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Abstract: 

Cardiac rehabilitation is a package of lifestyle secondary prevention strategies designed for patients             

with coronary heart disease and chronic heart failure. A community-based cardiac rehabilitation            

programme provides patients with a structured exercise training intervention alongside educational           

support and psychological counselling. This review provides an update regarding the clinical benefits             

of community-based cardiac rehabilitation from a psycho-physiological perspective, and also focuses           

on the latest epidemiological evidence regarding potential survival benefits. Behaviour change is key             

to long-term adoption of a healthy and active lifestyle following a cardiac event. In order for lifestyle                 

interventions such as structured exercise interventions to be adopted by patients, practitioners need             

to ensure that behaviour change programmes are mapped against patient’s priorities and values,             

and adapted to their level of readiness and intention to engage with the target behaviour. We                

review the evidence regarding behaviour change strategies for cardiac patients and provide            

practitioners with the latest guidance. The “dose” of exercise training delivered to patients attending              

exercise-based cardiac rehabilitation is an important consideration because an improvement in peak            

oxygen uptake requires an adequate physiological stimulus to invoke positive physiological           

adaptation. We conclude by critically reviewing the latest evidence regarding exercise dose for             

cardiac patients including the role of traditional and more contemporary training interventions            

including high intensity interval training.  
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A brief history of cardiac rehabilitation 

Exercise training has been used to induce weight loss, increase muscular strength and mass, manage               

diabetes, and reduce the 'incidence of disease' for more than 2,500 years [1]. However, accounts of                

exercise training being used to improve the health of someone with coronary heart disease (CHD)               

did not emerge until the 18​th century [2]. Despite this early observation, bedrest, rather than               

exercise, remained the most common treatment for patients with CHD until the 1940's when early               

mobilisation was shown to prevent complications caused by prolonged bedrest [3]. In 1964, the              

World Health Organisation acknowledged the important role of 'reconditioning' patients with heart            

disease [4] and, in 1993, recommended that exercise training become a key component of cardiac               

rehabilitation (CR) [5]. Exercise training is now considered a core component of a comprehensive CR               

programme [6] and is thought to improve patient survival [7] and quality of life [8]. However, despite                 

the wide application of exercise training in CR, controversy relating to best practice remains.  

 

Scope of the review 

The term ‘heart disease’ refers to all diseases of the coronary arteries, electrical system or and/or                

mechanical function of the heart [9]. The benefits of participating in exercise-based CR can vary               

depending on the type of heart disease being treated and for simplicity, this review will focus on the                  

benefits of exercise-based CR in patients with CHD and chronic heart failure (CHF). The term               

‘exercise’ will be applied in line with WHO definitions, where physical activity is ‘any bodily               
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movement produced by skeletal muscles that requires energy expenditure’ and exercise is physical             

activity that is ‘planned, structured, repetitive, and purposeful’ [5].  

Coronary heart disease is caused by atherosclerotic plaques that develop in one or more coronary               

arteries which can restrict the blood supply to the myocardium and cause angina, or rupture and                

cause a myocardial infarction (MI) [9]. Although CHD is the leading cause of CHF [10], CHF is                 

fundamentally different, and has other causes which include cardiomyopathies and cardiac valve            

disease [10]. Regardless of aetiology, CHF is characterised by structural and/or functional cardiac             

abnormalities, reduced cardiac output and/or elevated intracardiac pressures which cause patients           

to experience severe breathlessness, ankle swelling and/or fatigue [11]. Whilst patients with CHD             

and CHF can both benefit from exercise-based CR, the benefits of exercise-based CR may differ. This                

review was conducted ethically in accordance with the requirements of the journal [12]. 

 

Clinical benefit of cardiac rehabilitation 

Although the effects of exercise training in patients with angina are under reported [13], systematic               

reviews and meta-analyses conducted in 2011 and 2016 have reported that exercise-based CR             

reduces cardiovascular mortality and hospital admissions by up to 26% and 18% respectively, over              

12 months in patients with CHD [7, 14]. Nevertheless, the effect of exercise-based CR in the era of                  

contemporary medical care has been brought in to question by a recent systematic review and               

meta-analysis of trials conducted after the year 2000 [15]. Powell et al. [14] found that               

exercise-based CR did not reduce all-cause (risk difference [RD] 0.00; 95% confidence interval [CI]             

−0.02 to 0.01, ​P​=0.38) or cardiovascular mortality (RD −0.01; 95% CI −0.02 to 0.01, ​P​=0.25) in               

patients with CHD. These findings are supported by data from sequential Cochrane reviews which              

report ever smaller reductions in all-cause and cardiovascular mortality following exercise-based CR            

for patients with CHD [7, 14, 16]. It is likely that this reflects the beneficial effect that contemporary                  
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revascularisation techniques [17, 18] and potent medical management have on shorter and            

long-term patient survival. In contrast to data recorded in patients with CHD however,             

exercise-based CR has not historically been considered to improve all-cause mortality in patients             

with CHF (relative risk [RR] 0.88; 95% CI 0.75 to 1.02) [8, 19]. In addition to the physiological impact,                   

evidence suggests enhanced psychological functioning and emotional regulation reducing both          

stress and anxiety and increasing the perception of autonomy (self-determination) and control [20].  

Despite exercise-based CR having limited impact on patient survival [8, 15], patients with CHD (RD               

−0.05; 95% CI −0.10 to −0.00; ​P​=0.05) [15] and CHF may still benefit from fewer hospital admissions                 

(RR 0.70; 95% CI 0.60 to 0.83) [8]. Furthermore, exercise-based CR may improve patients’              

health-related quality of life [8, 21] and improve cardiometabolic risk factors [22, 23] which could               

allow patients to reduce the number and/or dose of secondary prevention medications, although             

further research is needed to confirm this assertion. In light of these findings, practitioners should               

continue to explore ways of optimising exercise-based CR. 

