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Abstract 
Cardiac rehabilitation (CR) is a complex intervention that seeks to improve the functional 

capacity, wellbeing, and health-related quality of life of people with heart disease. A 

substantive evidence base supports CR as a clinically effective and cost-effective 

intervention for patients with acute coronary syndrome, following revascularisation and 

reduced ejection fraction heart failure. In this review, we discuss the key contemporary 

challenges that face CR. Despite strong recommendation of current clinical guidelines for 

referral of these patient groups, global access to CR remains persistently poor. The COVID-

19 pandemic has contributed to a further reduction in access to CR. An increasing body of 

evidence supports home- and technology-based models of CR as an alternative/adjunct to 

traditional centre-based programmes, especially in low- and middle- income counties, where 

CR services are scarce and scalable/affordable models are much needed. Future 

approaches to CR delivery need to align with the growing multimorbidity of an ageing the 

population and cater for the needs of increasing numbers of cardiac patients who present 

with two or more chronic diseases. Future research priorities include strengthening the 

evidence base for CR in other indications, including heart failure with preserved ejection 

fraction, atrial fibrillation, post valve surgery and heart transplant and congenital heart 

disease and the evaluation of the implementation of sustainable and affordable models of 

delivery that can improve access to CR both in high and low- and middle-income settings.  
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Introduction 
Cardiac rehabilitation (CR) is a complex intervention that includes exercise training/physical 

activity promotion, health education, cardiovascular risk management, and psychological 

support, personalised to the individual needs of people diagnosed with heart disease (see 

Figure 1).1 In addition to secondary prevention and improvement in cardiovascular 

prognosis, a focus of modern CR has been the drive to improve patient’s wellbeing and 

health-related quality of life.2-4  

Introduced in the late 1960’s, recommendation for the provision of CR was, at that time, 

confined to low-risk patients surviving an acute myocardial infarction (MI). With the 

development of an evidence base supporting the benefits of CR (see ‘Overview of the 

Evidence Base for Cardiac Rehabilitation’ section) over the last two decades, contemporary 

clinical guidelines now routinely recommend the referral to comprehensive CR across a 

wider range of cardiac diagnoses, including acute coronary syndrome, coronary 

revascularisation (percutaneous coronary intervention (PCI) and coronary artery bypass 

graft (CABG)) and individuals with a diagnosis of heart failure (see ‘International Guidelines 

for CR’ section).  

An important emphasis of contemporary guidelines, including the 2020 position statement 

from the European Association of Preventive Cardiology5, the 2017 British Association for 

Cardiovascular Prevention and Rehabilitation (BACR) guidance6 and the 2020 position 

statement of the Secondary Prevention and Rehabilitation Section of the European 

Association of Preventive Cardiology, is the importance of quality assurance in CR delivery 

(see Box 1).7 Key quality assurance elements include the involvement of a multidisciplinary 

team (including cardiologists, general practitioners/physicians with special interest, nurse 

specialists, physiotherapists, dietitians and psychologists) trained in the core competencies 

and effective delivery of the various core elements of a comprehensive CR programme (i.e., 

exercise training/promotion, risk factor/self-management education, and psychological 

support),1,6 following a detailed initial assessment of the patient. In its early days, CR was 

primarily practised as an exercise training intervention alone.8 Whilst exercise training 

remains a central component of CR, the comprehensive model of modern CR is central to 

enabling patients to improve their cardiovascular risk, foster and maintain their health 

promotion behaviour patterns, enhance their mental well-being, reduce their disability and 

promote an active lifestyle – with the overall aim of improving well-being and health-related 

quality of life. In response to the continuing evolution of CR practice and policy, this paper 

provides a state-of-the-art contemporary overview.   

In this review, we provide: a detailed summary of the current evidence base supporting use 

of CR, an overview of key international guidelines/position statements for CR, a synopsis of 

four key contemporary issues facing CR delivery across the globe – improving poor uptake, 
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the impact of the COVID-19 pandemic, managing patient multimorbidity and the provision of 

CR in low and middle-income countries. We close with our overarching conclusions and 

recommendations for future research.  

