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Abstract

Cardiac rehabilitation remains the ‘Cinderella’ of treatments for heart failure. This state-of-the-art review provides a contemporary update on the 
evidence base, clinical guidance, and status of cardiac rehabilitation delivery for patients with heart failure. Given that cardiac rehabilitation partici
pation results in important improvements in patient outcomes, including health-related quality of life, this review argues that an exercise-based re
habilitation is a key pillar of heart failure management alongside drug and medical device provision. To drive future improvements in access and 
uptake, health services should offer heart failure patients a choice of evidence-based modes of rehabilitation delivery, including home, supported 
by digital technology, alongside traditional centre-based programmes (or combinations of modes, ‘hybrid’) and according to stage of disease and 
patient preference.

Keywords Heart failure • Cardiac rehabilitation • Exercise • Psychosocial support • Health-related quality of life • 
Rehospitalization

Introduction
Despite consistent international clinical guideline recommendations,1–3

cardiac rehabilitation remains the ‘Cinderella’ of heart failure manage
ment with less than 20% of patients across Europe and the USA4–6 re
ceiving this evidence-based intervention. Recent authoritative editorials 
and commentaries have neglected mention of the need, importance, 
and provision of cardiac rehabilitation for heart failure.7

In this state-of-the-art review, we argue the central place of rehabili
tation as a key pillar of heart failure management alongside drug and 
medical device provision and throughout the patient disease trajectory. 
Our review (i) discusses the need for contemporary models of cardiac 
rehabilitation; (ii) provides an update on the current evidence base, clin
ical guidance, and status of rehabilitation delivery for heart failure; and 
(iii) closes with implications for clinical practice and future research.

The contemporary face of cardiac 
rehabilitation
The World Health Organization (WHO) has defined cardiac rehabili
tation as: ‘the sum of activities required to influence favourably the 
underlying cause of the disease, as well as to provide the best possible 
physical, mental, and social conditions, so that the patients may, by 
their own efforts, preserve or resume when lost as normal a place 
as possible in the community’.8 Cardiac rehabilitation has much 
evolved over the last three decades from focusing only on exercise 
training to recognition that it needs to be a multicomponent complex 
intervention that includes ‘patient assessment, education, risk factor 
modification including dietary recommendations, lifestyle modifica
tion, smoking cessation counselling, psychological support, and evalu
ation and management of barriers to adherence’.9,10 International 
guidelines today advocate that cardiac rehabilitation programmes 
also ‘assist people with heart failure to develop the necessary skills 
to successfully self-manage’ their long-term condition.9 Key aims of re
habilitation in heart failure include improvement in a patient’s exercise 
capacity and health-related quality of life and complement the impact 
of drugs and devices in reducing the risk of hospitalizations and 
mortality.3,9,10

Effective cardiac rehabilitation delivery requires close collabor
ation between patients, caregivers, and service providers. To ensure 
quality assurance, national and international guidelines3,9,11–13 rec
ommend involvement of a multidisciplinary team in the optimal deliv
ery of cardiac rehabilitation programmes. Initially, heart failure 

patients are assessed and referred to rehabilitation by a cardiologist 
or a physician with a special interest. The multidisciplinary team in
cludes nurse specialists, physiotherapists/exercise therapists, and die
titians who have training in the competencies of delivering the core 
components of cardiac rehabilitation. Programmes can include other 
healthcare professionals such as psychologists, behavioural health 
change specialists, social workers, and pharmacists.

The traditional model of cardiac rehabilitation delivery has been 
centre-based programmes that typically involve patients attending out
patient rehabilitation service in a hospital-/community-based facility su
pervised by a multidisciplinary healthcare team. Stimulated by the 
challenges of the SARS-CoV-2 pandemic cardiac rehabilitation, com
mentators have called for a ‘root and branch overhaul’ of cardiac re
habilitation provision to better reflect current contemporary clinical 
practice and patient expectation to include alternative models of deliv
ery: home-based, digitally supported, and hybrid (mix of home and cen
tre) programmes.10,14

The evidence base for cardiac 
rehabilitation
We address five questions around the evidence base for cardiac re
habilitation in heart failure: 

(i) What are the benefits of cardiac rehabilitation for patients with 
heart failure?

