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ABSTRACT 

Heart failure (HF) is a condition associated with high levels of morbidity and mortality. 

For people with this condition, exercise training is recommended as part of standard 

management as it improves exercise capacity, symptoms and quality of life and has been 

shown to reduce hospital readmissions. Guidelines recommend that all people with stable 

HF undertake 150 minutes of moderate intensity activity per week. For many years, 

centre-based exercise programmes, such as cardiac rehabilitation or HF rehabilitation, 

have been the traditional approach to assist individuals to meet these guidelines, however, 

uptake at these programmes is poor and recent studies suggest that fewer than 40% of 

people with HF meet recommended physical activity targets. This has led clinicians to 

deviate from the traditional “one size fits all” exercise model in search of strategies which 

assist individuals to attend these programmes, and to explore alternative exercise 

opportunities to increase exercise adherence at scale.  This thesis aims to examine 

exercise participation in people recently hospitalised with HF and to explore aquatic 

exercise training as a potential exercise option for this population.  

The thesis was developed in two parts. Section one (Studies 1 and 2) aimed to describe 

and identify variables associated with exercise participation and exercise capacity 

measured by six minute walk distance (6MWD). Study 1 was a sub-study of the 

EJECTION-HF trial, a multicentre randomised controlled trial which investigated the 

impact of supervised exercise training in addition to a disease management programme, 

in people recently hospitalised with HF. Primary outcomes of this trial were death or 

readmission at 12 months. The objectives of Study 1 were to describe exercise 

participation in this clinical HF population and to identify variables related to exercise 

participation which are associated with improvements in 6MWD. Data were available 

from 140 participants for exercise programme attendance variables and 117 participants 

for self-reported physical activity undertaken outside of the health facility. Results 

confirm that exercise participation is poor in this cohort and also identify that frequent 

exercise programme attendance (at least weekly) and being physically active (meeting 

exercise guidelines), are independently and strongly associated with improvements in 

functional exercise capacity.  
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Following on from these findings, Study 2 sought to identify predictors of these important 

variables (frequent programme attendance and meeting exercise guidelines). This study 

was also a sub-study of the EJECTION-HF trial. Variables entered into logistic regression 

models included common participant and clinical characteristics such as age, gender, HF 

aetiology, disease severity, new versus decompensated HF, presence of comorbidities and 

baseline physical activity. Findings indicated that a new diagnosis of HF was strongly 

associated with exercise participation, including both frequent programme attendance as 

well as meeting exercise guidelines. Baseline physical activity was also associated with 

being physically active at 12 weeks. Results from Studies 1 and 2 provide new insight 

into the exercise behaviour of people recently hospitalised with HF and identify 

opportunities for clinicians to target exercise services more specifically for greatest effect.  

Section two of this thesis (Studies 3, 4 and 5) aimed to explore the safety, efficacy and 

acceptability of aquatic exercise training, thus determining if this mode of exercise is a 

suitable option for people with HF seeking alternative exercise opportunities. Study 3 

produced a systematic review and meta-analysis of existing literature with particular 

focus on the impact of aquatic exercise training interventions on exercise capacity, muscle 

strength, quality of life, haemodynamics and B-type natriuretic peptide. Compared to no 

exercise controls, aquatic exercise training was associated with significant improvements 

in exercise capacity, muscle strength and quality of life. Based upon the absence of 

serious adverse events in any of the small studies included in this review, aquatic exercise 

training was deemed to be safe for people with stable HF.  

Study 4 expanded on these findings by examining the feasibility and efficacy of aquatic 

exercise training, compared to a land-based exercise programme in a clinical 

environment. This randomised 2x2 crossover design trial enrolled people with HF who 

were in an exercise training maintenance phase at two metropolitan hospitals and 

compared six weeks of aquatic and land-based exercise training with respect to 6MWD, 

grip strength and measures of balance. Data from 51 participants with stable HF 

confirmed that aquatic exercise training is safe and feasible in a clinical environment and 

is equally effective as land-based exercise training for maintaining each of the outcome 

measures listed above. This study also identified biventricular HF as a potential contra-

indication for this type of exercise training.  
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Study 5 aimed to explore individuals’ experiences with aquatic and land-based exercise 

training using a mixed methods approach to determine acceptability of aquatic exercise 

training in a clinical HF population. A purpose designed questionnaire gathered 

information about experiences and preferences and was provided to participants at the 

completion of Study 4. Semi-structured interviews further explored perceptions, 

experiences, motivators and barriers to exercise participation in 14 participants, seven of 

whom had chosen not to participate in the aquatic programme. Results confirmed that 

people with HF perceive aquatic exercise training to be a safe, acceptable and enjoyable 

mode of exercise, similar to land-based exercise training. Latent fatigue was identified as 

a common symptom of the aquatic programme, however was not associated with the land-

based programme. Important motivators for exercise participation were identified and 

included a skilled and compassionate workforce, sense of safety, perceived benefit, 

programme tailored to the individual and sense of inclusiveness and enjoyment. These 

themes were common to both exercise interventions.  

This thesis, in two sections, examines concepts relating to exercise adherence in a clinical 

HF population. Section one describes exercise behaviour in people recently hospitalised 

with HF and explores variables associated with both exercise participation and outcomes. 

These studies identified potentially vulnerable groups who are less likely to meet 

recommended exercise guidelines, thus presenting opportunity to tailor services for best 

effect.  Section two presents a comprehensive report of aquatic exercise training in people 

with HF. Based upon these results, this mode of exercise is safe, effective and acceptable 

for people with stable HF and thus provides an additional and viable option for these 

individuals to be physically active. 
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CHAPTER 1.   Introduction 

Heart failure (HF) is a common and debilitating condition, associated with significant 

mortality and morbidity. Research shows that exercise training significantly improves 

outcomes in these individuals and is therefore considered a key component of the non-

pharmacological approach to HF management 1, 2. Guidelines recommend that all 

people with stable HF participate in 150 minutes of moderate intensity exercise per 

week 3-5, thus providing physical activity targets. To assist individuals to meet these 

targets, and to provide education to optimise self- efficacy, structured, centre-based 

programmes have been widely adopted across the western world. Otherwise known as 

cardiac rehabilitation or HF rehabilitation, these exercise programmes are often 

delivered at hospitals or other healthcare facilities as a component of a 

multidisciplinary disease management programme. Recent trials have also explored 

delivery of supported home-based exercise programmes 6.  

Despite recommendations, fewer than 50% of people with HF meet exercise guidelines 

7.  Indeed, adherence to exercise training is poorer than other management strategies 

such as taking medications, dietary changes and attendance at follow up appointments 

8. Whilst efforts have been made to identify the variables that influence exercise 

participation, attempts to improve exercise adherence in this population have been 

disappointing 9, 10.  

This thesis was undertaken to address current gaps in the literature relating to exercise 

participation in clinical HF populations.  Data from a randomised controlled trial of 

exercise training were used to investigate physical activity and exercise training 

adherence patterns and the impact of these patterns on exercise outcomes. The safety, 

efficacy and acceptability of an alternative mode of exercise, namely aquatic exercise, 

is also explored as a means of broadening exercise opportunities for people with this 

condition. These findings will be reviewed with reference to current management 

practices for this population, in order to generate clinical recommendations that inform 

practice and support exercise preferences and adherence in people with HF.  
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1.1   Heart failure and exercise training recommendations 

1.1.1 Exercise training and adherence 

In recent years, exercise training has received increasing attention in national and 

international evidence-based HF guidelines 3, 4. Studies report that exercise training is 

safe 11 and is associated with significant improvements in exercise capacity, skeletal 

muscle function, symptoms, health related quality of life (QoL) and hospital 

readmissions 1, 2. The impact of exercise training on mortality is less clear 1.   

In a recent Cochrane review of people with stable HF, exercise training did not reduce 

all-cause mortality in the short term, when compared to no exercise controls, however 

a trend towards reduced mortality was observed in trials with follow up beyond 12 

months 1. The HF ACTION trial is the largest exercise training trial specific to people 

with HF and contributes a significant volume of data to the above meta-analysis.  In 

HF ACTION, exercise training was associated with a modest reduction in clinical 

outcomes only after adjustment for highly significant predictors of outcomes 7.  

Because only 30% of individuals in the intervention group were found to be exercising 

according to protocol at each of the follow up assessments, investigators hypothesised 

that poor exercise adherence may have contributed to these results 7. Results of the HF 

ACTION trial highlight a significant issue for both research trials and clinical practice.  

Despite evidence-based guidelines strongly recommending exercise training, uptake 

and completion rates at structured, centre-based exercise programmes are poor 12-17. 

Similarly, participation in physical activity undertaken outside of health facilities is 

also poor 18-20.   

 

1.1.2 Physical activity and HF 

Whilst the terms exercise and physical activity are commonly used interchangeably, 

they are subtly different constructs. Exercise training refers to planned, structured and 

repetitive movement with the purpose of a specific exercise related goal.  By 

comparison, physical activity is any bodily movement performed by contraction of 

skeletal muscles that results in energy expenditure 21. Physical activity incorporates all 

activity performed by the individual and thus includes domestic, functional and leisure 
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activities as well as structured exercise. Physical activity is commonly classified 

according to metabolic equivalents of task (METs) with light intensity physical 

activity equivalent to 1.1-2.9 METs, moderate intensity 3-5.9 METs and vigorous 

intensity physical activity >6 METs.  

In people with HF, guidelines recommend participation in 150 minutes of moderate 

intensity activity per week 4, 5. The main rationale for this is that exercise of this 

intensity is known to be associated with improved outcomes compared to light 

intensity activity, due to the greater training stimulus that it evokes 22.  Accordingly, 

the majority of exercise related trials conducted in people with HF are based upon 

moderate intensity exercise training.  Importantly, a recent study by Sato et al, 

demonstrated that significant improvements in exercise capacity can still be achieved 

with light intensity activity 19. This is particularly relevant for frail individuals or those 

who find participation in higher intensity activities challenging. Physical activity 

participation in people with HF is important. Even for those who attend centre-based 

exercise programmes, attendance frequency is rarely sufficient for individuals to meet 

recommended activity targets, thus requiring additional activity to be undertaken 

outside of the health facility.  Interestingly, very few studies have been published 

specific to physical activity in this population.  

 

1.1.3 Measuring physical activity 

Adding to the challenge of physical activity participation is the issue of how best to 

measure this outcome. Objective measures of physical activity include accelerometry and 

pedometers. Accelerometry, which measures acceleration of body movement by small 

electronic devices, has been used with increasing frequency in recent years. These devices 

measure movement in multiple axes and are able to calculate energy expenditure through 

inbuilt algorithms 23. Whilst accelerometry is considered the gold standard measure of 

physical activity, it is not without its limitations. The variety of wearable devices now 

commercially available, makes comparison over time, and between different devices, 

difficult 24.  The attachment position of the device also influences results.  A single 

accelerometer attached to the hip for example, may underestimate upper limb activity. This 

is also an issue for pedometers, which are designed to measure purely step count. Whilst 
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water-based activity can be recorded by some accelerometers, this is not possible for non- 

waterproof devices and pedometers. 

Non-objective measures of physical activity include self-report, activity logs and physical 

activity questionnaires, of which self-reported diaries are the most widely used tool in the 

HF literature20. These approaches all have the limitation of over-estimation of physical 

activity 25. Whilst several physical activity questionnaires have been validated, there are 

none specific to this population. The lack of consensus regarding physical activity 

measurement makes assessment of this outcome challenging in people with HF and further 

contributes to poor understanding regarding exercise and physical activity adherence in 

this population. 

 

1.1.4 Strategies to enhance exercise adherence 

Recent studies suggesting that as few as 3-17% of people with HF attend centre-based 

exercise programmes 13, 16 and only 30-60% meet recommended exercise guidelines 7, 

26. In response to these figures and the knowledge that poor exercise adherence is 

associated with higher rates of hospital readmission and mortality 26, there has been a 

recent focus on strategies to improve exercise participation in this population. Some 

interventions, underpinned by theoretical frameworks to enhance self-efficacy, have 

shown promise in the short term 9, 10, however few strategies have successfully 

influenced exercise behaviour in the long term. One exception is a recently published 

study by Pozehl et al, who compared a multicomponent intervention to an enhanced 

usual care group 27.  In this study education sessions were delivered in a group format 

and individually tailored support was provided by a coach, who reviewed exercise 

diaries and assisted with monitoring, goal setting and self-management strategies.  

Compared to the control group, participants in the intervention group recorded 

significantly higher exercise adherence at 12 and 18 months follow up. Despite these 

positive findings, only 42% of participants remained active at 12 months and 35% at 

18 months. That fewer than 50% of people were physically active at follow up in this 

successful trial, highlights the challenge that exercise adherence poses for this 

population.  
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1.2  Significance and statement of the problem 

HF is a common condition which for individuals and their families, affects QoL more 

so than many other chronic conditions 28. Frailty, chronic pain and disability are 

common 17, 29. It is also associated with frequent hospitalisations and poor exercise 

tolerance 30. Those who meet exercise guidelines, experience fewer symptoms and less 

frequent hospitalisations 1. Systemic approaches and strategies to enhance exercise 

adherence are therefore important, not just in the short term but also to assist lifelong 

behaviour change 31, 32.  

In recent years, there has been a shift from the traditional “one size fits all,” centre-

based, cardiac rehabilitation model, towards a more flexible approach that incorporates 

a variety of exercise delivery options 33, 34. The impetus for this change has been to 

make exercise opportunities more accessible for those unable to access centre-based 

programmes or for those who choose not to 35. A better understanding of exercise 

behaviour and individual preferences may improve exercise adherence for people with 

this condition, but may also assist clinicians to appropriately allocate resources more 

rationally.  Whilst there has been recent interest in home-based exercise training, other 

modalities such as aquatic exercise training deserve exploring.  Aquatic exercise is 

exercise undertaken in warm water and uses the principles of buoyancy and turbulence 

to mediate exercise intensity and resistance. For some people with HF, this may 

provide a desirable and opportunistic way of meeting exercise guidelines. 

 

1.3  Limitations of current literature 

It is well established that in people with stable HF, exercise training improves 

functional outcomes such as exercise capacity. The basis for this research however, 

stems largely from studies conducted in HF populations very different from those 

typically seen in clinical practice 36. Clinically, people with HF are traditionally 

referred to a centre-based exercise training and disease management programme, 

immediately following a HF related admission.  Medication regimes are usually not 

yet optimised at this time and many who attend are older age and have multiple co-

morbidities. By comparison, participants of research trials usually have very stable 
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disease and medications are at maximum tolerated doses. Older people, females, those 

with HF with preserved ejection fraction (HFpEF) and those with multiple co-

morbidities are traditionally under-represented in these trials. Table 1.1, highlights this 

mismatch between typical research and clinical HF populations. Information contained 

within this table stems from hallmark exercise training trials 7, 37-39 and from trials 

conducted in people recently hospitalised with HF 40, 41.  
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Table 1.1  Comparison of exercise training interventions in research trials and 

clinical practice 

 Research studies Clinical practice 

Participants • Stable HF, no hospitalisation for 

at least 3 months 

• Medications at maximum 

tolerated doses 

• Predominantly male 

• Predominantly younger 

populations (40-50 years) 

• Predominantly HFrEF 

• Those with significant co-

morbidities excluded from trials 

• Recently discharged 

following HF 

exacerbation 

• Medications in process 

of being optimised 

• Predominantly male 

• Predominantly older 

populations (~70-

80years) 

• HFrEF and HFpEF 

• Multiple co-morbidities 

common 

Model of 

delivery 

• Exercise training only 

• Variable frequency and duration 

but usually 2-3x/week for 8-12 

weeks 

 

• Exercise training 

delivered as a 

component of a disease 

management 

programme/ cardiac 

rehabilitation, which 

also includes education, 

symptom management 

and medication 

management 

• 1-2x/week for 8-12 

weeks 

Exercise location • Predominantly centre-based 

training in health facility or 

laboratory gymnasiums 

• Flexible models though 

predominantly centre-

based exercise training 

conducted in health 

facility gymnasiums 
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• More recent studies have included 

home-based exercise training and 

technology assisted approaches 

• Supported home-based 

models and technology 

assisted approaches 

also available 

Exercise 

modality 

• Exercise intensity most commonly 

determined from cardiopulmonary 

exercise testing and therefore 

based upon V̇O2peak 

• Set protocol depending on 

purpose of study (40-50% V̇O2peak 

progressed to 70-80% V̇O2peak or 

40-70% HRR) 

• Predominantly endurance training 

• Inclusion of resistance training in 

several recent studies 

• Some studies specific to 

inspiratory muscle training 

• Individually tailored to 

attendee 

• Exercise intensity 

prescribed according to 

6MWT performance 

and maintained at 9-14 

on RPE (6-20 scale) 

• Variety of exercises 

including combination 

of endurance, 

resistance and balance 

activities depending on 

needs of individual 

Outcome 

measures 

Dependent upon purpose of study 

however usually: 

• V̇O2peak +/- 6MWT 

• QoL 

• Hospital readmission 

• Mortality 

• 6MWT 

• QoL 

Other measures may 

include : 

• Grip strength 

• Timed up and go test 

• Walk speed 

6MWT, 6 minute walk test; HFpEF, HF with preserved ejection fraction; HFrEF, HF with reduced ejection 

fraction; HRR, Heart rate reserve; RPE, Rating of perceived exertion; V̇O2peak, peak exercise capacity  
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In recent years, researchers have attempted to address this issue by recruiting clinically 

relevant populations into exercise training trials.   These studies remain few and 

surprisingly little is known about exercise behaviour of those recently discharged from 

hospital. The impact of adherence (to both centre-based programmes and physical 

activity guidelines), on outcomes, and the factors predicting adherence, remain 

essentially unknown.  

