ ............................................

....................................................................................................................................................................................................................

Table 1 Sample characteristics compared for delivery mode (N 5 194)

Characteristic In-person (n 5 91) Remote-delivered (n 5 103) P-value

n (%) n (%)

Age, years (mean, ±SD) 65.45 (±11.33) 66.37 (±9.65) 0.54

Male 72 (79.1%) 85 (82.5%) 0.55

Ethnic minority 32 (35.2%) 14 (13.6%) <0.001

Married/partnered 71 (78.0%) 85 (82.5%) 0.43

Education-University level 37 (40.7%) 55 (53.4%) 0.08

Employed 39 (42.9%) 44 (42.7%) 0.98

Primary reason for referral

Elective PCI 32 (35.2%) 46 (44.7%) 0.30

Myocardial infarction ± PCI 31 (34.0%) 34 (33.0%)

CABG 28 (30.8%) 23 (22.3%)

Hospital LOS, days (mean, ±SD) 4.87 (±4.63) 4.18 (±5.29) 0.34

Wait time, days (median, IQR) 25 (16–38) 14 (10–21) <0.001

CABG, coronary artery bypass graft; LOS, length of stay; PCI, percutaneous coronary intervention.

4 D. Candelaria et al.
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in the remote-delivered group (Table 3). After adjusting for potential con-
founders in the GLM (scores at CR entry, age, sex, ethnicity, education,
employment, family status, diagnosis, hospital LOS, and wait time), the

HRQL scores at completion for remote-delivered CR were significantly
higher than in-person for Mental Health domain [MD 3.56, 95% confi-
dence interval (CI) 1.28, 5.82] and MCS (MD 2.37, 95% CI 0.15, 4.58). For

............................ ............................................

....................................................................................................................................................................................................................

Table 2 HRQL scores at CR entry for in-person vs. remote-delivered CR (N 5 194)

Outcome In-person (n 5 91) Remote-delivered (n 5 103) P-value

Mean (6SD) Mean (6SD)

PF 43.59 (±10.70) 45.90 (±9.83) 0.12

RP 48.15 (±9.15) 50.11 (±8.23) 0.12

BP 48.91 (±9.07) 51.25 (±8.88) 0.07

GH 47.07 (±10.38) 51.50 (±8.66) 0.001

VT 50.71 (±7.97) 52.98 (±7.46) 0.04

SF 46.43 (±10.55) 49.13 (±10.02) 0.07

RE 51.20 (±8.95) 53.66 (±5.19) 0.02

MH 50.57 (±7.96) 53.18 (±7.30) 0.02

PCS 45.25 (±8.83) 47.76 (±8.79) 0.05

MCS 51.86 (±7.43) 54.38 (±6.45) 0.01

BP, Bodily Pain; CR, cardiac rehabilitation; GH, General Health; MCS, Mental Health Component Score; MH, Mental Health; PCS, Physical Health Component Score; PF,
Physical Functioning; RE, Role Emotional; RP, Role Physical; SF, Social Functioning; VT, Vitality.

............................................................. .............................................................

....................................................................................................................................................................................................................

Table 3 Comparison of HRQL change scores (CR entry to completion) between in-person and remote-delivered
(n 5 194)

Outcome In-person (n 5 91) Remote-delivered (n 5 103) Mean difference

(95% CI) at completion,

in-person vs. remote-

delivereda

P-value

Mean

change

% change

from entry

(95% CI)

P-value Mean

change

% change

from entry

(95% CI)

P-value

PF 6.96 16.05

(4.75–9.17)

<0.001 5.84 12.64

(3.58–8.10)

<0.001 �0.82 (�3.35, 1.71) 0.52

RP 6.01 12.60

(4.08–7.94)

<0.001 5.38 10.81

(3.18–7.59)

<0.001 0.15 (�1.78, 2.08) 0.88

BP 4.18 8.49

(2.16–6.20)

<0.001 3.69 7.27

(1.36–6.02)

0.002 �0.31 (�2.53, 1.91) 0.78

GH 3.20 6.84

(1.20–5.19)

0.002 3.49 6.81

(1.52–5.47)

0.001 1.69 (�0.78, 4.15) 0.18

VT 3.28 6.55

(1.03–5.52)

0.005 3.43 6.42

(1.56–5.30)

0.001 1.18 (�1.39, 3.76) 0.37

SF 3.61 7.81

(0.67–6.55)

0.02 3.91 8.05

(1.09–6.73)

0.007 2.14 (�1.24, 5.53) 0.21

RE 2.71 5.32

(0.99–4.43)

0.002 0.79 1.47

(�0.36–1.94)

0.18 �0.33 (�1.99, 1.33) 0.70

MH 2.83 5.66

(1.11–4.54)

0.002 3.74 6.98

(2.12–5.35)

<0.001 3.56 (1.28, 5.82) 0.002

PCS 6.11 13.51

(4.30–7.92)

<0.001 5.51 11.62

(3.45–7.56)

<0.001 �0.73 (�2.82, 1.36) 0.49

MCS 1.49 2.9

(�0.19–3.18)

0.08 1.59 2.91

(0.12–3.07)

0.03 2.37 (0.15, 4.58) 0.04

BP, Bodily Pain; CR, cardiac rehabilitation; GH, General Health; MCS, Mental Health Component Score; MH, Mental Health; PCS, Physical Health Component Score; PF,
Physical Functioning; RE, Role Emotional; RP, Role Physical; SF, Social Functioning; VT, Vitality.
aDifference between groups at CR completion adjusted for scores at CR entry, age, sex, ethnicity, education, employment, family status, diagnosis, hospital length of stay, and wait time.
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..both delivery modes, the greatest improvements (>10% from CR entry
to completion) occurred for Physical Functioning and Role Physical
domains and PCS.

Patient experiences for in-person and
remote-delivered
Sixteen patients representing all recruiting sites, took part in the
interview: in-person [n = 9 (6 males and 3 females)] and remote-
delivered [n = 7 (5 males and 2 females)]. Participant ages ranged
from 47 to 81 (mean 67) years.

Patient experiences of CR were positive overall with some evi-
dence of differences in programme experiences. In-person delivery
was appreciated because of the direct availability of the expert CR
professional staff and the opportunity to interact with other cardiac
patients; whereas patients appreciated remote delivery because it
was easily accessible from the home that fitted into their lives and
eliminated travel difficulties and the associated time demands.

In-person CR participants valued direct contact with expert staff
while exercising. The staff could engage with patients through con-
versations and incidental interactions and answer questions as they
arose.

It was good to have them (CR staff) to be able to talk to,

because they were there, freely available for us all to talk

to if you needed. I thought that was probably the most

valuable aspect. (Billie, 66, F, in-person)

In contrast, three of seven remote delivery participants expressed
the need for more guidance and closer supervision during exercise,
particularly when trying to perform more challenging exercises.

Well, because some of the exercises were quite difficult, I

would have liked some more tuition.. . . I did plenty of

walking by myself. But as to the exercises, I wasn’t really

all that sure (if I was doing them correctly). (Milan, 75, M,

remote)

Participants who experienced the transition from in-person to re-
mote delivery discussed corresponding contrast in experiences. Jack
commented that while the emailed resources and follow-up coaching
were helpful, remote delivery lacked the direct prompting and en-
couragement from the exercise professionals during exercise.
Furthermore, while participants could set their own exercise inten-
sity standards in remote delivery, they missed the direct motivation
by staff to push themselves further.

They gave me the programs, and they sent me the emails,

they called me every now and then to see how I was

doing, but it’s not the same, it hasn’t got the same inten-

sity. Because you’re actually calling the shots yourself. (Jack,

66, M, in-person)

Furthermore, in-person group-based sessions were highly valued no
matter how casual or incidental the interaction. Patients not only shared
their understanding and experiences of their cardiac event or condition
but also derived motivation and encouragement from each other.

We were all there for the same reasons . . . I thought that

when we had little discussions with the other people in the

group to hear about their experiences, it was eye opening,

and it was very good to share our experiences as well. We

could encourage each other to work harder. (Drew, 81, F,

in-person)

On the other hand, participants receiving remote delivery high-
lighted that CR could be fitted into their lives given the direct home-
based access versus the time and resources required for travel.
Furthermore, contact with CR staff occurred at a time that is negoti-
ated with the patients as opposed tothe limited fixed session times
available in-person, especially important when time was limited by
other demands.

It’s convenient. I mean, like just now. I don’t have to travel.

I turn on the computer and I can start talking to you. If it

was going to be on-site, then I have to be physically there

. . . But this one, I was at the convenience of my home.

(Owen, 73, M, remote)

Discussion

Our study demonstrated that remote-delivered CR not only
achieves equivalent HRQL outcomes to in-person but also offers po-
tential benefits for mental health aspects of HRQL and wait time.
Patient experiences for both models were also generally positive
with minimal differences, including advantages for exercise motiv-
ation and sharing experiences generated by in-person CR, and
reduced travel and time burden and negotiated contact times in
remote-delivered. These benefits are weighed against lower comple-
tion rates and lower participation by people from ethnic minorities.

While the overall equivalence in HRQL between groups was
expected, the additional mental health gains were from remote-
delivered CR were not. For instance, a meta-analysis by Huang et al.26

indicated equivalent outcomes in all physical or mental score be-
tween telehealth interventions and centre-based CR. Maddison et al.8

also demonstrated comparable HRQL outcomes in telerehabilitation
vs. centre-based CR. Equivalent outcomes have also been demon-
strated in other conditions such diabetes, wherein patients who
undertook remote monitoring of physiological, symptom, and self-
care behaviour data had equivalent HRQL benefits to those who did
not.27 Cardiac rehabilitation is a complex intervention with many
interacting elements.28 It is therefore difficult to pinpoint the active
programme component/s, which could also differ for each patient’s
perspective. The additional benefits for mental health in remote deliv-
ery in our study may have been a consequence of pandemic-related
isolation distress,29 so remote-delivered patient communication may
have been an effective and timely intervention as it was individualized.
With one-on-one contacts, patients could potentially raise specific
recovery concerns and be offered more personalized counselling and
motivational support than in a group-based model.30 Individualized
and personal contact with expert professionals at regular and

6 D. Candelaria et al.
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.
patient-nominated times also meant that participation in these com-
munication methods was more flexible and less burdensome than
the in-person times. However, patients in our study also expressed
that the facilitated or supervised in-person exercise produced specific
physical functioning benefits, especially for those who needed closer
guidance, direction, and encouragement. The group-based format of
the exercises was also perceived to be valuable by patients because
interacting with other people with similar experiences and common
understandings of their condition enhances social support and fosters
shared motivation to adopt a healthier lifestyle.31 Therefore, remote-
delivered CR proves to be a suitable alternative model for patients
who are unable to participate in in-person programmes, particularly
as other studies have demonstrated that low-risk patients could be
safely managed without requiring ongoing biochemical evaluations.32

Our study did not assess other important patient outcomes such as
exercise capacity from remote-delivered programmes. Perhaps giving
patients a choice of model to attend would be the ideal solution, and
investigating patient outcomes from this should be a focus for further
research.

Lower participation by ethnic minorities in remote-delivered CR
programmes in our study is a concern because of under-utilization of
CR is an already known problem in these populations.33 Remote de-
livery addresses common barriers to CR participation by eliminating
travel and reducing time demands, and caters to patient preferences
by providing a programme that is accessible from the home at any
time.34 Remote delivery may also be appealing to known vulnerable
groups such as older people and women, who may benefit from
technology-based interventions where these methods are easy to
use and adapted to their needs.35,36 However, our results revealed
that some groups such as patients from ethnic minorities may unin-
tentionally be missing out, thus causing a paradox of reach and access.
Barriers to CR utilization by ethnic minorities are complex, multi-
level, and related to the individual, provider, and health system.33 Of
these barriers, poor proficiency in the CR delivered language is the
most significant and crosses all levels.33,37 Participants with significant
language barriers may require the non-verbal signals from healthcare
providers or seek direct clarification and additional information
enabled by in-person contact.37 In contrast, remote methods may
create difficulties in perceiving non-verbal cues that help facilitate
communication. Health and digital literacy and technological re-
source requirements of remote delivery may further complicate the
engagement of ethnic minorities in remote methods of delivery.37

Therefore, the specific needs, perceptions, and preferences of ethnic
minorities in adopting remote methods of CR delivery should be
explored to reduce health inequities.

Wait times were shorter by 11 days for remote delivery partici-
pants in our study. Early CR initiation in patients with CHD has been
shown to improve objectively measured outcomes such as exercise
capacity in in-person settings.38 Shorter wait time to starting CR pro-
grammes also provides more opportunities for patients to achieve
exercise benefits, and increases motivation to make lifestyle
changes.38 Wait time is influenced by multiple provider factors such
as the availability of resources including capacity that influences class
size, number of available classes, equipment, and staffing39 but can
also reflect patient readiness and capacity to attend.

Given patient discussions of enhanced exercise engagement with
in-person and better mental health improvements in remote delivery
participants, a hybrid or combination programme or providing them
the choice of programme to attend may be the way forward to opti-
mize outcomes.40 Frederix et al.41 compared a combination of in-
person (6 weeks) and web-based exercise training and physical activ-
ity monitoring (6 months) to usual fully in-person programme
(12 weeks), and found that the combination programme yielded bet-
ter overall HRQL benefits than usual programme. However, it is im-
portant to note that the intervention they tested had a relatively
longer duration than the CR programmes in our study and therefore
may not be directly comparable. Implementing a hybrid programme
poses challenges for existing services.40 Cardiac rehabilitation is a
complex intervention and changes to programme structure require
redesign of existing service delivery processes including staffing, tech-
nology, and equipment requirements, as well as patient movement
through the programme. Offering a combination of delivery methods
with various effective components may enhance the outcomes from
CR by catering to patients’ needs, values, and preferences. Lastly, al-
though evidence of cost-effectiveness of remote delivery exists,8,41

the implementation in practice and the resources needed in relation
to the number and frequency of contacts required remain un-
known,42 and warrant further investigation.

Limitations
Although recruited from four sites, participants in this study came
from one metropolitan Local Health District, therefore limiting the
wider application of the results to CHD patients attending CR more
generally. This study used an observational design, so cause and effect
cannot be implied. The rapid move to remote delivery meant that
careful planning and testing of remote interventions was less than
ideal and not standardized, particularly during the acute transition
phase. We also recognize that having hard endpoints such as V_O2

max and a longer follow-up would have been ideal for this study.
However, as reported previously, one of the goals of a remote-
delivered programme is to limit unnecessary travel and patient bur-
den. Furthermore, the ongoing government and organizational
responses to the COVID-19 pandemic constrained patient physical
contact. Our results give an initial insight with future research
encouraged to address those issues. Lastly, we recognize that add-
itional anthropometric, clinical, and pharmacological information
would better characterize our sample population. However, the re-
mote model used in the study did not involve direct physical contact,
so these parameters could not be collected. While self-report may
be used, there are many limitations to its accuracy. Future research
and further development of remote-delivered programmes should
address these challenges.

Conclusion

Remote delivery of CR, despite rapid implementation enforced by
the COVID-19 pandemic, achieved equivalent HRQL outcomes and
even more mental health benefits and shorter wait times to in-
person formats. Therefore, this study provides evidence that remote
delivery is a reasonable alternative to in-person and represents an im-
portant option for patients and CR programmes to consider. Patients
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..identified specific and different advantages from both in-person and
remote delivery. These attributes are potentially even more effective
when methods are combined. Thus, a hybrid CR programme may be
an approach for future evaluation. Further research is needed on the
perceptions and preferences of cardiac patients from ethnic minor-
ities, especially those with language barriers to ensure remote deliv-
ery can address their needs.
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CHAPTER 6 

Validation of the PROMIS-29v2 Health-Related Quality of Life 

Questionnaire in Patients with Coronary Heart Disease 

Participating in Remote Cardiac Rehabilitation 

Chapter overview 

The previous chapter demonstrated that remotely delivered CR implemented during COVID-19 had 

equivalent HRQL outcomes to in-person programs, with additional benefits for mental health. While 

remote delivery had shorter wait times, potential gaps in service delivery were also revealed with this 

CR delivery model. Specifically, lower completion rates overall and lower participation by ethnic 

minorities in remote delivery was observed when compared to in-person participation. Patient 

experiences also showed that both CR delivery models had advantages and disadvantages. 