(ii) Are the benefits of cardiac rehabilitation consistent across heart 
failure patient characteristics/subgroups?

(iii) Are the benefits of cardiac rehabilitation consistent across delivery 
settings?

(iv) Is cardiac rehabilitation an effective adjuvant intervention to drug 
therapy for heart failure?

(v) Are there any safety concerns when applying cardiac rehabilitation 
in a heart failure population?

What are the benefits of cardiac 
rehabilitation for heart failure?
Several meta-analyses published over the last decade have reported the 
benefits of cardiac rehabilitation for several cardiac indications, includ
ing heart failure.15–17 The 2022 update of the Cochrane systematic re
view and meta-analysis provides a comprehensive and contemporary 
review of randomized trial evidence. This Cochrane review17 and its lat
est version (unpublished, in review) identified a total of 60 trials 



Heart failure and cardiomyopathies                                                                                                                                                              1513

comparing exercise-based cardiac rehabilitation to no exercise control 
in 8728 patients with median of 6-month follow-up, the majority in pa
tients with heart failure with reduced ejection fraction (HFrEF) (mean 
left ventricular ejection fraction: 32%) with a mean age of 63 years, 
and the majority of patients with New York Heart Association 
(NYHA) Class II or III. The pooled patient outcome results of 2022 
Cochrane review and recently published meta-analyses17–20 are sum
marized in Supplementary material online, Table S1.

Although this latest analysis shows that participation in cardiac rehabili
tation has no clear benefit in terms of overall mortality, it confirms the 
patient-reported outcome benefits cited in the previous meta-analyses, 
i.e. 25%–30% relative reduction in the risk of all-cause and heart failure 
hospitalization and concomitant reduction in healthcare costs and im
provement in health-related quality of life. Meta-analysis showed an im
provement in disease-specific health-related quality of life assessed by 
the total Minnesota Living with Heart Failure Questionnaire (MLWHF) 
score [mean −7.4, 95% confidence interval (CI) −10.3 to −4.5]. Given 
that change in MLWHF total score of ≥5 points is considered clinically 
meaningful,21 this effect is not only statistically significant but important 
to patients. These gains in patient-related outcomes are underpinned 
by improvements in mechanistic endpoints with cardiac rehabilitation in
cluding improved endothelial function, reduced catecholamine spillover, 
increased peripheral oxygen extraction, and improvement in peak oxy
gen consumption.22,23

The Cardiac Rehabilitation Outcome Study in Heart Failure 
(CROS-HF) study, like the Cochrane review above, included rando
mized trials of exercise-based cardiac rehabilitation but focused on 
the subgroup of studies with a more precise definition of HFrEF (left 
ventricular ejection fraction <40%) and published after 1999 (therefore 
receiving contemporary drug and secondary prevention of heart fail
ure) with 6-month or more follow-up.24 Whilst the CROS-HF re
ported no clear improvement in either mortality or hospitalization, it 
confirms the improvement in exercise capacity and health-related qual
ity of life with participation in exercise-based cardiac rehabilitation. 
Beyond the scope of this present review, detailed recommendations 
of exercise prescription for heart failure patients are presented 
elsewhere.25,26

Are the benefits of cardiac rehabilitation 
consistent across heart failure patients?
As outlined above, most of the evidence for cardiac rehabilitation has 
been reported in HFrEF. However, there is a growing randomized trial 
literature demonstrating the potential benefits in heart failure with pre
served ejection fraction (HFpEF) in terms of improvement in 
health-related quality of life, exercise capacity, and mechanistic echo
cardiographic measures (see Supplementary material online, 
Table S1). However, whilst exercise capacity and health-related quality 
of life are strong prognostic predictors in HFpEF,27,28 given the small 
number of recruited patients and relatively short follow-up of trials 
of exercise training interventions, there are insufficient data at this 
time to fully determine the impact of cardiac rehabilitation on clinical 
events, including mortality and hospital admission in HFpEF.29 The 
2022 American College of Cardiology/American Heart Association 
joint committee guidelines reflect this evidence gap and prioritize the 
need for appropriately powered randomized trials assessing the efficacy 
and safety of cardiac rehabilitation in HFpEF and heart failure with mild
ly reduced ejection fraction (HFmrEF) patients.2 Although very few data 
exist, a small number of studies have investigated the impact of exercise 
training/cardiac rehabilitation on HFmrEF.30,31