 

Modifiable cardiovascular risk factors 

Clinical trials and systematic reviews have shown that exercise-based CR can reduce the severity of               

cardiovascular risk factors associated with the progression of CHD or CHF (Table 1). These include a                

reduction in low-density lipoprotein (LDL) cholesterol [23, 24], triglycerides, fasting blood glucose,            

obesity [25], inflammatory markers such as C-reactive protein (CRP) [25], resting blood pressure [24],              

and end-diastolic volume [26]. Conversely, exercise training can increase high-density lipoprotein           

(HDL) cholesterol [22, 25] and improve endothelial function [27]. Limited evidence indicates that             

exercise training could limit myocardial remodelling [28] and attenuate the progression of            

atherosclerosis [29], although participation for between six and twelve months respectively, may be             

needed to achieve this outcome.  
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Clinical trials have shown that aerobic fitness, a key cardiovascular risk factor, may also be improved                

following exercise-based CR [22, 25, 26, 28-30]. However, data from 950 patients [31] indicated that               

aerobic fitness improvements following routine exercise-based CR may be small (~0.5 metabolic            

equivalents; METs) when compared to the effects noted in clinical trials (~1.5 METs) [32]. This may                

indicate that the dose of exercise delivered in routine healthcare is insufficient [33, 34] and recent                

data from 332 exercise sessions conducted in a routine exercise-based CR setting supports this              

observation [35]. The mean exercise training intensity during a routine exercise-based CR session             

was reportedly 37% ± 10% of heart rate reserve [HRR], despite practitioners prescribing exercise at               

40-70% [35]. This suggests that patients are not being adequately supported to engage in              

exercise-based CR, a finding emphasised by recent data from the pan-European research project,             

EUROASPIRE V [36]. EUROAPSIRE V reported that only 34% (​n=​2,809) of 8,261 patients with CHD               

were taking part in 30 minutes of exercise on five or more days per week, and that 42% (​n=​3,470) of                    

patients had no intention of changing their exercise behaviour [36]. Furthermore, 46% (​n=​3,800) of              

patients did not receive advice to increase their exercise levels. A similar pattern was evident in                

relation to weight management [36], and recent findings indicate that obesity may increase             

following participation in some exercise-based CR programmes [37]. Increasing participation in           

exercise and reducing levels of obesity and overweight are core objectives of exercise-based CR. A               

failure to support patients to modify these risk factors could explain why exercise-based CR              

delivered in routine clinical practice may not improve survival [38]. Exercise-based CR can only be               

expected to improve cardiovascular risk factors and survival if patients meaningfully engage in the              

intervention. There is a clear need for researchers, policy makers and practitioners to re-examine the               

evidence for exercise-based CR to allow the translation of established benefits identified from             

clinical trials to be integrated into clinical practice. A focus of support from CR programme teams                

should be to assist patients in making positive lifestyle choices which help improve aerobic fitness               

and cardiometabolic health. 
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Behaviour change strategies  

While the benefits of structured exercise regimens are unequivocal for those CR patients,             

practitioners and rehabilitation teams cannot assume that the patient will initiate and maintain             

recommended rehabilitation programmes just because it is a clinical recommendation. Indeed,           

evidence suggests that those patients that do adopt lifestyle behaviour change (e.g. diet, PA,              

smoking, alcohol and medication adherence) are highly likely to relapse, with programmes suffering             

from around 75% dropout within 12 weeks of their start [39]. For several years, evidence has                

highlighted the limits of the long-term effectiveness of exercise for sedentary individuals (which             

typically reflects these individuals’ level of activity) [40] with an over-emphasis by practitioners on              

exercise initiation, neglecting long term-behaviour change strategies [41]. This action planning           

approach has typically relied on passive information exchange (e.g. leaflets and signposting to             

guidelines) which has demonstrated little impact on patient’s long-term behaviour change and            

lifestyle modification. That is not to say that information and knowledge exchange does not have a                

role to play, but rather that it should not be the only tool in the practitioner’s toolbox. To increase                   

impact, an appreciation of effective exercise prescription and other lifestyle intervention           

components and strategies for the maintenance of such changes, are required [42]. 

In order for lifestyle interventions such as structured exercise interventions to be adopted by              

patients, practitioners need to ensure that behaviour change programmes are mapped against the             

individual’s priorities and values [43] and adapted to their level of readiness [and intention] to               

engage with the target behaviour [e.g. exercise and dietary modification] [44]. An understanding of              

the patients’ intention to change (an individual’s desire to perform a given behaviour) is a facet of                 

their likelihood to maintain change and has been highlighted as fundamental by numerous theories.              

These include: The Theory of Planned Behaviour (TPB) [45], Theory of Reasoned Action (TRA) [46],               

and Health Action Process Approach (HAPA) [47], all of which place intention as the proximal               

6 
 



determinant of behaviour separating motivation and action. The support required for patients in             

exercise programming and lifestyle change is therefore multifaceted and requires any combination            

of resilience development, autonomy building, identifying flexible rather than rigid change goals,            

agenda mapping and environmental support in the form of peers and family members. Evidence has               

suggested that exercise interventions should also include clearly identifiable Behaviour Change           

Techniques (BCTs) to increase a patients’ autonomy and intention toward change. Examples of BCT              

strategies for exercise adoption and maintenance include ‘behavioural goal setting’, ‘self-monitoring           

(behaviour)’ or ‘behavioural practice/rehearsal’, all of which have been recommended as key            

ingredients to promoting long-term change [48]. These approaches increase an individual’s           

perception of self-control and sense of autonomy toward their own change, fundamental aspects             

when trying to build and maintain motivation. 

Patient lifestyle behaviour change is complex and often difficult to achieve. Practitioners should             

consider utilising the clients experience and raised awareness of their own resource in order to build                

their engagement in the planning, initiation and maintenance phases [44]. While BCTs have been              

cited as important ingredients toward supporting patient change, it is important that interventions             

are evidence-based and practitioners be aware of both the ​what to change as well as the ​how ​to                  

facilitate this [49]. 