This chapter addresses Research Aim 4 and examines the measurement properties of PROMIS-29v2, a 

generic HRQL questionnaire. The validity, reliability, and sensitivity to changes of the PROMIS-29v2 

compared with the widely used SF-12v2 using electronic data collection methods were assessed as 

applied in CR populations.  
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Patient-reported health status assessments in cardi-
ac rehabilitation (CR) including symptom burden, 

functional limitation, and health-related quality of life 
(HRQL) are critical in providing person-centered care1 and 
improving health care quality.2 The American Heart Associ-
ation advocates for assessing HRQL as an important health 
outcome measure in patients with coronary heart disease 
(CHD)1 because HRQL is a known independent predictor 
of both health care utilization and survival.3 Validity, reli-
ability, and responsiveness are key psychometric properties 
of HRQL questionnaires, which must be demonstrated in 
each population group to which they are administered.4 
Testing these questionnaire attributes is particularly crucial 
when changes in interventions have occurred, such as the 
shift to remote delivery of CR in response to the corona-
virus disease 2019 (COVID-19) pandemic restrictions.5 
During this time, the CR exercise and education compo-
nents were delivered remotely via virtual means (online 
platforms, phone, or e-mail).6

Patients with CHD often report health status deficits in-
cluding symptoms that adversely contribute to HRQL,7 and 
patient outcomes from participating in remotely delivered 
CR may be different from those that are obtained by attend-
ing in-person CR. The 29-item Patient-Reported Outcomes 
Measurement Information System Profile Measure version 
2.0 (PROMIS-29v2) is a generic HRQL questionnaire that 
has demonstrated sound psychometric properties in various 
chronic disease popoulations.8 The PROMIS-29v2 captures 
a broad range of symptoms that markedly affect HRQL in 
patients with CHD including sleep disturbance, fatigue, and 
pain intensity9-11 that are not explicitly measured in more 
widely used generic multidomain HRQL questionnaires 
such as the 12-item Short-Form Health Survey version 2.0 
(SF-12v2).

There is little information on the performance of the 
PROMIS-29v2 questionnaire in measuring HRQL out-
comes of patients with CHD and none reported in relation 
to CR. Therefore, the aim of the current study was to ex-
amine the reliability, validity, and responsiveness to change 
of the PROMIS-29v2 in patients with CHD participating in 
remotely delivered CR.

METHODS
Patients commencing remote CR across four services in the 
Sydney metropolitan area in New South Wales, Australia, 
were eligible for recruitment if they (1) had a diagnosis of 
CHD including ST-segment elevation myocardial infarc-
tion (STEMI) or non-STEMI, with or without revascu-
larization therapy such as percutaneous coronary inter-
vention (PCI) or coronary artery bypass grafting (CABG), 
and (2) had sufficient English proficiency to provide in-
formed consent and complete the questionnaires. Patients 
with a diagnosis of dementia, psychiatric conditions, or 
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Purpose: The aim of this study was to validate the 29-item Pa-
tient-Reported Outcomes Measurement Information System ver-
sion 2.0 (PROMIS-29v2) health-related quality-of-life (HRQL) 
questionnaire for use in patients with coronary heart disease (CHD) 
participating in remotely delivered cardiac rehabilitation (CR).
Methods: Patients commencing remote CR across four sites in 
New South Wales, Australia, answered the PROMIS-29v2 and 
12-item Short Form Health Survey version 2.0 (SF-12v2) ques-
tionnaires at CR entry and completion (6 wk). The data were 
analyzed for validity, reliability, and responsiveness to change.
Results: Patients (N = 89) had a mean age of 66.9 ± 9.3 yr; 
83% were male and were referred to CR for elective percutane-
ous coronary intervention (PCI) (42%), myocardial infarction 
(36%), and coronary artery bypass grafting (22%). Internal 
consistency reliability was adequate, with the Cronbach α rang-
ing from 0.78-0.98. Convergent validity between the PROMIS-
29v2 and SF-12v2 summary scores showed significantly strong 
correlations for physical (r = 0.62) and moderate for mental 
(r = 0.36) health. Discriminant validity was confirmed for sex 
(women reported lower physical and mental health) and referral 
diagnosis (patients who had elective PCI reported better physical 
health). Effect size (ES) comparisons confirmed responsiveness 
to change from CR entry to completion in physical health (ES = 
0.51) and demonstrated evidence of more responsiveness than 
SF-12v2 for mental health (ES = 0.70).
Conclusion: The PROMIS-29v2 is reliable, valid, and responsive 
to changes in patients with CHD attending remotely delivered CR 
and allows for baseline HRQL assessment, between-diagnosis 
comparisons, and evaluation of changes over time.

Key Words:  cardiac  rehabilitation •  coronary heart disease • 
health-related quality of life • reliability • validity
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terminal illnesses identified in their medical records were 
excluded.

The study was conducted from March to October 2020, 
during the COVID-19 pandemic when physical distancing 
restrictions were being implemented. The CR programs 
during this time were primarily delivered in remote format, 
including the initial assessment of risk factors and health 
behaviors. Exercise videos and educational resources on 
diet, medications, and lifestyle changes were sent to patients 
via virtual means (online, phone, or email). The CR staff 
answered any queries or clarification from patients using 
the same methods. The remotely delivered CR program 
typically lasted for 6-8 wk. Patients were prescribed an in-
dividualized graduated home-based exercise program that 
included exercises of ≥ 3 times/wk. Follow-up during the 
program ranged from weekly to fortnightly depending on 
the needs and preferences of the patient and typically in-
cluded individualized exercise monitoring and advice. Hu-
man Research Ethics and Governance Committee (HREC) 
approval was granted for all participating sites in this study 
(Ref. 2019/PID14063), and each patient provided written 
informed consent.

STUDY QUESTIONNAIRES
All patients completed two self-administered HRQL ques-
tionnaires using an online survey link at CR entry (ie, on the 
day of their initial assessment) and within a week of com-
pleting the 6- to 8-wk program. Each HRQL questionnaire 
took approximately 5 min to complete. The questionnaires 
used for this study were screened and tested by patient 
partner volunteers who were former CR participants. Data 
routinely collected for the CR services were also extract-
ed from CR records of the patient at CR entry, including 
sociodemographic (age, sex, ethnicity, marital status) and 
clinical variables (referral diagnosis [myocardial infarction 
with or without PCI, elective PCI, CABG], comorbidities, 
and cardiovascular risk factors such as smoking, diabetes 
[types 1 and 2], and high-risk waist circumference [>94 cm 
for men and >80 cm for women]).

The PROMIS-29v2 is a subset of the PROMIS assess-
ment system developed by the National Institutes of Health 
and includes publicly available, efficient, and flexible mea-
sures of patient-reported outcomes, including HRQL.12,13 
The PROMIS-29 is an efficient, flexible, and precise ques-
tionnaire developed and evaluated for comparative clinical 
research.12 The PROMIS-29v2 measures seven domains of 
HRQL, five symptom-related (anxiety, depression, fatigue, 
sleep disturbance, and pain interference) and two func-
tion-oriented (physical function and social roles) domains, 
with a separate, additional question on pain intensity.12 
Symptom-related domain items are rated on the frequency 
of occurrence from 1 (never/not at all) to 5 (always/very 
much), so higher scores indicate worse symptoms or more 
symptom impact. Function-oriented domain items are rat-
ed on the abilities of the patient to perform tasks from 1 
(unable to do) to 5 (without difficulty), so higher scores 
represent better functioning. Pain intensity is assessed us-
ing a scale from 0 (no pain) to 10 (worst imaginable pain). 
Raw scores are transformed into norm-based scores us-
ing a T-score metric for a mean ± SD of 50 ± 10. Phys-
ical Health Summary (PHS) and Mental Health Summary 
(MHS) scores can also be created,14 with high reliabilities 
in the general population at 0.98 and 0.97, respectively.15

The SF-12v2 is an internationally used and validat-
ed generic health survey that captures eight domains of 
HRQL: physical functioning, role limitations-physical, 
bodily pain, general health, vitality, social functioning, role 

limitations-emotional, and mental health.16 The domains are 
summarized into a Physical Health Component Score (PCS) 
and a Mental Health Component Score (MCS). Scores for 
each domain range from 0-100, where higher scores repre-
sent better health. The SF-12v2 has well-established validity 
and reliability in cardiac populations17 and has demonstrat-
ed responsiveness to change in patients with CHD.18 Mini-
mal clinically important difference (MCID) benchmarks are 
also available: 2 points for the PCS and 3 points for the 
MCS.16 The SF-12v2 was chosen for this study because it is 
a brief validated HRQL questionnaire suitable for the clini-
cal environment and for electronic use.

STATISTICAL ANALYSES
Patient characteristics were presented as mean ± SD for 
continuous variables and n (%) for categorical variables. All 
statistical analyses were conducted using SPSS v26.0 (IBM 
Corp). Statistical significance was set at α < .05. The dis-
tribution of PROMIS-29v2 scores or residuals was assessed 
to meet the assumptions for the relevant statistical analyses.

The psychometric properties of the PROMIS-29v2 were 
assessed using international standards recommended by the 
International Society for Quality of Life Research, includ-
ing evidence for reliability, validity (convergent and dis-
criminant), and responsiveness to change.4

Internal consistency reliability was assessed through 
item analysis using the Cronbach α (≥0.70 acceptable).19 
We also examined the mean interitem correlation and the 
corrected item-total correlation of each item to its domain 
total, given that each domain of the PROMIS-29v2 is in-
cluded in the calculation of summary scores (PHS, MHS). 
The recommended mean interitem correlation and the 
corrected item-total correlation are 0.15-0.50 and >0.40, 
respectively.20

Convergent validity refers to the testing of pre-defined 
hypotheses on the expected associations among measures 
similar to the measured construct.4,21 Using Pearson correla-
tion coefficient, we hypothesized, a priori, medium-strength 
correlations (r ≥ 0.30) between the PROMIS-29v2 and the 
SF-12v2 PHS and MHS.22

Discriminant validity can be defined as the extent to 
which scores on a measurement distinguish between indi-
viduals or populations that would be expected to differ.4,21 
We selected three variables to compare: age, sex, and re-
ferral diagnosis based on existing literature. We hypothe-
sized, a priori, lower HRQL scores in women and in older 
patients, while higher in those who had elective PCI.23-26 A 
general linear model was used for analysis.

Responsiveness to changes from CR entry to completion 
was assessed using paired t tests and effect size (ES) statis-
tics. We initially conducted an unadjusted analysis and then 
created a model adjusted for age, sex, and referral diagnosis. 
The standardized mean ES of the PHS and MHS scores were 
then calculated using the Cohen d (mean difference divided 
by the pooled variance), with Cohen d < 0.5 considered a 
small effect, 0.5 to <0.8 medium, and ≥0.80 large.22 Since 
there are currently no established MCID benchmarks for 
the PROMIS-29v2, we compared the calculated ES of the 
PROMIS-29v2 summary change scores with those of the SF-
12v2 as a preliminary measure of clinical importance.22

All sample size calculations were based on α of .05 and 
power (1 − β) of 80%. For criterion validity, a correlation 
of 0.3 between the SF-12v2 and the PROMIS-29v2 repre-
senting a medium-strength correlation required 84 patients. 
Cohen22 has specified correlations of 0.1, 0.3, and 0.5 as 
small, medium, and large, respectively. The equivalent for 
standardized mean differences is 0.2, 0.5, and 0.8. To have 
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Table 1

Sample Characteristics (N = 89)a

Characteristic

Age, yr 66.9 ± 9.3

Male 74 (83)

Ethnic minority 35 (39)

Primary reason for referral

 Elective PCI 37 (42)

 MI ± PCI 32 (36)

 CABG 20 (22)

Education

 University 46 (52)

 Less than university 43 (48)

Family status

 Married/with partner 73 (82)

 Single/divorced/widowed 16 (18)

Modifiable risk factors

 Hypercholesterolemia 59 (66)

 Hypertension 51 (57)

 High-risk waist circumference 45 (51)

 Physical inactivity 22 (25)

 Diabetes 15 (17)

 Current smoker 3 (3)

Abbreviations: CABG, coronary artery bypass grafting; MI, myocardial infarction; PCI, 
percutaneous coronary intervention.
aData are presented as mean ± SD or n (%).

Table 2

PROMIS-29v2 Domain and Summary Scores, and Internal 
Consistency Reliability (Cronbach α) (N = 89)a

PROMIS-29v2b Cronbach α

Domain

 Physical function 49.1 ± 7.2 0.78

 Anxiety 49.7 ± 8.2 0.87

 Depression 45.5 ± 6.2 0.82

 Fatigue 47.5 ± 8.5 0.91

 Sleep disturbance 47.3 ± 7.1 0.98

 Social function 53.1 ± 9.2 0.96

 Pain interference 47.6 ± 7.4 0.93

 Pain intensityc  1.4 ± 1.5 NA

PHS 49.8 ± 7.4 NA

MHS 52.0 ± 5.0 NA

Abbreviations: MHS, Mental Health Summary; NA, not available; PHS, Physical Health 
Summary.
aData presented as mean ± SD.
bScored using norm-based algorithm from questionnaire developers (50 ± 10).
cScored using a 0-10 scale (0, least; 10, worst).
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a standard against which to assess ES in this study, medium 
ES of 0.5 was used. This decision was made because across 
a range of psychosocial measures, patients with a chron-
ic disease can identify minimal change or discrimination 
in HRQL at approximately half an SD or 0.5 ES.27 This 
sample size requirement was also adequate for examining 
discriminant validity. For responsiveness to change analy-
ses, using ES of 0.5, α of .05, and power (1 – β) of 80%, 
a smaller sample size (n = 34) was required because of the 
paired nature of the comparisons. All sample size calcula-
tions used the G*Power 3.1 program.28

RESULTS
Patients (N = 89) had a mean age of 66.9 ± 9.3 yr; 83% 
were male, and most were commonly referred to CR for 
elective PCI (42%), MI with or without PCI (36%), and 
CABG (22%) (Table 1). Approximately half of the patients 
had completed university-level education (52%), and the 
majority of patients were married or had a partner (82%). 
A total of 57 patients (64%) completed both question-
naires at CR entry and completion for the responsiveness 
to change analysis.

All HRQL scores were normally distributed for the 
Pearson correlation and all residuals normal enough as 
assessed by Q-Q plot. The mean PROMIS-29v2 PHS and 
MHS scores were 49.8 ± 7.4 and 52.0 ± 5.0, respectively  
(Table 2). The mean SF-12v2 PCS and MCS scores were 
48.1 ± 8.8 and 54.0 ± 6.6, respectively.

RELIABILITY
Internal consistency reliability was satisfactory for the 
PROMIS-29v2, with the Cronbach α ranging from 0.78-
0.98 for each domain (Table 2). The interitem correlations 
(range, 0.49-0.85) and the corrected item-total correlations 
(range, 0.49-0.92) were also adequate (see Supplemental 
Digital Content 1, available at: http://links.lww.com/JCRP/
A360).