Except for the large multicentre HF-ACTION trial (2331 patients),32

individual trials of exercise training or more comprehensive cardiac re
habilitation interventions for heart failure are too small (mean sample 
size: 131 patients) to have adequate statistical power to assess the im
pact of cardiac rehabilitation across patient characteristics or sub
groups, e.g. males vs. females, NYHA Class I/II vs. Class III/IV. 
However, the ExTraMATCH II study, an individual participant data 
meta-analysis, was specifically designed to address this question, curat
ing and reanalysing outcome data from 3990 patients and 13 rando
mized trials (including HF-ACTION).33 The authors concluded that 
the benefits of reduced hospitalization and improved health-related 
quality of life were consistent across HFrEF patient groups that included 
age, sex, ethnicity, NYHA functional class, ischaemic aetiology, ejection 
fraction, and baseline exercise capacity. This finding supports current 
international guidance that exercise-based cardiac rehabilitation should 
be offered to all patients with a diagnosis of HFrEF. However, further 
research is needed to determine efficacy and safety in HFpEF, where 
the majority of evidence is in small trials focusing on exercise training.29

Frailty is common among the growing number of older people with 
HFrEF and HFpEF and is associated with worse outcomes.34 A substudy 
from the HF-ACTION trial found that baseline frailty modified the 
treatment effect of aerobic exercise training and a greater reduction 
in the risk of all-cause mortality was demonstrated.35 Another substudy 
from the EJECTION-HF trial36 underpins the potential modifiable na
ture of frailty of cardiac rehabilitation, but physical frailty as a modifiable 
treatment target of multidomain physical function intervention is still to 
be fully documented.34

Are the benefits of cardiac rehabilitation 
consistent across delivery settings?
The traditional mode of delivery for cardiac rehabilitation has been 
centre-based exercise programme. As discussed above, given the rela
tively poor uptake of cardiac rehabilitation across Europe and more glo
bally4–6 and accentuated by the learnings during the pandemic,10,37

there have been increasing calls for other more innovative delivery 
models to improve patient access, including home-based, digitally sup
ported, and hybrid (mix of home and centre).38,39 Reflective of this, 10 
of 15 of the new randomized trials identified in the updated 2022 
Cochrane review were either home-based (5 trials) or hybrid (5 
trials) and showed similar outcome impacts to centre-based trials. 
This finding is supported by a small number of head-to-head trials 
and recent network meta-analysis40 that show similar improvements 
in patient-reported outcomes between centre- and home-based car
diac rehabilitation (with or without digital technology support) in 
heart failure populations.17,41,42

Is there evidence of additional benefit of 
cardiac rehabilitation as adjuvant 
intervention to standard of care drug 
therapy for heart failure?
Current heart failure management guidelines consistently recommend 
a medical model of the use of drug and devices. Latest guidelines recom
mend concomitant drug treatment [angiotensin-converting enzyme in
hibitor or angiotensin receptor–neprilysin inhibitor (ARNI) and 
beta-blocker and mineralocorticoid receptor antagonists and so
dium–glucose co-transporter-2 (SGLT2) inhibitors] for HFrEF pa
tients1,2—the so-called ‘four pillars’ of heart failure treatment.43

Cardiac rehabilitation is the ideal time and place for implementation 

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad118#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad118#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad118#supplementary-data
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and titration of these drugs. However, given that there is growing evi
dence base demonstrating that heart failure patients have a strong pref
erence for either improving their health-related quality of life or 
prolonging survival or both,44,45 it is of central importance that patients, 
clinicians, and policymakers understand the impact of heart failure in
terventions so that they can make decisions that are congruent with 
patient-specific goals.