 

The role of aerobic fitness 

Peak oxygen uptake (V̇O 2peak​) ​is determined during a maximal cardiopulmonary exercise test (CPET)             

and can be summarised by the Fick Equation [50]: 

V̇O 2 ​= ​Q̇ x a-vO 2 diff 

Peak oxygen uptake therefore reflects the functional reserve of the heart (cardiac output; ​Q̇ ) ​and               

muscles (​a-vO​2 diff​) when responding to meet the metabolic demands of severe physical stress. The               
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functional reserve of patients with CHD and CHF may be limited, as evidenced by a low V̇O 2peak                 

[51-53]. Multiple factors may contribute to a patient having a low V̇O 2peak​. ​For example, chronotropic               

incompetence caused by poor sympathetic and parasympathetic tone, may limit a rise in heart rate               

during exercise and thus limits ​Q̇ ​[54]. Similarly, exercise may induce left ventricular dysfunction              

which can also limit peak stroke volume and therefore, ​Q̇ ​[55]. These factors may impede the                

delivery of oxygenated blood to the exercising muscle [56,57] where adverse changes to skeletal              

muscle physiology including low muscle mass [58,59], poor perfusion and matching of the capillaries              

and muscle fibres, as well as reduced muscle oxidative capacity [56], may reduce ​a-vO​2 diff and                

aerobic synthesis of adenosine triphosphate [55]. A low ​Q̇ and a-vO​2 diff ​causes a marked reduction in                 

V̇O 2peak such that the V̇O 2peak ​of men (20.2 ml​.​kg​-1.​min​-1​) [51] and women (15.1 ml​.​kg​-1.​min​-1​) [52] with                

heart disease who are aged between 50 and 59 years is typically half of that found in healthy men                   

(42.1 ml​.​kg​-1.​min​-1​) and women (33.7 ml​.​kg​-1.​min​-1​) of a similar age [60]. This is concerning because               

individuals with a low V̇O 2peak also have a higher risk of death [61] and disability [62] when compared                  

to those with a higher V̇O 2peak​.  

The importance of maintaining aerobic fitness in to older age can be demonstrated by data which                

suggests that men and women with a V̇O 2peak ​below 18 and 15 ml​.​kg​-1.​min​-1 respectively, may struggle                

to maintain physical independence [62]. Furthermore, men with a V̇O 2peak <14.9 ml​.​kg​-1.​min​-1 ​have             

significantly greater risk of death (HR 15.15; 95% CI 7.68 to 29.88) when compared to men with a                  

V̇O 2peak <22.8 ml​.​kg​-1.​min​-1​. Similar, data are reported for women with a V̇O 2peak <11.9 ml​.​kg​-1.​min​-1 (HR               

5.87; 95% CI 2.60 to 13.10) when compared to women with a V̇O 2peak <16.6 ml​.​kg​-1.​min​-1 [60]. The                 

reasons for this are not fully understood, however patients with a low V̇O 2peak ​typically have more risk                 

factors including advanced age, poor sympathetic and parasympathetic tone indicated by a slower             

post-exercise heart rate recovery [63], higher markers of cardiac stress (N-terminal pro-brain            

natriuretic peptide) and inflammation (hs-CRP), higher non-fasting blood glucose levels, more severe            
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atherosclerosis, and lower haemoglobin and haematocrit [63]. Importantly however, increasing a           

patient's V̇O 2peak​ may improve survival and quality of life. 

In 1995, Vanhees and colleagues [64] demonstrated that a 1% improvement in V̇O 2peak ​conferred a               

2% reduction in mortality over 5-years, following exercise-based CR in patients with CHD. More              

recent evidence suggests that a 3.5 ml​.​kg​-1.​min​-1 improvement in V̇O 2peak ​following exercise training             

reduces mortality by 25%, if improvements are maintained for more than one year [65].              

Exercise-based CR has the potential to increase a patients V̇O 2peak by 5.4 ml​.​kg​-1.​min​-1 (95% CI 4.2-6.6                

ml​.​kg​-1.​min​-1​) [32] suggesting that long-term adherence to accurately prescribed exercise-based CR           

should be capable of improving survival and quality of life.  

We have recently investigated the effects of a routine, twice weekly, exercise-based CR programme              

for eight weeks (intervention group) compared with abstention from supervised exercise training            

[control group] in patients with coronary heart disease [66]. The primary outcome was V̇O 2peak              

measured using criterion methods. In 70 patients (age 63.1 ± 10.0 years; 86% male; ​n​ ​=​ 48              

intervention; ​n​ ​=​ 22 controls), V̇O 2peak was 23·3 ml·kg​-1​·min​−1 at baseline, and there were no changes             

in V̇O 2peak between groups at any time point. Based on our findings, routine CR does not lead to an                   

increase in V̇O 2peak and is unlikely to improve long-term physiological outcomes. One of the key               

reasons for this lack of improvement in peak oxygen uptake may relate to how we prescribe exercise                 

in this patient group.  

 

Exercise prescription strategies 

Exercise prescription recommendations for CR have been highlighted in national and international            

guidelines (Table 2) [6, 67]. Exercise prescription should first take account of the needs and goals of                 

the individual, including their clinical status and readiness to change behaviour. Furthermore,            

exercise must be accessible to improve adherence and facilitate sustainable long-term change.            
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Accordingly, exercise-based CR is delivered in numerous settings, either in supervised centre-based            

programmes, or at home, facilitated by manuals and online platforms. Every individual is different,              

thus a personalised programme taking account of these factors is likely to be the most successful                

approach. Unfortunately, in different healthcare settings around the world, it is common for             

prescription to be dictated by convention and resource, rather than preference or evidence-based             

best practice [68]. 

Supervised, centre-based CR is by far the most common delivery model, particularly in the UK [69].                