Similarly, very limited information is available on alternative exercise modalities for 

people with HF, such as aquatic exercise training. Historically, this mode of exercise 

was not recommended for people with HF due to safety concerns associated with the 

impact of hydrostatic pressure on cardiac preload. In healthy individuals, immersion 

in warm water leads to an increase in venous return thus increasing central blood 

volume 42. Based upon these studies, clinicians extrapolated that increasing central 

blood volume in those with HF would lead to a worsening of symptoms and a reduction 

in exercise capacity 43. Recent small studies however demonstrate that people with 

stable HF not only tolerate immersion and exercise in an aquatic environment, but also 

benefit functionally and haemodynamically 44-46.  Despite these positive findings, 

fewer than 20 studies have been published in total on this topic. These studies have 

recruited predominantly small sample sizes and incorporate a variety of study designs, 

making interpretation difficult. Whether aquatic exercise, is safe, effective and feasible 

for this population, thus providing an alternate means to meet exercise guidelines, 

warrants further investigation.  

Figure 1.1 summarises the gaps in current literature described above and the studies 

that form the basis of this thesis to address these gaps. 
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Traditional centre- 

based exercise 

training in a clinical 

HF population 

In people recently hospitalised with HF, how 

does attendance at centre-based exercise training 

programmes and physical activity participation 

impact upon exercise training outcomes? 

In people recently hospitalised with HF, is it 

possible to predict who will attend exercise 

training programmes frequently and who will 

participate in regular physical activity outside of 

the health facility? 

Aquatic exercise 

training as an 

alternative mode of 

exercise training for 

clinical HF 

populations 

Study 1 

Study 2 

Study 3 

Study 4 

Study 5 

What does the existing literature tell us about 

safety and efficacy of aquatic exercise training 

for people with HF? 

What is the feasibility and efficacy of aquatic 

exercise training compared to land-based 

exercise training for people with HF in a clinical 

setting?  

Do people with HF in a clinical setting perceive 

aquatic exercise training to be similarly 

acceptable to land-based exercise training? 

Gaps in existing literature Study plan 

Figure 1.2   Summary of studies comprised in this thesis 
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1.4  Aims of the thesis 

This thesis was designed with the following specific aims: 

1. To describe exercise participation in a clinical HF population and to identify 

participation variables that are associated with improvements in exercise capacity, 

measured by six minute walk test distance (6MWD) 

2. To identify predictors of exercise participation variables identified (in aim one) as 

being associated with improvements in 6MWD in a clinical HF population 

3. To summarise the current evidence for aquatic exercise training in people with HF 

and to examine the safety and efficacy of this mode of exercise training based upon 

existing literature 

4. To determine the feasibility and efficacy of aquatic exercise training compared to 

land-based training for a HF population in a clinical setting during a maintenance 

phase 

5. To determine the acceptability of aquatic exercise training compared to land-based 

exercise training in a clinical HF population 

 

1.5  Thesis structure 

This thesis is broadly divided into two sections.  The first section relates to exercise 

training and HF and concepts pertaining to current practices and limitations. The second 

section explores aquatic exercise training as an alternative mode of exercise training for 

people with HF.  

Chapter 2 presents the background to the thesis. This chapter provides an overview of 

HF pathophysiology and the impact of this on physical function.  The principles and 

evidence for exercise training are described in detail and gaps in current literature are 

highlighted. This chapter also provides a background to the rationale for aquatic exercise 

training based upon existing evidence for people with HF as well as other clinical 

populations. 

Chapter 3 is presented as a manuscript currently under review with Physiotherapy 

Theory and Practice. This study, titled “Impact of exercise training programme attendance 

and physical activity participation on six minute walk distance in people recently 
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hospitalised with heart failure,” is a sub-study of the EJECTION-HF trial, a pragmatic 

multi-site randomised controlled trial of exercise training in patients recently hospitalised 

with HF 40, 47. The EJECTION-HF trial recruited 278 participants from five HF services 

in south east Queensland, with participants recruited within six weeks of hospital 

discharge.  Broad selection criteria ensured a clinically relevant population. In this trial, 

all participants were enrolled in the existing disease management programme which 

included weekly review for symptom management, medication titration, group education 

sessions and progression of a home exercise programme. The intervention group were 

additionally enrolled in supervised, group exercise sessions conducted twice weekly at 

the respective health facility. Primary outcomes were death or readmission at 12 months. 

The protocol and primary outcomes from EJECTION-HF are included in Appendices 3 

and 4 respectively.  

Data from the EJECTION-HF trial provided opportunity to address aim one of the thesis. 

In this sub-study, exercise and physical activity participation were examined in relation 

to improvements in exercise capacity measured according to 6MWD.  Exercise 

participation was described according to frequency and duration of attendance at the 

centre-based exercise training programme, and physical activity participation outside of 

the health facility.   

Chapter 4 is presented as a manuscript accepted for publication. It is entitled “Predictors 

of exercise training and physical activity adherence in people recently hospitalised with 

heart failure: A short report.”  This short report is also a sub-study of the EJECTION-HF 

trial and sought to identify predictors of i) frequent programme attendance at the centre-

based exercise training programme and ii) meeting physical activity guidelines outside of 

the health facility. Chapter 4 was undertaken to address aim two of this thesis, with the 

intention that results assist clinicians to structure programmes and provide specific 

guidance to optimise exercise participation. 

Chapter 5 includes a published manuscript titled “Aquatic exercise training and stable 

heart failure: A systematic review and meta-analysis.” This study was undertaken to 

explore the current evidence for aquatic exercise training in people with HF, with respect 

to exercise capacity, muscle strength, physiological parameters and QoL. Chapter 5 

addresses aim three of the thesis.  
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Chapter 6 addresses aim four of the thesis and is a published manuscript titled “Aquatic 

exercise training is effective in maintaining exercise performance in trained heart failure 

patients.” This interventional crossover design study compared aquatic and land-based 

exercise training in 51 people with HF, recruited from two hospital settings. The primary 

outcomes of this study were 6MWD, grip strength and measures of balance.  

Chapter 7 presents a manuscript titled “Motivators and barriers for participation in 

aquatic and land-based exercise training programmes for people with stable heart failure: 

A mixed methods approach.” This manuscript, which has been accepted for publication, 

sought to describe factors that influence participation in land-based and aquatic exercise 

training in a clinical HF population. Survey data was collected from 48 HF participants 

who had completed the interventional study described in Chapter 6.  Qualitative data were 

also collected through semi structured interviews conducted with 14 participants, seven 

of whom had not completed the aquatic programme. Chapter 7 addresses the final aim of 

the thesis.   

Chapter 8 includes an overall discussion that summarises and integrates the outcomes of 

the five studies included in this thesis and discusses the clinical implications of results. 

This chapter also presents limitations of the studies and provides recommendations for 

future research.  
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CHAPTER 2.   Background 

2.1  Heart failure epidemiology and pathophysiology 

2.1.1 Heart failure epidemiology and classification 

Heart failure is defined as: 

 “a complex clinical syndrome with typical signs and symptoms that occur at rest or with 

exertion, in the presence of objective evidence of a structural or functional cardiac 

abnormality, that impairs the ability of the heart to either fill with blood at normal 

pressure, or to eject blood sufficiently to meet the metabolic requirements of the body” 3.  

Affecting 1-3% of the population, the incidence of HF increases with age and by 75 years, 

one in 10 people have this condition 48.  In Australia, 67 000 new cases are diagnosed 

each year 49.   HF is the most common cause of hospitalisation for older people 30 and 

according to the recent HF snapshot in Australia, $3.1 billion of the healthcare budget is 

attributed to this condition each year, $2 billion of which is associated with 

hospitalisations 49. Twelve month survival for acute HF is 57-80% and 81-91% for those 

with chronic HF 50, 51. Frailty, disability and multimorbidity are common 52. Characterised 

by shortness of breath, fatigue and exercise intolerance, HF significantly impacts upon 

individuals’ daily function and QoL 52, 53. 

The primary method of classifying HF is according to left ventricular ejection fraction 

(LVEF). Heart failure with reduced fraction (HFrEF), is defined as having an ejection 

fraction <50%, (i.e. impaired systolic function) in the presence of usual clinical symptoms 

3. HFpEF, is more difficult to define as ejection fraction in these patients is preserved 

(>50%).  In addition to usual clinical symptoms and signs, objective evidence of either 

structural heart disease or diastolic dysfunction without an alternative cause, is required 

for diagnosis 3.  More than half of all HF presentations are now attributed to those with 

HFpEF 54.  

HF may also be classified according to symptom presentation. The New York Heart 

Association (NYHA) symptom classification is most commonly used for this purpose and 

is outlined in Table 2.1 3.  
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Table 2.1  New York Heart Association Symptom Classification 3 

NYHA I No limitations. Ordinary physical activity does not cause 

undue fatigue, dyspnoea or palpitations (asymptomatic LV 

dysfunction) 

NYHA II Slight limitation of physical activity. Ordinary physical 

activity results in fatigue, palpitations, dyspnoea or angina 

pectoris (mild HF) 

NYHA III Marked limitation of physical activity. Less than ordinary 

physical activity leads to symptoms (moderate HF) 

NYHA IV Unable to carry on any physical activity without discomfort. 

Symptoms of HF present at rest (severe HF) 

HF, Heart failure; LV, Left ventricle; NYHA, New York Heart Association 

 

Another common means of classifying HF is according to symptom stability. In people 

with compensated chronic HF, symptoms are stable and overt features of pulmonary 

oedema and fluid retention are absent. Decompensated HF refers to a clinical 

deterioration, usually manifest by a reduction in exercise tolerance, worsening 

breathlessness, and fatigue and lethargy. Patients are usually admitted to hospital with 

either decompensated chronic HF or a new diagnosis of HF, both of which require 

investigation and management of associated symptoms.  

 

2.1.2 Pathophysiology of heart failure 

The pathophysiology of HF is complex and multifaceted, leading to both cardiac and 

systemic sequelae. In people with HFrEF, this process is relatively well established, 

however less is known about the physiology of exercise intolerance in those with HFpEF.  

Figure 2.1 illustrates the sequence of events that commonly occur in HFrEF and their role 

in the development of exercise intolerance in these individuals.  
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The process commences with an initial insult to the heart, the most common cause of 

which is ischaemic heart disease.  As cardiac output declines, a series of self-perpetuating 

compensatory events ensue.  The most common of these are neurohormonal activation, 

endothelial dysfunction, inflammation and necrosis 55. Together these processes lead to 

cardiac remodelling, and skeletal muscle dysfunction, which ultimately contributes to the 

exercise intolerance commonly observed in these patients.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. 1  Pathophysiology of exercise intolerance in people with HF 

(Adapted from Tabet et al, Benefits of Exercise training in chronic heart failure 56) 

BNP, B-type natriuretic protein; Fe, iron; LV, Left ventricle; RAAS, Renin angiotensin aldosterone system; 

RPE, Rating of perceived exertion; SNS, Sympathetic nervous system; SVR, Systemic vascular resistance; 

VE/VCO2, Ventilatory efficiency 
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Neurohormonal and endothelial dysfunction  

Neurohormonal dysfunction is a hallmark feature of HF and is associated with poor 

clinical prognosis 57. Predominantly the result of activation of both the sympathetic 

nervous system and the renin-angiotensin-aldosterone system, this autonomic imbalance 

leads to increased vascular resistance and myocardial oxygen demand as well as 

ventricular enlargement 55, 58, 59. Chronic vasoconstriction due to the above processes also 

leads to endothelial dysfunction.  Disturbed local nitric oxide mediated vasodilation and 

oxidative stress further contribute. Together, these changes leave the person with HF with 

reduced inotropic or chronotropic reserve and a vascular system that is less able to adapt 

to the haemodynamic demands imposed upon it. 

Inflammation 

Local and systemic inflammatory processes also appear to play a key role in the 

pathophysiology of HF.  The exact mechanism by which this occurs is not fully 

understood, however it is believed that cell death associated with necrosis, necroptosis 

and apoptosis play a key role 60.  An imbalance between anabolic and catabolic molecules 

ensues, thereby accelerating skeletal muscle atrophy and contributing to cardiac cachexia 

through a variety of proteolytic pathways.  

Skeletal muscle dysfunction 

One of the most significant contributors to exercise intolerance in people with HF is 

skeletal muscle dysfunction. A number of macroscopic and histological changes have 

been described which tend to favour early anaerobic metabolism and consequently 

decreased muscle endurance and strength. The most notable of these include 61-63. 

• decreased capillary density,  

• a reduction in oxidative type I muscle fibres  

• decreased oxidative enzymes and  

• decreased size and number of mitochondria  

Severe skeletal muscle atrophy and cardiac cachexia in people with HF are associated 

with poorer outcomes 64.  Conversely, preserving muscle mass is an independent predictor 

of exercise tolerance in this population.  
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Ventilatory inefficiency 

In people with HF, exercise intolerance may also occur as a consequence of ventilatory 

inefficiency. Common findings include the following: 

• decreased tidal volume 

• decreased end tidal carbon dioxide 

• increased respiratory rate 

• increased minute ventilation 

• increased ventilation to carbon dioxide (VE/VCO2) slope 65 

The ventilation to carbon dioxide (VE/VCO2) slope is a significant marker of severity of 

HF 66. Respiratory muscle weakness and respiratory muscle fatigue significantly 

contribute to these findings, however do not fully account for the dyspnoea experienced 

by people with this condition 66.  Recent literature suggests that both restrictive and 

obstructive respiratory patterns are present 67. Increased pulmonary vascular resistance, 

pulmonary congestion and cardiomegaly, contribute to a restrictive type respiratory 

picture 68.  Interstitial oedema also influences work of breathing due to ventilation 

perfusion mismatching 66, 68.  

Exercise intolerance and HFpEF 

The underlying mechanisms for exercise intolerance in people with HFpEF remain poorly 

understood, however both central and peripheral factors likely contribute. In addition to 

blunted chronotropic reserve, limited stroke volume reserve and skeletal muscle 

dysfunction, recent studies also suggest that elevated LV filling pressures most likely play 

a key role 36, 69. During exercise, LV filling pressures significantly increase in those with 

HFpEF, leading to exertional dyspnoea and exercise intolerance 36. 

 

2.1.3 Co-morbidities and heart failure 

Co-morbidities are common in people with HF and are associated with increased 

morbidity and mortality70.   In older people, co-morbidities may significantly contribute 

to symptom burden and interfere with HF management.  Co-morbidities may also 
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precipitate the disease process or worsen HF severity3. Symptom burden associated with 

co-morbidities is frequently greater in people with HFpEF compared to those with 

HFrEF3. Common co-morbidities experienced by people with HF include anaemia and 

iron deficiency, atrial fibrillation, chronic lung disease, chronic kidney disease, 

depression and anxiety, diabetes, hypertension and sleep disordered breathing.  

 

2.1.4 Management of heart failure 

Management of HF can broadly be divided into pharmacological and non-

pharmacological approaches, with the long-term aim of all treatment being to reduce 

symptoms, decrease hospitalisations and to improve survival 3. For people with HFrEF, 

pharmacological management has been shown to improve these outcomes.  This has not 

been the case for those with HFpEF and as such, symptom relief and stringent 

management of co-morbidities are the primary focus of treatment for these individuals. It 

is recommended that all people with HF be referred to a multidisciplinary HF disease 

management programme where available 3. These services are important for supporting 

non-pharmacological management of people with HF and assisting transition of care 

between primary, hospital and community sectors.  Important components of the non-

pharmacological management include education to the individual and their care givers 

and support of self-management strategies such as daily weighing and fluid restriction 

where appropriate. Exercise training is also considered a fundamental component of the 

non-pharmacological management of all people with HF 3. 

 

 2.2 Exercise training and heart failure: current practices and         

limitations 

2.2.1 Impact of exercise training on heart failure pathophysiology 

The benefits of exercise training for people with HF are well documented.  This 

intervention induces multiple physiological benefits which are known to attenuate some 

of the detrimental processes which drive the HF syndrome 55, 59.  For the individual, this 

translates to improvements in exercise capacity, symptoms and QoL1.  Exercise capacity, 
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measured by V̇O2peak, is a strong predictor of prognosis in these individuals, and has been 

shown to improve by approximately 15% with exercise training 71, 72.   The evidence is 

particularly strong in people with HFrEF 3-5, for whom improvements in exercise capacity 

are the result of both central and peripherally mediated processes.  Indeed, exercise 

training has been shown to positively influence all the mechanisms than underpin HF 

pathophysiology.  Table 2.2 summarises the existing literature related to the impact of 

exercise training on physiological mechanisms in people with HFrEF. 

 

Table 2.2  Physiological impact of endurance exercise training in people with HFrEF 

 Physiological adaptations 

Central 

haemodynamics and 

parameters 

Endurance exercise training is associated with: 

• ↓ End diastolic and end systolic volume 73 

• Small ↑ EF 73 

Neurohormonal 

dysfunction 

Endurance exercise training is associated with: 

• ↓ plasma angiotensin II, aldosterone, vasopressin, atrial 

natriuretic peptide, B-type natriuretic peptide, 

adrenaline and nor adrenaline 38, 74-76 

• ↓ vagal tone 77, 78 

Endothelial dysfunction As little as four weeks exercise training is associated 

with:  

• ↑ peripheral perfusion and total peripheral vascular 

resistance 79 

Local and systemic 

Inflammation 

Regular exercise training is associated with 80, 81 

• ↑IL 10  

• ↓ plasma TNFα, IL-1, IL-6 

• Improvement in catabolic-anabolic balance 
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EF, Ejection fraction; IL, Interleukin; TNFα, Tumour necrosing factor α; VE/VCO2, ventilatory efficiency 

 

The magnitude of change and timeframe at which the outcomes listed in Table 2.2 occur, 

are dependent upon a number of factors. These include the training intensity, exercise 

session duration, training frequency and the period of time over which the individual 

exercises. It is this total “dose” of exercise that largely determines an individual’s 

response to exercise training.  Exercise dose will be described in more detail in section 

2.2.3.  