VALIDITY
Convergent validity was demonstrated by a strong positive 
correlation between the PROMIS 29v2 and SF-12v2 PHS 
scores (r = 0.62, P < .001) and a moderate correlation for 
MHS scores (r = 0.36, P < .01) (Table 3).

Discriminant validity was demonstrated by statis-
tically significant differences in HRQL between men 
and women, where women reported lower HRQL than 
men in both physical (PHS: P = .04) and mental (MHS:  
P = .02) health at CR entry (Table 4). Similarly, patients 
who had elective PCI scored 4.5 points higher than those 
who had CABG in the PROMIS-29v2 PHS (P = .03). Age 
was not a statistically significant factor in both the PHS and 
MHS models.

RESPONSIVENESS TO CHANGE
Improvements from CR entry to completion were statisti-
cally significant (P < .001) for both PHS and MHS scores, 
even after adjusting for age, sex, and diagnosis (Table 5). 
Effect sizes for PHS (0.51) and MHS (0.70) were medi-
um. The PROMIS-29v2 demonstrated similar responsive-
ness to change with the SF-12v2 in physical health and the 
3.11-point improvement in PHS was considered clinically 
important, whereas for mental health, the PROMIS-29v2 
MHS (ES = 0.70) showed better responsiveness than 
the SF-12v2 MCS (ES = 0.25) (see Supplemental Digital 
Content 2, available at: http://links.lww.com/JCRP/A361).
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Table 3

Convergent Validity of the PROMIS-29v2 and SF-12v2 
Summary Scores at CR Entry (N = 89)a

SF-12v2

PROMIS-29v2

PHS P Value MHS P Value

PCS 0.62 <.001 0.54 <.001

MCS 0.18 .087 0.36 .01

Abbreviations: MCS, Mental Health Component Score; MHS, Mental Health Summary; PCS, 
Physical Health Component Score; PHS, Physical Health Summary.
aData presented as Pearson correlation coefficients.

Table 4

Discriminant Validity of the PROMIS-29v2 Summary Scores by Sex, Diagnosis, and Age (N = 89)

PROMIS-29v2 Summary 
Scores Estimated Marginal Mean SE Estimate 95% CI P Value

Physical Health Summary

Sex

 Male 50.0 0.86 4.38 0.32 to 8.45 .04

 Female (ref) 45.6 1.89

Diagnosis

 MI 49.3 1.81 −0.90 −4.98 to 3.17 .66

 MI + PCI 45.9 1.98 −4.38 −8.79 to 0.03 .05

 CABG 45.7 1.86 −4.52 −8.51 to −0.52 .03

 Elective PCI (ref) 50.2 1.30

Age −0.10 −0.27 to 0.07 .24

Mental Health Summary

Sex

 Male 52.2 0.60 3.39 0.58 to 6.21 .02

 Female (ref) 48.8 1.31

Diagnosis

 MI 50.4 1.25 −0.89 −3.71 to 1.93 .53

 MI + PCI 49.8 1.37 −1.50 −4.56 to 1.55 .33

 CABG 50.7 1.28 −0.57 −3.34 to 2.19 .68

 Elective PCI (ref) 51.3 0.90

Age −0.09 −0.21 to 0.02 .11

Abbreviations: CABG, coronary artery bypass grafting; MI, myocardial infarction; PCI, percutaneous coronary intervention.
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DISCUSSION
The PROMIS-29v2 demonstrates adequate internal consis-
tency reliability, convergent and discriminant validity, and 
responsiveness to change in patients with CHD participating 
in remotely delivered CR. Group comparisons in HRQL can 
be made according to sex and diagnosis, but not according 
to age. The inclusion of symptoms common to patients with 
CHD such as sleep disturbance, fatigue, and pain intensity 
provides additional benefit and allows CR service provid-
ers to evaluate patients more comprehensively and evaluate 
HRQL outcomes throughout the CR program.

The HRQL of patients with CHD attending CR differs 
according to patient characteristics. Our findings that wom-
en report lower physical and mental health24,29 and patients 
who had elective PCI score better in physical health23 

support our hypothesis and the validity of the PROMIS-
29v2 in this population. Lower HRQL in women can be 
partially explained by the interaction of biological (age, 
menopause),30 social (socioeconomic status, lifestyle, lesser 
CR awareness and uptake),24,31 and clinical (comorbidities, 
delayed revascularization, poorer baseline HRQL scores) 
factors.32 It is, therefore, critical for HRQL questionnaires 
to be able to distinguish outcomes between men and wom-
en participating in CR programs so that CR content and 
interventions may be individualized to improve HRQL in 
women. Better HRQL in patients who had elective PCI was 
also expected because of the less invasive nature of the pro-
cedure, with immediate mobilization of patients, reduced 
pain, fewer physical restrictions, and shorter hospital stay, 
compared with the more invasive open heart surgery.33 On 
the contrary, increasing age was not associated with poorer 
physical health in this study, inconsistent with existing liter-
ature.23 One potential explanation for this contradiction is 
the well-recognized response shift phenomenon that occurs 
when the perceptions of the older people about their health 
status remain relatively positive over time because of adap-
tation and changes in their reference point.34 Older patients 
also reported better mental health, which can be related to 
the high proportion of patients who were married or had 
partners in our sample (82%). Support from a spouse or 
partner may have had protective effects of the negative psy-
chological impacts associated with loneliness and isolation 
from aging.

Evaluating the responsiveness of the PROMIS-29v2 
to changes in HRQL where change is expected is vital in 
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Table 5

Comparison of the PROMIS-29v2 Summary Scores by Time Point (N = 57)

PROMIS-29v2 
Summary Scores Mean ± SD Difference 95% CI ES P Value

Adjusted P  
Valuea

PHS

 Entry 50.3 ± 7.7 3.1 1.5 to 4.7 0.51 <.001 <.001

 Completion (ref) 53.4 ± 6.3

MHS

 Entry 54.2 ± 6.6 3.7 2.3 to 5.1 0.70 <.001 <.001

 Completion (ref) 57.9 ± 6.1

Abbreviations: MHS, Mental Health Summary; PHS, Physical Health Summary.
aAnalysis adjusted for age, sex, and diagnosis.
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measuring the relative success of interventions, particular-
ly when changes have occurred such as the rapid transi-
tion to remote CR in response to COVID-19 restrictions.6 
The PROMIS-29v2 PHS showed a comparable ES with 
the SF-12v2, but the PROMIS-29v2 MHS revealed an ES 
greater than that of the SF-12v2 MCS. The PROMIS-29v2 
was appropriately responsive to improvements that did oc-
cur with remotely delivered CR over time, particularly the 
MHS. In the absence of published MCID benchmarks for 
the PROMIS-29v2, we used the known MCID benchmarks 
for the SF-12v2 to compare effects. It is not surprising to see 
comparative clinically important improvements in physical 
health, primarily attributable to exercise as the main com-
ponent of CR,35 even in remote format.

We have demonstrated in this study that electronic collec-
tion of HRQL data is feasible in CR settings and potentially 
more accessible to some patients. Integrating HRQL data 
collection with existing electronic medical record systems 
with built-in scoring algorithms and readily available cutoff 
score interpretation would increase clinical usefulness of the 
PROMIS-29v2 and allow for cross-diagnoses of HRQL out-
comes analyses.36 Routine and systematic HRQL data offer 
an excellent opportunity not only for prompt patient evalu-
ation and identification of health care disparities but also for 
enhanced patient-clinician communication.15 More impor-
tantly, using the PROMIS-29v2 allows for the reporting of a 
wide array of outcomes relevant in CR populations such as 
sleep disturbance, fatigue, separate anxiety and depression, 
and pain intensity, necessary for appropriate patient screen-
ing and evaluation of interventions.8

There were some limitations to this study. First, our sam-
ple was not sufficiently large for fitting a factor analysis 
model and thus addressing dimensionality. Therefore, we 
acknowledge that the utility of the PROMIS-29v2 cannot 
be fully judged until a full dimensionality investigation can 
be conducted, using factor analysis or multidimension-
al item response theory. Also, given the remote format of 
CR, some population groups such as the older or minority 
groups with insufficient computer or health literacy may 
not have been reached and included. Furthermore, patient 
burden or ease of use data were not collected for this study 
as the majority of patients completed the questionnaires 
electronically. Finally, given a relatively short follow-up of 
6 wk, long-term results may have been different.

CONCLUSION
Our findings demonstrate that the PROMIS-29v2 ques-
tionnaire was valid, reliable, and responsive to changes in 

HRQL in patients with CHD participating in a remotely 
delivered CR. It also allows for baseline HRQL assessment, 
between-diagnosis comparisons, and evaluation of changes 
over time. In many respects, the PROMIS-29v2 is compara-
ble with the well-established SF-12v2. The symptom-related 
items in the PROMIS-29v2 provide additional useful clini-
cal information not explicitly captured by the SF-12v2. We 
also demonstrated that electronic data capture was feasible, 
which makes the PROMIS-29v2 a suitable tool in assessing 
HRQL in various CR settings. Future work should focus 
on establishing MCID benchmarks for the PROMIS-29v2 
to quantify changes felt by patients in response to cardiac 
events and treatments and to allow for more direct compar-
isons with other HRQL measures.
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CHAPTER 7 

Discussion and Conclusions 

Chapter overview 

This multi-study thesis includes five peer-reviewed papers that, report on the results of research 

studies that aimed to: 

1) investigate patient-focused outcomes from CR (exercise capacity, exercise self-efficacy, and 

HRQL) in the Australian context; 

2) synthesise evidence of CR efficacy for HRQL outcomes in most recent RCTs (from year 2000); 

3) understand the relative influence of patient factors and CR program delivery characteristics, 

specifically, wait time, duration/number of sessions, and mode of delivery (in-person versus 

remote) on patient-focused outcomes;  

4) examine the validity, reliability, and sensitivity to change of the PROMIS-29v2 HRQL 

questionnaire and the feasibility of using electronic data collection methods; and 

5) include patients in the research and gain insights into their experiences from in-person and 

remotely delivered CR. 

This chapter presents a summary of key findings in this thesis and provides a critical discussion of 

these findings within the context of current available literature. This chapter also highlights the 

contributions to knowledge the thesis makes, outlines implications for practice, considers limitations, 

presents considerations for future research, and provides recommendations for CR service planning, 

implementation, and research. This chapter acknowledges that CR is not only a complex intervention 

that is dynamic with interactive parts, but one that is also situated in a broader health care and 

societal system. 
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Summary of key findings 

The studies in this thesis concentrated on patient-focused outcomes that are priority goals of CR 

programs, specifically exercise capacity, exercise self-efficacy, and HRQL. In examining outcomes that 

patients value, having the patient voice included at various stages of the research has proved 

invaluable to this thesis.  

In the Australian CR audit study in this thesis, patients attending Australian CR programs improved 

substantially in exercise capacity and in multiple aspects of HRQL but had small improvements in 

exercise self-efficacy at program completion. These improvements were achieved in the context of 

shorter CR programs with shorter wait times in Australia in comparison to international programs. 

The systematic review and meta-analysis of RCTs in this thesis showed that CR participation achieves 

clinically important improvements in multiple domains of HRQL. However, the studies in this thesis 

also indicated that the apparent benefits in patient-focused outcomes differed according to patient 

and CR program delivery characteristics, aspects that are less likely to be distinguished in RCTs. When 

assessed in real-world practice via a prospective observational pre-post study, the clinically important 

improvements in HRQL were primarily demonstrated in physical-related areas. A natural comparison 

of delivery modes showed that remote delivery was associated with equivalent HRQL outcomes as in-

person CR, with additional benefits for mental health.  

CR programs delivered following shorter wait times were associated with improved exercise capacity, 

whereas the duration/number of CR sessions offered was not associated with any outcome 

measured. Shorter wait times were also an added benefit associated with remote CR delivery during 

the imposed physical distancing restrictions from COVID-19. However, remote delivery revealed gaps 

in CR uptake evidenced by lower overall completion rates and less participation from ethnic 

minorities. Patient experience interviews also provided essential perspectives on the relative 

advantages and disadvantages of the two types of CR delivery models: convenience from having 
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flexible and negotiable contact times and therefore fitting in with patient lives for remote delivery, 

while closer exercise instruction and supervision and peer group contact for in-person CR.  

In responding to local initiatives to improve CR program quality by measuring patient-reported 

outcomes, the standardised generic HRQL questionnaire, PROMIS-29v2, demonstrated suitability for 

use in CR settings, including the use of electronic data collection methods. The validity, reliability, and 

sensitivity to changes that occur in CR were confirmed for PROMIS-29v2, comparable to that of the 

widely used SF-12v2. The PROMIS-29v2 may also have additional benefits for CR because it includes a 

broader assessment of facets of daily life important for CHD patients, such as sleep disturbance, pain 

intensity, and separate anxiety and depression domains.  

Lastly, the studies in this thesis identified that social determinants were influential in many areas and 

essential to understand in CR in order to identify patients at risk of less improvements in patient-

focused outcomes. Specifically, these social determinants include age (less improvement in exercise 

capacity), female gender (less improvement in exercise capacity and HRQL), ethnic minority (lower 

participation in remote programs and less improvement in exercise self-efficacy), and being single 

(less improvement in exercise self-efficacy). These groups may benefit from modifications in CR 

delivery such as having additional support or more targeted interventions in CR programs. 

Patient-focused outcomes 

Exercise capacity outcomes 

Patients attending CR programs achieved clinically important improvements in exercise capacity,1 

with a mean increase in 6MWT distance of 70.4 m (SD 61.8 m) from entry to completion (Chapter 2).2 

These improvements were gained despite lower total exercise dose (number of exercise sessions per 

week × program duration) offered in Australian programs than in international programs.3 

Importantly, more benefits for exercise capacity were achieved following shorter wait times to CR 

program commencement. 
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Exercise training is a core component of CR programs and improving exercise capacity is a priority 

goal of CR.4 The effectiveness of exercise prescription in CR programs is enhanced by individualised 

instruction based on the patient’s initial exercise tolerance, assessed using an objective exercise test 

such as the 6MWT. Individual tailoring is also based on medical conditions (particularly 

musculoskeletal co-morbidities), current physical condition and well-being, and previous exercise 

behaviours. Individually tailored and structured exercises allow for safe and effective exercise 

progression during the CR program.5 As patients’ physical capacities naturally improve over the 

course of recovery and as the body adapts to training, gradually increasing exercise intensity provides 

a progressive overload on the musculoskeletal system that is essential in achieving optimum exercise 

capacity gains.6 Previous studies have reinforced the importance of exercise progression in terms of 

the number of sessions and showed that the greatest improvements in exercise capacity occur 

between 12 and 36 sessions.7 Therefore, shorter programs with fewer sessions may not be meeting 

the critical period for optimal improvements in exercise capacity to occur.7  

Higher exercise doses were commonly associated with more improvements in 6MWT. Australian CR 

programs generally8 and those in the study in Chapter 2 offered lower exercise doses (median 12 total 

sessions or 1 to 2 days per week for 6 to 8 weeks),8 with low-to-moderate intensity. An international 

program that offered a total dose of 25 exercise sessions (5 days per week for 5 weeks) showed more 

than double the magnitude of mean 6MWT change compared to the study in Chapter 2 of this thesis 

(improvements of 115.8 m (SD 59.2 m)).9 Meanwhile, an Australian single-site study with similar dose 

to the study in this thesis (12 exercise sessions total or 2 sessions per week for 6 weeks) achieved 

slightly greater improvement in mean 6MWT (90 m).10 One possible reason for this difference is that 

the multi-site study in this thesis included 32 CR programs with greater variability in exercise content 

and intensity. Total exercise dose seems to be more influential in improving exercise capacity than 

duration/number of sessions alone.11 Nonetheless, clinically important improvements in exercise 

capacity were demonstrated this thesis despite lower exercise doses and shorter overall program 
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duration, which may mean that other factors related to CR delivery such as wait time may also be 

influential.  