Indeed, the accumulated evidence of the benefits of CR is based almost exclusively on studies               

adopting this approach either in the ‘laboratory’ or in pragmatic trials. However, recent evidence              

from the REACH HF study [21] has definitively demonstrated that a home-based CR intervention,              

that includes a progressive exercise training programme, can improve quality of life in patients with               

CHF. Patients in the intervention group reported a ​5.7 point reduction in the Minnesota Living with                

Heart Failure Score after four months (95% confidence interval –10.6 to –0.7; ​P​=0.025), indicating a               

significant improvement in quality of life. This was maintained after 12 months (​Minnesota Living              

with Heart Failure Score –3.2; 95% CI –5.7 to –0.6; ​P=​0.016). Whilst the intervention did not increase                 

estimated aerobic fitness, historical data from patients with coronary artery bypass grafts indicates             

that patients engaging in home-based CR are more likely to sustain improvements in aerobic fitness               

after 12 months, when compared to patients enrolling on centre-based CR [70]. The reasons for               

these conflicting findings are likely to be multifaceted, but could include factors such as patients with                

CHF typically experiencing faster disease progression than patients with coronary artery bypass            

graft, differences in intervention compliance, or exercise stimulus. Nonetheless, self-facilitated or           

home-based exercise-based CR is significantly underutilised and under researched, despite it           

showing great potential as an effective alternative to traditional centre-based CR. With countries             

currently in lockdown due to the outbreak of Covid-19, home-based exercise is, and should, benefit               

from increased interest amongst healthcare professionals and researchers. Whilst this will benefit            

patients, practitioners, and healthcare services, it would be easy to lose sight of the longer-term goal                
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of widening access to exercise-based CR and improving the outcomes of patients who attend.              

Instead of exclusively focusing on the use of home-based CR during the Covid-19 crisis, researchers               

and practitioners should identify opportunities to incorporate high quality home-based CR in to             

future standard practice and research projects. 

A common aim of exercise-based cardiac CR studies is to improve aerobic capacity, both as a means                 

to enhance quality of life, and as a proxy for improved survival [71,72]. Likewise, improvements in                

muscular strength, endurance and flexibility are considered important to improve the           

cardio-metabolic risk profile and maintain functional independence into older age [73]. To achieve             

this, guidelines promote comprehensive and holistic exercise assessment and prescription [74].           

Perhaps the most contentious issue is that of exercise intensity. The lower and upper safe and                

effective limits are still debated, as is assessment and prescription in practice. Guidelines vary;              

Europe, North America and Canada, for example, advocate higher intensity exercise than the UK              

[67]. Higher intensity exercise results in greater improvements in cardiorespiratory fitness [75] but,             

for some patients, may be associated with an increased risk of cardiac events [76] or may not be                  

personally acceptable and/or sustainable. With individually tailored exercise prescription, there is a            

delicate balance to be achieved between optimal intensity, acceptability and safety. 

In the context of contemporary pharmacological and interventional management of CHD and CHF,             

evidence increasingly supports the safety and efficacy of higher intensity exercise-based CR. In             

meta-analyses, aerobic interval or high intensity interval training (HIIT) have been consistently            

shown to improve aerobic capacity more than conventional moderate intensity continuous training            

(MICT) [77-80]. Short bouts (1 to 4 min) of higher intensity (>85% VO​2 peak​) exercise interspersed with                 

low intensity recovery allow patients to accumulate a greater overall ‘dose’ of exercise. Benefits              

appear consistent, regardless of which HIIT protocol is adopted (i.e. 4 x 4 min or 10 x 1 min models)                    

[81]. Historically, there has been a reluctance to deviate from conservative CR exercise intensity              

guidelines, but large datasets now confirm the safety of HIIT [82,83] and, importantly, patient              
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acceptability [81]. However, two pragmatic multi-centre trials (SAINTEX-CAD [84] and SMARTEX-CHF           

[85]) did not report the superiority of HIIT using the 4 x 4 model in CHD and CHF. Both studies                    

highlighted issues relating to compliance with the prescribed exercise intensity. In both cases, it was               

observed that there was little difference between the training intensities in the HIIT or MICT groups                

due to under achievement in the HIIT groups and over achievement in the MICT groups. This raises                 

issues of compliance with HIIT which are likely multi-factorial, potentially relating to discomfort             

experienced when exercising above the ventilatory anaerobic threshold (VAT) in addition to logistics             

and implementation [81]. Nevertheless, with appropriate medical approval, pre-screening,         

supervision and monitoring, HIIT can be prescribed safely and effectively in the CR setting for people                

with CHD and CHF [86, 87]. It should be considered an alternative to, but not replacement for MICT,                  

rather an additional tool available to CR practitioners. 

Exercise intensity in CR is commonly determined using predictive equations such as 40-70% heart              

rate reserve, derived from an estimated maximal heart rate with or without a sub-maximal exercise               

assessment [67]. This range equates to an RPE of 11-14, eliciting an exercise training intensity that                

straddles the VAT and is known to be effective at improving cardiorespiratory fitness [88]. In lieu of                 

formal assessment of aerobic capacity using CPET, this approach provides a guide with which              

exercise can be prescribed and subsequently adjusted. However, recent studies have highlighted the             

inherent inaccuracy of such calculations, leading to exercise intensities that are consistently lower or              

higher than the intended optimal thresholds [88, 89]. This may contribute to reports of the               

diminishing efficacy of CR for some patients and of poor adherence and compliance for others [15,                

69]. Whilst CPET can enable precision in exercise prescription, it is not routinely available,              

particularly in the UK, and is an expensive resource compared to commonly used submaximal ‘field               

tests’ such as the six-minute walk test, the incremental shuttle walk test (ISWT), and step tests.                

Field-tests may provide a useful indication of a patients’ aerobic fitness, the presence of a ‘normal                

response’ to exercise, and provide information that can be used to inform exercise prescription.              

However, estimating V̇O 2peak ​may be inaccurate, particularly when measuring ​changes in V̇O 2peak ​after             
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exercise-based CR [90]. Maximal cycle ergometry data from patients with CHD, collected by our              

group, showed that estimating changes in V̇O 2peak ​resulted in significant measurement error, when             

compared to directly determined V̇O 2peak (limits or agreement -4.7 to 5.9 ml​.​kg​1.​min). Measurement             

error was such that estimated changes in V̇O 2peak ​significantly increase following exercise-based CR             

(1.3 ml​.​kg​1.​min; 95% CI 0.4 to 2.2 ml​.​kg​1.​min; ​P​=0.006), whilst directly determined changes in V̇O 2peak               

did not (0.5 ml​.​kg​1.​min; 95% CI 0.6 to 1.8 ml​.​kg​1.​min; ​P​=0.332). We recently observed similar findings                

in a study of patients attending CR where estimated changes in V̇O 2peak ​following treadmill work               

significantly increased, but directly determined V̇O 2peak ​did not [66]. This may have important             

implications for the way we interpret data from studies that have only estimated V̇O 2peak,​. At the very                 

least, this should encourage caution when discussing whether individual patients had an increase in              

V̇O 2peak ​after completing exercise-based CR. However, further research is needed to confirm whether             

other field tests have similar levels of measurement error. Whilst the use of CPET should be                

encouraged as widely as possible, it is likely that the adoption of CPET prescribed exercise intensity                

in CR will be dictated by resource implications rather than the potential to confer additional benefit                

to the patient with CHD or CHF. 