Current knowledge suggests that changes in exercise capacity, central haemodynamics 

and QoL occur within four to six weeks of exercise training. Longer durations however, 

are required for adaptation of endothelial function, changes in inflammatory mediators 

and for cardiac reverse remodelling to occur75, 88. It is generally considered that six 

months is required for continuous exercise training to have its full effect and if sustained 

for this period of time, measurable benefits are often still observed at 12 months89, 90. 

Shorter duration programmes or cessation of exercise however, is associated with short 

Note: longer training durations (approximately 6 

months) appear important to evoke these responses.   

Skeletal muscle 

adaptation 

Endurance exercise training is associated with 82-84 

• ↑ Mitochondrial volume and enzyme density 

• ↑ Capillary density 

• Fibre type shift towards ↑ type I and ↓ type II 

fibres 

Respiratory function Endurance exercise training is associated with 77, 85 

• ↓ VE/VCO2 

• ↑ minute ventilation 

• ↓ pulmonary vascular resistance  

Respiratory muscle training is associated with: 86, 87 

• ↑ walking distance 

• ↓ exertional dyspnoea 
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term benefit only and individuals commonly return to baseline function within six to 12 

months91.  

 

2.2.2 Exercise training recommendations 

Due to the benefits described above, national and international guidelines now strongly 

recommend performance of 150 minutes of moderate intensity activity per week. Whilst 

a universal agreement on the “best recipe” for exercise training does not exist, 

programmes generally include endurance and resistance training, with a warm up and 

cool down period. 

Endurance training 

Endurance training forms the basis of exercise training programmes for people with HF. 

This type of training is well described in the literature and is associated with 

improvements in V̇O2peak, QoL, endothelial function and autonomic function. Endurance 

training may be delivered either continuously or as interval training.  Continuous training 

is usually undertaken at a moderate intensity for a duration of 45-60 minutes. For 

individuals with stable disease, an intensity of 40-50% V̇O2peak (or 40 -70% heart rate 

reserve) is recommended initially with subsequent progression to 70-80% V̇O2peak as 

tolerated 92.  

In recent times, high intensity interval training has received interest, prompted by the 

results of a trial conducted by Wisloff et al 93.  The authors of this trial reported superior 

improvements in V̇O2peak, endothelial function and EF when high intensity interval 

training was compared to continuous moderate intensity exercise training in people with 

HF 93. Similar results for V̇O2peak were reported in a meta-analysis of HF individuals the 

same year 73, leading researchers to hypothesise that high intensity interval training may 

provide a greater training stimulus to the skeletal muscle than more traditional exercise 

training approaches. The more recent and larger SMARTEX trial however, did not find 

any significant difference between high intensity interval training and moderate intensity 

continuous exercise training with respect to cardiac dimensions, V̇O2peak, and QoL 94. This 

trial recruited 261 participants, making it the largest trial to date to investigate the impact 

of high intensity interval training on these outcomes in people with HF.  
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Findings from this largely negative trial may in part be explained by a dilution effect of 

the two training protocols. Just over half of participants in the high intensity training 

group exercised below the prescribed training intensity (90-95% maximum heart rate), 

and 80% of those in the moderate intensity group exercised above their recommended 

training intensity (60-70% maximum heart rate). Results of this study should therefore be 

interpreted with caution.  Results also highlight the challenges of undertaking exercise 

training trials in clinical settings and suggest that for some people with HF, exercising at 

high intensity may be too difficult, whilst for others, moderate intensity exercise may be 

too low. High intensity interval training represents a relatively new approach to exercise 

training for people with HF and based upon the comparatively few studies that have been 

undertaken in this area, further research is warranted before it can be recommended as 

standard practice.  

Resistance training 

Resistance training was initially avoided in people with HF due to safety concerns. It was 

believed that such training would unfavourably increase afterload and thus accelerate left 

ventricular remodelling. These concerns have not been substantiated and this type of 

training is now recognised as a valuable adjunct when combined with endurance training 

programmes 95. 

Resistance training is undertaken with the primary intent to increase muscle strength and 

endurance as well as muscle mass.  However, it is proposed that the physiological 

improvements that are observed with this type of training are likely the result of 

improvement in skeletal muscle abnormalities +/- neuromuscular function, rather than 

increasing muscle mass alone 96. Resistance training is also beneficial for prevention of 

muscle wasting that is associated with ageing, which may be particularly relevant in older 

people with HF. Muscle strength (in particular leg strength) and total muscle cross 

sectional area are independent predictors of exercise tolerance, clinical prognosis and 

long term survival in people with HF 96.  

The physiological benefits associated with resistance training include the following: 

• increased muscle strength 97-101 

• increased muscle endurance 97, 98 
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• increased forearm blood flow 101, 102 

• increased mitochondrial adenosine triphosphate production rate 103 

• increased oxidative capacity 97 

• relative increase in area of type I fibre type distribution 97 

• improved endothelial function 104 

• increased 6MWD 97, 100, 105 

• improved QoL 100 

Notably, a number of these changes also occur with endurance training.  Whilst resistance 

training does impact upon the oxidative capacity of the muscle, the effects are 

significantly less than those associated with endurance training 90. Local improvements 

in muscle strength and local muscle endurance however, occur only following resistance 

training protocols.  Recent evidence suggests that greater benefits are achieved when 

resistance training is added to endurance training protocols 95.  Exercise guidelines 

therefore recommend both endurance and resistance training for people with HF, with 

endurance training forming the mainstay of the intervention 104.  

 

2.2.3 Response to exercise training  

Exercise “dose” 

An individual’s response to exercise training is dependent upon multiple factors and is 

strongly associated with the “dose” of exercise undertaken. Exercise dose is a composite 

of the frequency, duration and intensity of exercise. No “ideal recipe” which combines 

all of these parameters, has been identified for people with HF, however the total volume 

of exercise undertaken per week appears to be important 72, 106. Reduced risk of clinical 

events for example, have been observed in those who participate in 3-7 MET hours of 

activity per week 107.   Activity undertaken outside of the health facility is therefore an 

important consideration.  In many research trials however, this activity is often not 

described, and only structured exercise training undertaken according to the research 
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protocol, is included in the analysis. Adherence to exercise and physical 

recommendations and attempts to achieve such targets clearly plays an important role in 

predicting exercise outcomes.    

HF subgroups 

It is not known whether all people with HF respond equally to exercise training. A small 

number of early studies suggested that there may be some differences in subgroup 

responses, however a recent meta-analysis reported otherwise. The ExTraMATCH II 

trial, which included 18 trials comprising 3912 participants, investigated the impact of 

exercise training versus no exercise controls on hospital readmission and mortality108. 

Results of this meta-analysis found no evidence of differential effects for these outcomes 

based upon participant characteristics 108. Whether subgroup differential effects exist for 

other outcomes such as exercise capacity, remains unclear. Understanding the role that 

participant characteristics such as ejection fraction, HF aetiology and gender may have 

on exercise training outcomes, may assist clinicians to structure exercise training 

programmes more effectively in order to optimise both exercise adherence and outcomes.  

Reduced versus preserved ejection fraction 

Compared to people with HFrEF, markedly fewer exercise training trials have been 

conducted in those with HFpEF. From available studies however, results suggest that in 

people with HFpEF, exercise training improves exercise capacity and QoL 109. In a recent 

small study which compared outcomes in both HF phenotypes, exercise training was 

reported to elicit significantly greater improvements in V̇O2peak in people with HFpEF 110. 

This finding was not related to baseline demographics or clinical characteristics and the 

precise mechanism by which exercise training improves V̇O2peak in these individuals is 

currently unclear. Exercise training has not been shown to significantly influence cardiac 

dimensions and function in people with HFpEF and as such improvements in V̇O2peak in 

these individuals is therefore thought to be the consequence of improved oxygen 

extraction in skeletal muscle, rather than centrally mediated adaptations 71.  To date no 

studies have specifically investigated the impact of exercise training on endothelial or 

skeletal muscle function in people with HFpEF. 

Heart failure aetiology  

Exercise training is considered safe for people with HF, regardless of aetiology. Results 

from the recently published ExTraMATCH II trial support previous findings from the HF 
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ACTION trial 111, 112 suggesting that no significant interaction is observed between 

aetiology (ischaemic and non-ischaemic) and exercise training with respect to 

hospitalisations and mortality. It is therefore recommended that people with HF should 

not be excluded from exercise training programmes on the basis of aetiology.  

Older age, frailty and multimorbidity 

Frailty, which is defined as a vulnerability to stressors, is common in people with HF, 

affecting almost half of community dwelling individuals 113 and up to 76% of those 

hospitalised over the age of 70 years 114. Multimorbidity and disability frequently coexist 

and are associated with poorer clinical outcomes 115-117. It is currently unknown whether 

exercise training impacts upon frailty status in people with HF. It is also unknown whether 

exercise training is equally beneficial in older persons compared to younger participants.  

Some studies enrolling older HF patients have reported improvements in exercise 

capacity 110, 118-121 and hospital readmissions 118, 120, however others have not 40, 121, 122.  

Because very few studies have included meaningful numbers of older age participants, 

interpretation of these findings remains difficult.  

Gender 

Females are typically under-represented in HF exercise training trials and there is some 

suggestion that attendance at centre-based training programmes is also poorer in females 

17, 123. The association between gender and exercise training outcomes is currently 

unknown. In the HF ACTION trial, a more significant reduction in the combined end 

point of all-cause mortality and hospitalisations was observed in females compared to 

males 124.  This occurred despite similar adherence to the intervention for both groups.  

The mechanism for this remains unclear and the role that hormonal status plays in 

pathogenesis has yet to be investigated.   

 

2.2.4 Exercise training in clinical practice 

Centre-based programmes 

Structured, centre-based exercise training programmes remain the cornerstone of the 

exercise management for  people with HF in a clinical setting 16, 104, 125, 126. Traditionally 

programmes are conducted in a hospital or health facility gymnasium and are delivered 

in the format of a multidisciplinary disease management programme combining both 
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supervised exercise training and an education programme targeted at symptom 

management and behaviour modification.  Participants are encouraged to attend once or 

twice weekly for a period of eight to 12 weeks.  Exercises are prescribed and tailored for 

each individual and frequently utilise treadmills, exercise bikes, rowing machines, light 

weights and multi-station resistance equipment. For those unable to use this equipment, 

exercises are modified to use body weight as a resistance and balance activities are also 

frequently incorporated into the programme, depending on the functional level of the 

individual. To assist individuals to meet exercise guidelines, attendees are also 

encouraged to participate in daily activity outside of the formal programme.  

Following completion of centre-based programmes, individuals are encouraged to 

continue regular exercise participation. This is particularly important to consolidate 

exercise outcomes and behaviour change strategies and to prevent deconditioning.  

Maintenance programmes are available at some health facilities to encourage this.  In 

many cases however, limited resources and excess demand may preclude clinicians from 

being able to deliver maintenance programmes, leading clinicians to often refer 

individuals to community maintenance programmes or to recommend local gymnasiums 

127.  Unfortunately, for many people with HF, exercise participation frequently diminishes 

over time following cessation of the structured programme 7, 27, 128.  

Home-based exercise training 

For those unable to access centre-based programmes or whose preference is otherwise, 

home- based exercise training is a valuable alternative. Home-based exercise training is 

a structured exercise programme either supervised or unsupervised, undertaken in the 

home environment.  Home-based programmes have demonstrated positive results in 

recent years and for those independently motivated, may provide the flexibility to 

encourage long term exercise adherence 14.  A recent Cochrane review reported that this 

mode of exercise training is similarly effective to centre-based programmes for improving 

clinical outcomes and health related QoL in HF 6.  These results were similarly supported 

by the recently published REACH HF trial 129. In this trial, participants received support 

to undertake a home-based exercise intervention through theory-based manuals, 

interactive progress trackers, and contact with a facilitator. Compared to usual care, 

participants in the intervention group reported significantly greater improvements in QoL 

at 12 months 129.  Use of technology provides additional opportunities for individuals to 
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meet exercise guidelines. Smart phone apps, telehealth 130 and telerehabilitation 131 are 

now also being successfully incorporated into home-based programmes. Despite the 

accessibility and flexibility afforded by home-based programmes, adherence to exercise 

training in this environment can still be challenging and a number of studies have reported 

a reduction in exercise participation over time 132-135.  

Outcome measures used in clinical practice 

Outcome measures are used in exercise training programmes for the purpose of 

prescribing exercise as well as for monitoring an individual’s progress.  Measures are 

selected on the basis of expected outcomes of the programme and in clinical practice, 

most commonly include exercise capacity and QoL. In research populations, maximum 

exercise capacity is frequently measured by a cardiopulmonary exercise test, defined 

according to V̇O2peak. V̇O2peak is considered the gold standard test for measurement of 

maximum exercise capacity and is a strong predictor of outcomes in people with HF 136.  

In clinical settings however, the six minute walk test (6MWT) is the most commonly used 

measure for this purpose.  This test requires the individual to walk up and down a 30 

metre track as far as possible for a period of six minutes137.  At the completion of the test, 

the total distance walked is recorded. Individuals are permitted to rest during the test if 

required, but are encouraged to resume walking once able.  Parameters such as heart rate 

and blood pressure are measured throughout the test, thus enabling the clinician to 

document the individual’s physiological response to exercise, perceived exertion and any 

symptoms experienced.  

The 6MWT is a low cost test, requires little equipment and does not require medical 

supervision. The combination of these factors make it easily administered in a clinical 

setting 138. The 6MWT is a self-paced, submaximal measure of exercise capacity, and 

thus reflects functional exercise capacity.  It could be argued that it more closely 

resembles day to day activity of people with HF compared to maximum exercise testing. 

Studies have also shown that the 6MWT elicits a peak oxygen uptake similar to 

cardiopulmonary exercise testing 137.  In structured centre-based exercise programmes, 

attendees complete a 6MWT at baseline and following completion of the exercise 

programme.  Change in 6MWT reflects individual progress and a minimum important 

difference of 36 metres is considered clinically relevant for this population 139. Other 

functional tests may be useful in some patient groups, and particularly frail older people.  
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Measures including grip strength, gait speed and timed up and go have been validated in 

people with HF and are associated with clinical outcomes 140-143. 

Another commonly reported measure at centre-based exercise programmes is attendance, 

with adherence to the programme commonly defined as attendance at 80% of available 

training sessions 144.  People who fail to achieve this outcome are frequently referred to 

as being non-adherent or “dropouts.” However, activity undertaken outside of the health 

facility is rarely measured, and the individual’s understanding of exercise 

recommendations, or their self-efficacy to continue to participate in exercise once the 

programme finishes, is not formally assessed or reported. Several researchers argue that 

a goal of all exercise training programmes should be to promote positive and sustainable 

exercise behaviours to assist individuals to meet exercise guidelines for the long term 9, 

20, 145. Assessment of an individual’s adherence which reflects their attainment of this 

goal, is therefore recommended 9, 14.  

 

2.2.5 Challenges with current clinical approaches 

Evidence for exercise training practices in typical clinical populations 

In recent years, there has been a notable shift in exercise training trials in people with HF, 

by recruiting populations typical of those seen in clinical practice and thus reflecting more 

“real world” situations rather than stable and select groups. Despite this recent change, 

there remain very few studies of adequate size which have recruited participants within 

the weeks following a HF admission. One exception is the EJECTION-HF trial 40. This 

study, conducted in five centres in south east Queensland, recruited 278 participants 

within six weeks of hospital discharge and had broad selection criteria aiming to enrol a 

“typical” clinical HF population. People with HF who are typically under-represented in 

exercise trials were included in this study, such as the frail elderly, those with HFpEF and 

those with multimorbidity. 

The EJECTION-HF trial is the largest exercise training trial conducted in a post 

hospitalisation HF population and whilst several other trials are now following, there are 

still significant gaps in the literature in this area. Specifically, very little is known about 

exercise participation in people recently discharged following a HF admission. It is not 

known for example, whether some people are more likely to attend centre-based exercise 
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training programmes than others or whether some people are more likely to meet exercise 

guidelines compared to others. This has relevance because many clinical programmes are 

structured as a “one size fits all” model in which all individuals are subject to the same 

programme criteria. In some centres, classes may be stratified according to functional 

level, however rarely according to other criteria such as gender or recency of diagnosis. 

Session frequency and duration are also commonly not negotiable and thus do not account 

for individual preferences or abilities. 

There is also limited information about the relationship between attendance at centre-

based exercise training programmes (how often, how long, consistency of attendance) 

and the impact of these variables upon exercise related outcomes. As mentioned 

previously, attendees at centre-based exercise programmes who fail to attend 80% of 

available sessions are frequently classed as being non-adherent. This may be an inaccurate 

assessment for those who meet recommended guidelines external to the centre-based 

programme. Understanding how exercise participation both at the centre-based 

programme and external to the health facility influences outcomes such as 6MWT, would 

assist clinicians to more specifically tailor services and warrants further research.  

Exercise adherence 

Despite strong recommendations for exercise training, uptake of centre-based exercise 

programmes 12, 13, 16 and participation in regular physical activity outside of health 

facilities remains poor 19, 144. For many, access to services poses a significant barrier to 

attendance at centre-based programmes. In countries such as Australia, geography may 

present a barrier for those living in rural and remote centres due to the vast distances that 

may exist beteween health services and an individual’s place of residence 146. For others, 

timing of services may preclude access. When demand for programmes exceeds 

availability, waiting lists become necessary, making it difficult for those who return to 

work to be able to attend. Limitations may also be imposed by health services themselves. 

Surveys conducted in Europe in 2009, 2012 and 2015 report improving trends related to 

access to services in recent years.  Results from these studies identify that referrals for 

cardiac rehabilitation for people with HF were accepted by 20%, 40% and 60% of centres 

over these respective years 12, 15, 147. Despite progressive improvements over this time, 

even the most recent study suggests that up to 40% of people with HF are still unable to 

access exercise interventions in line with recommended guidelines 12. In each of these 
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studies, local commissioning agreements and a lack of resources were cited as the most 

common reasons for HF participants having limited access.   