Short wait time to CR commencement may be an intended efficiency-saving effect of shorter duration 

programs. This thesis shows that in the context of already short wait times in Australia,8 even shorter 

waits were associated with much greater exercise capacity benefits.2 The median wait time in the 

study presented in Chapter 2 was 16 days (IQR 9, 26 days). This length of wait meets various 

international benchmarks.12-14 While wait time can be seen as being primarily related to institutional 

structures that dictate CR program capacity,15 patients’ readiness for behaviour change also affects 

patients’ decision-making to start CR.16 Assessing patient’s readiness for change is an important 

consideration for clinicians in understanding patients’ motivation after a cardiac event.17 It is 

important to also acknowledge that motivation and readiness for change may vary over time, and as 

such, shared decision-making between patients and clinicians needs to be promoted.17 Patients may 

choose to start their programs sooner if the perceived value of CR outweighs the barriers needed to 

overcome them.16 For instance, it is notable that in the study in Chapter 2, more patients who had 

CABG surgery attended CR compared to those who had PCI. This finding indicates that PCI may be 

incorrectly perceived by patients as an easy fix to their disease because of the less invasive nature of 

the intervention as opposed to CABG, therefore affecting the patients’ motivation to start CR 

promptly.18 Timely CR participation can also be influenced by health professional communication and 

recommendation19 and the availability of support or reinforcement from family. However, the current 

lack of unified recommendations from clinical guidelines on optimal wait time contributes to 

variations in wait time targets that may affect patient outcomes and should be addressed in future 

work.  
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Exercise self-efficacy outcomes 

Patients attending CR not only experienced improvements in exercise capacity but also reported 

being more confident and motivated to engage in exercise and fitness regimes. Improvements in 

exercise self-efficacy are demonstrated in the study in Chapter 320 and are consistent with other 

studies.21,22 Building exercise self-efficacy or the confidence to undertake purposeful, self-directed 

exercise even amid barriers and constraints is essential to cardiac patients’ adoption and maintenance 

of lifestyle change. The successful development of exercise self-efficacy provides a foundation to 

support sustained exercise efforts and produce favourable short- and long-term CR outcomes, 

including improved physical function and increased exercise adherence.23 In this thesis, the mean 

exercise self-efficacy improved significantly from CR entry to completion, although the magnitude 

improvement was small and uncertain if clinically important and needs further investigation.  

It is surprising that, in this thesis, patients who participated in remotely delivered programs had 

greater improvements in exercise self-efficacy. One potential reason is that patients who participated 

in remotely delivered programs had higher exercise self-efficacy scores at CR entry than those who 

attended in-person and were thus more confident to undertake exercise. It is also likely that in the 

absence of vicarious experiences offered in in-person programs, the regular and predictable one-on-

one remote contact by CR staff (verbal persuasion), acted as a stronger source of motivation in the 

context of COVID-19 restrictions.24 The encouragement from partner and family members might have 

also reinforced self-efficacy to exercise in the home. 

In analysing the differences in patient outcomes between in-person and remotely delivered CR, it is 

vital to distinguish the fundamental differences in how each mode was actually delivered. Remotely 

delivered patient contacts via phone call or videoconference were one-on-one, offering an 

opportunity for patients to raise specific and personal concerns about their recovery with expert 

professionals. In turn, the CR staff could provide a more tailored and personalised support for 

patients, including reassurance to those who lived alone and were experiencing added anxiety during 
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the COVID-19 pandemic.25-27 The remote interactions also occurred at times negotiated by the patient 

to fit in their lives, so contact times were more flexible compared to the fixed timetable of in-person 

CR.28 A granular evaluation of effective components of remotely delivered CR is required to guide 

future CR program design and delivery. 

HRQL outcomes and measurement 

This thesis adds to the evidence of CR efficacy for patient-valued outcomes such as HRQL, which 

extends beyond reductions in cardiovascular mortality and hospital admissions.29 The systematic 

review in this thesis was the first to pool HRQL data using a meta-analysis (8 studies) of most recent 

RCTs, with outcomes assessed at 6- and 12-month follow-ups.30 Clinically important improvements in 

HRQL were identified in several domains, including physical aspects and overall health, in the short-

term (6 months) and sustained in the long-term (12 months). Significant short-term improvements 

were also demonstrated across physical (including pain), social, and mental health aspects of life, 

although these improvements did not reach benchmarks for clinical importance. Improvements in 

social aspects and mental health may have resulted from improvements in health physical-related 

areas of HRQL.30 Patients often link exercise progress to subsequent noticeable improvements in their 

overall health and well-being,31 including feeling fit and at ease to perform daily movements.21 Two 

meta-analyses of HRQL outcomes published in 2020 and 2021, after publication of the review 

presented in Chapter 4, found similar higher levels of HRQL in several domains from CR in the short 

and medium term, but with less clear overall benefit at 12 months32,33 and had broader inclusion 

criteria in terms of outcome timepoints and therefore included additional studies for analysis.  

While systematic reviews and meta-analyses could synthesise and determine precise effectiveness 

outcomes, identifying what components of CR result in effectiveness for HRQL outcomes in practice is 

much more challenging. Eleven of the 14 studies in the systematic review in this thesis,30 comprising 

79% of total participants, attended longer programs compared to the typical Australian CR program of 

6 to 8 weeks.8 Some international programs extend to up to 12 or 24 months.34-37 The CR dose in 



91 

programs in the pre-post study presented in Chapter 5 ranged from 6 to 16 sessions (1 to 2 sessions 

per week for 6 to 8 weeks),28 in contrast to a median of 22 supervised sessions of programs offered 

internationally in countries that offer CR.3 Longer programs or those with more frequent sessions per 

week may, therefore, produce better patient outcomes, supporting the known dose-response benefit 

of exercise training.11 In the pre-post study of HRQL outcomes (Chapter 5),28 clinically important 

improvements in physical-related areas and significant benefits for all other HRQL domains was 

demonstrated. However, longer programs may be more beneficial, partly because of patients’ 

confidence building via increased exercise engagement, having more opportunities to integrate 

exercise behaviours into patient lives, and prolonged contact and enhanced professional relationships 

with CR staff.38 However, broader health care system structures and local contexts influence the 

length of CR programs that can be sustainably delivered, in addition to potential impacts on 

operational costs, so these factors should be explored in future research.  

It was revealed in this thesis (Chapter 5) that remote CR delivery achieved equivalent HRQL benefits 

to in-person programs, with additional benefits for mental health.28 Alternative models of CR 

including remote delivery have long been recommended to suit patient’s needs and preferences, yet 

infrequently offered and taken up.39 When global environmental factors such as the COVID-19 

pandemic restrictions necessitated and enforced the adoption of such alternative models, the results 

demonstrate benefits for both patient outcomes and experiences.25,28,39 Comparable HRQL outcomes 

between the in-person and remote CR delivery in this thesis support the inclusion of remote CR as an 

essential service that should be available to patients recovering from a cardiac event. Although there 

is a clear need to retain these remote and technology-enabled CR services,40 it is uncertain how these 

modes of delivery would be maintained in the future and integrated in routine CR programs as 

standard. A thorough exploration of contextual factors and clinician perspectives in relation to 

continued acceptance and implementation of remote CR is, therefore, required. 
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The wide-ranging effects of the COVID-19 pandemic on people’s social networks41 could have affected 

patients’ physical and mental recovery and the way they engaged with CR. Physical distancing 

restrictions meant that social support from family and friends was challenged, while the anxiety and 

fear of getting ill from COVID-19 also added psychological strain.41 Therefore, better mental health 

outcomes among those who participated in remotely delivered CR was an interesting finding and 

perhaps even counterintuitive, given the wealth of literature supporting the value of direct personal 

interactions with in-person CR delivery.29,33 Having comparatively more mental health improvements 

in remote delivery indicated that personal connectedness may not have been hindered by physical 

distance, provided that the therapeutic relationships that foster effective CR delivery were facilitated 

by other means, such as through the use of technology. Furthermore, isolation and physical 

distancing restrictions may have amplified the effect of even the smallest social interaction with CR 

staff. The interest in patients by a health professional at a difficult time may have also been a major 

motivating factor. Patient experience interviews presented in this thesis (Chapter 5) also showed that 

patients appreciated personal human connection not only from in-person supervision from CR staff 

and interaction with other patients, but also the regular and flexible contacts in remotely delivered 

CR.28  

Local institutional factors influence and often determine CR delivery. During the planning of this 

thesis, the local health district officials requested for an HRQL questionnaire that can be used to 

compare HRQL and evaluate outcomes across various chronic illnesses. To ensure accuracy of 

measurement, HRQL questionnaires must be thoroughly and systematically examined, as well as 

sufficiently tested to the population to which they are administered.42 In Chapter 6, the validity, 

reliability, and sensitivity to HRQL changes in patients with CHD attending remotely delivered CR were 

demonstrated.43 Using the well-established SF-12v2 as a comparator to assess convergent validity, 

significantly strong correlations were shown for physical (r=0.62) and moderate for mental (r=0.36) 

health summary scores. The PROMIS-29v2 assesses broader aspects of life, including symptoms 

common to patients with CHD such as sleep disturbance, fatigue, and pain,44 so using the PROMIS-
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29v2 allows CR service providers assess patients’ HRQL more comprehensively. The PROMIS-29v2, 

being a generic HRQL questionnaire, not only suitably determines HRQL at CR entry for baseline 

assessment but can also be used to compare outcomes between diagnostic groups and evaluate 

temporal changes during and after CR.  

To be clinically useful in everyday clinical practice, HRQL questionnaires should be relatively easy to 

administer, score, and interpret. Exploring the attitudes of CR service providers in integrating such 

questionnaires into routine practice is needed. It is also important that processes concerning service 

providers are streamlined to enhance acceptance.45 The CR staff must receive adequate training 

about the HRQL questionnaire and its function in care planning, and be given guidance and support 

regarding questionnaire administration.45 A change management process that considers the benefits 

of the new questionnaire in light of local institutional factors may address the actual or perceived 

burden to CR staff. Building CR staff capabilities in HRQL screening and enhancing staff motivation by 

making visible the value of such screening may reduce possible resistance to change and allow 

efficient integration of the new HRQL questionnaires into CR staff workflow.  

The electronic collection of patient-level HRQL data via institutional computers, laptops, or tablet 

devices may be a feasible approach as demonstrated in this thesis. Capturing patient outcomes and 

health care experiences electronically may be more beneficial as it reduces duplication of 

documentation, especially given that these modes of administration were found equivalent to paper 

administration and do not cause bias.46 Ideally, the PROMIS-29v2 scores and interpretation should be 

readily accessible and part of routine clinical discussions so that the data collected can be used to 

inform patient care, including flagging lower scores that may require referral to other services or 

further investigation. 
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Social determinants of health and CR outcomes  

Social determinants of health have been identified in this thesis to influence patient-focused 

outcomes. Aside from clinical diagnosis of CABG that was associated with least exercise capacity at CR 

entry but greatest improvements at completion, social determinants were the most influential 

predictors of poorer outcomes.  

For instance, women achieved significantly lesser exercise capacity improvements2 and reported 

lower HRQL than men in physical and mental health at CR entry.43 The relatively lower levels of 

improvement in exercise capacity for women may partially be explained by biological characteristics 

(higher body fat composition, lower oxygen-carrying capacity in the blood, and less maximal stroke 

volume than men) and clinical factors (comorbidities, delayed revascularisation, poorer baseline HRQL 

scores).47 It has been documented that women encounter more behavioural and social barriers to 

exercise that may contribute to worse outcomes, including lack of time due to caring responsibilities, 

resources, confidence in ability, awareness of and access to opportunities, and sociocultural factors 

that shape exercise preferences.48 A systematic review with meta-analysis showed that additional 

psychosocial interventions and behavioural change support strategies, particularly in gender-specific 

settings, need to be incorporated into CR programs to address some of the barriers that women 

face.49 

Increasing age was also associated with poorer exercise capacity. Significant and progressive 

reductions in 6MWT change score occurred for every decade increase in age,2 primarily attributed to 

biological changes with ageing, such as reduced skeletal muscle oxidative capacity, musculoskeletal 

dysfunction, and increased oxygen expenditure during exercise.50 Other physical issues related to 

ageing may also be at play such as muscle strength, endurance, gait stability, and the presence of 

more comorbidities.50 
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Patients who were single, including those divorced or widowed, improved less in exercise self-efficacy 

(Chapter 3).20 Greater social support has been associated with better mental health outcomes during 

recovery after a cardiac event.51 The lack of an intimate partner means that patients may not get the 

benefits of having support and encouragement reported to actively and tangibly contribute to 

incremental mastery and sustained lifestyle behaviour change.52 A supportive and health-focused 

partnership between couples/partners also facilitates coping and disease management and assists 

with initiating and reinforcing long-term exercise efforts. Therefore, identifying single patients who 

might need additional support in CR programs is needed. The support needs of patients without a 

spouse or partner should also be explored in future research.    

In this thesis, being an ethnic minority was associated with less improvements in exercise self-efficacy 

(Chapter 3)20 and significantly lower participation rates in remote CR (Chapter 5).28 These findings 

suggest that race and culture can lead to inadvertent, and potentially unacknowledged, exclusion 

from programs offering remote delivery modes. As discussed in Chapter 5, remote delivery may 

facilitate reaching more people and promote access to CR but may simultaneously and paradoxically 

create barriers to access for some people. Ethnic minorities have been reported to experience 

difficulty navigating health care systems and resources.53 Those from an ethnic minority background 

might be further disadvantaged because of well-documented complex, multi-level reasons, including 

language and culture, socioeconomic factors, individual perceptions, knowledge, beliefs and interest, 

practical/logistical factors, and suboptimal CR referral.54 It is also likely that patients from ethnic 

minority backgrounds, especially those with significant language barriers, may be hesitant to engage 

in remote CR formats. Having poor proficiency in the CR-delivered language is a substantial barrier 

within CR programs because the remote delivery makes it much harder for patients to seek 

clarification and receive necessary non-verbal signals and guidance from CR professionals enabled by 

in-person contact.55 While in this research setting, the use of professional interpreters for people with 

low English proficiency is mandated,56 it has been demonstrated that such policy is rarely fully 

implemented due to poor availability.57 These results show that ethnic minorities face barriers in 
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participating in remotely delivered CR and also experience disparities in benefits from CR. It is unclear 

whether the participants from ethnic minority groups in this study had equivalent technological and 

logistical capacity, such as stable internet access or home space for video-assisted exercise to fully 

participate in remote CR. The appropriateness of remotely delivered CR interventions should be 

explored further, considering the needs, preferences, and capacity of ethnic minorities.  

It is interesting to note that, in this thesis, neither education nor employment had effects on any 

patient outcome measured despite well-documented associations between educational disadvantage 

and poorer health outcomes.58 This finding may be partly because of the greater proportion of higher-

educated and relatively well-employed demographic in the health district where the pre-post study 

was conducted. Patient outcomes in more diverse communities with higher rates of social deprivation 

might be different. Therefore, exploring the impact of socioeconomic status, lower levels of 

education, and unemployment on CR patient outcomes is needed. 