One area of exercise prescription in CR that still requires investigation relates to the consistently               

observed inter-individual difference in training effects. Up to one third of CR patients appear to gain                

only minimal [or no] improvement in aerobic capacity despite apparent compliance and adherence             

with their exercise prescription [92]. The reasons for this are not well understood but are likely to                 

include genetic, epigenetic, environmental, nutritional and medical factors, all of which may have a              

significant impact on exercise prescription for individuals with CHD and CHF [93]. Optimised             

prescription to maximise outcome may need to take account of these factors, as has personalised               

medicine in the treatment of disease. Identifying individuals who are the most or least likely to                

benefit from CR, and how best to optimise exercise prescription, will be the focus of ongoing                
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translation research investigating the determinants and mechanisms of improved exercise capacity           

in CR [93]. 

In conclusion, CR is a key treatment vehicle for a broad spectrum of patients with heart disease. Its                  

delivery format has evolved based on a robust body of evidence demonstrating improvements in              

psychological wellbeing and quality of life. However, CR appears to be underutilised by many              

clinicians which inevitably has a negative impact on patient outcomes. Further refinements to CR              

interventions may be required as current evidence indicates that there is a failure to improve peak                

oxygen uptake following CR, and longer-term survival benefits may be open to question. The “dose”               

of exercise provided by community-based CR teams may not be of sufficient stimulus to drive               

physiological adaptation required to invoke positive changes in aerobic fitness and ultimately            

improve long-term mortality outcomes. Adopting effective behaviour change strategies are key to            

maintaining positive lifestyle changes in the longer-term, and strategies adopted must be            

individually tailored to meet specific patient requirements.  

 

Table legends 

 

Table 1. ​Favourable impact of exercise on physical and psychological aspects of health. 

 

Table 2. ​Exercise prescription guidelines for the cardiac patient. Based on guidance from the BACPR               

[6]. 

 

 

 

 

 

 

14 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

References 

1. Tipton CM. The history of "Exercise Is Medicine" in ancient civilizations. Advances in Phys               
Ed 2014; 38:109-17. 
2. Heberden W. Commentaries on the History and Cure of Diseases: T. Payne; 1802. 
3. Mampuya WM. Cardiac rehabilitation past, present and future: an overview. Cardiovasc            
Diagnos Ther 2012; 2:38-49. 
4. World Health Organisation. Expert committee on the rehabilitation of patients with            
cardiovascular disease. Geneva; 1964. 
5. World Health Organisation. Rehabilitation after cardiovascular diseases, with special          
emphasis on developing countries: a report of a WHO Committee. World Health            
Organisation Technical Report Series 1993. p. 1-122. 
6. BACPR. Standards and Core Components for Cardiovascular Disease Prevention and           
Rehabilitation 2017. Available from: ​http://www.bacpr.com​.[accessed March 2020]. 

15 
 

http://www.bacpr.com/


7. Anderson L, Oldridge N, Thompson DR, et al. Exercise-Based Cardiac Rehabilitation            
for Coronary Heart Disease Cochrane Systematic Review and Meta-Analysis. J Am Coll           
Cardiol 2016; 67: 1-12. 
8. Long L, Mordi IR, Bridges C, et al. Exercise-based cardiac rehabilitation for adults with               
heart failure. Cochrane Database Syst Rev 2019; 1:Cd003331. 
9. AACVPR. AACVPR Cardiac Rehabilitation Resource Manual. Leeds, UK: Human Kinetics;           
2006. 
10. Savarese G, Lund LH. Global Public Health Burden of Heart Failure. Cardiac Fail Rev               
2017;3: 7-11. 
11. Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for the diagnosis and                
treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment               
of acute and chronic heart failure of the European Society of Cardiology [ESC]. Developed              
with the special contribution of the Heart Failure Association [HFA] of the ESC. Eur J Heart                
Fail 2016; 18: 891-975. 
12. Harriss DJ, Macsween A, Atkinson, G. Ethical Standards in Sport and Exercise Science              
Research: 2020 Update. Int J Sports Med 2019; 40: 813–817. 
13. Long L, Anderson L, He j, et al. Exercise-based cardiac rehabilitation for stable angina:               
systematic review and meta-analysis. Open Heart. 2019;6[1]:e000989. 
14. Heran BS, Chen J, Ebrahim S, et al. Exercise-based cardiac rehabilitation for coronary              
heart disease. Cochrane Database Syst Rev. 2011;7. 
15. Powell R, McGregor G, Ennis S, et al. Is exercise-based cardiac rehabilitation effective? A               
systematic review and meta-analysis to re-examine the evidence. BMJ Open. 2018;8:           
e019656. 
16. Jolliffe J, Rees K, Taylor RR, et al. Exercise-based rehabilitation for coronary heart              
disease.  Cochrane Library. 2001. 
17. D'Souza SP, Mamas MA, Fraser DG, et al. Routine early coronary angioplasty versus              
ischaemia-guided angioplasty after thrombolysis in acute ST-elevation myocardial infarction:         
a meta-analysis. Eur Heart J. 2011;32: 972-82. 
18. Keeley EC, Boura JA, Grines CL. Primary angioplasty versus intravenous thrombolytic            
therapy for acute myocardial infarction: a quantitative review of 23 randomised trials.            
Lancet 2003; 361: 13-20. 
19. Taylor RS, Sagar VA, Davies EJ, et al. Exercise-based rehabilitation for heart failure.              
Cochrane  Syst Rev. 2014: 4. 
20. ​Lavie, CJ, Menezes, AR, De Schutter, et al. Impact of cardiac rehabilitation and exercise               
training on psychological risk factors and subsequent prognosis in patients with           
cardiovascular disease. Can J Card 2016; 32: S365eS373 