 

Overview of the Evidence Base  
Our evidence overview is based on Cochrane systematic reviews/meta-analyses of CR. With 

their rigorous methodological requirements and inclusion of only randomised controlled trials 

(RCTs), Cochrane reviews are internationally regarded as providing the highest quality of 

evidence for interventions. Here we focus on Cochrane reviews that compare the impact of 

exercise-based CR (exercise interventions alone or comprehensive programme) to a control 

group (who did not receive CR). Key outcome findings (mortality, cardiovascular events, 

hospitalisations, and health-related quality of life) for each indication are presented in Table 

1 and summarised below. Reviews used Grading of Recommendations Assessment, 

Development and Evaluation (GRADE) to summarise the certainty of evidence for each 

outcome (see Box 2).9   

 
Coronary Heart Disease  

This 2021 update of the Cochrane review of CR for coronary heart disease included 22,469 

patients with MI (37 RCTs), post revascularisation (14 RCTs), stable angina pectoris (4 

RCTs), or mixed in populations.10 Meta-analysis of trials with outcomes up to 12-months 

follow up showed no effect of CR compared control on all-cause mortality or risk of 

revascularisation. Participation in CR resulted in a reduction in the risk of fatal/non-fatal MI 

and all-cause hospitalisation. Although 29 trials collected health-related quality of life data, 

pooling data was limited due to variation in outcome measures. Pooled analysis across three 

trials showed that CR improved generic health-related quality of life, assessed with the 

Short-Form (SF)-36 or-12 (mental component score), but had weak evidence of an 

improvement in physical component score. Twenty of the 29 trials reported higher levels of 

health-related quality of life in one or more sub-scales with exercise-based CR compared 

with control at follow-up. Outcome evidence assessed by GRADE were judged to be of 

‘moderate’ certainty, downgraded due to poor reporting around the randomisation process 

(selection bias), lack of blinding (detection bias), and wide 95% confidence intervals (CIs; 

imprecision). Meta-regression (trial level) analyses indicated that the benefits of CR 

appeared to be consistent across types and settings of CR (home vs. centre, exercise-only 

vs. comprehensive CR programmes, aerobic vs. aerobic plus resistance training, dose of 

aerobic exercise) and study characteristics (single-centre vs. multicentre).  

This Cochrane review has been criticised for the inclusion of both older RCTs that may not 

reflect contemporary practice as well as studies that may not have employed robust quality 
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assurance in terms of the delivery of the CR intervention (e.g., the UK multicentre trial 

Rehabilitation after myocardial infarction trial (RAMIT) trial.11,12 Given trials included in the 

Cochrane review span the period 1974 to 2020, the authors sought to address this issue by 

undertaking an assessment of the change in CR outcome over time. Interestingly, there was 

weak evidence of a reduction (slope:1.005; 95% CI: 0.0098 to 1.0118; p=0.13) in the all-

cause mortality effect (log relative risk) of CR over time (see Figure 2). The authors 

interpreted this absence of all-cause mortality benefit of CR over recent decades as 

reflecting the evolution of usual care and introduction of life-saving therapies, including 

thrombolysis, and secondary prevention drugs including β-blockers and statins. Interestingly, 

the recently updated meta-analysis of the Cardiac Rehabilitation Outcome Study (CROSII), 

included RCT and prospective and retrospective cohort studies report a mortality benefit of 

CR in acute coronary syndrome and revascularisation patients with an index event in 1995 

or later.13 However, with inclusion of observational evidence, the prognostic benefit reported 

by the CROSII study is subject to selection bias and confounding.  

 

Heart Failure 
This 2019 Cochrane review of CR in heart failure included 44 RCTs in 5,783 participants, 

predominantly heart failure with reduced ejection fraction.14 Meta-analysis, show that 

compared to control, whilst there was no effect on all-cause mortality, participation in CR 

was associated with reduced all-cause and heart failure-specific hospitalisation, and 

improved health-related quality of life. Pooled data across the 17 trials reporting the 

Minnesota Living with Heart Failure Questionnaire (a disease-specific health-related quality 

of life measure) showed not only a statistically significant improvement (mean difference: -

7.1; 95% CI: -10.5 to -3.7) with CR, but also a magnitude of effect that is deemed ‘clinically 

important’ i.e., increase in score compared to control of ≥5.15 Certainty of outcomes was 

judged to be ‘low’ to ‘moderate’, downgraded primarily due to selection bias, imprecision 

(wide 95% CIs and/or lack of events), and detection bias/placebo effects (health-related 

quality of life). Meta-regression analyses indicated the benefits of CR for heart failure to be 

consistent, irrespective of the nature of CR or setting.  

 

Atrial fibrillation 
This 2017 Cochrane review of CR included six RCTs in a total of 421 patients with various 

different types of atrial fibrillation.16 Given the small number of trials and reported clinical 

events, the impact of CR in this patient population in terms of the key outcomes of mortality, 

cardiovascular events, hospitalisations, and health-related quality of life are all uncertain, 

with ‘moderate’ to ‘very low’ certainty (downgraded primarily due to imprecision as the result 

of this small evidence base). Peak oxygen uptake (aerobic exercise capacity) was, on 
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average 3.76 ml/kg/min (95% CI: 1.37 to 6.15, two trials, 1,208 patients) higher with CR 

compared to control (‘moderate’ quality evidence).  