The impact of pharmacotherapy on health-related quality of life in 
patients with HFrEF was recently reported in systematic review/ 
meta-analysis of placebo-controlled trials.46 Given the range of 
health-related quality-of-life measures reported, the authors pooled re
sults across trials in each drug class using standardized mean differences 
but to aid interpretation, back-transformed results to mean difference 
in two commonly used disease-specific health-related quality-of-life 
measures [MLWHF and Kansas City Cardiomyopathy Questionnaire 
(KCCQ)] (see Supplementary material online, Table S2A). These ana
lyses show that quality-of-life impact of drugs is highly variable with 
most key drugs classes either having no quality-of-life benefit or 
mean improvement that falls below what might be considered a patient 
relevant effect (i.e. <5 for both KCCQ and MLWHF). A similar conclu
sion can be drawn from key contemporary pivotal drug trials in 
HFpEF47–52 (see Supplementary material online, Table S2B). In sum
mary, for HFrEF, only intravenous iron and ARNI (valsartan/sacubitril) 
at 3 months produced a mean health-related quality-of-life improve
ment that surpassed the 5-point threshold on KCCQ or MLWHF re
flecting a clinically important difference.46 In HFpEF only, the use of 
the SGLT2 dapagliflozin surpassed the 5-point threshold50 although a 
smaller improvement in KCCQ vs. placebo has been seen in other trials 
including the larger EMPEROR-Preserved study with empagliflozin.49,51

The substantial gain in health-related quality of life with cardiac re
habilitation emphasizes the importance of its combination with current 
pharmacological therapy for patients with HF41,52–54 as the ‘fifth pillar’ 
of heart failure management, and cardiac rehabilitation allows us to ad
dress patients’ preference for improving their morbidity, survival, and 
quality of life.

Are there any safety concerns?
Evidence regarding exercise-based rehabilitation in heart failure is de
rived from studies implementing exercise training programmes that 
are considered safe. No major adverse effects of exercise training 
were reported in the included studies of above systematic review/ 
meta-analyses.17,19,52 There is a general agreement across guide
lines1,2,26 that exercise intervention should only be initiated in stable in
dividuals after medical therapy has been initiated and the clinical status is 
stable. The 2020 European Society of Cardiology guidelines on sports 
cardiology and exercise in patients with cardiovascular diseases have 
pointed out key components of risk stratification and preliminary evalu
ation ahead of exercise initiation.26 When these recommendations are 
followed, the overall risk of exercise is considered low, even during 
higher-intensity exercises, in patients with more severe heart fail
ure,55,56 and in home-based settings.57

Clinical guidance/guidelines for cardiac 
rehabilitation for heart failure
International heart failure guidelines1,2 recommend rehabilitation 
(including patient education, self-care, and exercise training as a Class 
IA recommendation) for patients with chronic heart failure regardless 
of left ventricular ejection fraction which may also include those with 
cardiac implantable electronic or ventricular assist devices.3 Detailed 

guidance on providing the core components of cardiac rehabilitation in 
chronic heart failure has been prepared by the European Association 
of Preventive Cardiology.3 A rehabilitation programme duration can 
run from 8- to 36-week duration for up to 7 days/week with an emphasis 
on supervised exercise training.3

How to deliver cardiac rehabilitation in 
heart failure?
Alternatives to centre-based programmes include home-based mod
els and digital modes of delivery that allow patients to access cardiac 
rehabilitation virtually.17,38,57–60 Digital delivery embraces cardiac 
tele-rehabilitation (which includes use of mobile or internet-based 
communication and social media platforms) that have been advo
cated by several international sources60–62 including the European 
Association of Preventive Cardiology who provided a practical guide 
to deliver a comprehensive rehabilitation programme within the 
constraints of the SARS-CoV-2 public health measures.37 Hybrid 
cardiac rehabilitation and home-based and remotely delivered vir
tual/tele-rehabilitation programmes are emerging to overcome ac
cess, especially in rural areas.62–65 Lower levels of digital literacy 
and access to the internet in certain groups such as ethnic minorities, 
the elderly, and the socioeconomically deprived could worsen inequalities 
by further limiting their participation in cardiac tele-rehabilitation.66–68