Understanding the associations between the social determinants and poorer CR outcomes identified 

in this thesis is required for the appropriate modification of CR components. Targeting groups with 

particular social framings may be necessary to ensure that the interventions implemented within CR 

programs are responsive to patient needs and preferences. Remote CR delivery might be ideal for 

single patients to fit in their lives more easily and at a time when they may not have returned to 

driving after a surgical procedure or may not yet feel confident to use public transport. Some patients 

may benefit from additional exercise sessions beyond the usual CR program timeframe. This way, 

patients who need closer and perhaps more intense guidance and supervision are given the 

opportunity to maximise benefits. Such extended programs have demonstrated better exercise 

behaviours and outcomes compared to standard programs.59 Offering patients a choice between CR 

delivery modes may, therefore, increase engagement with and positive outcomes from CR.60 
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Considerations for future research 

CR is a complex intervention that includes ongoing but ever-changing interactions between people, 

interventions, and contexts.61 An understanding of the complexity of CR also involves determining 

how the various components of CR programs might be individualised or tailored to meet patient 

needs. However, CR is not only complex in the way the program is designed and delivered. The health 

care and societal systems within which CR is embedded and implemented is as important to consider 

as CR components in understanding CR effectiveness and in implementing new models.62 A 

framework that situates CR within a society would therefore be useful to help unpack these 

contextual complexities. In this respect, the socio-ecological model63 may provide a useful analytical 

lens through which broader multi-level influences might be explained. The socio-ecological model 

captures the breadth of factors beyond the individual patient characteristics and interpersonal 

relationships occurring within CR programs (such as patients with CR staff and with other patients). 

While CR service delivery characteristics and intrapersonal factors have been investigated in this 

thesis including social determinants of health, the socio-ecological model allows for further 

examination of what the CR programs can provide in terms of institutional local factors and public 

policy, as well as what CR should provide according to evidence-based guidelines and 

recommendations. Future research should consider using a framework such as the socio-ecological 

model to further investigate the interplay of complex forces beyond CR itself. 

Strengths and limitations 

One critical strength of this thesis is the central role of patients. The inclusion and engagement of 

patient consumers from research design through to publication of findings enriched the research in 

this thesis. Another major strength is that data were collected from multiple complementary sources, 

including from patient-reported outcome measures, patient experiences, and objective patient 

performance data. Data in this thesis was gathered from patients participating in CR from across 

Australia in the CR audit and from across a health district, ensuring better generalisability of the 
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results. The opportunity to conduct a natural comparison of HRQL outcomes from two different 

delivery modes also provided a real-world evaluation of CR program delivery. Lastly, the sample size in 

the individual studies included in this thesis were also adequate and appropriate for the statistical 

tests performed. 

Several limitations should be considered in transferring the findings, both in the individual works and 

collectively, in this thesis. Overall, given the observational pre-post designs of the studies in Chapters 

2, 3, 5, and 6, cause and effect cannot be implied. Although the results are positive overall, the 

potential influence of other factors on the natural course of recovery such as time alone cannot be 

disregarded. However, as CR is recommended as a standard for all people who had a cardiac event, 

using a no-intervention control may no longer be an ethical method to determine effectiveness in a 

randomised design.64 Observational studies are suitable for evaluating CR effectiveness given the 

adequate statistical treatment of confounding variables.65 Another limitation that should be 

recognised is the potential for sampling bias, especially around social gradients (Chapters 3, 5, and 6), 

where the majority of participants are well-educated, White, and men, indicating a high-resource 

setting. In addition, only those patients who completed their CR program were included in the 

analyses in this thesis. This potential selection bias represents the treatment-risk paradox, wherein 

patients at higher risk for adverse events such as a reoccurrence of cardiac event are less likely to 

have the motivation and capacity to access and therefore receive less interventions than patients with 

lower risk. This situation is demonstrated in the study in Chapter 5 where those who are employed 

and attending remotely delivered CR were identified to be less likely to complete their programs. 

Lastly, caution is needed when generalising the findings in this thesis outside Australia, or indeed even 

to low-resource contexts within Australia. The patient demographics and characteristics (literacy and 

health literacy, risk factor profiles), health care system design, and technology infrastructure may be 

considerably different. For instance, the feasibility of remote CR interventions may vary in low- and 

middle-income countries, in which mobile, internet, and health systems are potentially key factors 

influencing health care and outcomes. 
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Conclusions 

CR is a complex intervention and as such, the components can be modified in multiple ways to suit 

the needs of a variety patients. Understanding CR service delivery factors that contribute to patient 

outcomes is necessary in determining potential modifications and tailoring of guidance, intervention, 

and support. While it is reassuring that patient-focused outcomes (exercise capacity, exercise self-

efficacy, and HRQL) improve with CR participation, variation in delivery influences such outcomes. 

Shorter wait times were associated with greater exercise capacity, regardless of duration/number of 

sessions, so program design and capacity need to be developed that support this characteristic. 

Patients should be encouraged to attend CR programs sooner, while also promoting shared decision-

making between patients and clinicians considering patients’ readiness for change. Remote delivery 

achieves equivalent outcomes to in-person and may have additional benefits for mental health. 

Therefore, remote CR models should be offered within a suit of potential programs as much as 

possible, but must not be the sole mode of delivery given demonstrated likelihood for exclusion of 

some patient groups. Further research is required to investigate the design of effectiveness of remote 

CR components, especially in different contexts.  

Many aspects of HRQL significantly improve with comprehensive CR, both in RCTs and in everyday 

practice. In assessing a suitable HRQL questionnaire for CR participants, the PROMIS-29v2 was 

determined appropriate and provides an option to consider. In analysing patient characteristics that 

affect patient-focused outcomes, social determinants such as age, gender, ethnicity, and partnership 

status should be routinely collected so that CR programs could be tailored to target patients who 

need additional support and promote equivalent patient outcomes. Overall, understanding the 

complexity of CR as an intervention requires consideration not only of program-specific variables, but 

of the broader contexts of health care system and society within which CR programs are delivered. 
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Recommendations for future CR service planning, implementation, 

and research 

In light of the findings from this thesis, the following recommendations are proposed: 

• Routinely measure patient-reported outcomes, especially HRQL and exercise self-

efficacy, in CR programs 

Patient-reported outcomes provide critical information on a patient’s health status and health 

behaviours in clinical and research settings that patients value. HRQL is also sensitive to 

changes in CR delivery and is an indicator of effectiveness. A standardised, well-validated 

HRQL questionnaire should be used and there are several options available. In this thesis, the 

PROMIS-29v2 was shown to demonstrate validity, reliability, and sensitivity to changes that 

were equivalent to that of the more widely used SF-12v2. Integration of HRQL data collection 

into routine use must be investigated to understand the value to both patients and clinicians 

in enhancing care planning.  

Exercise self-efficacy provides an insight into patients’ confidence in sustaining self-directed 

exercise after CR. Assessing exercise self-efficacy can be used to ensure that exercise 

behaviours are reinforced in CR programs and to identify patients who may need tailored or 

additional interventions focused on confidence-building and motivation.  

• Identify the effectiveness of an ideal combination of components (such as wait time, 

duration, delivery mode, and exercise intensity) on patient-focused outcomes 

CR is complex and the ideal combination of components is yet to be determined. While the 

effectiveness of individual components has been previously studied, exploring the potential 

synergistic effect of combining effective components in light of the health care system and 

context may provide patients with optimal options that are effective and suit their needs and 

preferences. 
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• Offer remote CR as an essential service delivery option  

Remote CR delivery demonstrated equivalent outcomes compared to in-person programs. 

However, in this thesis, remote CR, like other options such as in-person, may not be suitable 

to all patients. Therefore, remote delivery should be included as an essential CR service as 

much as possible, but it must not be the only option.  

• Ensure the inclusion and engagement of diverse patient consumers in research 

The patient voice should always be central in research and the inclusion and active 

involvement of patient consumers a standard in all future research endeavours. This thesis 

benefitted from engaging actively with patient consumers. However, given the influence of 

social determinants on patient outcomes shown in this thesis, the diversity of patient 

consumers engaging in research should be also ensured to have balanced perspectives. The 

reasons for low uptake of remote CR by ethnic minorities demonstrated in this thesis should 

also be explored so that barriers can be addressed.  

• Use a suitable framework for CR service planning, implementation, and research that 

situates CR in broader contexts of health care system and society 

This thesis recognised the complexity of CR as an intervention in investigating the influence of 

service delivery on patient-focused outcomes. However, given that CR is inherently 

embedded within broader contexts of health care system and society, a framework such as 

the socio-ecological model should be used to guide research, planning, and implementation 

of new CR models. 
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Professor Robyn Gallagher 
RN BA (Psych) MN PhD 
 
Professor Gallagher is Chair of Nursing at the Charles Perkins Centre and Susan Wakil School of Nursing 
and Midwifery, Faculty of Medicine and Health, University of Sydney (2014-2018) and previously Associate 
Professor of Chronic and Complex Care and Director of Higher Degrees by Research at the Faculty of 
Nursing and Midwifery, University of Technology, Sydney.  
 
Professor Gallagher has made a substantial contribution to her areas of research expertise, including ways 
to improve recovery following a cardiac event, access to secondary prevention of cardiovascular disease, 
the use of technology to promote behaviour change and health literacy and cultural impact on self-care in 
cardiac patients. She leads a group of 9 full-time equivalent researchers, including two postdoctoral 
scientists and 6 PhD students. Professor Gallagher’s PhD candidate Muaddi Alharbi has conducted world-
leading work on wearable technology for cardiac patients, recently featured in ABC Health Report. 
  
Key contributions to research 
Professor Gallagher has been responsible for a program of work which has improved cardiovascular health 
through promoting recovery from cardiac events and secondary prevention strategies, including education 
and multidisciplinary lifestyle support and she has a profile in health literacy. Her international collaborative 
work on supporting cardiac patient’s self-care has 150 citations since publication and her telehealth 
intervention for women following cardiac events has 95 citations and is included in two Cochrane 
Systematic reviews. More recently, her trial of a secondary risk factor reduction (HEELP study) 
demonstrated the effectiveness of simple multidisciplinary support strategies for post-ACS patients, won 
both national and international awards and has now been translated into practice in Northern Sydney Local 
Health District. She has produced award-winning multilingual audiovisual materials for cardiac patients, 
which have been 5,000 imprints circulated by the Heart Foundation NSW. She has published invited papers 
on the use of technology in cardiac patients in the MJA, Maturitas and Current Reports in Heart Failure.       
  
Publications 
Her work has produced 150 peer-reviewed publications in leading cardiology, nursing and prevention 
journals including Age and Ageing, BMJ Open, Journal of Cardiac Failure, Heart Asia BMJ, Internal 
Medicine Journal, European Journal of Preventive Cardiology and Journal of Thoracic and Cardiovascular 
Surgery. Of these, she is first or second author of 65% and senior author in 22% and has an H-index of 25 
and 2372 citations [source; Scopus]. Her citations have increased by 1,300 and publications by 80 in the 
last 5 years.  
 
10 Career-best publications 

1. Gallagher R Roach K Sadler L Glinatsis H Belshaw J Kirkness A Zhang L Gallagher P Paull G Gao 
Y Partridge SR Parker H Neubeck L Mobile technology use across age-groups in patients eligible 
for cardiac rehabilitation: Survey study JMIR 2017;(5) 10:e161 

2. Straiton N Alharbi M Bindhi R Gullick J Neubeck L Gullick J Gallagher R The validity and reliability 
of consumer-grade activity trackers in older community-dwelling adults: a systematic review.  
Maturitas epub 2018 April 22. 

3. Gallagher R Perry L Duffield C Sibbritt D Cho M The Health of Working Nurses: Hypertension 
prevalence, awareness, treatment and control by medication. J Nurs Man Epub Mar 25 

4. Gallagher R Neubeck L Du HY Berry N Hill M Clark R Facilitating or getting in the way? The effect 
of clinicians' knowledge, values and beliefs on referral and participation in cardiac rehabilitation. Eur 
J Prev Cardio 2016;23(11):1141-50  

5. Alharbi M Bauman A Neubeck L Gallagher R Validation of Fitbit-Flex as a measure of free-living 
physical activity in a community-based phase III cardiac rehabilitation population Eur J Prev Cardio  
2016;23:1476-85.  

6. Gallagher R Potter E Thomson Magnall L Ladak L Gallagher P Neubeck L the power in being 
together for young adults who have heart disease - the photoshoot experience. Heart & Lung 
2017;46(3):199-204. 
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7. Lin R Gallagher R Spinaze M Najoumian H Dennis C Clifton-Bligh R Tofler G Effect of a patient 
directed discharge letter on patient understanding of their hospitalisation Int Med Jl 2014 44(9):851-
7.  

8. Cameron J Gallagher R Pressler SJ Ski CF Tofler G Thompson DR Sensitivity and specificity of a 
five-minute cognitive screen in heart failure patients. J Card Fail 2016 Feb;22(2):99-107.   

9. Gallagher R Roach K Sadler L Belshaw J Kirkness A Zhang L Proctor R Neubeck L.  Who gets 
stroke prevention? Stroke prevention in atrial fibrillation patients in the inpatient setting. Heart Lung 
Circ 2015;24:488-494 

10. Mangnall-Thomson L Sibritt D Windus M Gallagher R Health related quality of life of patients after 
mechanical valve replacement surgery for rheumatic heart disease, in a developing country. Heart 
Asia BMJ 2014 22(8):987-1002   

 
COLLABORATIONS: 
CIF Gallagher has published with 25 collaborators in 15 other institutions including the University of 
California Los Angeles and San Francisco, Edinburgh Napier University, the University of Groningen, 
Flinders University, Australian Catholic University and the University of Technology, Sydney as examples.   
 
 
She presents her research at the European Society of Cardiology (ESC), World Congress of Cardiology 
(WCC) and American Heart Association (AHA) Scientific Sessions. She has written 10 chapters in market 
leading text books. Professor Gallagher is President of the Australian Cardiovascular Health and 
Rehabilitation Association (ACRA) and immediate past Chair of the Cardiovascular Nursing Council of the 
CSANZ, member of the World Congress of Cardiology programming committee, the NSW Heart 
Foundation Cardiac Rehabilitation Working Group and on the Editorial Board of the Journal of Advanced 
Nursing, the leading international nursing journal. She is a Fellow of ESC and AHA. 
 
Significant honours and awards 
2017 CSANZ Cardiovascular Nursing Council Elected Keynote Lecture 
2013 ACRA Award for Best Exercise and Physical Activity paper 
2012 AHA Council of Cardiovascular Nursing Research Article of the Year 
2012 CSANZ Nursing Affiliate Research Prize; 
2011 UTS Post Graduate Supervision award 
2011 NSW Multicultural Health Communications Award  
 
Recent research funding 
-CI-F NHMRC Partnership Grant, $828,305 (2018-19) 
-CI-A National Heart Foundation Vanguard Grant, $74,750 (2018) 
-CI-D Northern Sydney Local Health District Innovations Grant, $69,000 (2017-18) 
-CI-A National Heart Foundation Vanguard Grant, $74.950 (2017) 
-CIB Charles Perkins Centre Incubator Award, $100,000 (2016-17) 
-AI NSW CVRN Research Development Project Grant, $200,000 (2016-2017) 
-CI-B ARC Linkage Project Grant, $139,430 (2014-2015)  
-CI-A University of Sydney Brain & Mind Research Institute, $49,995 (2015-2016) 
-CI-F NSW Health Innovations Nursing Research Grants $15,000 (2015-2016) 
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Ms Cate Ferry 
 

RN,BN, GradDipPH 
 

Cate Ferry is a healthcare professional with qualifications in nursing and public health. She has extensive 
experience in the healthcare environment, first in clinical practice then in project management.  
 
Cate Ferry has worked at the National Heart Foundation of Australia (NHFA) NSW Division as the 
Manager, Clinical Programs NSW since 2008. In this role she collaborates with a range of stakeholders, 
including clinicians, health care services and researchers, to advocate for people at risk and with 
cardiovascular disease to receive appropriate, evidence-based care that spans pre-hospital, hospital, and 
includes ongoing secondary prevention.  
 