 

Congenital heart disease 
This 2020 Cochrane review focused on physical activity interventions across 15 RCTs in 924 

adults and children with various forms of congenital disease.17 Due to the absence of trials 

reporting events, the authors concluded that there was no basis to determine the impact of 

CR in terms of either mortality or hospitalisations. Additionally, evidence supporting the 

impact of CR in health-related quality of life was uncertain (‘very low quality’ of evidence due 

to small evidence base). Small improvements in both peak oxygen uptake (mean difference: 

1.89 ml/kg/min, 95% CI: 0.22 to 3.99, 14 trials, 732 patients) and muscle strength (mean 

difference: 17.1 N/m, 95% CI: 3.4 to 30.8) were seen with CR (both ‘moderate’ quality 

evidence).  

 
Post implantable cardioverter defibrillator 
This 2019 Cochrane review included eight RCTs in 1,730 individuals with implanted 

cardioverter defibrillator, primarily for an indication of heart failure.18 Due to the small number 

of trials and reported events, the impact of CR on mortality, adverse events, and health-

related quality of life were all uncertain (low to very low quality of evidence). There was low-

quality evidence which indicated that participating in CR resulted in a small increase in 

exercise capacity (determined by peak oxygen uptake) compared with control (mean: 0.91 

ml/kg/min, 95% CI: 0.60 to 1.21 ml/kg/min, seven trials, 1,485 patients).  

 

Post heart transplant 
This 2017 review included 10 RCTs in 300 individuals following heart transplantation. CR 

increased peak oxygen uptake compared with no exercise control (mean difference: 2.5 

ml/kg/min, 95% CI: 1.63 to 3.36; 9 trials, 284 patients, ‘moderate quality’ evidence).19 

Although meta-analysis was not possible due to lack of consistency of outcome reporting, 

the three individual trials that reported health-related quality of life, showed no consistent 

advantage of CR over control. Due to the small number of trials and reported events, meta-

analysis was not undertaken and the impact of CR on all-cause mortality and 

hospitalisations was uncertain. 

 

Post valve surgery  
This 2021 Cochrane review includes six RCTs in 364 patients who had received either open 

or percutaneous heart valve surgery.20 Due to the lack of trials and outcome data, the 

authors concluded that they were unable to definitively conclude on the impact of CR in this 



Nature Reviews Cardiology: NRCAR-20-282V1  
 

8 | P a g e  
 

population in terms of mortality, hospitalisation and health-related quality of life (all ‘very low’ 

quality evidence). Compared with no exercise, CR increased peak oxygen uptake for all but 

the submaximal measures (mean difference: 2.38 ml/kg/min, 95% CI: 0.36 to 4.40; 5 trials, 

294 patients, moderate quality).  

 

Whilst systematic reviews/meta-analyses of RCTs are a gold standard for establishing 

intervention effects, a consistent limitation identified across the above Cochrane reviews was 

the potential risk of bias and lack of consistency of outcomes reported of RCTs of CR to 

date. Improvement in the certainty in evidence base for CR going forward therefore depends 

on the conduct and reporting of high-quality RCTs, including the consistent collection, and 

reporting, of outcome measures, such as health-related quality of life (see ‘Conclusions’ 

section and recommendations for future research (Box 5)). It important to recognise the 

limitations of meta-regression analyses and that they can be subject to ecological fallacy, 

i.e., study level assessment of the relationships between study characteristics and patient 

outcomes, does not necessarily reflect the true (patient level) association.21 For example, 

both meta-regression analyses reported in the Cochrane coronary heart disease and heart 

failure reviews indicate that the CR benefit is not impacted by study level dose of exercise 

prescription. However, other (patient level) data do show the dose of exercise to be very 

important and that no benefits of CR may result when prescription is too low in intensity or 

insufficient duration (ref).22,23 This debate around exercise prescription is reviewed in detail 

elsewhere.5  

Although they have not been the subject of a Cochrane review to date, developing areas of 

CR application include cardio-oncology, patients with left ventricular assist devices and, 

spontaneous coronary artery dissection. Reviews of the CR evidence base for these cardiac 

indications are available elsewhere.24-26  

In addition to clinical efficacy (‘effectiveness’) and safety, with the growing healthcare cost 

pressures on healthcare systems across the world, there is also a need to consider costs 

and cost-effectiveness of CR. A recent systematic review of the cost-effectiveness of CR 

identified 19 economic studies.27 Seven of these studies compared CR with no CR and the 

remaining studies compared intervention types within CR e.g., home or digitally delivered vs. 

centre-based programmes. To facilitate comparison across studies, the authors converted all 

cost to 2016 US$, using the consumer price index and purchasing power parity conversion. 