Exercise adherence is a complex domain and as such, limited access to services is not the 

only barrier. Indeed, numerous barriers have been identified and can broadly be 

categorised according to i) individual, ii) condition, iii) socioeconomic iv) health system 

and v) environmental related factors.  The most common of these are summarised in Table 

2.3 below.  

Table 2.3  Reported barriers to exercise participation in people with heart failure 

Factors Common barriers to exercise participation 

Patient related  Older age 17, 123, 148 

 Anxiety and depression 17, 29, 35, 144 

 Poor motivation 18 

 Poor self-efficacy 18 

 Patient preference/ perception towards gymnasiums 

35, 149 

 Lack of time 18, 149, 150 

 Minority status 144 

 Fear of “overdoing it” 35, 149, 150 

 Self identifying as active 35 

 Availability of support 148, 149 

 Female gender 17, 123 

 Marital status 17, 123 

Condition related  Symptom severity 17, 18, 35, 123 
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 Pain 29 

 Presence of co-morbidities 17 

Socioeconomic related  Transportation 17 

 Financial constraints 123 

 Low level of education 18 

Health system related Poor referral 12 

 Lack of resources or capacity 12, 15 

 Local contracts 12, 15 

 Insufficient expertise relating to HF 15 

 Cost of programme or parking 35, 150 

 Programme duration 14 

 Insufficient education provided to patients about 

exercise training specifics (Eg intensity, type of 

exercise) 149, 150 

 Proximity of programme 146, 150 

Environmental  Weather 35 

 

Complicating the issue of exercise adherence is a lack of consensus regarding its 

definition, measurement and reporting 144. As alluded to previously, some studies report 

exercise participation according to minutes of exercise undertaken per week, whilst others 

report in relation to the number, or the percentage of available exercise sessions attended. 

Limitations of reporting this way are that exercise intensity and physical activity 

undertaken outside of the health facility are not considered. For this reason, some 

researchers advocate quantifying an individual’s exercise participation according to total 
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energy expenditure 14, 151. This method captures the total volume and intensity of exercise 

undertaken, thus reflecting the training stimulus. In clinical practice however, energy 

expenditure can be complex to capture. As discussed previously, physical activity 

participation is often dependent upon self-report, or activity captured by wearable devices 

such as pedometers and accelerometers, all of which have limitations 144.  Rarely are the 

above parameters described in detail in interventional trials and non-uniformity of 

reporting this outcome makes this literature in clinical populations challenging to 

interpret.  

Participation in land-based exercise training  

As discussed previously, the challenge that exercise adherence poses for people with HF, 

and the consequences of poor adherence on clinical outcomes in this population, has led 

to a recent push to expand exercise opportunities for these individuals. By making 

exercise participation more accessible to a broader HF audience, it is hoped that this 

improves exercise adherence at a population level. Evolution of home-based models and 

the use of technology are two noteworthy examples of this. However, not all people enjoy 

traditional exercise modalities such as walking and cycling. Likewise, some people find 

weight bearing activities difficult. This is particularly challenging for people with pain or 

balance disturbances, both of which are common in people with HF 152-154.  For these 

individuals aquatic exercise may prove a viable option. 

 

2.3   Aquatic exercise training as an alternative mode of exercise training  

Aquatic exercise refers to therapeutic exercise conducted in warm (33.5-35.5°C) water 

155.  This form of exercise utilises buoyancy to minimise the effect of gravity and is thus 

often tolerated by people with pain who find it difficult to exercise elsewhere 156, 157. The 

term “hydrotherapy” is sometimes used interchangeably with aquatic exercise however 

this broad, general term refers to the use of water for any remedial purpose. It therefore 

also encompasses immersion in mineralised water (balneotherapy) or spa therapy as has 

historically been used in several centres in Europe. In this thesis, the term aquatic exercise 

training refers to an exercise training intervention undertaken with the primary intent of 

improving exercise capacity.  A number of physiological principles underpin the use of 
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aquatic exercise training and have particular relevance for people with HF.  The most 

significant of these are hydrostatic pressure, buoyancy, viscosity and thermodynamics. 

 

2.3.1  Physiological principals associated with immersion  

Hydrostatic pressure 

Hydrostatic pressure is the force exerted on a body immersed in water and is directly 

proportional to the depth of immersion 158. This force is responsible for a number of 

immediate physiological changes as an individual is immersed, the most significant of 

which is fluid shift. Following immersion, fluid is moved in a cephalad direction through 

the venous and lymphatic systems. With immersion to the neck, central blood volume 

may rise as much as 60%. End diastolic blood volume increases in response to the 

increased central blood volume, and in the typical healthy individual, stroke volume also 

increases.  To maintain cardiac output, heart rate usually decreases with immersion, 

however this response may vary dependent upon water temperature 159.  

In addition to the haemodynamic effects described above, hydrostatic pressure also 

impacts upon the respiratory system. Neck deep immersion decreases vital capacity by 6-

9% and increases total work of breathing by 60% 160-162. This increased work of breathing 

is predominantly the consequence of increased thoracic blood volume, however 

approximately 25% is thought to be due to increased airway resistance and the mechanical 

effect of hydrostatic pressure on the thorax, thus countering the inspiratory muscle effort 

161, 162.   The proposed mechanisms by which immersion in water causes increased work 

of breathing are depicted in Figure 2.2 below.  

 

 

 

 

 

 



35 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2  Mechanisms for increased work of breathing associated with water 

immersion  

Adapted from Becker. Comprehensive aquatic therapy 158 

 

Buoyancy 

Another principal with significant relevance to aquatic exercise training is buoyancy. 

Buoyancy is the upward force created when a body is immersed in water, the magnitude 

of which is proportional to the volume of water displaced. This principle is used 

therapeutically by physiotherapists to guide weight bearing status and loading of joints. 

As demonstrated in Figure 2.3, when an individual is immersed to the umbilicus, 50% of 

the individual’s body weight is offloaded. With chest deep immersion, only 25% of body 

weight is loaded through the lower extremities and when in neck deep water, weight 

bearing status reduces to a mere 10% 158.  

 

 

Water immersion 

↑central blood volume 

↑ pulmonary filling ↓ chest wall expansion 

↓ partial pressure of 

oxygen 

↑ chest wall pressure ↑ abdominal pressure 

↓ diffusion capacity ↑ airway resistance 

↓ expiratory flow rate 

Cephalad movement 

diaphragm 

↓ lung volumes 

↓ pulmonary compliance 

↑ work of breathing 60% 
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Figure 2.3   Percentage weight bearing with respect to depth of immersion 

Adapted from Becker et al 158 

 

Buoyancy can also be used clinically for strength training in the water. In severely 

deconditioned individuals for example, muscle activation can be enhanced using 

buoyancy to assist the movement 158. Conversely strength gains can be achieved by 

working against buoyant forces and thus using the water as a resistance. 

Viscosity 

Viscosity is a measure of resistance between neighbouring “parcels” of fluid moving at 

different velocities. For the purposes of aquatic exercise, this principle is used to increase 

or decrease resistance during an exercise. The faster a limb or body is moved through the 

water, the more resistance on the body part is increased. Viscosity also provides a safety 

margin when managing those with pain. When a movement ceases for example, resistance 

on the body part ceases almost immediately and the buoyancy of the water supports the 

limb. This enables the person to be in control of their pain during each activity. 

Turbulence is frequently used as a means of progressing strength training, and control 

over the speed and displacement of the body part enables the individual to do so whilst 

maintaining control without discomfort 163. 
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Thermodynamics 

Water is an efficient conductor able to transfer heat 25 times faster than air. Depending 

on the purpose of the activity, pools are controlled at different temperatures. Public heated 

swimming pools are usually maintained at 27-29°C to enable active exercise whereas 

hydrotherapy pools are traditionally maintained at 33.5-35.5°C for the purpose of 

therapeutic exercise.  This temperature is otherwise referred to as “thermoneutral,” 

meaning that the basal rate of heat production is equal to the rate of heat loss to the 

surrounding environment 164. Water temperature significantly affects physiological 

parameters. Immersion in water that is warmer than thermoneutral temperature increases 

heart rate and stroke volume, leading to a subsequent increase in cardiac output 164.  

 

2.3.2  Acute physiological effects of water immersion in people with HF 

Very few studies have specifically investigated the physiological effects of water 

immersion in people with HF. Of those available, interpretation of findings is made 

difficult by heterogeneity of participants, methodology and water temperature.  Based 

upon available studies, the most consistent central physiological responses that occur 

when an individual with HF is immersed in thermoneutral water are summarised in Table 

2.4 below. 
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Table 2.4  Acute physiological response to immersion on central haemodynamics 

Physiological parameter Response to immersion in 

thermoneutral water 

Cardiac output  Increases 43, 165-169 

Stroke volume  Increases  165, 166, 169, 170 

Heart rate  Decreases 165, 168, 170 

Systolic blood pressure  Increases 166, 168 

No change 170, 171 

Diastolic blood pressure  Decreases 43, 165 

Ejection fraction  Increases 43, 165, 170 

Systemic vascular resistance  Decreases 165, 166, 168, 169 

Mean pulmonary artery pressure  

Pulmonary capillary wedge pressure   

Right atrial pressure  

Increases 43 

Cardiac rhythm: warm water immersion 

                            cold water immersion 

No change 172 

Increase in premature ventricular 

contractions and short sequences of 

bigeminy 172 

 

The impact of warm water immersion on heart rate and systemic vascular resistance are 

potentially important. When an individual with HF is immersed in chest deep water, heart 

rate decreases, leading to an increase in diastolic filling time. This increased filling time 

enables the ventricles to accommodate the increase in central blood volume that occurs 

due to hydrostatic pressure, without significant compromise. Similarly, a reduction in 

systemic vascular resistance leads to a reduction in cardiac afterload 46. Together these 
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two factors provide the key mechanisms by which people with stable HF are able to 

tolerate the physiological consequences of warm water immersion. In people with 

decompensated HF, these protective mechanisms are unlikely to be effective and as such 

warm water immersion is contraindicated in these patients.  

Caution should also be employed for those with severe disease or those with biventricular 

dysfunction 173. In their study in 2004, Meyer and Bücking described dyskinesia of the 

left ventricle when participants with NYHA class III symptoms were immersed in neck 

deep water 174. Because these findings were not present at baseline, the authors 

recommended that clinicians adopt continued caution for those with severe symptoms. 

Similarly, caution is also recommended for immersion in cold water. This is due to a 

possible increase in the frequency of ventricular ectopy, not observed during immersion 

in warm water172. Whilst these results have not been replicated by others, the findings 

raise questions regarding safety of this activity for those with frequent ventricular ectopics 

at baseline.  

 

Effect of immersion on neurohormonal activity 

Only two studies have specifically investigated the effects of warm water immersion on 

neurohormonal function in people with HF. In one study, participants were seated for 30 

minutes on land, followed by 30 minutes sitting in a heated pool with the water at the 

level of the xiphisternum, followed by a final 30 minutes seated recovery on land 166. As 

depicted in Table 2.5, the response to immersion in HF participants was similar to that 

for healthy controls for several parameters.  
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Table 2.5  Effect of warm water immersion on neurohormonal activation 166 

Parameter HF participants Healthy controls 

Baseline Immersion Recovery Baseline Immersion Recovery 

Arginine 

Vasopressin 

elevated decreased returned to 

baseline 

normal decreased returned to baseline 

Angiotensin II elevated No significant 

change 

No significant 

change 

normal decreased Slow recovery 

Endothelin1 elevated No significant 

change 

No significant 

change 

normal No significant 

change 

No significant 

change 

Plasma renin 

activity 

elevated decreased returned to baseline normal decreased returned to baseline 

Norepinephrine No significant 

difference 

compared to 

controls 

decreased returned to baseline No significant 

difference 

compared to HF 

group 

decreased returned to baseline 

Epinephrine No significant 

difference 

compared to 

controls 

No significant 

change 

No significant 

change 

No significant 

difference 

compared to HF 

group 

decreased No significant 

change 

HF, Heart failure
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In another study, investigators explored the effect of warm water immersion on heart 

rate variability.  Heart rate variability reflects function of the autonomic nervous system 

and its effect on the sinoatrial node. Heart rate variability is frequently diminished in 

people with HF 175. In this study, warm water immersion led to similar improvements 

in heart rate variability in a cardiac population (inclusive of HF participants) compared 

to healthy controls 176. 

 

2.3.3 Aquatic exercise and clinical populations 

As a therapeutic intervention, aquatic exercise has been shown to benefit a number of 

clinical populations and in particular those with rheumatological conditions such as 

arthritis and fibromyalgia 156, 157.  For those with arthritis, a systematic review has 

concluded that aquatic exercise improves strength, function, self-efficacy and pain 157. 

Studies have also demonstrated positive results for early recovery following joint 

replacement 177, and those with chronic low back pain 178, 179 as well as improvements 

in postural stability for those with neurological conditions or balance disturbances 180-

183.  Evidence also supports benefits for those with lymphoedema 184, 185. 

An interesting development in recent years is research being undertaken in people with 

chronic respiratory disease. Similar to people with HF, those with chronic lung disease 

frequently experience shortness of breath, fatigue and poor exercise tolerance. Multiple 

co-morbidities are also common. Whilst land-based pulmonary rehabilitation is well 

described and recommended as standard practice, aquatic exercise training in people 

with chronic obstructive pulmonary disease (COPD) was for many years avoided due 

to historical concerns regarding safety. In this example, aquatic exercise training refers 

to exercise training undertaken for the purpose of improving exercise capacity and 

muscle strength, rather than specifically for managing pain or other therapeutic targets.  

Concerns regarding safety of aquatic exercise for people with COPD related specifically 

to the physiological effects of immersion on the respiratory system. As discussed 

previously, work of breathing increases when an individual is in water due to the effect 

of hydrostatic pressure providing a mechanical load to the rib cage, and the subsequent 

demand imposed upon the inspiratory muscles to overcome this resistance 161. Pressure 

on the abdomen also leads to cephalad displacement of the diaphragm and consequent 
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decreased intra-thoracic volumes 161. Together, these factors lead to a reduction in vital 

capacity, total lung capacity, functional residual capacity and expiratory reserve volume 

160.  Consequently, airway resistance is also increased 161. 

Despite these theoretical concerns, recent studies have demonstrated that people with 

COPD not only tolerate immersion and aquatic exercise training, but also benefit 

functionally. In a recent randomised controlled trial, people with COPD attended a one 

hour aquatic exercise session, three times per week for an eight week period.  Compared 

to those undertaking a traditional land-based programme of the same frequency, the 

aquatic group demonstrated significantly greater improvements in exercise endurance 

and QoL 186. Submaximal exercise capacity, measured by 6MWD, improved in both 

groups, with no between group difference.  Interestingly, the aquatic group in this study 

also demonstrated a significant improvement in mean inspiratory pressure which was 

not observed in the land-based training group. The authors hypothesised that whilst the 

hydrostatic pressure may initially increase work of breathing for these patients, it may 

also impose a physical load on the inspiratory muscles, thereby acting as a training 

stimulus for these muscles.   

Another interesting finding in these studies was a trend towards improved exercise 

adherence 186, 187. Whilst the number of studies investigating the effect of aquatic 

exercise for people with COPD remains few, initial concerns have been dispelled and 

this form of exercise is now considered safe for these patients 188, 189. Much can be learnt 

from the work conducted in this area and not surprisingly, the similarities between 

people with COPD and HF has led cardiac clinicians to similarly review practice and 

question current guidelines. 

 

2.3.4  Aquatic exercise training and heart failure 

Until recently, very few aquatic exercise training trials have been conducted in people 

with HF. As was the case for those with chronic respiratory disease, clinicians 

hypothesised that the physiological effects of immersion would be detrimental to these 

people, leading to an increase in cardiac preload which would not be tolerated. For many 

years this type of exercise training was therefore considered an absolute 

contraindication for people with HF. Results from the physiological studies discussed 
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in section 2.3.2 above, challenged this notion, and it has only been in recent years that 

interventional trials have been conducted in this environment. 

To date, no serious adverse events have been reported in aquatic exercise interventional 

trials and few symptoms have been experienced by participants in these studies.  In one 

study, post exercise fatigue was reported by three out of 15 participants during the first 

two weeks of training, however symptoms subsided with time 44. Exercise adherence, 

when documented, has been greater than 90% and often higher than land-based 

programmes 44-46, 190. 

Despite recent progress in this area, interventional trials remain few and sample sizes 

are small. Whilst safety of aquatic exercise training has now been reasonably well 

established in people with HF, heterogeneity of study design makes further 

interpretation difficult. Very little is known about the efficacy of this mode of exercise 

training on functional outcomes in people with HF and to date, no study has explored 

acceptability of aquatic exercise in this population. The following sections summarise 

results from available literature with respect to aquatic exercise training and 

documented outcomes for people with HF. Results from these studies are further 

elaborated upon in Chapter 5.  

Aquatic exercise training and impact upon exercise capacity, muscle strength and 

quality of life 

Whilst training protocols vary significantly, aquatic exercise training trials in people 

with HF have consistently demonstrated a positive impact upon V̇O2peak 
45,190-193 and 

6MWD 44-46.  These results were confirmed in a recent meta-analysis of the six studies 

194. Trials have largely compared traditional land-based exercise training to a combined 

programme of land training plus aquatic exercise training 46, 190, 191.  Each of these 

studies demonstrated an improvement in exercise capacity in all training groups. In a 

trial conducted in older people with HF (mean age 68 years), 6MWD improved more 

significantly in the combined land plus aquatic training protocol when compared to 

land-based training alone 46. The authors of this trial hypothesised that whilst land-based 

training is known to primarily induce peripheral adaptations, the addition of aquatic 

exercise may significantly influence central haemodynamics.  Perhaps also relevant in 

this study is that participants in both groups trained at the same rating of perceived 

exertion (RPE), however those in the aquatic group did so with a lower mean heart rate. 
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Carvalho and Guimaraes argue that aquatic exercise training may therefore offer a 

protective effect on the heart, contributing to greater gains in exercise capacity for these 

patients 195.   Aquatic exercise training may also have a positive effect upon ventilatory 

efficiency (VE/VCO2). To date three studies have described a significant improvement 

in this parameter following an aquatic intervention, however one of these was a single 

case report 190, 192, 193.  