She represents the NHFA on several national and local committees including the Australian Cardiovascular 
Health and Rehabilitation Association (ACRA), ACRA NSW /ACT, Agency for Clinical Innovation’s Cardiac, 
Stroke, Rehabilitation and Aboriginal Chronic Conditions Network and the NSW Cardiac Rehabilitation 
Working Group. 
 
She has been involved in various initiatives that have endorsed the application of evidence-based practice 
to drive the translation of national cardiac guidelines into clinical practice and facilitate improvements in 
patient outcomes. She has contributed to research that aims to improve access to and engagement with 
secondary prevention strategies with a focus on technology to enable behaviour change. 
 
She has extensive experience working in the field of healthcare quality and safety improvement (both public 
and private). She is particularly experienced in guiding and developing teams to utilise evidence based 
practice and data to drive organisational change via clinical practice improvement methodologies. 
 
She focuses on assisting teams to benefit from existing knowledge (lessons learnt, sharing of best practice) 
as a springboard to achievement in their own specific environment. Her extensive project experience has 
given her the ability to balance the needs of a wide range of stakeholders, creating a collaborative working 
environment. As a further demonstration of her commitment to knowledge transfer, she has contributed to 
papers and delivered presentations for healthcare quality improvement publications, conferences and 
symposia. 

 
Publications:  

   Zecchin R, Candelaria D, Ferry C, et al Development of quality indicators for cardiac rehabilitation in 
Australia: a Modified Delphi Method and Pilot Test. Heart, Lung and Circulation (2018) Epub. 
doi.org/10/1016/j.hlc/2018.08.00 

   M. Del Rosario, N. Lovel, N, S. Redmond, J. Fildes, C. Ferry, Evaluation of a Smartphone-based 
adjunct for cardiac rehabilitation outpatients. IEE Journal of Biomedical and health Informatics 2017 
Aug Vol 14 No 8. 

   S. Woodruffe, L. Neubeck, R. A. Clark, K. Gray, C. Ferry, et al. Australian Cardiovascular Health 
and Rehabilitation Association Core Components of Cardiovascular Disease Secondary Prevention 
and Cardiac Rehabilitation 2014. Heart, Lung and Circulation 2015 Jan 12. S1443-9506(14).  

   J. Redfern, K. Hyun, D. Chew, C. Astley, C. Chow, B. Aliprandi-Costa, T. Howell, B. Carr, I. F. 
Turnbull, C. Ferry, C. Hammett, J. French, D. Brieger, T. Briffa. Prescription of secondary 
prevention medications, lifestyle advice and referral to rehabilitation among acute coronary 
syndrome inpatients: results from a large prospective audit in Australia and New Zealand. Heart 
06/2014; 100(16). 

   T. Briffa, J. Redfern, C. Astley, I. Ranasinghe, C. Hammett, H. Parker, B. Aliprandi-Costa, T. Howell, 
G. Gamble, S. Thompson, B. Carr, K. Lintern, K. Hyun, C. Ferry, J. et al.  Bi-national Snapshot 
Acute Coronary Syndrome Assessment of Guideline Recommendations for In-hospital Lifestyle 
Advice and Preventive Therapies. Heart, Lung and Circulation 2013; 22: S259. 

   T. Briffa, I. Ranasinghe, C. Ferry, et al. Discordant Uptake of Cardiac Rehabilitation in the 
CONCORDANCE Hospitals. Heart, Lung and Circulation 2012 Dec 12 21: S308. 
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Professional Contributions 
Cate Ferry is the NHFA representative on the National Board of the Australian Cardiovascular Health and 
Rehabilitation Association.  
 
Associate Fellow of the Australian College of Health Service Management. 
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Laila Akbar Ladak 
RN, BScN, MScN, PhD Candidate 
 
 
Laila Ladak is a full time PhD Student at Susan Wakil School of Nursing, Faculty of Medicine and Health, 
The University of Sydney, Australia under the supervision of Professor Robyn Gallagher.  
 
Research experience:  
Laila has extensive experience in clinical research primarily in research management including study start 
up, patient recruitment, data collection/management, data entry, data analysis and manuscript write up. 
Most of the research she has been engaged with, were diverse and often multi-site and requiring 
coordination of the site team, training and liaison in hospital and primary health care settings and 
coordination with multidisciplinary teams and research degree students. Her PhD research focuses on 
Health related quality of life in congenital heart disease surgical patients in Pakistan, a mixed methods 
study.  
 
 
 Publications:  

1. Zecchin R, Candelaria D, Ferry C, Ladak LA, Mclvor D, Wilcox K, Bennett A, Bowen S, Carr B, 
Randall S, Gallagher R.  Development of quality indicators for cardiac rehabilitation in Australia: a 
Modified Delphi Method and Pilot Test. Heart, Lung and Circulation (2018) Epub. 
doi.org/10/1016/j.hlc/2018.08.00 
 

2. Ladak LA, Hasan BS, Gullick J, Awais K, Abdullah A and Gallagher R. Health-related quality of life 
in congenital heart disease surgical children and adolescents compared to their age matched 
healthy sibling: a cross-sectional study from a low middle income country, Pakistan. Archives of 
Disease in Childhood. In publication. 
 

3. Ladak LA, Hasan BS, Gullick J, Awais K, Abdullah A, Gallagher R. Health related quality of life in 
congenital heart disease surgery patients in Pakistan: protocol for a mixed methods study. BMJ 
Open. 2017 Oct 30; 7(10) :e018046. doi: 10.1136/bmjopen-2017-018046.  
https://bmjopen-bmj-com.ezproxy1.library.usyd.edu.au/content/7/10/e018046 
 

4. Ladak LA, Hasan BS, Gullick J, Awais K, Abdullah A, Gallagher R. Health related quality of life in 
congenital heart disease surgery in children and young adults: a systematic review and meta-
analysis. Archives of Disease in Childhood. 2018 Mar 23. pii: archdischild-2017-313653. doi: 
10.1136/archdischild-2017-313653. [Epub ahead of print]  
https://adc-bmj-com.ezproxy1.library.usyd.edu.au/content/early/2018/03/22/archdischild-2017-
313653 
 

5. Gallagher R, Potter E, Thomson Mangnall L, Ladak LA, Gallagher P, Neubeck L. The power in 
being together for young adults who have heart disease - the photoshoot experience. Heart & Lung: 
The Journal of Acute and Critical Care. May–June 2017, Volume 46, Issue 3, , Pages 199-204. 
https://www-sciencedirect-
com.ezproxy1.library.usyd.edu.au/science/article/pii/S0147956317300730?via%3Dihub 
 

6. Orchard J, Lowres N, Freedman SB, Ladak LA, Lee W, Zwar N, Peiris D, Kamaladasa Y, Li 

J, Neubeck L. Screening for atrial fibrillation during influenza vaccinations by primary care nurses 

using a smartphone electrocardiograph (iECG): A feasibility study. European Journal of Preventive 

Cardiology. 2016 Oct ; 23(2 suppl):13-20. 
http://journals.sagepub.com.ezproxy1.library.usyd.edu.au/doi/10.1177/2047487316670255 
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https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Gullick%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29084799
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Awais%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29084799
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Abdullah%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29084799
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https://bmjopen-bmj-com.ezproxy1.library.usyd.edu.au/content/7/10/e018046
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Ladak%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=29084799
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Hasan%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=29084799
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https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Awais%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29084799
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Abdullah%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29084799
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Gallagher%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29084799
https://adc-bmj-com.ezproxy1.library.usyd.edu.au/content/early/2018/03/22/archdischild-2017-313653
https://adc-bmj-com.ezproxy1.library.usyd.edu.au/content/early/2018/03/22/archdischild-2017-313653
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Gallagher%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28366291
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Potter%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28366291
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Thomson%20Mangnall%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28366291
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Ladak%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28366291
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Gallagher%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28366291
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Neubeck%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28366291
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/journal/01479563
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/journal/01479563
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/journal/01479563/46/3
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/article/pii/S0147956317300730?via%3Dihub
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/article/pii/S0147956317300730?via%3Dihub
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Orchard%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27892421
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Lowres%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27892421
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Freedman%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=27892421
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Ladak%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27892421
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Lee%20W%5BAuthor%5D&cauthor=true&cauthor_uid=27892421
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Zwar%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27892421
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Peiris%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27892421
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Kamaladasa%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27892421
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Li%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27892421
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Li%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27892421
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Neubeck%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27892421
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Screening+for+atrial+fibrillation+during+flu-vaccinations+by+primary+care+nurses+using+a+smartphone+electrocardiograph
https://www-ncbi-nlm-nih-gov.ezproxy1.library.usyd.edu.au/pubmed/?term=Screening+for+atrial+fibrillation+during+flu-vaccinations+by+primary+care+nurses+using+a+smartphone+electrocardiograph
http://journals.sagepub.com.ezproxy1.library.usyd.edu.au/doi/10.1177/2047487316670255
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7. Haque A, Ladak LA, Hamid MH, Mirza S, Siddiqui NR, Bhutta ZA.. A National Survey of Pediatric 
Intensive Care Units in Pakistan. Journal of Critical Care Medicine Volume 2014, Article ID 842050, 
4 pages. http://dx.doi.org/10.1155/2014/842050 

https://www.hindawi.com/journals/jccm/2014/842050/ 
 

8. Ladak LA, Premji SS, Amanullah MM, Haque A, Ajani K, Siddiqui FJ. Family-centered rounds in 
Pakistani pediatric intensive care settings: non-randomized pre- and post-study design. International 
Journal of Nursing Studies June 2013, Volume 50, Issue 6, , Pages 717-726 
https://www-
sciencedirectcom.ezproxy1.library.usyd.edu.au/science/article/pii/S0020748912001800?_rdoc=1&_f
mt=high&_origin=gateway&_docanchor=&md5=b8429449ccfc9c30159a5f9aeaa92ffb 
 

 
Key Conference presentations:  
2018   
Ladak LA; Hasan B; Gullick J; Awais K; Abdullah A; Gallagher R. Health related quality of life in congenital 
heart disease adults: a mixed methods study in Pakistan at 12th Global Forum Humanitarian Medicine/3rd 
Euro-Asian Symposium in in cardiology and cardiac surgery, Athens, Greece. Oral presentation 
Ladak LA; Pearson D; Jenkins KJ; Amanullah M; Ahmed W; Doherty K; Verstappen A; Fatima M; Hasan B. 
Adult congenital cardiac life-long needs evaluation in a low-middle income country, Pakistan: perspective 
from patients and health care professionals - ACCESS Study at 12th Global Forum Humanitarian 
Medicine/3rd Euro-Asian Symposium in in cardiology and cardiac surgery, Athens, Greece. Oral 
presentation 
 
2017 
Ladak LA; Hasan B; Gullick J; Awais K; Abdullah A; Gallagher R. “Health related quality of life in post-
operative congenital heart patients: single center experience from Pakistan” at 7th World Congress 
Pediatric Cardiology and Cardiac Surgery – WCPCCS, Barcelona, Spain. Oral Presentation 
Ladak LA; Hasan B; Gullick J; Awais K; Abdullah A; Gallagher R. Health related quality Of life in post-
operative congenital heart patients with their age matched siblings in Pakistan at European Society of 
Cardiology - ESC, Barcelona, Spain. Poster Presentation 
Ladak LA; Hasan BS; Gullick J; Gallagher R. Health related Quality of Life in Post Congenital Heart 
Disease Surgery: a Systematic Review and meta-analyses” at European Society of Cardiology - ESC, 
Barcelona. Poster Presentation 
 
2016 
Mangnall LT; Gallagher R; Potter E; Ladak LA; Neubeck L. The power in being together for young adults 
who have scars from cardiac treatment: the photoshoot experience at The Australian Cardiovascular Health 
and Rehabilitation Association (ACRA) Annual Scientific Meeting, Perth, Australia. Poster presentation 
Orchard J; Lowres N; Freedman B; Ladak LA; Lee W; Zwar N; Peirish D; KamaladasY;  Li J; Neubeck L. 
Feasibility of practice nurses screening for atrial fibrillation using smartphone ECG during flu-vaccinations. 
World Congress of Cardiology & Cardiovascular Health, Mexico, USA. Oral presentation 
 
 
Grants and scholarships: 
July 2014 – July 2018 
International Post Graduate Research Scholarship (IPRS) and Australian Post Graduate Award (APA), The 
University of Sydney, Australia - for Doctoral Studies 
July 2016, July 2017 
Post Graduate Research Scholarship (PRSS), The University of Sydney, Australia – travel grant (5000 
AUD) for travelling to Pakistan (for thesis data collection) and international conferences presentation  
July 2017, April, 2018 
Habib Mohammad Habib Trust (HMH), The Aga Khan University, Pakistan – travel grant (4000 AUD) for 
presentation at international conferences 
 
 

120
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https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/journal/00207489
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/journal/00207489
https://www-sciencedirect-com.ezproxy1.library.usyd.edu.au/science/journal/00207489/50/6
https://www-sciencedirectcom.ezproxy1.library.usyd.edu.au/science/article/pii/S0020748912001800?_rdoc=1&_fmt=high&_origin=gateway&_docanchor=&md5=b8429449ccfc9c30159a5f9aeaa92ffb
https://www-sciencedirectcom.ezproxy1.library.usyd.edu.au/science/article/pii/S0020748912001800?_rdoc=1&_fmt=high&_origin=gateway&_docanchor=&md5=b8429449ccfc9c30159a5f9aeaa92ffb
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Mr. Dion Candelaria 
RN, GradCertN, MN, MPhil candidate 
 
 
Mr. Candelaria is currently an Associate Lecturer – Clinical Education Specialist at The University of 
Sydney Susan Wakil School of Nursing (Sydney Nursing School). He teaches in both Bachelor’s and 
Master’s pre-registration programs. He is also an experienced Clinical Nurse Facilitator supervising 
undergraduate students on clinical placements. 
 
Mr. Candelaria is a registered nurse with clinical experience in acute/critical care. He is an advanced 
clinician with expertise in Cardiothoracic/Coronary Care Nursing. He has been a registered nurse since 
2008 and has worked in the tertiary education sector since 2015. He is currently undertaking Higher 
Degree Research (Master of Philosophy) at The University of Sydney under the supervision of Professor 
Robyn Gallagher. He aims to articulate to the Doctor of Philosophy (PhD) program in 2019. His research 
focuses mainly on quality improvement of cardiac rehabilitation programs across New South Wales through 
the assessment and analysis of patient reported outcome and experience measures. 
  
Publications: 
 
Zecchin R, Candelaria D, Ferry C, Ladak LA, Mclvor D, Wilcox K, Bennett A, Bowen S, Carr B, Randall S, 
Gallagher R.  Development of quality indicators for cardiac rehabilitation in Australia: A Modified Delphi 
Method and Pilot Test. Heart, Lung and Circulation (2018) Epub. doi.org/10/1016/j.hlc/2018.08.00 
 
Conference presentations: 
2018 
Candelaria, D, Everett, B, Salamonson, Y. “Transition success of nurses from clinical settings to the 
academia: An integrative review” at the 29th International Nursing Research Congress Sigma Theta Tau 
International (STTI) Honor Society of Nursing, Melbourne, Victoria, Australia. Poster Presentation 
(Leadership Education Grant Recipient) 
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7/12/2020 Mail - Dion Candelaria - Outlook

https://outlook.office.com/mail/deeplink?version=2020070601.02&popoutv2=1 1/2

RE: 2019/ETH12564: Application HREA - Approved

Monique Macara (Northern Sydney LHD) <Monique.Macara@health.nsw.gov.au>
Wed 18/12/2019 8:07 AM
To:  Robyn Gallagher <robyn.gallagher@sydney.edu.au>
Cc:  Dion Candelaria <dion.candelaria@sydney.edu.au>; Emma Reid (Northern Sydney LHD)
<Emma.Reid@health.nsw.gov.au>

This Notification supersedes Decision Notification issued on 1 Oct 2019 due to errors in site
names and approved document versions.