The majority of studies concluded that CR was cost-effective versus no CR (incremental 

cost-effectiveness ratios (ICERs) ranged from US$1065 to US$71,755 per quality-adjusted 

life-year (QALY)). In the UK, an acceptable cost-effectiveness is judged to be intervention 

with a ICER between £20,000 to £30,0000/QALY or lower, i.e., ~US$25,000 to 

~US$45,000/QALY or lower.28 Although generally cost-effective, the review authors 
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concluded that further research was required to determine the most cost-effective design of 

CR, e.g., comparison of the cost-effectiveness of different modes of delivery 

(centre/home/mobile technology) and combinations of interventions.  

 

 
International Clinical Guideline Recommendations  
Reflecting the RCT evidence presented above, current clinical guidelines consistently 

provide a strong recommendation for CR referral for patients with myocardial infarction, post 

revascularisation (CABG and PCI) and heart failure. Guideline statements of the European 

Society of Cardiology (ESC), American Heart Association/American College of Cardiology 

(AHA/ACC), National Institute for Health and Care Excellence (NICE) in the UK, and 

National Heart Foundation of Australia and Cardiac Society of Australia and New Zealand 

are presented in Table 2.29-36  

European, American and Australian guidelines all give CR their highest recommendation, 

i.e., ‘Class I’ (“Evidence and/or general agreement that a given treatment or procedure is 

beneficial, useful, effective” and should be “recommended”) based on an evidence rating of 

‘Level A’ (“data derived from multiple randomized clinical trials or meta-analyses”) or ‘Level 

B’ (“data derived from a single randomized clinical trial or large non-randomised studies”). 

NICE recommendations are based on both clinical and cost–effectiveness, and, although 

they do not use the Class/Level approach, they make strong recommendation for CR.  

In view of the small number of RCTs in patients with preserved ejection fraction heart failure 

(HFpEF) and stable angina, European and Australian/New Zealand recommendations focus 

on heart failure with reduced ejection fraction (HFrEF) and a ‘Level B’ rating is given for 

angina by AHA/ACC. These guidelines recommend the need for collection of future research 

in these indications (see conclusion recommendations for future research). The importance 

of a comprehensive nature of modern CR delivery is emphasised by the UK NICE guidance, 

recommending the need for programmes to comprise physical activity, lifestyle advice, 

stress management and health education components.  

Given the current underuse (referral and uptake) of CR services, with only a minority of 

eligible patients participating in CR (see ‘Improving poor uptake’ section below), recent 

guideline versions emphasise the importance of alternative models of CR delivery to the 

traditional centre-based programmes. Australia/New Zealand, UK and US guidance all 

include a formal recommendation for consideration of home-based delivery to improve 

access to CR. The 2019 American Association of Cardiovascular and Pulmonary 

Rehabilitation, the American Heart Association, and the American College of Cardiology joint 

scientific statement, notes that although home-based CR is a common model in Canada and 
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Europe, it is less so in the US and emphasise the need for quality assurance for the delivery 

home-based CR programmes in their country.37  

Given their more limited RCT evidence (see ‘Overview of the Evidence Base for CR’), 

current guidelines for the management of other cardiac indications, such as atrial fibrillation 

and congenital heart disease, provide no strong recommendation for or against the use of 

CR. Future high quality RCTs of CR in these indications are needed to inform future 

guideline updates and clinical policy and practice. Although not the focus of this international 

review of guidelines, a recent published review of CR guidelines provides details of the 

differences and/or consensus in exercise testing, prescription and monitoring.38 

 

Key Contemporary Issues 
Several key contemporary challenges face CR.  

 

Improving poor uptake 

Despite the evidence of benefits of CR (see ‘Overview of the Evidence Base for CR’ section) 

and strong guideline recommendations (see ‘International Guideline Recommendations for 

CR’ section), utilisation of CR remains stubbornly poor. Whilst CR availability is virtually 

absent in some global localities (see ‘Access to CR in low- and middle-income country 

settings’), in many areas, including Europe, North America, and Australasia, a relatively 

small proportion of patients with acute coronary syndrome, post revascularisation, and 

reduced ejection fraction are currently referred for CR.  