21.Dalal HM, Taylor RS, Jolly K, et al. The effects and costs of home-based rehabilitation for                
heart failure with reduced ejection fraction: The REACH-HF multicentre randomized          
controlled trial. Eur J Prev Cardiol 2019; 26: 262-72. 
22. Carroll S, Tsakirides C, Hobkirk J, et al. Differential Improvements in Lipid Profiles and               
Framingham Recurrent Risk Score in Patients With and Without Diabetes Mellitus           
Undergoing Long-Term Cardiac Rehabilitation. Arch Phys Med Rehab. 2011; 92: 1382-1387. 
23. Gayda M, Brun C, Juneau M, et al. Long-term cardiac rehabilitation and exercise training               
programs improve metabolic parameters in metabolic syndrome patients with and without           
coronary heart disease. Nutr Metab Cardiovasc Dis 2008;18:142-151. 
24. Reibis R, Treszl A, Bestehorn K, et al. Comparable short-term prognosis in diabetic and               
non-diabetic patients with acute coronary syndrome after cardiac rehabilitation. Eur J Prev            
Cardiol 2012;19: 15-22. 

16 
 



25. Lavie CJ, Morshedi-Meibodi A, et al. Impact of Cardiac Rehabilitation on Coronary Risk              
Factors, Inflammation, and the Metabolic Syndrome in Obese Coronary Patients. J           
Cardiomet Syndr 2008;3: 36-40. 
26. van Tol BAF, Huijsmans RJ, Kroon DW, et al. Effects of exercise training on cardiac                
performance, exercise capacity and quality of life in patients with heart failure: A             
meta-analysis. Eur J Heart Fail 2006;8: 841-850. 
27. Hambrecht R, Adams V, Erbs S, et al. Regular Physical Activity Improves Endothelial              
Function in Patients With Coronary Artery Disease by Increasing Phosphorylation of           
Endothelial Nitric Oxide Synthase. Circulation. 2003;107:3152-3158. 
28. Zheng H, Luo M, Shen Y, et al. Effects of 6 months exercise training on ventricular                 
remodelling and autonomic tone in patients with acute myocardial infarction and           
percutaneous coronary intervention. J Rehabil Med 2008;40: 776-779. 
29. Hambrecht R, Walther C, Möbius-Winkler S, et al. Percutaneous Coronary Angioplasty            
Compared With Exercise Training in Patients With Stable Coronary Artery Disease: A            
Randomized Trial. Circulation 2004;109: 1371-1378. 
30. Lewinter C, Doherty P, Gale CP, et al. Exercise-based cardiac rehabilitation in patients              
with heart failure: a meta-analysis of randomised controlled trials between 1999 and 2013.             
Eur J Prev Cardiol. 2014, 6: 322-335. 
31. Sandercock G, Cardoso F, Almodhy M, et al. Cardiorespiratory fitness changes in patients              
receiving comprehensive outpatient cardiac rehabilitation in the UK: a multicentre study.           
Heart. 2013;99: 785-790. 
32. Sandercock G, Hurtado V, Cardoso F. Changes in cardiorespiratory fitness in cardiac             
rehabilitation patients: A meta-analysis. Int J Cardiol 2011 [0]:220-226. 
33. Sandercock G, Cardoso F, Almodhy M. Cardiorespiratory fitness changes in patients            
receiving comprehensive outpatient cardiac rehabilitation in the UK: a multicentre study.           
Heart. 2013;99: 1298-1299. 
34. Ingle L, Carroll S. Cardiac rehabilitation and exercise training. Heart 2013,56. 
35. Khushhal A, Nichols S, Carroll S, et al. Insufficient exercise intensity for clinical benefit?               
Monitoring and quantification of a community-based Phase III cardiac rehabilitation          
programme: A United Kingdom perspective. Plos One 2019;14: e0217654. 
36. Kotseva K, De Backer G, De Bacquer D, et al. Lifestyle and impact on cardiovascular risk                 
factor control in coronary patients across 27 countries: Results from the European Society of              
Cardiology ESC-EORP EUROASPIRE V registry. Eur J Prev Cardiol 2019;26: 824-835. 
37. NACR. National Audit of Cardiac Rehabilitation [NACR] Quality and Outcomes Report            
2018. Available from:   
https://www.bhf.org.uk/informationsupport/publications/statistics/national-audit-of-cardia
c-rehabilitation-quality-and-outcomes-report-2018​. [accessed Jan 2020]. 
38. West RR, Jones DA, Henderson AH. Rehabilitation after myocardial infarction trial            
[RAMIT]: multi-centre randomised controlled trial of comprehensive cardiac rehabilitation in          
patients following acute myocardial infarction. Heart 2012;98: 637-644. 
39. Naar-King, S., Earnshaw, P, Breckon, J. Towards a Universal Maintenance Intervention:            
Integrating Motivational Interviewing with Cognitive-Behavioural Strategies for       
Maintenance of Behaviour Change. Cog Behav Practice 2013: 27, 126-137.  
40. Foster, C., Hillsdon, M., Thorogood, M., et al Interventions for promoting physical             
activity. Cochrane Database of Systematic Reviews 2005: Issue 1. Art. No.: CD003180. DOI:             
10.1002/14651858.CD003180.pub2. 
41. ​Marcus, B., Forsyth, L., Stone, E., et al. Physical activity behavior change: Issues in               
adoption and maintenance. ​Health Psych 2000: 19:​ 32–41.  