Date of Decision Notification: 18 Dec 2019
Dear Robyn Gallagher,

2019/ETH12564: Health-related quality of life outcomes in coronary heart disease patients attending
cardiac rehabilitation

Thank you for responding to the Northern Sydney Local Health District HREC’s request for
additional information/modification for the above project, which was first considered by the HREC at
its meeting held on 28 August 2019.

This application was assessed as a low risk project.

I am pleased to advise that the Committee at an Executive meeting held 11 September 2019 has
granted ethical and scientific approval of the above multi centre project. The HREC were satisfied
that this project meets the requirements of the National Statement.

This project has been approved to be conducted at the following sites:
Royal North Shore Hospital, NSW
Ryde Hospital, NSW
Hornsby Ku-ring-gai Hospital, NSW
Mona Vale Community Health Centre, NSW

The following documentation was reviewed and is included in this approval:

Protocol, Version 4, 29 July 2019
Questionnaire Completion Data Collection Form, Version 1, 27 September 2019
Questionnaire ESE Scale, Version 1, 29 July 2019
Questionnaire Follow Up Assessment Form, Version 1, 29 July 2019
Survey SF-12, Version 1, 10 October 2019
Baseline Assessment, Version 2, 27 September 2019
Patient Information Sheet and Consent Form, Version 3, 5 September 2019
Patient Information Sheet and Consent Form – Interview, Version 3, 5 September 2019

The following documentation has been noted:

Interview Guide Version 2 Dated 25 September 2019
Application Documents - (Please note : Due to security reasons, this link will only be active for 14
days.)The Human Research Ethics Application reviewed by the HREC was:
Version: 3
Date: 05 Sep 2019

This email constitutes ethical and scientific approval only.
This project cannot proceed at any site until separate research governance authorisation has been
obtained from the Institution under whose auspices the research will be conducted at that site.
This HREC is constituted and operates in accordance with the National Statement on Ethical
Conduct in Human Research (2007). The processes used by this HREC to review multi-centre
research proposals have been certified by the National Health and Medical Research Council.
No HREC members with a conflict of interest were present for review of this project.
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Please note the following conditions of approval:

HREC approval is valid for 5 years from the date of approval and expires on 01 October 2024.
The Co-ordinating Investigator is required to notify the HREC 6 months prior to this date if the
project is expected to extend beyond the original approval date at which time the HREC will
advise of the requirements for ongoing approval of the study.
The Co-ordinating Investigator will provide an annual progress report at the anniversary date
of the project as well as a final study report at the completion of the project within the
Research Ethics and Governance Information System (REGIS).
The Co-ordinating Investigator will immediately report anything which might warrant review
of ethical approval of the project in the specified format, including unforeseen events that might
affect continued ethical acceptability of the project and any complaints made by study
participants regarding the conduct of the study.
Proposed changes to the research protocol, conduct of the research, or length of HREC
approval will be provided to the HREC for review, in the specified format.
The HREC will be notified, giving reasons, if the project is discontinued before the expected
date of completion.
Investigators holding an academic appointment (including conjoint appointments) and students
undertaking a project as part of a university course are advised to contact the relevant university
HREC regarding any additional requirements for the project.

Please note it is the responsibility of the sponsor or the co-ordinating investigator of the project to
register this study on a publicly available online registry (eg Australian New Zealand Clinical Trial
Registry www.anzctr.org.au) if applicable.

Please contact us if you would like to discuss any aspects of this process further, as per the contact
details below. We look forward to managing this application with you throughout the project
lifecycle.

Kind regards,
 

Monique Macara 
Research Ethics Manager
Northern Sydney Local Health District Research Office
Kolling Institute
Level 13, Kolling Building
Tel (02) 9926 4590 | NSLHD-Research@health.nsw.gov.au
http://www.nslhd.health.nsw.gov.au/AboutUs/Research/Office

This message is intended for the addressee named and may contain confidential information. If
you are not the intended recipient, please delete it and notify the sender.

Views expressed in this message are those of the individual sender, and are not necessarily the
views of NSW Health or any of its entities.
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HEALTH-RELATED QUALITY OF LIFE OUTCOMES IN PATIENTS WITH  
CORONARY HEART DISEASE ATTENDING CARDIAC REHABILITATION 

 
PATIENT INFORMATION SHEET AND CONSENT FORM – Main Study 

 

Title Health-related quality of life outcomes in patients with coronary heart 
disease attending cardiac rehabilitation 

Coordinating Principal 
Investigator 

 
Professor Robyn Gallagher 
 

Principal Investigator Ann Kirkness 

Location Royal North Shore, Hornsby Ku-ring-gai, Ryde, and Mona Vale Hospitals 
 
Invitation 
You are invited to participate in a research study looking at health-related quality of life outcomes in 
patients who recently had a heart event attending cardiac rehabilitation. 
 
The study is led by Professor Robyn Gallagher of Sydney Nursing School and Charles Perkins Centre 
of the University of Sydney. The team includes Mr. Dion Candelaria, Ms. Ann Kirkness, Ms. Maura 
Farrell, Ms. Kellie Roach, Ms. Christine Bruntsch, Ms Helen Glinatsis, Ms. Jayne Roberts, Ms. Helen 
Denton, Ms. Catherine Melville, Ms. Louise Gooley, Dr. Sue Randall, and Dr. Laila Ladak. The study is 
being conducted by researchers from the University of Sydney, and Royal North Shore, Hornsby Ku-
ring-gai, Ryde, and Mona Vale Hospitals. 

 
Before you decide whether you wish to participate in this study or not, it is important for you to 
understand why the research is being done and what it will involve. Please take the time to read the 
following information carefully and discuss it with others if you wish. 
 
Participation in this research is voluntary. If you do not wish to be part of this study, you do not have 
to. You will receive the best possible care whether you take part or not. 

 
If you decide that you wish to participate in the research project, you will be asked to sign the consent 
form. By signing it, you are telling us that you: 

• Understand what you have read 
• Consent to take part in the research project 
• Consent to have the tests and treatment that are described 
• Consent to the use of your personal and health information as described. 
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You will be given a copy of this Participant Information and Consent Form to keep. 
 

1. ‘What is the purpose of this study?’ 
The purpose of this study is to investigate health-related quality of life outcomes in coronary 
heart disease patients attending cardiac rehabilitation. 

 
2. ‘Why have I been invited to participate in this study?’ 
You are eligible to participate in this study because you have been referred to attend cardiac 
rehabilitation Royal North Shore, Hornsby Ku-ring-gai, Ryde, or Mona Vale Hospitals because of 
your recent heart episode, are able to participate in the study at the commencement of your 
cardiac rehabilitation program, at completion, and at 6-month follow-up.  
 
3. ‘What if I don’t want to take part in this study, or if I want to withdraw later?’ 
Participation in this study is voluntary. It is completely up to you whether or not you participate. 
Your decision not to participate in this study will not affect the treatment you receive now or in 
the future. 

 
If you wish to withdraw from the study once it has started, you can do so at any time without 
having to give a reason.  

 
4. ‘What does this study involve?’ 
If you agree to participate in this study, you will be asked to sign the Participant Consent Form. 
The study involves collection of data that are routinely assessed during your cardiac 
rehabilitation program. You will also be asked to fill in some additional survey questionnaires 
about your quality of life and confidence with exercise, which takes approximately 10 minutes 
to complete. These assessments will be done at commencement of your program, upon 
completion, and at 6 months follow-up. 

 
5. ‘Are there risks to me in taking part in this study?’ 
There are no foreseeable risks in participating in this study.  

 
6. ‘What happens if I suffer injury or complications as a result of the study?’ 
The study involves no risks of injury or complication.  
 
7. ‘Will I benefit from the study?’ 
This study aims to expand knowledge and understanding on the factors affecting the health-
related quality of life of heart disease patients attending cardiac rehabilitation that may inform 
future strategies and interventions, however it may not directly benefit you. 

 
8. ‘Will taking part in this study cost me anything, and will I be paid?’ 
Participation in this study will not cost you anything nor will you receive any payment for your 
participation. 

 
9. ‘How will my confidentiality be protected?’ 
Any information we collect will be stored in a way that cannot be associated with you. Any 
identifiable information that is collected about you in connection with this study will remain 
confidential and will be disclosed only with your permission, or except as required by law. Only 
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the researchers named above will have access to your details and results that will be held 
securely at the participating CR sites and at Charles Perkins Centre, University of Sydney, NSW. 

 
10. ‘What happens with the results?’ 
If you give us your permission by signing the consent document, we plan to publish the results 
in peer-reviewed journals and present the results at professional national and international 
conferences. We will also need to share the results with to the Ethics Secretariat of the Human 
Research Ethics Committees at the Northern Sydney Local Health District, for monitoring 
purposes. In any publication, information will be provided in such a way that you cannot be 
identified. Results of the study will be provided to you, if you wish. 

 
11.  ‘What should I do if I want to discuss this study further before I decide?’ 
If after you have read this information you have any queries, Professor Robyn Gallagher will be 
able to discuss these with you. If you would like to know more at any stage, please do not 
hesitate to contact Professor Robyn Gallagher on (02) 86270279 or email using 
robyn.gallagher@sydney.edu.au. 

 
12.  ‘Who should I contact if I have concerns about the conduct of this study?’ 
This study has been approved by the Human Research Ethics Committee of the Northern 
Sydney Local Health District. Any person with concerns or complaints about the conduct of this 
study should contact the Northern Sydney Local Health District Human Research Ethics 
Committee, Level 13, Kolling Building, Royal North Shore Hospital, Pacific Highway, St Leonards, 
NSW, 2065. Alternatively, the Northern Sydney Human Research Ethics Committee can also be 
contacted by phone (02 9926 4590) fax (02 9926 6179) or by email (NSLHD-
Research@health.nsw.gov.au). Please cite the reference 2019/ETH12564. 

  
 

Thank you for taking the time to consider this study. 
If you wish to take part in it, please sign the attached consent form. 

This information sheet is for you to keep. 
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HEALTH-RELATED QUALITY OF LIFE OUTCOMES IN PATIENTS WITH  
CORONARY HEART DISEASE ATTENDING CARDIAC REHABILITATION 

 

Title Health-related quality of life outcomes in patients with coronary heart 
disease attending cardiac rehabilitation 

Coordinating Principal 
Investigator 

 
Professor Robyn Gallagher 
 

Principal Investigator Ann Kirkness 

Location Royal North Shore, Hornsby Ku-ring-gai, Ryde, and Mona Vale Hospitals 
 

CONSENT FORM 
 

I agree to participate in the study described in the Participant Information Sheet set out above.  
 
I acknowledge that I have read the Participant Information Sheet, which explains why I have been 
selected, the aims of the study and the nature and the possible risks of the investigation, and the 
statement has been explained to me to my satisfaction. 
 
Before signing this consent form, I have been given the opportunity to ask any questions relating to 
any possible physical and mental harm I might incur as a result of my participation and I have received 
satisfactory answers. 
 
I give permission for my medical records to be accessed by the study staff for the information 
concerning my disease and treatment for the purpose of this research project. I understand that such 
information will remain confidential. 
 
I understand that I can withdraw from the study at any time without prejudice to my relationship to 
the investigators or the University of Sydney. 
 
I agree that research data gathered from the results of the study may be published, provided that I 
cannot be identified. 
 
I understand that if I have any questions relating to my participation in this research, I may contact 
Professor Robyn Gallagher on (02) 86270279 or email using robyn.gallagher@sydney.edu.au, who will 
be happy to answer them. 
 
I acknowledge receipt of a copy of this Consent Form and Participant Information Sheet. 
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Complaints may be directed to the Research Office on: 
Level 13, Kolling Building, Royal North Shore Hospital, St Leonards NSW 2065   
Phone: 02 9926 4590 
Email: NSLHD-Research@health.nsw.gov.au 
Please cite the reference 2019/ETH12564. 
 

 
Name of Participant (please print): _________________________________________________ 
 
Signature: _____________________________ 

 
Date: ________________________________ 

 
 

 
Name of Investigator/ 
Researcher (please print): _________________________________________________________ 
 
Signature: _____________________________ 

 
Date: _________________________________ 
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HEALTH-RELATED QUALITY OF LIFE OUTCOMES IN PATIENTS WITH  
CORONARY HEART DISEASE ATTENDING CARDIAC REHABILITATION 

  

Title Health-related quality of life outcomes in patients with coronary heart 
disease attending cardiac rehabilitation 

Coordinating Principal 
Investigator 

 
Professor Robyn Gallagher 
 

Principal Investigator Ann Kirkness 

Location Royal North Shore, Hornsby Ku-ring-gai, Ryde, and Mona Vale Hospitals 

 
REVOCATION OF CONSENT 

 
 
I hereby wish to WITHDRAW my consent to participate in the study described above and understand 
that such withdrawal WILL NOT jeopardise my relationship with the investigators or the University of 
Sydney. 
 

 
Name of Participant (please print): _________________________________________________ 
 
Signature: _____________________________ 

 
Date: ________________________________ 

 
 
The section for Revocation of Consent should be forwarded to: 

 
Professor Robyn Gallagher  
Sydney Nursing School and Charles Perkins Centre, University of Sydney 
Rm 2210, Lvl 2, The Hub D17 
The University of Sydney 
NSW 2007, Australia 
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HEALTH-RELATED QUALITY OF LIFE OUTCOMES IN PATIENTS WITH  
CORONARY HEART DISEASE ATTENDING CARDIAC REHABILITATION 

 
PATIENT INFORMATION SHEET AND CONSENT FORM – Interview 

 

Title Health-related quality of life outcomes in patients with coronary heart 
disease attending cardiac rehabilitation 

Coordinating Principal 
Investigator 

 
Professor Robyn Gallagher 
 

Principal Investigator Ann Kirkness 

Location Royal North Shore, Hornsby Ku-ring-gai, Ryde, and Mona Vale Hospitals 
 
Invitation 
You are invited to participate in a research study looking at health-related quality of life outcomes in 
patients who recently had a heart event attending cardiac rehabilitation. 
 
The study is led by Professor Robyn Gallagher of Sydney Nursing School and Charles Perkins Centre 
of the University of Sydney. The team includes Mr. Dion Candelaria, Ms. Ann Kirkness, Ms. Maura 
Farrell, Ms. Kellie Roach, Ms. Christine Bruntsch, Ms Helen Glinatsis, Ms. Jayne Roberts, Ms. Helen 
Denton, Ms. Catherine Melville, Ms. Louise Gooley, Dr. Sue Randall, and Dr. Laila Ladak. The study is 
being conducted by researchers from the University of Sydney, and Royal North Shore, Hornsby Ku-
ring-gai, Ryde, and Mona Vale Hospitals. 

 
Before you decide whether you wish to participate in this study or not, it is important for you to 
understand why the research is being done and what it will involve. Please take the time to read the 
following information carefully and discuss it with others if you wish. 
 
Participation in this research is voluntary. If you do not wish to be part of this study, you do not have 
to. You will receive the best possible care whether you take part or not. 

 
If you decide that you wish to participate in the research project, you will be asked to sign the consent 
form. By signing it, you are telling us that you: 

• Understand what you have read 
• Consent to take part in the research project 
• Consent to have the tests and treatment that are described 
• Consent to the use of your personal and health information as described. 
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You will be given a copy of this Participant Information and Consent Form to keep.  
 

1. ‘What is the purpose of this study?’ 
This study is supplementary to Study 1. The purpose of this component is to explore personal 
and other factors that influence health-related quality of life in coronary heart disease patients 
attending cardiac rehabilitation.  