Latest data from the 2019 UK National Audit for CR, reported that 68,074 out of 135,861 

(50%) with a main diagnosis of coronary heart disease patients received CR (MI: 29%, PCI: 

51% and CABG: 75%).39 For heart failure, the national level of CR attendance was less than 

10%. CR participation rates in the US are very low, ranging from 19% to 34% in national 

analyses with strong state-by-state geographic variations and differences by cardiac 

diagnosis.40 Consistent with the findings of many national and single centre CR studies, the 

2019 UK audit data shows that certain groups are much less likely to attend CR than others, 

i.e., older individuals, females, ethnicity (non-white and ethnic minority groups), and the 

presence of multimorbidity (defined as the presence of two or more long term conditions).39  

The basis of suboptimal uptake of CR are complex and multi-layered and reflect potential 

barriers at the level of the clinician, the patient, and the service (see Figure 3). At the 

clinician level, absence of CR education in their general medical/cardiology training may 

result in the poor referral behaviour of physicians.40-42 For patients, a range of factors might 

influence their individual decision to act on this referral and attend a CR programme, such as 

inconvenience (and costs) of transport to attend a centre-based programme held in the ‘9-5’ 

working day, especially if they are in employment. At the service level, barriers can include 
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the capacity and funding of CR programmes. For example, the UK 2019 audit shows that 

group-based, supervised CR was the most common mode of CR delivery, with 75.4% of 

patients receiving this compared with only 8.8% taking up home-based CR. Barriers at these 

three levels are likely to be interactive - for example, travelling to centres and dislike of 

group-based CR sessions are known to be particularly relevant for certain groups of 

patients, including women, ethnic minorities and people from areas of high deprivation who 

are aged, living with complex health conditions or living in rural areas.41,42 CR is a key 

environment to contribute to the optimisation of patient’s cardiovascular risk, with 

opportunities for screening, education and medical treatment (exercise, nutrition, smoking 

cessation and medications). Despite these potential risk factor benefits, the EUROASPIRE 

III study demonstrates the underutilisation of CR with poor referral and low participation rate, 

and wide variations between European countries.43 Some of the key proposed solutions to 

patient, clinician and service level barriers to accessing CR are summarised in Figure 3.  

Given that the potential loss to patients of important gains of health-related quality of life and 

the rise in pressure/costs on healthcare systems, as the result of increased unplanned 

hospitalisation, poor participation (uptake) of CR is an increasingly important policy priority. 

For example, in the UK, the ‘NHS England Long Term Plan’ was published in 2019 with the 

aim to increase overall national uptake of CR to 85% (from the current 50%) of all eligible 

patients by 2028.443 In the US ‘a road map’ to achieve more than 70% participation in CR by 

2022 was proposed with the aim of saving 25,000 lives and preventing 180,000 

hospitalizations every year.45  

A recent example of innovative service development is the facilitated CR Rehabilitation 

Enablement in Chronic Heart Failure (REACH-HF) programme. This comprehensive CR 

programme, for use at home, comprises the ‘Heart Failure Manual’, a Relaxation CD, a 

choice of exercise (walking programme or a chair-based DVD), a ‘Progress Tracker’ for 

patients, and a ‘Family and Friends Resource’ for caregivers. A UK multi-centre RCT 

confirmed that the addition of REACH-HF to usual care compared to usual care alone was 

effective in improving the health-related quality of life which was the primary outcome of the 

Minnesota Living with Heart Failure Questionnaire (5.7 points. 95% confidence interval -10.6 

to -0.7, p = 0.025) in favour of the REACH-HF intervention group in 216 individuals with 

heart failure with reduced ejection fraction.46 Subsequent economic modelling based on the 

results of the trial confirmed the acceptable cost-effectiveness of the REACH-HF programme 

with an ICER of £1,720/QALY.47 Given its clinical and cost-effectiveness, the REACH-HF 

programme is now being rolled out into routine care across the UK and the Republic of 

Ireland to improve CR access and uptake.48,49 

A growing body of research now shows that home-based models of CR delivery achieves 

similar gains in patient efficacy and safety when compared to traditional centre-based 
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programmes at similar cost-effectiveness, and, indeed, may lead to higher levels of patient 

adherence.50,51 Like many previous CR trials (see ‘Overview of the Evidence Base’), studies 

of home-based CR have focussed on low-moderate risk populations. A number of CR 

programmes are now using a ‘hybrid’ approach to CR delivery - for example, initially offering 

patients centre-based CR and then evolving to longer term maintenance through technology 

supported home-based sessions.52 The effectiveness of such innovative models is likely to 

depend on active ongoing contact between patients and their healthcare professionals 

through more traditional methods such as home visits and telephone consultations or use of 

technology-based solutions, including web-based video calls and social networking 

platforms.53 

 

Impact of COVID-19 pandemic 
The coronavirus disease 2019 (COVID-19) pandemic has had a major impact on the use 

and delivery of health and healthcare systems globally. As we write this review, the UK has 

become the first European country to officially record more than 125000 coronavirus deaths. 