Complicating interpretation of studies is the heterogeneity of trial design. Whilst some 

protocols have implemented very short interventions of high frequency (eg four to five 

sessions per week for three weeks) 190, 191, 196 others have implemented longer duration 

interventions (eg 24 weeks) 46.  Despite differences in training protocols, improvements 

in V̇O2peak following aquatic exercise training are consistently reported to be between 8-

12%.   

Few studies have included resistance training as part of the aquatic intervention and 

only three have measured muscle strength as a specified outcome 44-46. A recent meta-

analysis which included muscle strength as an outcome, reported a significant 

improvement by 23.7 Nm when aquatic exercise was compared to no exercise controls 

194.  

Aquatic exercise training also appears to have a significant impact upon QoL. Of the 

four studies which included the Minnesota Living with Heart Failure Questionnaire as 

an outcome measure 44, 45, 192, 193 three demonstrated significant improvements following 

the aquatic intervention 44, 192, 193. Of note however, is that only one of these studies 

included a control group, and in this study no change in QoL was observed.   

Aquatic exercise training and impact upon cardiac function 

Whilst warm water immersion is known to acutely impact upon central 

haemodynamics, aquatic exercise training programmes have not been shown to have 

significantly lasting influence upon cardiac function. In three studies that undertook 

echocardiography pre and post aquatic training interventions, left ventricular end 

diastolic volume did not significantly change following the training period 46, 165, 190. It 

is unlikely that this was due to training duration as one study was conducted over a 

period of 24 weeks. Similarly, aquatic exercise training has not been shown to influence 

ejection fraction. Four studies have included ejection fraction as an outcome 46, 165, 190, 
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193, of which only one demonstrated a significant improvement following the training 

period 190. In this one study, land-based training was compared to a combined land plus 

aquatic programme, and ejection fraction was shown to significantly improve in both 

groups 190. A greater effect size however, was observed in the aquatic training group.  

The authors hypothesised that this was due to a reduction in myocardial work induced 

by a lower heart rate and systemic vascular resistance in the water, however also 

conceded that it may be the outcome of multiple statistical tests conducted on a small 

population.  Despite negative findings related to aquatic exercise training and central 

haemodynamics, these studies do provide valuable information in the context that no 

study has reported worsening cardiac function associated with this intervention. This 

provides further reassurance that exercise training in this environment is not deleterious 

to those with HF. 

Effect of aquatic exercise training on B-type natriuretic peptide, autonomic and 

endothelial function 

To date, no study has demonstrated a significant relationship between aquatic exercise 

training and changes in B-type natriuretic peptide (BNP) 165, 193, 196 or plasma 

catecholamines 196. Autonomic function has only been investigated in one study and no 

significant change was observed following the exercise training period 190.  In 2009, 

Mourot et al investigated the effects of an aquatic exercise programme on plasma 

concentrations of nitric oxide metabolites 196. People with HF and coronary artery 

disease in this study undertook either a land-based programme or a combined land plus 

aquatic training programme over a three week period. Interestingly, those in the latter 

group demonstrated a significant increase in plasma concentration of nitric oxide 

metabolites when compared to the land only training group. The authors of this study 

suggested that this may possibly represent improvement in endothelial function given 

the non-significant change in plasma catecholamines levels. This study recruited only 

24 participants with HF and compared two short duration training protocols 196. Results 

should therefore be interpreted with caution.   

 

2.3.5 Current position of aquatic exercise training for people with HF 

In a recent nationwide survey of centre-based cardiac rehabilitation programmes in 

Australia, 13% of clinicians reported offering aquatic exercise training for people with 
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HF 146. This represents just over 1 in 10 of all respondents, despite very limited research 

to support this practice.  Indeed, there are limited well designed, randomised controlled 

trials specifically on this topic, of which the majority have recruited fewer than 20 HF 

participants.  Many of these trials have specifically excluded participants with comorbid 

conditions and pain, and have required individuals to attend the pool programme three 

to five days per week.  Studies thus reflect an academic setting rather than a “real world” 

population.  There have been no head to head trials comparing the efficacy of aquatic 

exercise training with traditional land-based exercise programmes, and acceptability of 

this mode of exercise for people with HF has not yet been established. Further 

investigation is warranted to determine if aquatic exercise training is a suitable 

intervention for people with HF in a clinical setting.  If so, it may prove to be a practical 

alternative to traditional land-based exercise training programmes, thus providing 

individuals with an additional means of meeting exercise guidelines.  Further work in 

this area is also required to assist development of more detailed clinical practice 

guidelines specific to this therapy.  

 

 

 

 

 

 

 

 

 

 

 

 



47 
 

CHAPTER 3.  Impact of exercise training programme 

attendance and physical activity participation on six minute 

walk distance in people recently hospitalised with heart failure 

The following chapter has been submitted as a manuscript to Physiotherapy Theory and 

Practice. The bibliographic details are: 

Adsett J, Morris N, Mudge A. Impact of exercise training programme attendance and 

physical activity participation on six minute walk distance in patients with heart failure. 

Submitted for publication in Physiother Theory Pract.  

 

Funding 

This work was supported by the National Health and Medical Research Council (NHMRC 

Project grant no. 498403), the Royal Brisbane and Women’s Hospital Foundation and the 

Prince Charles Hospital Foundation. The primary author was also supported by a Heart 

Foundation of Australia, post graduate scholarship. 

 

Declaration of candidate contribution 

For this co-authored manuscript, the candidate was involved in the experimental design, 

performed data acquisition, analysed the data, interpreted results, and drafted and critically 

reviewed the manuscript. 

          

___________________________      19/12/18 

Julie A Adsett / Candidate and corresponding author  

          

___________________________      19/12/18              

Prof Alison Mudge / Supervisor and co-author               



48 
 

3.1 Chapter introduction 

Exercise training is an essential component in the management of HF as it has been shown 

to improve exercise capacity, symptoms and QoL 2. In Australia, people with HF are most 

commonly referred to centre-based exercise programmes following a hospital admission 

related to either a new diagnosis of HF or worsening symptoms.   Uptake and completion 

rates at these programmes are frequently poor and fewer than half of people with HF meet 

the recommended guideline of participating in 150 minutes of moderate intensity activity 

per week 3, 4.   

Surprisingly little is known about the exercise behaviour of people recently hospitalised 

with HF. This is predominantly because much of the evidence for exercise training for this 

condition stems from those with very stable disease, relatively young individuals and those 

who have few comorbidities. Understanding the manner in which people exercise and the 

factors which contribute to improved outcomes is important to assist clinicians to tailor 

programmes for best effect.  

Prior to commencing this thesis, the candidate was a co-investigator on the EJECTION-

HF trial 47. Supervisor Prof Alison Mudge was the chief investigator of this trial. The 

EJECTION-HF trial was undertaken in five HF services in south east Queensland and 

investigated the addition of centre-based exercise training to usual care with a disease 

management programme, on the combined outcome of 12 month death and readmission. 

This trial recruited 278 people recently discharged following a HF admission.  This 

therefore provided an excellent opportunity to explore exercise participation in these 

participants with respect to attendance at the centre-based programme and activity 

undertaken outside of the health facility. It also provided opportunity to investigate the 

association of these variables with improvements in functional exercise capacity, measured 

by 6MWD.   

This chapter reports on the results of this sub study of the EJECTION-HF trial.  
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3.2  Impact of exercise training programme attendance and physical 

activity participation on six minute walk distance in people recently 

hospitalised with heart failure 

JA Adsett, NR Morris, AM Mudge  

 

3.2.1 Abstract 

Aim: Exercise training is recommended for all people with stable heart failure (HF) 

however adherence is poor.  This study sought to describe exercise participation in recently 

hospitalised HF patients who participated in a 12 week exercise training programme.  The 

association between exercise training variables and improvement in six minute walk 

distance (6MWD) was also investigated. 

Methods: This study is a secondary analysis of results from the intervention arm of the 

EJECTION-HF trial (ACTRN12608000263392), (n=140).  Exercise programme 

attendance was defined according to session frequency (<12 sessions vs ≥ 12 sessions) and 

attendance duration (<6 weeks attendance vs ≥ 6 weeks) over the 12 weeks. Physical 

activity at baseline and follow up were reported according to self-report of 150 minutes of 

moderate intensity exercise per week. Primary outcome was change in 6MWD at 12 weeks.  

Results: Being physically active (OR 3.8, CI 1. 3-11.5) and frequent programme attendance 

(OR 2.7, CI 1.2-5.9) were associated with significant improvements in 6MWD.  

Programme duration and baseline physical activity were not significantly associated with 

the outcome.   

Conclusions: Attainment of 150 minutes of moderate intensity exercise per week and at 

least weekly attendance at the programme, were associated with significant improvements 

in 6MWD at follow up. Efforts should be made to assist patients with HF to achieve these 

targets. 
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3.2.2 Introduction 

Exercise training is recommended for all people with stable heart failure (HF) 2.  Despite 

well documented benefits, adherence to this intervention by people with HF is poor 12, 144. 

Structured, centre-basedexercise training programmes remain the cornerstone of current 

exercise recommendations, however poor attendance and high drop out rates are common, 

both of which compromise short and long term outcomes 26, 144, 197. Adherence to physical 

activity guidelines is poor in people with HF 18 and failure to meet these guidelines is 

associated with poorer clinical outcomes 145. Physical activity incorporates structured 

exercise training as well as all recreational, occupational and functional activities 

undertaken by an individual. Current guidelines recommend that individuals undertake 

150-300 minutes of moderate intensity activity or 75 - 150 minutes of vigorous intensity 

activity per week 198 or a combination of both.  

Surprisingly little is known about the exercise behaviours of people with HF, and in 

particular,  those recently hospitalised.  Many exercise training trials have been conducted 

in stable and select populations and exercise programme adherence is often poorly reported 

14.    Physical activity undertaken outside of health facilities, and change in physical actvity 

associated with an intervention, are also rarely described. Several studies have previously 

sought to identify predictors of exercise behaviour in people with HF.  Very few studies 

however,  have specifically investigated the impact of programme attendance and physical 

activity participation, and the inter-relationship between these variables,  on change in 

exercise capacity. Understanding these variables in more detail may assist clinicians to 

deliver exercise training programmes specifically targeted for best effect, thereby assisting 

individuals to make meaningful and sustainable change. 

The aim of the current study was to describe patterns of exercise training programme 

attendance and physical activity participation in a sample of recently hospitalised patients 

enrolled in a comprehensive HF disease management programme.  An additional aim was 

to the measure the association between programme attendance (frequency and duration of 

attendance) and physical activity participation with change  in six minute walk distance 

(6MWD). It was hypothesised that programme attendance variables and physical activity 

participation would be independently associated with improvements in 6MWD at 12 

weeks.   
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3.2.3 Methods 

Study design and participants 

This study is a  secondary analysis of the EJECTION-HF trial (ACTRN12608000263392). 

The design and primary outcomes of the EJECTION-HF trial, as well as detailed inclusion 

and exclusion criteria, have been reported previously 40, 47 and are appended in Appendices 

3 and 4. In brief, this multi-centre, randomised controlled trial evaluated outcomes from a 

centre-based exercise training programme, delivered as a component of a comprehensive 

disease management programme for patients recently (within six weeks) hospitalised with 

HF. Participants were recruited from HF services at three major metropolitan hospitals and 

two community facilities in south east Queensland, Australia, from 2008-2013. This 

secondary analysis is confined to participants in the intervention group only, who were 

randomised to receive the centre-based exercise training programme. Informed consent was 

obtained from all participants. The study complied with the Declaration of Helsinki and was 

approved by the Human Research Ethics Committee (HREC) at each participating site, 

centrally co-ordinated by the Royal Brisbane and Women’s Hospital HREC. (Appendix 1). 

Intervention 

All participants were enrolled in a multidisciplinary HF disease management programme 

which included weekly group based education sessions for 12 weeks, individual education 

and counselling, symptom review and medication titration supported by clinic review and 

telephone follow-up. Additionally, all participants received supervised centre-based 

exercise training and a comprehensive home exercise programme, prescribed and 

progressed by the physiotherapist and/or accredited exercise physiologist at each site. A 

programme rolling model was employed with the aim that participants commence exercise 

training within six weeks of hospital discharge.  The centre-based exercise training 

programme consisted of twice weekly sessions conducted in the facility’s gymnasium for 

12 weeks (with 24 sessions equalling 100% attendance), followed by weekly maintenance 

sessions for an additional 12 weeks. Duration of training was selected on the basis that this 

is common practice for HF exercise training programmes in Australia and was similar to 

previous research trials 7, 199. Analysis in this study was confined to the initial 12 weeks 

only. Programmes were one hour duration and included a range of upper limb and lower 

limb endurance and resistance exercises in addition to warm up and cool down. Exercises 
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were performed at an intensity of 9-14 on the rating of perceived exertion (RPE, range 6-

20) scale and were monitored and progressed regularly to maintain this intensity.  

Participants were also encouraged to undertake a home exercise programme consisting of 

at least 30 minutes of moderate intensity exercise per day (RPE 9-14), for most days of the 

week, aiming for 150 minutes per week (ie at least 5 days/week).  This included a walking 

programme as well as individually prescribed endurance and resistance exercises 

performed in the home environment.  Exercises in the home exercise programme were 

often included in the centre-based programme as a means of ensuring correct exercise 

intensity and technique. An exercise diary was provided to each participant and was 

collected and reviewed weekly by the exercise specialist, at which time an updated version 

with modifications and progressions was provided.  

Outcomes 

Change in 6MWD 

The primary outcome of this secondary study was improvement in 6MWD at 12 weeks.  

Assessments were conducted at baseline and week 12 according to recommended 

procedure 137, and performed by a single research officer, blinded to allocation.  The test 

was repeated at baseline with the best result (greatest distance), used for analysis.  A single 

6MWD test was performed at the 12 week assessment.  For the purposes of analysis and to 

ensure clinical relevance of results, 6MWD data were dichotomised according to 

improvement (yes/ no) whereby improvement was defined as i) an increase in 6MWD at 

follow up by at least 30 metres 137 or ii) no decline in 6MWD if baseline distance walked 

was greater than 500 metres. This latter condition was included to account for the ceiling 

effect often observed in this test.  No improvement was defined as those who did not meet 

the above criteria.  

Exercise training programme attendance 

Programme attendance was recorded and documented at each exercise session by clinical 

staff at respective facilities.  Total number of sessions was collated by project staff at 

completion of the intervention period.  Attendance frequency was defined as the total 

number of sessions attended during the 12 week period that the individual undertook 

supervised exercise training.  Data were dichotomised into “frequent” and “infrequent 

attendance” whereby frequent was defined as attendance at ≥12 sessions.  Attendance 

duration was defined as the number of weeks between the first attendance and the last 
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attendance (with no reference to any missing appointments in between) during the 12 week 

period. Duration thus reflected time to drop out. Data were dichotomised into two groups 

using a duration of six or more weeks being the cut off. 

Physical activity participation 

Physical activity participation was defined according to all self-reported activity performed 

outside of the structured exercise programme, and included exercise undertaken as part of 

the prescribed home exercise programme.    Participants were provided with examples of 

activities that represented “moderate intensity” and the project officer clarified responses 

with participants to optimise accuracy. Those who participated in 150 minutes or more of 

moderate intensity physical activity per week in the two weeks preceding the respective 

assessment, were classified as being physically active whilst those who reported not 

achieving this target, were classified as physically inactive.   

Participant characteristics 

Participant characteristics such as age, ejection fraction, HF phenotype, HF presentation 

(new versus decompensated HF), co-morbidities and medications, were obtained from 

medical records and assessment items undertaken as part of the baseline physical 

assessment (Geriatric Depression Scale 200, Instrumental Activities of Daily Living scale). 

Multimorbidity was defined as a score of three or more on the Charlson Co-morbidity Index 

201. 

Data analysis 

Participant characteristics, exercise training programme attendance frequency and 

duration, and physical activity participation at baseline and 12 weeks were summarised 

using standard descriptive statistics.  Association between exercise variables and 

improvement in 6MWD at 12 weeks was described using contingency tables and chi-square 

testing.  

All outcomes were assessed for and confirmed to be normally distributed.  Logistic 

regression was then performed to examine the independent association of these exercise 

variables with improvement in 6MWD at 12 weeks.  Results were reported using odds 

ratios and 95% confidence intervals, with the level of statistical significance set at p<0.05. 

Analysis was undertaken using an intention to treat approach. To determine if missing data 

at week 12 were likely to significantly impact upon results, comparison was made between 
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data from those with complete datasets and data from the whole study group (n=140), using 

t tests for baseline mean 6MWD and age, and a Fisher’s exact test for categorical variables.   

 

3.3.4. Results 

One hundred and forty participants were assigned to the intervention arm of EJECTION-

HF and provided data for this analysis. Figure 3.1 demonstrates missing data at each time 

point. Participants with missing data were slightly older (64 years versus 61 years) and 

more likely to have ischaemic aetiology (50% versus 34%) compared to those with 

complete datasets. All other baseline characteristics were similar between these two groups 

(Appendix 5). As demonstrated in Table 3.1, participants were predominantly male and 

had a mean age of 62 years. The majority of participants had HF with reduced ejection 

fraction (HFrEF) and multimorbidity and disability were common.   