 
2. ‘Why have I been invited to participate in this study?’ 
You are eligible to participate in this study because you have participated in Study 1 and have 
completed the 6-month follow-up.  
 
3. ‘What if I don’t want to take part in this study, or if I want to withdraw later?’ 
Participation in this study is voluntary. It is completely up to you whether or not you participate. 
Your decision not to participate in this study will not affect the treatment you receive now or in 
the future. Whatever your decision will not affect your relationship with the staff caring for you. 

 
If you wish to withdraw from the study once it has started, you can do so at any time without 
having to give a reason.  

 
4. ‘What does this study involve?’ 
If you agree to participate in this study, you will be asked to sign the Participant Consent Form. 
The study involves a one-on-one interview that will last for approximately 30 minutes. You can 
choose to participate in a face-to-face interview at the site on your scheduled appointment or 
via telephone at a time convenient for you if you prefer. The interview will include questions 
around your health perceptions and beliefs as well as experiences of the cardiac rehabilitation 
program. 

 
5. ‘Are there risks to me in taking part in this study?’ 
There are no foreseeable risks in participating in this study.  

 
6. ‘What happens if I suffer injury or complications as a result of the study?’ 
The study involves no risks of injury or complication.  
 
7. ‘Will I benefit from the study?’ 
This study aims to expand knowledge and understanding on factors that influence the health-
related quality of life of heart disease patients attending cardiac rehabilitation that may inform 
future strategies and interventions, however it may not directly benefit you. 

 
8. ‘Will taking part in this study cost me anything, and will I be paid?’ 
Participation in this study will not cost you anything nor will you receive any payment for your 
participation. 
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9. ‘How will my confidentiality be protected?’ 
Any information we collect will be stored in a way that cannot be associated with you. Any 
identifiable information that is collected about you in connection with this study will remain 
confidential and will be disclosed only with your permission, or except as required by law. Only 
the researchers named above will have access to your details and results that will be held 
securely at the participating CR sites and at Charles Perkins Centre, University of Sydney, NSW. 
 
10. ‘What happens with the results?’ 
If you give us your permission by signing the consent document, we plan to publish the results 
in peer-reviewed journals and present the results at professional national and international 
conferences. We will also need to share the results with to the Ethics Secretariat of the Human 
Research Ethics Committees at the Northern Sydney Local Health District, for monitoring 
purposes. In any publication, information will be provided in such a way that you cannot be 
identified. Results of the study will be provided to you, if you wish. 

 
11.  ‘What should I do if I want to discuss this study further before I decide?’ 
If after you have read this information you have any queries, Professor Robyn Gallagher will be 
able to discuss these with you. If you would like to know more at any stage, please do not 
hesitate to contact Professor Robyn Gallagher on (02) 86270279 or email using 
robyn.gallagher@sydney.edu.au. 

 
12.  ‘Who should I contact if I have concerns about the conduct of this study?’ 
This study has been approved by the Human Research Ethics Committee of the Northern 
Sydney Local Health District. Any person with concerns or complaints about the conduct of this 
study should contact the Northern Sydney Local Health District Human Research Ethics 
Committee, Level 13, Kolling Building, Royal North Shore Hospital, Pacific Highway, St Leonards, 
NSW, 2065. Alternatively, the Northern Sydney Human Research Ethics Committee can also be 
contacted by phone (02 9926 4590) fax (02 9926 6179) or by email (NSLHD-
Research@health.nsw.gov.au). Please cite the reference 2019/ETH12564. 

  
 

Thank you for taking the time to consider this study. 
If you wish to take part in it, please sign the attached consent form. 

This information sheet is for you to keep. 
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HEALTH-RELATED QUALITY OF LIFE OUTCOMES IN PATIENTS WITH  
CORONARY HEART DISEASE ATTENDING CARDIAC REHABILITATION 

 

Title Health-related quality of life outcomes in patients with coronary heart 
disease attending cardiac rehabilitation 

Coordinating Principal 
Investigator 

 
Professor Robyn Gallagher 
 

Principal Investigator Ann Kirkness 

Location Royal North Shore, Hornsby Ku-ring-gai, Ryde, and Mona Vale Hospitals 
 

CONSENT FORM 
 

I agree to participate in the study described in the Participant Information Sheet set out above.  
 
I acknowledge that I have read the Participant Information Sheet, which explains why I have been 
selected, the aims of the study and the nature and the possible risks of the investigation, and the 
statement has been explained to me to my satisfaction. 
 
Before signing this consent form, I have been given the opportunity to ask any questions relating to 
any possible physical and mental harm I might incur as a result of my participation and I have received 
satisfactory answers. 
 
I give permission for my medical records to be accessed by the study staff for the information 
concerning my disease and treatment for the purpose of this research project. I understand that such 
information will remain confidential. 
 
I understand that I can withdraw from the study at any time without prejudice to my relationship to 
the investigators or the University of Sydney. 
 
I agree that research data gathered from the results of the study may be published, provided that I 
cannot be identified. 
 
I understand that if I have any questions relating to my participation in this research, I may contact 
Professor Robyn Gallagher on (02) 86270279 or email using robyn.gallagher@sydney.edu.au, who will 
be happy to answer them. 
 
I acknowledge receipt of a copy of this Consent Form and Participant Information Sheet. 
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Complaints may be directed to the Research Office on: 
Level 13, Kolling Building, Royal North Shore Hospital, St Leonards NSW 2065   
Phone: 02 9926 4590 
Email: NSLHD-Research@health.nsw.gov.au 
Please cite the reference 2019/ETH12564. 
 

 
Name of Participant (please print): _________________________________________________ 
 
Signature: _____________________________ 

 
Date: ________________________________ 

 
 

 
Name of Investigator/ 
Researcher (please print): _________________________________________________________ 
 
Signature: _____________________________ 

 
Date: _________________________________ 
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HEALTH-RELATED QUALITY OF LIFE OUTCOMES IN PATIENTS WITH  
CORONARY HEART DISEASE ATTENDING CARDIAC REHABILITATION 

  

Title Health-related quality of life outcomes in patients with coronary heart 
disease attending cardiac rehabilitation 

Coordinating Principal 
Investigator 

 
Professor Robyn Gallagher 
 

Principal Investigator Ann Kirkness 

Location Royal North Shore, Hornsby Ku-ring-gai, Ryde, and Mona Vale Hospitals 

 
REVOCATION OF CONSENT 

 
 
I hereby wish to WITHDRAW my consent to participate in the study described above and understand 
that such withdrawal WILL NOT jeopardise my relationship with the investigators or the University of 
Sydney. 
 

 
Name of Participant (please print): _________________________________________________ 
 
Signature: _____________________________ 

 
Date: ________________________________ 

 
 
The section for Revocation of Consent should be forwarded to: 

 
Professor Robyn Gallagher  
Sydney Nursing School and Charles Perkins Centre, University of Sydney 
Rm 2210, Lvl 2, The Hub D17 
The University of Sydney 
NSW 2007, Australia 
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HEALTH-RELATED QUALITY OF LIFE OUTCOMES IN PATIENTS WITH  
CORONARY HEART DISEASE ATTENDING CARDIAC REHABILITATION 

 
INITIAL ASSESSMENT FORM 

 

Date: ________________________Participant number: ____________________________ 

Study Site:  HKH     Mona Vale    RNSH   Ryde 

SOCIODEMOGRAPHICS 

Date of Birth  Gender  M           F            
Age   Aboriginal/Torres 

Strait Islander 
 Y             N            

Country of birth  Language spoken 
at home 

 

Years in Australia  Ethnicity  
Education  Year 10  Year 12  TAFE  University  Other 
Marital status  Married  Partner  Divorced  Widowed  Single 
Home support  With family/partner - 

independent 
 With family/partner - 
dependent 

 Alone 

Employment  Full-time  Part-time 
or Casual 

 Home 
worker 

 Retired  Other 

 

ACS EVENT 

Primary diagnosis  

(reason for referral) 

 STEMI  NSTEMI                                   PCI 

 

 CABG                             

Other cardiac history  AF  

 PPM                                              

 ICD                                             

 Valve Sx  

 Heart 
Failure  

 Cardio-
myopathy         

 TAVI                                            
 Others  

  

Date of event/procedure  

Date of discharge  

Length of hospital stay (days)  Wait time (days)  
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CVD RISK FACTORS 

 Family history                    Details: 
 Diabetes                       Type 1  Type 2 
 Smoking  Current 

Cigarettes per day:                
 Stopped 
When:                                            

 Overweight Height (cm):                           Weight (kg):                        Waist (cm): 
 Hypertension Controlled:  Y      N            On Beta-blocker:  Y      N            
 High cholesterol  
 Physical inactivity  

 

 

MEDICAL HISTORY 

 Arthritis   OSA 

 Asthma   PVD  

 Back Problems   TIA / Stroke 

 Cancer   Depression 

 COPD   Other: 

 Osteoporosis  Notes: 

 

FUNCTIONAL CAPACITY  

6-minute Walk Test (6MWT) (m): __________________ 

 

Hand Grip Strength (kgs):  

Right: _______________  

Left: ________________  
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HEALTH-RELATED QUALITY OF LIFE OUTCOMES IN PATIENTS WITH  
CORONARY HEART DISEASE ATTENDING CARDIAC REHABILITATION 

 
COMPLETION ASSESSMENT FORM 

 

Date: ________________________Participant number: ____________________________ 

Study Site:  HKH     Mona Vale    RNSH   Ryde 

PARTICIPATION/ATTENDANCE 

Number of exercise sessions attended: ___________________ 

Completed a standard program:  Y      N 

Reasons for non-completion: __________________________________________________ 

 

LIFE EVENTS 

Hospitalization:     Y      N     

Dates: ____________________________________ 

Details: ____________________________________________________________________ 

 

Any stressful life event:   Y      N     

Dates: ____________________________________ 

Details: ____________________________________________________________________ 

 

FUNCTIONAL CAPACITY  

6-minute Walk Test (6MWT) (m): __________________ 

Hand Grip Strength (kgs):  

Right: _______________  

Left: ________________  

 

NEXT APPOINTMENT (6 MONTHS): ______________________________  
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HEALTH-RELATED QUALITY OF LIFE OUTCOMES IN PATIENTS WITH  
CORONARY HEART DISEASE ATTENDING CARDIAC REHABILITATION 

 
SF-12v2 HEALTH SURVEY 

 
Date: __________________Participant number: ________________________ 
 
Timepoint:   Baseline    Completion    Follow-up 
 
This survey asks for your views about your health.  
This information will help keep track of how you feel and how well you are able 
to do your usual activities.  
Please choose only one answer for every question.  
 
1. In general, would you say your health is:  
 Excellent   Very good   Good   Fair   Poor 
 

--------------------------------------------------------------------------------------------------------- 
 
2. The following questions are about activities you might do during a typical 

day. Does your health now limit you in these activities? If so, how much?  
 

a. Moderate activities such as moving a table, pushing a vacuum cleaner, 
bowling, or playing golf.  

 Yes, limited a lot     Yes, limited a little    Not limited at all 
 
b. Climbing several flights of stairs. 
 Yes, limited a lot     Yes, limited a little    Not limited at all 
 

--------------------------------------------------------------------------------------------------------- 
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3. During the past 4 weeks, have you had any of the following problems with 
your work or other regular daily activities as a result of your physical 
health?  

 
a. Accomplished less than you would like.   
 All of the time   
 Most of the time   
 Some of the time      
 A little of the time  
 None of the time 
   
b. Were limited in the kind of work or other activities. 
 All of the time   
 Most of the time   
 Some of the time      
 A little of the time  
 None of the time 
 

4. During the past 4 weeks, have you had any of the following problems with 
your work or other regular daily activities as a result of any emotional 
problems (such as feeling depressed or anxious)?  

 
a. Accomplished less than you would like. 
 All of the time   
 Most of the time   
 Some of the time      
 A little of the time  
 None of the time 
 
b. Did work or other activities less carefully than usual.  
 All of the time   
 Most of the time   
 Some of the time      
 A little of the time  
 None of the time 
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5. During the past 4 weeks, how much did pain interfere with your normal 
work (including work outside the home and housework)?  

 
 Not at all        A little bit    Moderately   Quite a bit       Extremely 
--------------------------------------------------------------------------------------------------------- 
 
6. These questions are about how you have feel and how things have been 

with you during the past 4 weeks. For each question, please give the one 
answer that comes closest to the way you have been feeling.  

 
How much of the time during the past 4 weeks…  
 

a. Have you felt calm & peaceful?  
 
 All of the time   
 Most of the time   
 Some of the time      
 A little of the time  
 None of the time 

 
b. Did you have a lot of energy? 
 
 All of the time   
 Most of the time   
 Some of the time      
 A little of the time  
 None of the time 

 

c.  Have you felt downhearted and depressed?  
 
 All of the time   
 Most of the time   
 Some of the time      
 A little of the time  
 None of the time 
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7. During the past 4 weeks, how much of the time has your physical health or 
emotional problems interfered with your social activities (like visiting 
friends, relatives, etc.)?  

 
 All of the time   
 Most of the time   
 Some of the time      
 A little of the time  
 None of the time 
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HEALTH-RELATED QUALITY OF LIFE OUTCOMES IN PATIENTS WITH  
CORONARY HEART DISEASE ATTENDING CARDIAC REHABILITATION 

 
EXERCISE SELF-EFFICACY SCALE 

 
Date: __________________Participant number: ________________________ 
 
Tick one:   Baseline    Completion    Follow-up 
 
Please circle your answer. Please tell me how sure you are that you will do 
each of the following. 
 
How sure are you that you will do each of the following: 
 

 Not at 
all sure 

A little 
sure 

Pretty 
sure  Very sure  

Exercise regularly (5 times a week for 
30 minutes). 1 2 3 4 

Exercise when you are feeling tired. 1 2 3 4 
Exercise when you are feeling under 
pressure to get things done. 1 2 3 4 

Exercise when you are feeling down 
or depressed. 1 2 3 4 

Exercise when you have too much 
work to do at home. 1 2 3 4 

Exercise when there are other more 
interesting things to do. 1 2 3 4 

Exercise when your family or friends 
do not provide any kind of support 1 2 3 4 

Exercise when you don’t really feel 
like it. 1 2 3 4 

Exercise when you are away from 
home (e.g., traveling, visiting, on 
vacation). 

1 2 3 4 
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HEALTH-RELATED QUALITY OF LIFE OUTCOMES IN PATIENTS WITH  
CORONARY HEART DISEASE ATTENDING CARDIAC REHABILITATION 

 
INTERVIEW GUIDE 

 
Date: __________________Participant number: ________________________ 
 
Mode:  Face-to-face    Telephone   Video 
 
This interview will last about 30 minutes.  
 
1. What did you think cardiac rehab was about before you attended the 

program? 
[establish mode of contact for telehealth group] 
2. Was it what you thought it was going to be? 
3. How do you think the CR program has helped you in general? 
4. Before you got to the CR program, how was your health like?  

a. Did your health impact other aspects of your life? 
b. How has your health improved since you have been to cardiac 

rehabilitation? (wait time) 
5. In terms of your quality of life (what makes you feel good or enjoy), how 

has that changed after cardiac rehab? 
>> Pain, fatigue, being active, being social, mental health 

Prompts:  
Ability to do activities 
Enjoyment you get from those activities 
6. Which specific aspects of CR helped you achieve [depending on what they 

said]? 
*** Thinking about exercise via video-link at home, compared with face-to-face 
exercise in the hospital, do you think one has advantages over the other?  If so, 
what are the advantages?   
7. How did your relationship with the CR staff influence your QOL? 
8. How was your overall experience with the CR program? Please elaborate. 
9. If you were to change anything in the program, what and why? 
10. Other things you want to tell me that we have not covered. 
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