Whilst vaccine roll out has begun, many countries across the world are having to take 

various public health measures to supress virus transmission rates, including lock down 

measures, provision of social distancing guidance, track and trace of cases, and 

quarantining of travellers between one country and another.54 

Worse COVID-19 outcomes and increased risk of death have been shown to be linked to 

pre-existing cardiovascular disease55,56 and such individuals are advised to shield or self-

isolate at home to minimise the risk of infection.58 The pandemic has led to a disruption of 

many hospital services, including non-urgent outpatient appointments and routine 

ambulatory care which have been curtailed or minimised. For CR, the pandemic has 

accentuated existing barriers to access discussed above (see Figure 3). In Canada, the US 

and Europe, many CR centres have been closed, with some countries observing a reduction 

in participation of CR overall.59.60 In addition, CR capacity has been reduced as rehabilitation 

staff are being deployed to ‘front line’ of intensive medical care for COVID-19. With 

increased risk of infection, patients can be anxious to travel to centres to undertake their 

rehabilitation. The dramatic impact of the pandemic on CR access is illustrated by the UK 

British Heart Foundation National Audit of Cardiac Rehabilitation (NACR), which has 

observed more than a two-third decrease in CR attendance in patients with heart failure from 

the pre-COVID period (4,969 patients, May 2019 to Jan 2020) to post-COVID (1,474 

patients, Feb 2020 to Aug 2020).61 However, this drop in uptake was associated with a 

substantial increase in the proportion of patients enrolling to home-based CR programmes, 

increasing from 22.2% to 72.4% in the same respective time frames.  
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Conventional CR services that have relied on patients attending group-based sessions in 

hospitals or community centres have been difficult to sustain and there have been renewed 

calls for alternatives to centre-based CR.58,59 Even before the outbreak of COVID-19, the 

uptake of CR in many countries has been suboptimal (see ‘Improving poor uptake’). 

As described earlier, there is increasing evidence to support the effectiveness and safety of 

mobile technology supported models of delivery61,62 supported in international guidelines33,34, 

53 and with reimbursement from external agencies.63 Endorsement of remote delivery of CR 

in the COVID-19 era has come from various international sources.46,47,53,54,59,60,65,66 The 

European Association of Preventive Cardiology (EAPC) has made an emphatic call for 

cardiac telerehabilitation to maintain the delivery of the core components of CR and has 

provided a ‘practical guide for the setup of a comprehensive cardiac telerehabilitation 

intervention during the COVID-19 pandemic’.59 However, concerns have been raised about 

equity in the use of technology to maintain access to outpatient care. Lower rates of 

technology and internet use and access to this have been documented in the elderly, those 

of lower socioeconomic status and ethnic minorities, mirroring the groups associated with 

limited enrolment and low levels of participation in CR.67,68 In a cohort study of 2,940 patients 

scheduled to attend cardiology clinics at one centre in the US in 2020, those patients with 

lower-income, who were non-English-speaking, female, and older had more difficulty in 

engaging in care via telemedicine, suggesting that its rapid adoption may exacerbate 

existing inequities.69.70 

The pandemic has prompted providers of CR to seriously consider remote models of 

delivery so that patients with heart disease can follow a self-care rehabilitation programme 

from their own home, which could also include support from their family and friends. A 

beacon model of innovative evidence-based service delivery in the UK during the pandemic 

has been the REACH-HF programme (see ‘Improving Poor Uptake and Adherence’).71 

 

Managing multimorbidity 

CR has been traditionally commissioned and delivered as a ‘single disease’ service and 

focuses on the needs of MI, post-revascularisation, and heart failure. Whilst referred for CR 

for a specific indication, patients do not typically present with their single index disease 

alone, but instead alongside several long-term comorbidities. For example, a large multi-

centre US RCT of CR (Participants in Heart Failure: A Controlled Trial Investigating 

Outcomes of Exercise Training, HF-ACTION) reported that in addition to an index diagnosis 

of heart failure, at entry to the study, a substantial proportion of the 2,331 patients with heart 

failure had several comorbidities: 59% with hypertension, 21% with atrial fibrillation or flutter 

and 32% with diabetes mellitus.72 The 2019 UK Audit reported that some 50% of all 6,502 

patients referred for CR had two or more comorbidities.39 



Nature Reviews Cardiology: NRCAR-20-282V1  
 

14 | P a g e  
 

The management of multimorbidity (i.e., two or more coexisting chronic conditions73) is a key 

challenge facing healthcare systems. With population demographic changes of improved 

survival rates and resultant increased numbers of older individuals, levels of multimorbidity 

are predicted to grow.74,75 Importantly, compared with patients with only one chronic medical 

condition, patients with multimorbidity are at higher risk of dying prematurely, being admitted 

to hospital, having longer stays in hospital and reduced health-related quality of life.74,75 The 

presence of multimorbidity appears to impact the provision and CR services. The 2019 UK 