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1   Flow diagram of participants and available data at baseline and 12 week   

follow up 

6MWD, 6 minute walk distance 

Total participants 

n = 140 

Baseline assessment 

Attendance data = 140 

Physical activity 
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6MWD data = 140 
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6MWD data = 114 
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Table 3.1  Participant characteristics 

Characteristics Participants 

n=140 

Age, mean years (SD) 62 (15) 

Male gender,    n (%) 108 (77) 

EF <40%, n (%) 108 (77) 

New diagnosis HF, n (%) 82 (58.6) 

NYHA,    n (%) 

 I 

 II 

 III  

IV 

 

25 (18) 

73 (52) 

 26 (19) 

16 (11) 

HF aetiology, n (%) 

Ischaemic 

Hypertensive 

Idiopathic 

Other 

 

52 (37) 

25 (18) 

38 (27) 

25 (18) 

AF present, n (%) 53 (38) 

Hypertension, n (%) 88 (62.9) 

Diabetes, n (%) 48 (34.3) 

COPD present, n (%) 34 (24.3) 
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Chronic renal impairment, n (%) 31 (22.1) 

Anaemia present, (Hb <120 g/L males 

and <110 g/L females), n (%) 

34 (27) 

Depression present (GDS >5), n (%) 46 (35) 

Multimorbidity CCI ≥ 3, n (%)      66 (47) 

Disability present (IADL >1), n (%) 73 (52) 

Baseline 6MWD, mean metres (SD) 361 (127) 

Medications 

ACEi/ ARB 

Beta-blocker 

MRA 

Loop diuretic 

Digoxin 

 

125 (89.3) 

127 (90.7) 

52 (37.1) 

119 (85.0) 

34 (24.3) 

ACEi, Angiotensin converting enzyme inhibitor; AF, Atrial fibrillation; ARB, Angiotensin receptor 

blocker; CCI, Charlson comorbidity index; COPD, Chronic obstructive lung disease; EF, Ejection 

fraction; GDS, Geriatric depression scale; Hb, Haemoglobin; IADL, Instrumental activities of daily 

living; MRA, Mineralocorticoid receptor antagonist; NYHA, New York Heart Association 

 

Of the 140 participants in this study, only one person attended all 24 available sessions in 

the 12 week period.  Fifty-seven (41%) participants attended frequently (≥12 sessions) and 

median attendance was 9 sessions over the 12 weeks.  As depicted in Figure 3.2, non 

attendance was most common in the second half of the programme. At week one, the 

majority of participants attended at least once with 67 (48%) attending one session and 33 

(24%) attending twice as per the protocol. At week 12, only half (53%) of participants 

attended, with 46 (33%) attending one session and 28 (20%) attending both sessions 

offered. The median duration of attendance (time to drop out) was 11 weeks, with 58 (41%) 

participants attending for the full duration of 12 weeks, and 112 (80%) for at least 6 weeks.  
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At baseline, 60/140 (43%) participants were physically active.  At 12 weeks 92/117 were 

physically active, including 50 (54%) who had been physically inactive at baseline.  

 

 

 

 

 

 

 

 

 

       

The association between exercise variables and improvement in 6MWD is shown in Table 

3.2. Frequent exercise training programme attendance and being physically active at 12 

weeks, were both important contributors to significant improvement in 6MWD.  Physical 

activity participation at baseline and attendance duration were not significantly associated 

with improvement in 6MWD and were therefore not included in the subsequent model.  

Results of the logistic regression model demonstrated that those who were physically active 

at week 12 were more likely to improve 6MWD than those not physically active at this 

time (OR 3.8, 95% CI 1.3-11.5, p = 0.018). Similarly, frequent attenders were more likely 

to improve 6MWD compared to poor attenders (OR 2.7, 95% CI 1.2-5.9, p=0.016).  Those 

who achieved both targets were 10.3 times more likely to improve 6MWD. There was no 

interaction effect between these variables.  
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Figure 3.2  Percentage of participants who attended the exercise programme 

according to session frequency and week of attendance 
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Table 3.2  Association between exercise variables and improvement in 6MWD  

 Improved 6MWD, n (%) p value 

Attendance frequency ≥12 sessions 

Attendance frequency <12 sessions 

34/52 (65.9) 

23/62 (37.1) 

0.003 

Attendance duration ≥6 weeks 

Attendance duration <6 weeks 

53/101 (52.5) 

4/13 (30.8) 

0.141 

Physical activity at baseline ≥150 

minutes 

Physical activity at baseline <150 

minutes 

44/88 (50) 

 

53/122 (43.4) 

0.347 

Physical activity at 12 week follow-

up ≥150 minutes 

Physical activity at 12 week follow-

up <150 minutes 

80/161 (49.7) 

 

16/48 (33.3) 

0.046 

6MWD, 6 minute walk distance, PA; Physical activity 

 

Figure 3.3 illustrates the proportion of participants who improved 6MWD at 12 weeks, 

with respect to physical activity participation and exercise training programme attendance. 

Those individuals who attended frequently and who were physically active at 12 weeks 

were significantly more likely to improve 6MWD than those physically inactive at follow 

up (p=0.009).  
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Figure 3.3  Percentage of participants who improved 6MWD at week 12 according 

to exercise programme attendance frequency and being physically active at 12 

weeks 

Frequent attendance refers to attendance at least weekly. Physically active is defined by meeting the 

recommended guideline of 150 minutes of moderate intensity physical activity per week.  

6MWD, 6 minute walk distance 

 

3.2.5 Discussion 

This secondary analysis of the EJECTION-HF trial was undertaken to describe exercise 

participation in people recently hospitalised with HF and to identify associations between 

exercise participation and improvements in 6MWD.   In this study only one participant 

attended all 24 exercise sessions and fewer than half of participants attended 50% of 

available sessions at the health facility. At 12 week follow up, close to 80% of HF 

participants were deemed to be physically active. Both parameters, exercise training 

programme attendance and meeting physical activity guidelines, were strongly associated 

with improvements in 6MWD.  

Very few studies have specifically investigated exercise participation in people recently 

hospitalised with HF. Attending more than one exercise session per week was not common 

in these participants, however this compares favourably to a similar trial which aimed to 
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enrol participants within ten days of hospital discharge 41.  This latter study found an 

exercise training programme undertaken at this very early time frame to be non feasible 

due to poor participant uptake 41.   

Results from studies enrolling symptomatically stable patients suggest that poor 

programme attendance is indeed a common problem 7, 13, 14, 202, 203. In the post discharge 

phase, specific challenges may  pose as barriers to exercise participation, potentially 

leading individuals to be negatively labelled as “non adherent”. This is particularly relevant 

for the elderly and those with multimorbidity who are often required to balance multiple 

competing health services at this time, or who may require readmission to hospital as a 

consequence of worsening symptoms. In order to account for these challenges and periods 

of symptom instability, HF exercise training programmes are typically longer in duration 

than traditional cardiac rehabilitation programmes.  Results of this pragmatic trial, in which 

half of participants had multimorbidity or disability, suggest that whilst recruitment to the 

exercise programme within six weeks of hospital discharge was feasible, it may be 

unrealistic to expect people to attend more than once per week.   

That meeting physical activity guidelines was strongly associated with improvements in 

6MWD is a reassuring result for people unable to attend centre-based exercise training 

programmes or for those only able to attend infrequently.  These results are also supported 

by Sutherland et al, who similarly demonstrated a significant association between meeting 

physical activity guidelines and improvements in 6MWD 204. In the current study, those 

who achieved both targets of frequent programme attendance and being physically active, 

were 10 times more likely to improve walking distance at 12 week follow up.  This “dose” 

response has been demonstrated previously by Keteyian et al, and is a worthwhile message 

with which to counsel patients 107. For those who are able to attend exercise training 

programmes, frequent attendance should be supported, accompanied by encouragement to 

undertake a home exercise programme at recommended levels. This dose response may 

also explain the finding that programme duration was not signifiucantly associated with 

improvements in exercise capacity in this study,  a result previously reported by Vromen 

et al 106.     

An interesting finding in the current study was change in physical activity participation 

following the centre-based programme. This outcome has rarely been reported in HF 

exercise trials.  In this study, less than half of participants were physically active at baseline, 



61 
 

however by 12 weeks, almost 80% reported meeting this target.   This exceeds results of 

other large centre-based exercise trials including the HF ACTION trial, in which only one 

third of participants were reported to achieve 120 minutes of moderate intensity exercise 

per week at follow up 7. Conducting the exercise programme as a component of a 

comprehensive multidisciplinary disease management programme, rather than a standalone 

intervention, may explain these findings. In the current study participants were reviewed 

at each exercise session attendance by HF Service clinicians, an intervention which 

included education, monitoring of symptoms, medication review and titration, early 

management of concerns and provision of emotional support. Motivational interviewing 

techniques were used at each session to review and modify the centre-based and home 

exercise programmes as well as to support other behaviour changes in collaboration with 

the patient. Some of these strategies have previously been recommended for enhancing 

exercise adherence 14, 144.  It is possible that incorporating the exercise programme as part 

of a comprehensive service, delivered in one location by a consistent team, may have 

enhanced individuals’ perception of benefit, thus explaining these positive findings 

compared to previous trials. A recent study by Liu et al, similarly recommends this model 

of delivery 205.    

The importance of physical activity undertaken outside of the hospital environment cannot 

be underestimated. In addition to improving exercise capacity 19, 204, 206, it has also been 

identified as an important predictor of clinical outcomes in people with HF 19, 107, 145, 207.   

Conversely, being physically inactive has been shown to be associated with double the risk 

of both all cause and cardiac mortality compared to those who are physically active 145.  

Even modest leisure time activity in HF patients has been associated with improved 

survival 107, 145.  This is an important message to convey to patients.  Whilst higher training 

intensities may yield more promising results, for older patients and those with more severe 

symptoms or pain, exercising at even moderate intensity may be unrealistic 29.  An 

approach recently proposed for those with chronic lung disease is to place emphasis on 

substituting sedentary time with light intensity physical activity, rather than a “one size fits 

all approach” with recommendations based solely on moderate to vigorous intensity 

exercise 208-211. Providing clear, “real world” and achievable recommendations with 

tangible outcomes may enhance exercise adherence in these patients 144, 150. 
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There are several limitations to this study. There is currently no consensus regarding best 

measurement of physical activity and data from this study were dependent upon a non- 

validated method of self-report. Whilst use of accelerometers was considered, there was 

concern that this may have influenced exercise behaviour and may have added to research 

burden for participants.  Attendance data and other outcomes may have been influenced by 

hospital admissions during the study period as well as other unmeasured confounders. 

Whilst baseline participant characteristics may have influenced change in 6MWD, these 

were not included in the model as the primary aim of the study related to exercise 

participation variables.   Finally, sample size was relatively small, and results therefore 

potentially pertain to a select population, however characteristics of participants were 

similar to those seen clinically in exercise training programmes and results therefore have 

relevance.  

This study demonstrated that meeting physical activity guidelines and attending at least 

one exercise training session per week were both strongly and independently associated 

with improvements in 6MWD.  Whilst the goals of any exercise intervention should be to 

improve and maintain exercise capacity, equally important is to promote positive and 

sustainable exercise behaviours that optimise clinical outcomes in the long term 123, 144, 145.  

Services should be tailored for best effect, with interventions directed towards assisting 

individuals to be physically active, acknowledging that the time required to achieve this 

change may vary among individuals. Flexible models which account for periods of 

instability should be encouraged, particularly in the post hospitalization phase.  Limited 

data is currently available on how age, gender, HF characteristics and other variables may 

impact upon exercise adherence in patients with HF. Future studies should thus explore 

this in more detail and characterise potential subgroups for whom a more tailored approach 

may be appropriate.  In so doing, studies should continue to identify strategies which may 

assist individuals to attend centre-based exercise training programmes where possible, to 

improve physical activity participation and to potentially lessen sedentary behaviour. The 

impact of illness and rehospitalisation on exercise participation following discharge should 

also be explored.  Finally, studies should explore safety and efficacy of alternative options 

for exercise training as a means of providing further opportunities for individuals to engage 

in sustainable and meaningful activity. 
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3.3  Chapter summary 

The results from this study demonstrate that few people with HF recently discharged from 

hospital, are able to attend centre-based exercise training programmes more than once per 

week. Results also indicate that improvements in 6MWD are associated with programme 

frequency (attendance at least once per week) and meeting exercise guidelines 

(participation in 150 minutes of moderate intensity activity per week), but not with 

programme duration. Attending frequently as well as being physically active incurs an 

additive benefit with respect to improvements in 6MWD. This study confirms findings 

from previous physical activity studies, indicating that even modest levels of activity can 

improve exercise capacity. This provides clinicians with clear and practical 

recommendations with which to counsel patients. 

In this study, both the centre-based and home exercise programmes were delivered as a 

component of the disease management programme, rather than standalone interventions. 

This may have contributed to exercise adherence, with 79% of participants reported to be 

meeting exercise guidelines at 12 week follow up. This is a promising result compared to 

previous studies 7, 202. 

Results of this study informed Study 2 which is reported in the following chapter.  
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4.1  Chapter introduction 

As reported in the previous chapter, results from Study 1 indicated that frequency of 

attendance at the centre-based exercise programme and meeting exercise guidelines were 

both strongly and independently associated with improvements in 6MWD.   

Following on from these findings, Study 2, also a sub-study of the EJECTION-HF trial, 

sought to identify predictors of frequent programme attendance and meeting exercise 

guidelines. Although previous studies have been undertaken to identify predictors of 

exercise adherence in people with HF, there has been little investigation of the association 

between participant and clinical characteristics and the variables of interest in a clinical HF 

population. This study was therefore conducted to identify important predictors of exercise 

participation, thus enabling clinicians to deliver services, targeted for greatest effect.  

Chapter 4 reports results of Study 2 which is presented as a short report.  
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4.2  Predictors of exercise training and physical activity adherence in 

people recently hospitalised with heart failure: A short report 

JA Adsett, NR Morris, AM Mudge 

 

4.2.1 Abstract 

Aim: For individuals with HF, frequent attendance at exercise training programmes and 

meeting physical activity guidelines are significantly associated with improvements in 

6MWD. Despite the evidence, adherence to exercise interventions remains poor. The aim 

of this study was to identify predictors of these two variables in patients recently 

hospitalised with HF.  

Methods: In this sub-study of the EJECTION-HF trial, all participants were enrolled in a 

HF disease management programme, including weekly review of a home exercise 

programme for 12 weeks.   Intervention group participants additionally undertook twice 

weekly supervised exercise training. Primary outcomes were frequent exercise training 

programme attendance (≥12 sessions), and attainment of physical activity guidelines (150 

minutes moderate intensity weekly exercise) at 12 weeks. Participant and clinical 

characteristics were analysed using a logistic regression model to identify significant 

predictors of each outcome.  

Results: 278 participants provided physical activity data and 140 contributed attendance 

data.  New diagnosis of HF was a significant predictor of frequent programme attendance 

(OR 2.3, 95% CI 1.1-4.7, p=0.03).  Predictors of meeting physical activity guidelines at 

follow up included new HF diagnosis (OR 2.4, 95%CI 1.2-4.8, p=0.013), and being 

physically active at baseline (OR 2.7, 95% CI 1.3-5.6, p=0.007). Gender, symptom 

severity, multimorbidity and disability were not significantly associated with either 

outcome in multivariate analysis. Conclusion: Specific strategies may be required for 

those with decompensated HF and those physically inactive at time of referral.  
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4.2.2 Introduction 

For individuals with HF, exercise adherence is an important predictor of improvements 

in exercise capacity and clinical outcomes 19, 145.  Despite the evidence, attendance at 

structured exercise training programmes and participation in regular physical activity in 

accordance with recommended guidelines, remains poor 14, 123, 144.  Recent research 

suggests that attending a structured exercise training programme at least weekly or 

meeting physical activity guidelines through activity undertaken outside of the health 

facility, are significant predictors of improvements in exercise capacity in people with HF 

14, 106.  Understanding how common clinical variables and patient characteristics impact 

upon exercise adherence may assist clinicians to target interventions more appropriately.  

The aims of this study were to identify predictors of programme attendance and meeting 

physical activity guidelines in patients recently hospitalised with HF.  

 

4.2.3 Methods 

Study design 

This study is a sub-study of the EJECTION-HF (Exercise Joins Education: Combined 

Therapies to Improve Outcomes in Newly-discharged HF patients) trial. Design and 

primary outcomes of this multicentre trial have been reported previously 40, 47 and are 

appended in Appendices 3 and 4. Briefly, individuals were recruited from five HF 

services in Queensland, Australia within six weeks of discharge following a HF 

admission.  Participants were eligible if they had a confirmed diagnosis of HFrEF or 

HFpEF.  All participants were enrolled in the HF disease management programme which 

included weekly individual and group-based HF education, symptom monitoring and 

medication titration.  Participants were also prescribed an individualised home exercise 

programme, reviewed and progressed weekly by the physiotherapist and/ or accredited 

exercise physiologist, aiming for 30 minutes of moderate intensity activity most days of 

the week.  Those randomly allocated to the intervention group were additionally 

encouraged to attend twice weekly supervised exercise training sessions at the health 

facility for 12 weeks, followed by weekly sessions for a further 12 weeks.  Supervised 

exercise training sessions were individualised to each participant and included upper limb 

and lower limb endurance and resistance training performed at an intensity of 9-14 on the 
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rating of perceived exertion scale (RPE 6-20 scale).  Exercises were progressed weekly 

to maintain the recommended intensity.  This study pertains to the first 12 weeks of the 

study only. Assessments were undertaken at randomisation within six weeks of hospital 

discharge, and 12 weeks after commencing the programme, by a single assessor blinded 

to group allocation.   The study was approved by the HREC at each participating site 

(Appendix 1).   

Measures  

Programme attendance was recorded by disease management programme staff at each 

facility and was defined according to the total number of exercise training sessions 

attended during the 12 weeks.  Data for this outcome therefore pertained to only those in 

the intervention group.  Results were dichotomised into frequent and infrequent attenders 

based upon attendance at ≥12 sessions.  