17 
 

https://www.bhf.org.uk/informationsupport/publications/statistics/national-audit-of-cardiac-rehabilitation-quality-and-outcomes-report-2018
https://www.bhf.org.uk/informationsupport/publications/statistics/national-audit-of-cardiac-rehabilitation-quality-and-outcomes-report-2018


42. Scott, S., Breckon, J.D, Copeland, R. An integrated motivational interviewing and            
cognitive behavioural intervention promoting physical activity maintenance for adults with          
chronic health conditions: A feasibility study. Chronic Illness. 2018:         
doi:10.1177/1742395318769370. 
43. Hutchison, A., Johnston, L. & Breckon, J. Grounded Theory Based Research within             
Exercise Psychology: A Critical Review. Qual Res Psych 2011: 8: 247-272.  
44. Breckon, J.D. Motivational Interviewing to promote physical activity and nutrition           
behaviour change. In, Doing Exercise Psychology [M. Anderson & S. Hanrahan, Eds.]. 2015:             
Human Kinetics, Champaign, Ill.  
45. Ajzen, I. ​The theory of planned behavior​. ​Organ Behav Human Decision Processes 1991;              
50​, ​179​–​211​. 
46. Fishbein, M.​, & ​Ajzen, I. ​Predicting and changing behavior: The reasoned action             
approach​. 2011: ​New York, NY​: ​Taylor & Francis​. 
47. Schwarzer, R., Lippke, S., Luszczynska, A. Mechanisms of health behavior change in             
persons with chronic illness or disability: The health action process approach [HAPA].            
Rehabil Psych 2011: 56, 161–170. 
48. Knittle, K., Nurmi, J., Crutzen, R., et al. How can interventions increase motivation for               
physical activity? A systematic review and meta-analysis. Health Psych Rev 2018: 12:            
211-230.  
49. Hilton, C., Johnston, L. Health psychology: It’s not what you do, it’s the way that you do                  
it. Health Psych Open 2017: 1-10.  
50. Lundby C, Montero D, Joyner M. Biology of VO2 max: looking under the physiology lamp.                
Acta Physiologica 2017;220: 218-28. 
51. Kavanagh T, Mertens DJ, Hamm LF, et al. Prediction of Long-Term Prognosis in 12 169                
Men Referred for Cardiac Rehabilitation. Circulation 2002;106: 666-671. 
52. Kavanagh T, Mertens DJ, Hamm LF, et al. Peak oxygen intake and cardiac mortality in                
women referred for cardiac rehabilitation. J Am Coll Cardiol 2003;42: 2139-2143. 
53. Mancini DM, Eisen H, Kussmaul W, et al. Value of peak exercise oxygen consumption for                
optimal timing of cardiac transplantation in ambulatory patients with heart failure.           
Circulation. 1991;83: 778-786. 
54. Brubaker PH, Kitzman DW. Chronotropic Incompetence: Causes, Consequences, and          
Management. Circulation. 2011;123: 1010-1020. 
55. Belardinelli R, Lacalaprice F, Carle F, et al. Exercise-induced myocardial ischaemia            
detected by cardiopulmonary exercise testing. Eur Heart J 2003;24: 1304-1313. 
56. Poole DC, Hirai DM, Copp SW, et al. Muscle oxygen transport and utilization in heart                
failure: implications for exercise [in] tolerance. Am J Physiol Heart Circ Phys 2012;302:             
H1050-H1063. 
57. Clark AL, Poole-Wilson PA, Coats AJS. Exercise limitation in chronic heart failure: Central              
role of the periphery. J Am Coll Cardiol 1996;28: 1092-1102. 
58. Nichols S, O'Doherty AF, Taylor C, et al. Low skeletal muscle mass is associated with low                 
aerobic capacity and increased mortality risk in patients with coronary heart disease - a              
CARE CR study. Clin Physiol Funct Imaging. 2018, 22:234-240. 
59. Fülster S, Tacke M, Sandek A, et al. Muscle wasting in patients with chronic heart failure:                 
results from the studies investigating co-morbidities aggravating heart failure [SICA-HF]. Eur           
Heart J;  2013;34:512-519. 
60. Aspenes ST, Nilsen TI, Skaug EA, et al. Peak oxygen uptake and cardiovascular risk factors                
in 4631 healthy women and men. Med Sci Sports Exerc 2011;43:1465-1473. 

18 
 



61. Keteyian SJ, Brawner CA, Savage PD, et al. Peak aerobic capacity predicts prognosis in               
patients with coronary heart disease. Am Heart J 2008;156:292-300. 
62. Shephard RJ. Maximal oxygen intake and independence in old age. Brit J Sports Med               
2009;43: 342-346. 
63. Nichols S, Taylor C, Page R, et al. Is Cardiorespiratory Fitness Related to Cardiometabolic               
Health and All-Cause Mortality Risk in Patients with Coronary Heart Disease? A CARE CR              
Study. Sports Med Open 2018;4:22-32. 
64. Vanhees L, Fagard R, Thijs L, et al. Prognostic value of training-induced change in peak                
exercise capacity in patients with myocardial infarcts and patients with coronary bypass            
surgery. Am J Cardiol 1995; 76: 1014-1019. 
65. Martin BJ, Arena R, Haykowsky M, et al. Cardiovascular fitness and mortality after              
contemporary cardiac rehabilitation. Mayo Clin Proc 2013;88:455-463. 
66. ​Nichols S, Taylor C, Goodman T, et al. Routine exercise-based cardiac rehabilitation does              
not increase aerobic fitness: A CARE CR Study, Int J Cardiol 2020, in press.  

67. Price KJ, Gordon BA, Bird SR, et al. A review of guidelines for cardiac rehabilitation                
exercise programmes: Is there an international consensus? Eur J Prev Cardiol. 2016;23:            
1715-1733. 

68. Turk-Adawi K, Supervia M, Pesah E, et al. Availability and delivery of cardiac              
rehabilitation in the Eastern Mediterranean Region: How does it compare globally? Int J             
Cardiol 2019;285:147-53. 
69. British Heart Foundation. National Audit of Cardiac Rehabilitation [NACR] Quality and            
Outcomes Report 2019. Available at:  ​https://www.bhf.org.uk​. [accessed Jan 2020]. 
70. Smith KM, Arthur HM, McKelvie RS, et al Differences in sustainability of exercise and               
health-related quality of life outcomes following home or hospital-based cardiac          
rehabilitation. Eur J Prev Cardiol 2004; 11: 313-319.  