NACR data set show that multimorbidity was a strong risk factor for both non-use of CR and 

programme non-completion399 For example, a higher proportion of non-completers (than 

completers) having symptoms of anxiety (5% higher) and symptoms of depression (8% 

higher).76  

The increasing burden and complexity of multimorbidity challenges our traditional model of 

CR. Whilst a core component of CR is detailed patient assessment that includes the 

assessment of comorbidity, with its focus on a single-disease management rather than 

individualised/personalised care, the delivery of existing CR programmes may be failing to 

meet the health needs of multimorbid cardiac patients – with a high risk of non-referral of 

such individuals to a CR programme and even if referred, failure to fully address the needs 

of those with multimorbidity. Instead, we need to adapt to the change in population 

demographics and look to provide a model of personalised multimorbidity rehabilitation that 

meets the needs of patients, irrespective of their index diagnosis, cardiovascular or 

otherwise. Arguments for such a multimorbidity rehabilitative model approach are 

summarised in Box 3. 

Whilst a move to a model of CR that more comprehensively addresses the needs of people 

with heart disease and their multimorbidity is appealing, the evidence base for innovation 

remains currently limited. To date, only two, small, developmental studies exist that have 

specifically focused on multimorbidity rehabilitation. A pilot RCT evaluated the feasibility of 8 

weeks of a ‘generic rehabilitation’ programme of supervised exercise and education (based 

on principles of CR and pulmonary rehabilitation) or no rehabilitation control in a total of 16 

patients with multimorbidity at a single centre in Australia.77 The authors reported that 71% 

of patients completed the rehabilitation intervention and had a higher mean improvement for 

a 6-minute walk distance compared to control (44 metres vs. 23 metres).  

The Healthy and Active Rehabilitation Programme (HARP) was established in Ayrshire, 

Scotland in 2015.78 The HARP model was developed to specifically focus upon deprived and 

rural communities and those with high unscheduled care demand (i.e., cardiac or pulmonary 

disease, cancer, stroke, diabetes, and at risk of falls). Again, developed from existing models 

of CR and pulmonary rehabilitation, HARP consists of a comprehensive patient assessment 

followed by a 10-week exercise and education programme. Interviews with multimorbid 
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patients indicated that the HARP programme was well received and perceived to improve 

confidence and their motivation for physical activity and other healthy behaviours. 

In the absence of an established evidence base, there is an urgent need for research into 

the acceptability, efficacy, and cost-effectiveness of personalised models of rehabilitation for 

multimorbidity.  

Whilst we should not abandon our existing CR practice, there remains the challenge of more 

comprehensively meeting the needs of our cardiac patients with multimorbidity and 

developing a robust evidence base around these developments. A recent editorial identified 

some of key research questions around the future evolution of CR services for multimorbidity 

(see conclusions section ‘Needs for Future Research’).79 

 

Improving access in low- and middle-income countries  
By 2030, it is estimated that more than 80% of cardiovascular related-disability and death 

will occur in the 139 low- and middle-income countries (LMICs) due to increasing risk 

factors, such as hypertension, smoking, diabetes and obesity.80.81 Whilst secondary 

prevention strategies are vitally important to stemming this growing epidemic, CR 

programmes remain relatively non-existent in the LIMIC setting compared with high income 

economies.  

The global inequality in CR provision was recently quantified by the International Council of 

Cardiovascular Prevention and Rehabilitation (ICCPR) audit.82 Published in 2019, this 

ICCPR study revealed that CR is available in only half of the countries of the world, and this 

geographical distribution of CR is negatively correlated to the incidence of ischaemic heart 

disease burden based on Global Burden of Disease study (see Figures 4a & 4b).83  

This inequality is put into sharp focus by the contrasting densities in CR provision of only one 

CR place available for every 66 ischaemic heart disease patients in LMICs, compared with 

one place available for every 3.4 patients in high income counties.84 For example, 

Bangladesh has only one CR programme across the whole country, while England has over 

>200 CR programmes, despite their relatively similar annual incidence of ischaemic heart 

disease (i.e., 409,000 versus 318,284, respectively). Whilst the barriers to availability of CR 

are complex (see Figure 3), key additional economic constraints are limited healthcare 

system budgets plus the consequent need for patient out of pocket payment, where public 

funding is not available or limited.42 

Although the evidence demonstrating the beneficial effect of CR (see ‘Overview of the 