Physical activity was self-reported by all participants (control and intervention) on the 

basis of activity undertaken outside of the health facility, including the prescribed home 

exercise programme.  Participants were assisted to describe average minutes of moderate 

intensity activity undertaken per week during the two weeks preceding the 12 week 

assessment.  The outcome was dichotomised according to meeting physical activity 

guidelines, defined as 150 minutes of moderate intensity activity undertaken per week.  

Participant characteristics recorded at baseline were those considered most likely to be 

associated with the outcomes.  These included age, gender, HF phenotype, HF 

presentation (new versus decompensated HF), HF aetiology, co-morbidities and baseline 

6MWD.  Multimorbidity was measured using the Charlson Comorbidity Index 202 defined 

as a score of three or above, and disability was defined as a score greater than one on the 

Instrumental Activities of Daily Living scale.  

Data analysis 

Association between potential explanatory variables and each outcome (i.e. exercise 

session attendance and physical activity participation) were described using contingency 

tables and chi-square testing.  Potentially significant variables (association p<0.1) were 

assessed for normality and subsequently entered into a stepwise logistic regression model 

to identify independent predictors of the two outcomes.  Backwards removal of variables 

was undertaken to obtain the most parsimonious model. As hospital readmission during 
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the study period was considered a potential confounder, a sensitivity analysis, excluding 

those readmitted during the study period, was undertaken. 

 

4.2.4 Results 

Two hundred and seventy-eight participants were enrolled in EJECTION-HF, of which    

attendance data were available for the 140 participants randomised to the intervention 

group. Fifty-seven (41%) participants in the intervention group attended at least 12 

sessions during the 12 week structured exercise training programme.   Physical activity 

data were available for 218 of the 278 participants at 12 weeks. Missing data were the 

consequence of participants being unable to attend the follow up appointment (n=26), 

being unable to contact (n=13), being too unwell (n= 17) and death (n=4). Of the 218 

participants, 164 (75%) met physical activity guidelines at follow up. 

Seventy-five participants (27%) were readmitted during the 12 week period, 32 of whom 

were randomised to the intervention. Four of these participants attended ≥12 exercise 

training sessions. Of the 218 participants who provided physical activity data, 51 were 

readmitted within the study period, of whom 32 met physical activity guidelines. Baseline 

characteristics for selected variables according to exercise training programme attendance 

and attainment of physical activity guidelines are depicted in Tables 4.1 and 4.2 

respectively. 
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Table 4.1 Participant characteristics according to exercise training programme 

attendance at 12 week follow up 

 Exercise training programme attendance (n=140) 

(intervention group only) 

Frequent 

programme 

attendance# 

n= 57 

Infrequent 

programme 

attendance 

n= 83 

p value 

Age >70 years, n (%) 22 (39) 29 (35) 0.66 

Male gender, n (%) 41 (72) 67 (81) 0.22 

NYHA, n (%) 

 I 

 II 

 III or IV 

 

9 (16) 

33 (58) 

15 (26) 

 

16 (19) 

40 (48) 

27 (33) 

 

0.53 

New HF presentation, 

n (%) 

39 (68) 

 

43 (52) 0.05 

EF <40%, n (%)* 46 (81) 62 (75) 0.41 

HF aetiology, n (%) 

Ischaemic 

Valvular 

Hypertensive 

Idiopathic 

Other 

 

19 (33) 

4 (7) 

11 (19) 

18 (32) 

5 (9) 

 

33 (40) 

5 (6) 

14 (17) 

20 (24) 

11 (13) 

 

0.77 

AF, n (%) 20 (35) 33 (40) 0.58 

Chronic lung disease, 

n (%) 

11 (19) 22 (27) 0.19 

Depression present, 

(GDS >5), n (%) 

15 (27) a 31 (41) b 0.09 
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 Frequent 

programme 

attendance# 

n= 57 

Infrequent 

programme 

attendance 

n= 83 

p value 

BMI, n (%) 

<25 

25 – 29 

 ≥30 

 

13 (23) 

17 (30) 

26 (46) a 

 

18 (22) 

20 (24) 

45 (54) 

 

0.63 

Multimorbidity, (CCI 

≥ 3), n (%)  

25 (44) 41 (49) 0.52 

Disability present 

(IADL >1), n (%) 

32 (56) 41 (49) 0.43 

 

Living situation, n (%) 

Lives alone 

Lives with others 

Residential care 

other 

 

9 (16) 

47 (83) 

0 (0) 

1 (2) 

 

16 (19) 

65 (78) 

2 (2) 

0 (0) 

 

0.37 

Baseline 6MWD >300 

m, n (%) 

43 (75) 56 (67) 0.31 

Physically active at 

baseline+ 

29 (51) 31 (37) 0.11 

a  n= 56, b n= 76;    # Frequent programme attendance refers to attendance at ≥ 12 exercise training sessions,  

* EF< 40% refers to percentage of participants with HF with reduced ejection fraction. Remaining 

participants account for those with HF with preserved ejection fraction; + refers to attainment of 150 minutes 

of moderate intensity exercise per week at baseline assessment 

6MWD, 6 minute walk distance; AF, Atrial fibrillation; BMI, Body mass index; CCI, Charlson comorbidity 

index; EF, Ejection fraction; GDS, Geriatric depression scale,  HF, Heart failure; IADL, Instrumental 

activities of daily living; NYHA, New York Heart Association 
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Table 4.2 Participant characteristics according to meeting physical activity 

guidelines at 12 week follow up 

 Physical activity participation (n=218) 

Meets physical 

activity 

guidelines # 

n= 164 

Does not meet 

physical 

activity 

guidelines 

n= 54 

p value 

Age >70 yrs, n (%) 58 (35) 23 (43) 0.34 

Male gender, n (%) 128 (78) 36 (67) 0.09 

EF <40%, n (%)* 133 (81) 38 (70) <0.09 

NYHA, n (%) 

 I 

 II 

 III or IV 

 

36 (22) 

92 (56) 

36 (22) 

 

7 (13) 

24 (44) 

23 (43) 

 

0.01 

New HF presentation, n 

(%) 

101 (62) 20 (37) <0.01 

HF aetiology, n (%) 

Ischaemic 

Valvular 

Hypertensive 

Idiopathic 

Other 

 

61 (37) 

6 (4) 

22 (13) 

50 (31) 

25 (15) 

 

23 (43) 

4 (7) 

11 (20) 

8 (15) 

8 (15) 

 

0.16 

AF, n (%) 61 (37) 30 (56) 0.05 

Chronic lung disease, n 

(%) 

37 (23) 17 (32) 0.32 
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 Meets physical 

activity 

guidelines # 

n= 164 

Does not meet 

physical activity 

guidelines 

n= 54 

p value 

Depression present, (GDS 

>5), n (%) 

47 (30) a 25 (51) b 0.01 

BMI, n (%) 

<25 

25 – 29 

 ≥30 

 

35 (22) 

53 (33) 

72 (45) c 

 

11 (20) 

16 (30) 

27 (50) 

 

0.81 

Multimorbidity, (CCI ≥ 

3), n (%) 

74 (45) 35 (65) 0.01 

Disability present (IADL 

>1), n (%) 

72 (44) d 33 (61) 0.03 

Living situation, n (%) 

Lives alone 

Lives with others 

Residential care 

other 

 

27 (17) 

133 (81) 

1 (1) 

3 (2) 

 

12 (22) 

42 (78) 

0 (0) 

0 (0) 

 

0.55 

Baseline 6MWD >300 m, 

n (%) 

131 (80) 28 (53) <0.001 

Physically active at 

baseline, n (%) + 

79 (48) 14 (26) <0.01 

a n= 158, b n= 49, c n= 160, d n= 163;  #  Meets physical activity guidelines refes to undertaking 150 minutes 

of moderate intensity activity at 12 week follow up,   * EF< 40% refers to percentage of participants with 

HF with reduced ejection fraction. Remaining participants account for those with HF with preserved 

ejection fraction; + refers to attainment of 150 minutes of moderate intensity exercise per week at baseline 

assessment 
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6MWD, 6 minute walk distance; AF, Atrial fibrillation; BMI, Body mass index;CCI, Charlson comorbidity 

index; EF, Ejection fraction; GDS, Geriatric depression scale; HF, Heart failure; IADL, Instrumental 

activities of daily living; NYHA, New York Heart Association 

 

Predictors of frequent exercise training programme attendance  

Of the selected variables, HF presentation (new diagnosis versus decompensated HF) and 

depression were found to be associated with programme attendance at 12 weeks (p<0.1) 

and were thus included in the subsequent model.  In multivariate analysis, only HF 

presentation was a significant predictor of the outcome.  Participants with a new diagnosis 

of HF were more likely to be frequent attenders compared to those with decompensated 

HF (OR 2.3, 95% CI 1.1-4.7, p=0.03). Excluding participants readmitted to hospital 

during this time, did not influence results for this outcome.  

Predictors of meeting physical activity guidelines 

Variables that were associated with meeting physical activity guidelines at 12 weeks and 

thus included in the model were gender, symptom severity (New York Heart Association 

symptom classification), HF presentation (new versus decompensated), ejection fraction 

(HFrEF versus HFpEF), atrial fibrillation, depression, multimorbidity, disability, baseline 

6MWD and physical activity participation at baseline. In multivariate analysis, new HF 

presentation (OR 2.4, 95% CI 1.2-4.8, p=0.013), being physically active at baseline (OR 

2.7, 95% CI 1.3-5.6, p=0.007), and baseline 6MWD >300 metres (OR 2.5, 95% CI 1.3-

5.1, p=0.01) were found to be the most significant independent predictors of this outcome. 

When participants who were readmitted during this time were removed from the analysis, 

baseline 6MWD was no longer significantly independently associated with meeting 

physical activity guidelines at week 12. 

 

4.2.5 Discussion 

This study sought to identify predictors of exercise behaviours known to be associated 

with improvements in exercise capacity in people recently hospitalised with HF, namely 

frequent exercise programme attendance and meeting physical activity guidelines.  

Participants with a new diagnosis of HF were more likely to be frequent attenders at the 

exercise training programme and were also more likely to meet physical activity 
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guidelines at 12 weeks compared to those with decompensated HF. Being physically 

active at baseline was also an independent predictor of meeting physical activity 

guidelines at followup.   

Exercise adherence is a significant challenge for many people with HF and much research 

has been undertaken to identify potential barriers.  Previously reported barriers to exercise 

participation include patient related (older age, anxiety and depression, poor motivation), 

condition related (symptom severity, disability, comorbidities), socioeconomic 

(transportation and financial constraints) and health system related variables (poor 

referral, lack of capacity and expertise) 17, 29, 36, 123, 144, 148, 212. In the current study, which 

focused specifically on patient and condition related variables, we similarly found gender, 

symptom severity, depression, multimorbidity and disability to be associated with 

physical activity adherence, although not with structured exercise training program 

attendance. However, the association with these variables was weakened in multivariate 

modelling which took into account  physical activity participation at baseline, which was 

significantly associated with physical activity participation at 12 weeks.  

The finding that those with decompensated known HF were less likely to attend the 

exercise training programme and meet physical activity guidelines compared to newly 

diagnosed patients, has not previously been described.  Symptom burden may in part 

explain this finding, but NYHA class was not significantly associated with outcomes.  

Not surprisingly, interval hospital admissions were associated with poorer adherence, and 

hospital associated deconditioning may increase the challenges of attending.    Similar 

findings have been reported in patients with COPD enrolled in pulmonary rehabilitation, 

in which prior exacerbation of the disease was associated with poor programme 

attendance 213.  Whether these results reflect disease severity, self-efficacy or perhaps a 

complex combination of physical and psychological factors, is not known.  For those with 

decompensated HF,  better understanding of the needs and preferences of this group may 

be required to design specific strategies to support adherence.  

In this study, participants who were physically inactive at baseline were less likely to 

meet physical activity guidelines at followup.  Given the relationship between exercise 

adherence and clinical outcomes, a key outcome of all HF exercise training interventions 

should be to promote life long physical activity participation and to facilitate behaviour 

change in those who are inactive.  Surprisingly few studies however, have either reported 
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or achieved this goal.  In the HF ACTION trial, only 40% of individuals in the 

intervention arm achieved target physical activity recommendations at three months 7.  

Identifying strategies that assist individuals to attain physical activity guidelines remains 

an important challenge. 

Recognising factors that influence exercise behaviour is important for clinical practice. If  

clinicians are able to identify early, those most likely to be poorly adherent with exercise 

training,  targeted and timely interventions may be implemented.  Recent evidence 

suggests that successful strategies include techniques to enhance self-efficacy, flexible 

programme delivery, encouraging alternative and pleasurable exercise options, and a 

focus on achievable goals 36, 144, 212. Moreover, employing a multifaceted approach may 

also be important,  rather than exercise training being provided as a standalone 

intervention 36, 144.  

Limitations to the study are noted. All participants were from a randomised controlled 

trial, providing a more select population than routine clincial practice. Programme 

attendance data were limited to the intervention group only, reducing statistical power in 

this smaller group. Due to a lack of consensus regarding physical activity measurement 

and concern about research burden for participants, physical activity data were based 

upon a non validated method of self-report. Data were also limited to those participants 

who attended follow up, potentially leading to an over-estimation of this outcome. 

Socioeconomic and psychological variables  were not collected.  Strengths of this study 

include recruitment of a clinical HF population,  and pragmatic trial design. Unlike 

previous trials in stable populations, results provide valuable insight into factors that 

influence exercise behaviours in patients recently hospitalised with HF. Future studies 

should further explore the influence of clinical variables on exercise training programme 

attendance and short and long term physical activity participation. Tailored adherence 

strategies may be required for those with decompensated HF or with poor exercise 

capacity, and those physically inactive at the time of referral,  and these warrent further 

investigation. 
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4.3  Chapter summary 

This study identified predictors of frequent programme attendance at a centre-based 

exercise programme and meeting exercise guidelines, in a cohort of people recently 

hospitalised with HF. It is the first study to report an association between recency of 

diagnosis and these two outcomes. It is also the first study to report the association 

between baseline physical activity and physical activity at 12 week follow up in these 

participants. Results demonstrate that participants admitted with a new diagnosis of HF 

were significantly more likely to attend the exercise programme at least weekly and to be 

participate in 150 minutes of moderate intensity activity per week, compared to those 

admitted with decompensated HF. Similarly, participants reported to be physically active 

at baseline were more likely to be physically active at follow up compared to those 

physically inactive post hospital discharge.  

Based upon the strong relationship between exercise participation and 6MWD (Study 1) 

and clinical outcomes (EJECTION-HF), these research findings identify two potentially 

vulnerable groups at risk of poor outcomes. These results identify opportunity for exercise 

services to be specifically targeted to different subgroups to ensure greatest benefit.  For 

those admitted with decompensated HF and those habitually physically inactive, 

strategies which specifically target programme attendance and physical activity 

participation, may prove beneficial.  

Importantly, this thesis is about exercise adherence. Engaging people to participate in 

exercise, either through centre-based exercise programmes, home-based strategies or 

alternative exercise opportunities, is a vital component of clinical practice. The following 

chapters report on studies related to an alternative exercise modality, namely aquatic 

exercise training.  

Aquatic exercise training is exercise training undertaken in warm water. Buoyancy and 

turbulence of the water are used to assist or resist movement, thereby making this exercise 

modality appropriate for people of all ages and functional ability. This is particularly 

relevant for people with chronic pain who may find land-based exercise training difficult. 

It may also be appealing for people unlikely to attend centre-based exercise programmes 

as it provides a potentially enjoyable activity, in an environment quite different from 

traditional gymnasium-based programmes. For people with decompensated HF and those 
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habitually inactive, aquatic exercise training potentially offers an additional means by 

which people can be physically active.   

There is currently very little information available regarding this modality of exercise 

training for people with HF. The following chapters therefore explore aquatic exercise 

training in detail, with a particular emphasis on safety, efficacy and acceptability in people 

with HF.  Chapter 5 presents a systematic review and meta-analysis of existing literature 

on this topic.  
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CHAPTER 5.   Aquatic exercise for stable heart failure: A 

systematic review and meta-analysis   

The following chapter has been published in the International Journal of Cardiology. The 

bibliographic details are: 

Adsett JA, Mudge AM, Morris NR, Kuys S, Paratz JD.  Aquatic exercise for stable heart 

failure: A systematic review and meta-analysis. Int J Cardiol. 2015, 186: 22-28. 
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5.1  Chapter introduction 

This chapter is a systematic review undertaken to explore the existing literature regarding 

safety and efficacy of aquatic exercise training for people with HF.  As identified in Study 

1 and from results from previous trials, uptake at traditional land-based exercise training 

programmes and participation in physical activity external to health care facilities, is 

known to be poor 13, 14, 144.  Consideration of alternative exercise options which may prove 

beneficial for exercise capacity and QoL, is therefore necessary to improve exercise 

adherence at a population level.  

Historically, aquatic exercise had been avoided in people with HF due to concerns 

regarding safety. Studies undertaken in the last 10 years however, have challenged this 

notion suggesting that people with stable HF tolerate immersion in water without any 

serious adverse events. Existing studies can largely be divided into i) physiological 

studies which investigate the effects of immersion on central haemodynamics peripheral 

circulation and ii) interventional studies which investigate the effect of aquatic exercise 

training on functional outcomes. Despite a relative increase in interest relating to this 

topic, interpretation of these studies is challenging due to small sample sizes, select 

populations and heterogeneity of trial design. At the time that this research was 

undertaken, no specific guidelines existed for aquatic exercise training for this population, 

making it challenging for clinicians to make appropriate recommendations regarding 

safety and efficacy of this exercise modality.  