Whilst there is suboptimal uptake and inequities in access to rehabilitation 
and a growing body evidence of effectiveness and safety of tele- 
rehabilitation,42,69 there remain some important practical considerations 
in the widespread application of alternative modes of cardiac rehabilita
tion delivery to clinical practice. To date, patients included in tele- 
rehabilitation studies are mostly low-risk patients without a diagnosis 
of heart failure.69 Most tele-rehabilitation studies performed exercise 
training only (the precise amount of exercise undertaken often being un
clear), a more comprehensive rehabilitation approach (i.e. inclusion of 
education and psychological support) not being delivered.70 At this 
time, tele-rehabilitation might be most appropriate for a selected heart 
failure population (stable NYHA Class II, without cardiac arrhythmias, 
or implantable cardioverter defibrillator) with less need for psychosocial 
support or education in whom adherence to cardiac rehabilitation is less 
likely to be problematic.71

Cardiac rehabilitation as part of integrated 
heart failure care
Cardiac rehabilitation as defined in guidelines is an important part of 
heart failure management that can be introduced and re-introduced 
throughout the whole heart failure trajectory irrespective of disease 
stage: from onset, through critical events, periods of apparent stability, 
up until the terminal stages.1

Along the heart failure disease trajectory, cardiac rehabilitation ser
vices have overlapping focus and content with nurse-led disease man
agement programmes, self-management strategies, as well as 
palliative care interventions72,73—separate approaches which are all 
rooted in the biopsychosocial model.74

The evidence on how to combine and coordinate these different and 
interconnected approaches and their best timing is not yet well estab
lished. The 2021 European Society of Cardiology guidance recom
mends that the organization of follow-up interventions should be 
tailored to the individual patient’s needs and stage of disease.1 Many 
patients with heart failure would derive benefit from the integration 
of nurse-led disease management programmes, self-management strat
egies, cardiac rehabilitation, and a palliative and supportive care 

http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad118#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad118#supplementary-data
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approach from onset until death. However, there is absence of evi
dence on how to specifically combine these approaches; thus, adapta
tion to national healthcare systems, available resources (infrastructure, 
facilities, staff, and finances), and administrative policies will be neces
sary. Evidence-based home-based self-management rehabilitation inter
ventions, such as the REACH-HF programme,75 can be used 
throughout the heart failure disease trajectory, especially at times 
when there is deterioration in the physical status.

Current status of cardiac rehabilitation for 
heart failure
Despite strong guideline recommendations for cardiac rehabilitation, 
poor participation of patients with heart failure was evident even be
fore the SARS-CoV-2 pandemic. Referral and attendance rates are 
<20% in Europe4,5 and the USA6 over the last 15 years, with reported 
rates of participation as low as 5%.76 These rates of cardiac rehabilita
tion participation remain consistently lower than those typically seen 
for patients with a coronary heart disease diagnosis (including following 
acute myocardial infraction and revascularization).77

Suboptimal participation in cardiac rehabilitation has been attributed 
to several key contributory factors related to (i) healthcare profes
sionals (clinicians), (ii) patients, and (iii) system-level issues/healthcare 
policy.9

Barriers caused by healthcare 
professionals
Low referral rates with the associated lack of endorsement of cardiac 
rehabilitation by clinicians have been put down to a lack of awareness 
on the evidence of effectiveness and inadequate education in clinician 
training curricula.9 Extending education on the benefits of cardiac re
habilitation beyond clinicians within cardiology could help to provide 
more trained staff to deliver programmes and improve the uptake.

Patient-level barriers
Nearly 80% of patients with heart failure have three or more co
morbidities78 and are prone to higher levels of disability, as disease pro
gression leads to increasing incapacity and deconditioning.9 These 
physical factors coupled with psychosocial and economic factors can in
fluence participation in cardiac rehabilitation. Groups such as women, 
ethnic minorities, and the elderly and those from areas of high socio
economic deprivation and rural locations are particularly underrepre
sented in cardiac rehabilitation programmes.9,79,80 Other 
patient-related factors that may limit participation to centre-based pro
grammes include the affordability and co-payments for insurance 
coverage in some countries (e.g. the USA), the inconvenience of travel, 
a dislike of group-based activities, ‘time lost from work, poor social sup
port, and the lack of perceived benefit’.9,81