Evidence Base for CR’) to date have largely been collected in RCTs conducted in high 

income settings, there is a growing literature from developing countries. An ongoing 

systematic review has identified 26 RCTs of CR in 6,380 patients (primarily with ischaemic 

heart disease or heart failure) conducted across eight LMICs (i.e., Bangladesh, Brazil, 
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China, Egypt, India, Iran, Nigeria and Pakistan).85 Meta-analysis of these LMIC trials show 

that the increase in exercise capacity with CR (i.e., mean increase in peak oxygen uptake of 

3.1 ml/kg/min, 95% CI: 2.6 to 3.6) compared to no CR control; very similar to figures seen 

from CR trials in high income countries (i.e., 3.3 ml/kg/min, 95% CI: 2.6 to 4.0).86 A 

systematic review of economic evaluations of CR in LMICs, found no studies from low-

income countries.87 However, five studies in middle-income settings of Latin America 

indicated that CR could be a cost-effective intervention. In Brazil, mean cost per patient was 

US$503 for a 3-month CR program, with a mean monthly saving in healthcare costs of 

US$190 for CR, compared with an increase of US$48 in the non-CR control group. Given 

the limited healthcare budgets in many LMICs, the authors of this review, emphasised the 

need for affordable CR models in this setting.88 

A case example of the development of CR in the LMIC setting of Bangladesh is shown in 

Box 4.89 Expansion of CR services are urgently needed to mitigate the epidemic of 

cardiovascular diseases in LMICs. Unlike high-resource settings, where CR has traditionally 

been delivered in the hospital setting, often with a team of highly specialist staff, 

considerations of affordability, scalability and need of the local populations and healthcare 

systems, demand consideration of alternative approaches to the provision of CR services in 

LMICs. This includes home-based and community-based programmes supported by 

accessible digital technology (internet/mobile phone etc) and cost-effective training 

programmes for healthcare staff to ensure the quality of delivery CR practice.90.91 An 

imperative on the global health community to incorporate novel CR delivery models into 

efforts directed at secondary prevention of cardiovascular disease, in line with the World 

Health Organisation’s dual strategic targets of reducing mortality from non-communicable 

diseases by 25% by 2030 and overcoming the ever-increasing unmet need for rehabilitation 

worldwide, which is particularly profound in LMICs.  

 

 

Conclusions 

CR is a complex multicomponent intervention that includes exercise training/physical activity 

promotion, health education, cardiovascular risk management, and psychological support, 

personalised to the individual needs of people diagnosed with heart disease. First introduced 

in the 1960s for low-risk patients surviving an acute MI, a growing body of RCT evidence 

over the last three/four decades now supports contemporary clinical guidelines to routinely 

recommend CR referral across a range of cardiac diagnoses, which include acute coronary 

syndrome, coronary revascularisation (PCI and CABG) and individuals with a diagnosis of 

heart failure. As we discuss in this review, despite consistent and strong recommendations 

for CR referral in international clinical guidelines, contemporary CR practice faces a number 
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of challenges. Global access to CR remains stubbornly poor, with only 5-50% of eligible 

cardiac patients receiving rehabilitation. Sadly, the ongoing COVD-19 pandemic has 

substantially added to this challenge; existing centre-based programmes having to stop their 

services, rehabilitation staff being relocated to critical care settings, and patients being 

anxious to travel to the centre for their rehabilitation. However, out of this ‘access challenge’, 

has come the opportunity to ‘fast track’ the switch to (or combine) accessible home and 

technology-based models of CR, with appropriate quality assurance for their delivery. The 

development and provision of innovative models of delivery is likely to be especially 

important in low- and middle-income counties where CR services are scarce and 

scalable/affordable models are therefore much needed. Key areas of research to support 

future CR practice are summarised in Box 5.     
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Key points: 
• Cardiac rehabilitation (CR) is a complex multicomponent intervention that includes 

exercise training/physical activity promotion, health education, cardiovascular risk 

management and psychological support, personalised to the individual needs of 

people diagnosed with heart disease.  

• A substantive body of randomised controlled trials support CR as a clinically 

effective, and cost-effective intervention for patients with acute coronary syndrome, 

following revascularisation, and with reduced ejection fraction heart failure. 

• Despite this robust evidence base and strong guideline recommendations, global 

access to CR remains stubbornly poor, with scarce CR provision in low and middle-

income settings. 

• Home and technology-based models with appropriate quality-assurance as an 

alternative/adjunct to traditional centre-based programmes are needed to improve 

future CR access. 

• CR programmes need to cater for/manage the needs of increasing number of cardiac 

patients who present with two or more chronic diseases. 

• Further research needs to strengthen the evidence base for CR in heart failure with 

preserved ejection fraction, atrial fibrillation, post valve surgery and heart transplant, 

and congenital heart disease. 
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