71. Kodama S, Saito K, Tanaka S, et al. Cardiorespiratory fitness as a quantitative predictor of                
all-cause mortality and cardiovascular events in healthy men and women: a meta-analysis.            
JAMA. 2009;301: 2024-2035. 
72. Martin B-J, Arena R, Haykowsky M, et al. Cardiovascular Fitness and Mortality After              
Contemporary Cardiac Rehabilitation. Mayo Clinic Proceedings 2013;88: 455-463. 
73. ACPICR. Standards for physical activity and exercise in the cardiac population 2015.             
Available at: ​http://acpicr.com​ [accessed Nov 2019]. 
74. Mezzani A, Hamm LF, Jones AM, et al. Aerobic exercise intensity assessment and              
prescription in cardiac rehabilitation: a joint position statement of the European Association            
for Cardiovascular Prevention and Rehabilitation, the American Association of         
Cardiovascular and Pulmonary Rehabilitation and the Canadian Association of Cardiac          
Rehabilitation. Eur J Prev Cardiol. 2013;20: 442-467. 
75. Garber CE, Blissmer B, Deschenes MR, et al. American College of Sports Medicine              
position stand. Quantity and quality of exercise for developing and maintaining           
cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently healthy adults:         
guidance for prescribing exercise. Med Sci Sports Exerc 2011;43: 1334-1359. 
76. Franklin BA, Thompson PD, Al-Zaiti SS, et al. Exercise-Related Acute Cardiovascular            
Events and Potential Deleterious Adaptations Following Long-Term Exercise Training: Placing          
the Risks Into Perspective-An Update: A Scientific Statement From the American Heart            
Association. Circulation. 2020:CIR0000000000000749-CIR. 

19 
 

https://pubmed.ncbi.nlm.nih.gov/?term=Nichols+S&cauthor_id=32008847
https://www.bhf.org.uk/


77. Liou K, Ho S, Fildes J, et al. High Intensity Interval versus Moderate Intensity Continuous                
Training in Patients with Coronary Artery Disease: A Meta-analysis of Physiological and            
Clinical Parameters. Heart Lung Circ 2016;25:166-174. 
78. Gomes Neto M, Duraes AR, Conceicao LSR, et al. High intensity interval training versus               
moderate intensity continuous training on exercise capacity and quality of life in patients             
with heart failure with reduced ejection fraction: A systematic review and meta-analysis. Int             
J Cardiol 2018;261:134-141. 
79. Gomes-Neto M, Duraes AR, Reis H, et al. High-intensity interval training versus             
moderate-intensity continuous training on exercise capacity and quality of life in patients            
with coronary artery disease: A systematic review and meta-analysis. Eur J Prev Cardiol             
2017;24:1696-1707. 
80. Elliott AD, Rajopadhyaya K, Bentley DJ, et al. Interval training versus continuous exercise              
in patients with coronary artery disease: a meta-analysis. Heart Lung Circ 2015;24:149-157. 
81. Quindry JC, Franklin BA, Chapman M, et al. Benefits and Risks of High-Intensity Interval               
Training in Patients With Coronary Artery Disease. Am J Cardiol 2019;123:1370-1377. 
82. Wewege MA, Ahn D, Yu J, et al. High-Intensity Interval Training for Patients With               
Cardiovascular Disease-Is It Safe? A Systematic Review. J Am Heart Assoc. 2018;7:e009305. 
83. Rognmo O, Moholdt T, Fau - Bakken H, et al. Cardiovascular risk of high- versus                
moderate-intensity aerobic exercise in coronary heart disease patients. Circulation 2012;          
136-140. 
84. Conraads VM, Pattyn N, De Maeyer C, et al. Aerobic interval training and continuous               
training equally improve aerobic exercise capacity in patients with coronary artery disease:            
the SAINTEX-CAD study. Int J Cardiol 2015;179:203-210. 
85. Ellingsen O, Halle M, Conraads V, et al. High-Intensity Interval Training in Patients With               
Heart Failure With Reduced Ejection Fraction. Circulation 2017;135: 839-849. 
86. Taylor JL, Holland DJ, Spathis JG, et al. Guidelines for the delivery and monitoring of high                 
intensity interval training in clinical populations. Prog Cardiovasc Dis 2019;62:140-146. 
87. Ribeiro PAB, Boidin M, Juneau M, et al. High-intensity interval training in patients with               
coronary heart disease: Prescription models and perspectives. Ann Phys Rehabil Med           
2017;60: 50-57. 
88. Pymer S, Nichols S, Prosser J, et al. Does exercise prescription based on estimated heart                
rate training zones exceed the ventilatory anaerobic threshold in patients with coronary            
heart disease undergoing usual-care cardiovascular rehabilitation? A United Kingdom         
perspective. Eur J Prev Cardiol. 2019:2047487319852711. 
89. Hansen D, Bonne K, Alders T, et al. Exercise training intensity determination in              
cardiovascular rehabilitation: Should the guidelines be reconsidered? Eur J Prev Cardiol.           
2019;26: 1921-1928. 
90. Nichols S, Gleadall-Siddall DO, Antony R, et al. Estimated peak functional capacity: an              
accurate method for assessing change in peak oxygen consumption after cardiac           
rehabilitation? Clin Phys Funct Imaging 2018; 38: 681-688. 
91. De Schutter A, Kachur S, Lavie CJ, et al. Cardiac rehabilitation fitness changes and               
subsequent survival. Eur Heart J Qual Care Clin Outcomes. 2018;4: 173-179. 
92. Gevaert AB, Adams V, Bahls M, et al. Towards a personalised approach in exercise-based               
cardiovascular rehabilitation: How can translational research help? A 'call to action' from the             
Section on Secondary Prevention and Cardiac Rehabilitation of the European Association of            
Preventive Cardiology. Eur J Prev Cardiol. 2019:2047487319877716. 

20 
 



93. Sharman JE, La Gerche A, Coombes JS. Exercise and cardiovascular risk in patients with               
hypertension. Am J Hypertension 2015; 28: 147–158 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

21 
 