System-level barriers
System-level issues such as the availability of cardiac rehabilitation pro
grammes and the payment structures affect the number of patients 
who participate.80 In countries where cardiac rehabilitation services 
are well organized and state funded, such as Denmark, referral rates 
of around 50% in patients with heart failure are reported.82

However, in most high- and low-income countries, the availability 
and utilization of cardiac rehabilitation remain very limited.79,83–85

Even in the USA, where referral rates to cardiac rehabilitation are high
est in those with medical insurance,86 it is only authorized for patients 

with stable chronic heart failure with a left ventricular ejection fraction 
of <35% and NYHA Classes II–IV and not to patients with HFpEF.9

Healthcare policies have an impact on the rates of participation in 
cardiac rehabilitation.67 Some countries have introduced policies to in
crease the overall uptake of cardiac rehabilitation. For example, the 
National Health Service in the UK has a ‘long-term plan’ which aims 
to increase the national uptake of cardiac rehabilitation to 85% for all 
eligible patients with cardiovascular disease by 2028.87 Given the very 
low rates of participation (<10%) in heart failure, the target set for 
heart failure is more modest: 33% by 2023.86 In 2017, the US ‘Million 
Hearts Cardiac Rehabilitation Collaborative’ published a proposal to 
achieve >70% participation by 202288—aiming to save 25 000 lives 
and 180 000 hospitalizations per year. With the negative impact of 
SARS-CoV-2 on health service staffing/capacity over the last 2 years, 
there are likely to be delays in meeting these ambitious pre-pandemic 
timelines and targets.

Disruption of many non-essential hospital services, through staff 
redeployment and sickness, and the advice to vulnerable patients 
to shield and self-isolate during the SARS-CoV-2 pandemic have 
had a significant impact on rates of participation in cardiac rehabilita
tion.35,89 Thus, the pandemic has accentuated the pre-existing bar
riers to accessing traditional centre-based programmes and has led 
to a renewed call for alternatives to improve the uptake of cardiac 
rehabilitation.38,39

Conclusions
Cardiac rehabilitation is a multicomponent evidence-based complex 
intervention that provides important benefits to the patients with heart 
failure, including health-related quality of life. In addition to its Class I 
recommendation by the current European and international clinical 
guidelines, the clinical community needs to embrace and implement 
cardiac rehabilitation as a key pillar of heart failure management along
side drug and medical device provision (Graphical Abstract). The 
SARS-CoV-2 pandemic has provided a unique opportunity to fast-track 

Table 1 Cardiac rehabilitation for heart failure: key 
areas for future research/evidence generation and 
health policy

• Evaluation of the potential benefits/harms of home, digitally supported, 
and hybrid models of cardiac rehabilitation delivery in terms of factors 
that are related to heart failure patients, clinicians, and other factors 
such as legal and ethical issues, interoperability/technical issues, and 
systems of reimbursement.

• Evaluation of the potential benefits/harms of cardiac rehabilitation in 
wider population of heart failure patients, including HFpEF, HFmrEF, 
and subgroups often underrepresented in trials: women, ethnic 
minorities, those with multimorbidity, and/or groups that typically do 
not access cardiac rehabilitation.

• Integration of cardiac rehabilitation alongside existing services including 
heart failure management programmes, self-management strategies, 
palliative care, etc. and how these intersect with patient preferences 
and disease trajectory and stage of disease.

• Reducing the inequality in the uptake of cardiac rehabilitation, including 
the cultural adaption of programmes for ethnic minority groups and 
other ‘hard-to-reach’ populations.
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a reframing of the traditional model of cardiac rehabilitation with alter
native home-based programme and digitally supported models of deliv
ery to improve access and uptake of cardiac rehabilitation, especially in 
hard-to-reach patient populations. Cardiac rehabilitation needs to be 
delivered across the disease trajectory and appropriately integrated 
with services, including the provision heart failure nurse and self- 
management strategies.

We provide a list of some key areas for future research for cardiac 
rehabilitation in heart failure in Table 1.
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