This chapter reports results from Study 3, a systematic review and meta-analysis 

undertaken to explore the safety and efficacy of aquatic exercise training for people with 

HF. Specific outcomes included those relevant to clinical HF populations and therefore 

included exercise capacity, muscle strength, haemodynamic parameters, BNP and QoL.  

 

 

 

 

 



81 
 

5.2 Aquatic exercise training and stable heart failure: A systematic 

review and meta-analysis 

JA Adsett, AM Mudge, NR Morris, Suzanne Kuys, JD Paratz 

5.2.1 Abstract 

Aim: A meta-analysis and review of the evidence was conducted to determine the efficacy 

of aquatic exercise training for individuals with stable heart failure compared to 

traditional land-based programmes.  

Methods: A systematic search was conducted for studies published prior to March 2014, 

using MEDLINE, PUBMED, Cochrane Library, CINAHL and PEDro databases.  Key 

words and synonyms relating to aquatic exercise and HF comprised the search strategy.  

Interventions included aquatic exercise or a combination of aquatic plus land-based 

training, whilst comparator protocols included usual care or land-based training alone.  

The primary outcome of interest was exercise capacity, measured either by maximal test 

(V̇O2peak) or submaximal test (6MWT).  Studies reporting on muscle strength, cardiac 

dimensions, haemodynamic parameters (cardiac output, ejection fraction, systemic 

vascular resistance), BNP and QoL were also reviewed.  

Results: Eight studies met criteria, accounting for 156 participants. Meta-analysis 

identified studies including aquatic exercise to be superior to comparator protocols for 

6MWT (p<0.004) and peak power (p<0.044). Compared to land-based training 

programmes, aquatic exercise training provided similar benefits for V̇O2peak, muscle 

strength and QoL, though was not superior. Cardiac dimensions, left ventricular ejection 

fraction, cardiac output and BNP were not influenced by aquatic exercise training.  

Conclusion: For those with stable HF, aquatic exercise training can improve exercise 

capacity, muscle strength and QoL similar to land-based training programmes.    This 

form of exercise may provide a safe and effective alternative for those unable to 

participate in traditional exercise programmes.  
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5.2.2 Introduction 

Exercise training is a recommended component of the comprehensive management of 

patients with HF.  Exercise based rehabilitation programmes have consistently shown 

positive improvements in patient symptoms, exercise capacity and QoL, and a possible 

impact upon hospital readmissions and mortality 1, 2, 7.  

Traditional land-based training programmes however, may not be suitable for all patients.  

The frail elderly and those with co-morbid conditions including chronic pain, orthopaedic 

or balance disturbances for example, may find these programmes difficult, contributing 

to lower levels of physical activity participation 214. Aquatic exercise (exercise conducted 

in thermoneutral [32-34 °C] water) has been proposed as a possible alternative for these 

patients. The warm water and low weight bearing environment reduces pain, and using 

the principles of hydrodynamics, allows exercise to be undertaken which may improve 

postural stability, exercise capacity and walking endurance 180, 181, 188, 215.   

Historically, aquatic exercise has not been recommended for individuals with HF. 

Immersion in warm water leads to an increase in venous return as a consequence of 

hydrostatic pressure. Clinicians have long been concerned that this increase in central 

blood volume and cardiac preload may not be tolerated by those with HF, leading to 

worsening of symptoms and a reduction in exercise capacity 43. This potential risk has 

hampered trials and there are currently no clear recommendations for clinical practice. 

Recent small studies however, have demonstrated that patients with stable HF not only 

tolerate immersion and exercise in this environment, but also benefit from a number of 

physiological sequelae 44-46.  The purpose of this systematic review and meta-analysis 

was to determine the effect of aquatic exercise training on a variety of functional and 

physiological outcome measures in this population. Specifically, the study sought to 

determine functional benefits of aquatic exercise compared to usual activity and/or land-

based exercise in people with HF. 
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5.2.3 Methods 

Search strategy and study selection 

MEDLINE, PUBMED, Cochrane Library, CINAHL and PEDro databases were searched 

using the key words “aquatic exercise “OR “ hydrotherapy” OR “water exercise” AND 

“heart failure” OR “cardiomyopathy”, OR “ventricular dysfunction.”  The search was 

limited to studies published prior to March 2014 in any language. Identified titles and 

abstracts were independently scrutinised by two reviewers (JA and JP) and reference lists 

were assessed for additional relevant articles that met criteria. Full text articles were 

extracted and independently reviewed by both reviewers when required, and any further 

disagreement was resolved by discussion between reviewers.   

Randomised controlled trials, pseudo randomised controlled trials, trials with historical 

controls and single group studies were included in the review. Case studies, didactic 

articles and narrative reviews were excluded. Studies were accepted if they included an 

aquatic exercise intervention of at least two weeks duration, conducted in a heated pool. 

Only trials that recruited adult patients with left ventricular dysfunction (reduced or 

preserved ejection fraction) were accepted.   For intervention groups, training included 

either aquatic exercise alone or aquatic + land-based training. Comparator groups 

included land-based training, usual activity or no exercise. As single group studies were 

included in the review, it was also possible for there to be no comparator group.  Exercise 

activities conducted in spas, sauna baths or other non- hydrotherapy pools were also 

excluded.  Included studies were independently scored for quality by the two reviewers 

using recommendations from the Cochrane Collaboration 216. Original authors were 

contacted for clarification of material or to provide missing data when required. 

Outcome measures 

The primary outcome measure was change in exercise performance measured using either 

using maximal exercise testing (V̇O2peak, and peak power) or through submaximal testing 

such as the self-paced 6MWT. Secondary outcomes included change in muscle strength, 

cardiac dimensions, haemodynamic parameters (including cardiac output, ejection 

fraction, systemic vascular resistance and blood pressure), BNP and QoL.  
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Data analysis 

Comprehensive Meta-analysis softwareTM was used to compare results between studies. 

For continuous variables, effect size for each individual study was determined using the 

Hedges g model, by calculating the difference between changes in the intervention group 

and comparator group by the pooled standard deviation.  The data were pooled using the 

fixed effect model, however when heterogeneity was statistically significant, (Q statistic 

p<0.01), the data were reanalysed using the random effects model.  Meta-analyses were 

conducted for V̇O2peak, peak power and 6MWT. Due to insufficient studies reporting on 

specific outcomes, heterogeneity of methodology and lack of availability of some raw 

data, meta-analysis was not possible on other parameters.  

 

5.2.4 Results 

Studies included in the review 

Of the 73 papers identified, 37 were immediately excluded on the basis of duplication. 

An additional 12 abstracts were excluded based upon criteria, leading to a review of 24 

full text articles. Of these, 16 were excluded for the purposes of not being clinical trials, 

investigating alternative outcome measures or for not including a water based exercise 

intervention of greater than two weeks duration.  As demonstrated in the flow diagram in 

Figure 5.1, this systematic review and meta-analysis was conducted on the eight 

remaining studies, which included five randomised controlled trials (RCTs) 44-46, 190, 196, 

two pre-post test design studies without a control group 192, 193 and one prospective cohort 

intervention with follow up 165. Six of the eight studies originated from two research 

centres, thus decreasing generalisability. All studies were published in English. 
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Figure 5.1  Flow diagram of included studies 

 

Study quality and participants 

Risk of bias information for included studies is listed in Table 5.1. Main concerns 

included lack of participant and assessor blinding 44, 45, 165, 190, 191, 193, 196, allocation to 

groups not being concealed 46, 165, 191, 193, no documented evidence of outcome measures 

being obtained from >85% of participants 45 and no documented evidence of “intention 

to treat” analysis 45.  
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Cider et al, 2012     ?  ?   

Teffaha et al 2011     ?    

Caminiti et al, 2011        

Mourot et al, 2009     ?    

Cider et al, 2003     ?    

Non randomised trials 

 

 

Mourot et al, 2010     ?  ?   

Svealv et al, 2009     ?  ?  ?  

Municino et al, 2006     ?     

 

     Low risk of bias          High risk of bias  Unsure risk of bias 

Baseline characteristics for the eight included studies are depicted in Table 5.2. Studies 

were relatively small (n = 12-25), and the overall total number of participants was 156. 

The study groups were well matched for participant numbers, age, gender, LVEF and HF 

aetiology.  Participants were predominantly male (n=139, 89%) with mean age 52-70 

years.  All participants had HFrEF which in most studies this was defined as LVEF <40-

45%, whilst one study recruited only those with LVEF <35% 193.  Aetiology of HF was 

defined in all but one study 193 and included ischaemic (n=95) and dilated (n=39) 

cardiomyopathies. Studies mostly recruited participants with NYHA II-III symptoms. 

Participants with co-morbid disease, including orthopaedic or neurological conditions, 

were excluded from three of the eight studies 44-46.  
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Table 5.2  Baseline characteristics of included studies 

Author Number Age (years, SD) Gender LVEF (%, SD) HF Aetiology (n) NYHA (n) 

Aquatic 

exercise 

Comparator Aquatic 

exercise 

Comparator Aquatic 

exercise 

Comparator Aquatic 

exercise 

Comparator Aquatic 

exercise 

Comparator Aquatic 

exercise 

Comparator 

Cider et al, 

2012 

10 10 65.8 

+/- 5.8 

69 +/- 8.2 8 Males 

2 

Females 

8 Males 

2 Females 

34.1 

+/- 9.8 

34.8 +/- 

9.1 

IHD 8 

DCM 1 

HT 1 

IHD 4 

DCM 4 

HT 2 

II 5 

III 5 

II 3 

III 7 

Teffaha et al, 

2011 

12 12 51.7 

+/- 3.6 

53.3 +/- 4.2 12 

Males 

0 

Females 

12 Males 

0 Females 

30.2 

+/- 2.0 

28.9 +/- 

2.2 

IHD 8 

DCM 

4 

IHD 7 

DCM 5 

II 1 

III 11 

II 2 

III 10 

Caminiti et 

al, 2011 

11 10 67 +/- 

6.0 

69 +/- 8.0 11 

Males 

10 Males 33 +/- 

9.0 

32 +/- 12 IHD 8 

DCM 3 

IHD 6 

DCM 4 

II 7 

III 4 

II 6 

III 4 

Mourot et al, 

2010 

12 N/A 53 +/- 

4.0 

N/A 12 

Males 

N/A 30.2 +/- 

6.7 

N/A IHD 8 

DCM 4 

N/A * * 

Svealv et al, 

2009 

12 N/A 69 +/- 

7.0 

N/A 8 Males 

4 

Females 

N/A 40 +/- 

7.0 

N/A IHD 

11 

DCM 

2 

N/A II 7 

III 5 

N/A 

Mourot et 

al, 2009 

12 12 53 +/- 

4.0 

55 +/- 4.0 12 

Males 

0 

Females 

12 Males 

0 Females 

30.2 

+/- 

6.7 

28.9 +/- 

7.0 

IHD 

8 

DCM 

4 

 

IHD 7 

DCM 5 

* * 
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Author Number Age (years, SD) Gender LVEF (%, SD) HF Aetiology (n) NYHA (n) 

Aquatic 

exercise 

Comparator Aquatic 

exercise 

Comparator Aquatic 

exercise 

Comparator Aquatic 

exercise 

Comparator Aquatic 

exercise 

Comparator Aquatic 

exercise 

Comparator 

Municino et 

al, 2006 

18 N/A 63 +/- 

10.0 

N/A 17 

Males 

1 

Females 

N/A 27 +/- 

6.0 

N/A * * II 9 

III 7 

IV 2 

N/A 

Cider et al, 

2003 

15 10 70.2 

+/- 5.2 

75 +/- 6.4 11 

Males 

5 

Females 

6 Males 

3 Females 

31 

+/8.3 

Not listed IHD 

12 

DCM 

2 

VD 1 

HT 0 

IHD 8 

DCM 1 

VD 0 

HT 1 

II 3 

III 12 

II 1 

III 9 

DCM, Dilated cardiomyopathy; IHD, Ischaemic heart disease; HF, Heart failure; HT, Hypertension; LVEF, Left ventricular ejection fraction; NA, Not applicable, NYHA, 

New York Heart Association symptom classification; VD, Valvular heart disease
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Study design 

Training parameters for each study are reported in Table 5.3. All protocols were 

undertaken by experienced exercise professionals at local health facilities with water 

temperature maintained between 30°C and 34°C.  Depth of immersion varied and was 

either fixed (1.3 metres) 190, 191, 196, or individualised to the level of the xiphisternum 46 or 

neck 44, 45, 193.  Immersion depth was not defined in one study 165 and humidity was not 

reported in any of the included studies. 

 Training protocols varied between studies. The aquatic intervention was confined to a 

water programme in only half of the studies with the exercise duration for these being 45 

minutes.   In the remaining four studies, the intervention included a combination of both 

aquatic and land-based training, the latter being 30 minutes of cycle ergometry. 

Heterogeneity also existed for the length of the programme, varying from three weeks to 

24 weeks.  In each of the short duration programmes, participants trained for either four 

191 or five days per week 190, 193, 196, compared to three times per week in longer 

programmes. 

Protocols predominantly consisted of endurance training prescribed at an intensity of 40-

70% maximum heart rate reserve or 50-70% V̇O2peak.  Resistance training was included 

in two studies 44, 45.  

Comparator protocols 

Comparator protocols also varied.  For the four studies that employed an isolated aquatic 

intervention, two were compared to usual activity 44, 45, one used participants as self-

controls following a period of no exercise 165 and there was no comparator in one study 

193.  For the combined interventions (aquatic + land training), three of these studies 

compared outcomes to a land-based intervention alone 46, 190, 196, whilst the remaining 

study used self-controls as the comparator 191. In each of the combined interventions 

(aquatic + land), exercise intensity was matched across the two environments and total 

duration of exercise was equal for participant groups.
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Table 5.3  Exercise training protocols for included studies  

Author Exercise protocol Comparator Duration Frequency Mode Water 

temperature 

and 

immersion 

depth 

Outcome 

Measures 

Cider et al, 

2012 

 

Aquatic exercise  

45 min sessions 

40-75% HRR 

Usual activity 8 weeks x3 per week Aerobic and 

resistance 

training  

33-34 ºC 

Neck deep 

immersion  

VO2 peak 

6MWT 

Muscle strength 

QoL 

Teffaha et al, 

2011 

Combined training = 

aquatic + land 

 

50 minute session 

aquatic exercise + 30 

minutes cycle 

ergometer 

Land only 

 

50 minute session 

callisthenic exercise 

+ 30 minutes cycle 

ergometer 

3 weeks x5 per week Aerobic exercise 

 

Intensity 

individualised to 

target heart rate 

30-32ºC 

 

Depth = 1.3m 

VO2 peak 

Echocardiography 

Non invasive 

haemodynamic 

measures  

 

Caminiti et al, 

2011 

Combined training = 

aquatic exercise + land 

training 

 

30 minutes daily, with 

exercise conducted in 

different environment 

on alternate days 

Land training only  

2 x 30mins 

alternate days 

60-70% VO2 peak 

24 weeks x3 per week Aerobic exercise  

 

 

31 ºC 

Xiphisternum 

Echocardiography 

6MWT 

Non invasive 

haemodynamic 

measures  

Muscle strength 

Mourot et al, 

2010 

Aquatic exercise  

40 minute sessions + 

Cycle ergometer on 

land 

Self controls  

 

3 weeks Aquatic x3-

4 per week 

 

Aerobic exercise 30 – 32 ºC 

 

Depth = 1.3m 

VO2 peak 

Non invasive 

haemodynamic 

measures  
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Author Exercise protocol Comparator Duration Frequency Mode Water 

temperature 

and 

immersion 

depth 

Outcome 

Measures 

30 minute sessions 

60-70% HRR 

Land versus 

immersion 

measures 

Land x4-5 

per week 

 

 

Svealv et al, 

2009 

Aquatic exercise 

45 minute sessions 

40-70% HRR 

Self controls  

 

No exercise 

8 weeks x2 per week Aerobic exercise 33- 34ºC 

 

Echocardiography 

BNP 

Mourot et al, 

2009 

Combined training = 

aquatic + land 

 

50 minute session 

aquatic exercise + 30 

minutes cycle 

ergometer 

Land only 

 

50 minute session 

callisthenic exercise 

+ 30 minutes cycle 

ergometer  

60-70% HRR 

3 weeks x5 per week Aerobic exercise 30-32ºC 

 

Depth = 1.3m 

VO2 peak 

NT-BNP, 

catecholamine and 

NO metabolites 

Non-invasive 

haemodynamic 

measures 

Municino et 

al, 2006 

Aquatic exercise 

 

45 minute sessions 

50% V̇O2peak + 60-

70% V̇O2peak 

No comparator 3 weeks x2 per day  

x5 per week 

Aerobic exercise 31-32 ºC 

Sternal notch 

6MWT 

V̇O2peak 

Echocardiography 

NT-BNP 

QoL 

Cider et al, 

2003 

Aquatic exercise  

 

45 minute sessions 

40-70% HRR 

Usual activity 8 weeks x3 per week Aerobic and 

resistance 

training 

33-34 ºC 

Neck deep 

VO2 peak 

6MWT 

Muscle strength 

QoL 

6MWT, 6 minute walk test; HRR, Heart rate reserve; NO; Nitric oxide, NT-proBNP, N-Terminal pro B-type natriuretic peptide; QoL, Quality of life; V̇O2peak, peak exercise 

capacity
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Summary of findings 

Meta-analysis was conducted for the primary outcomes of V̇O2peak, peak power and 

6MWT (Figure 5.2).  Secondary outcomes were unsuitable for meta-analysis but relevant 

study findings are summarised in Table 5.4 and Table 5.5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2  Change in a) V̇O2peak, b) 6MWT and c) Peak power for aquatic exercise 

training versus comparator protocols using a random effects model

a) 

b) 

c) 

Heterogeneity:  

Q = 3.05, p= 0.08, I2 = 67.12% 

Heterogeneity:  
Q = 2.45, p= 0.29, I2 = 18.2% 

Heterogeneity:  
Q = 0.5, p= 0.78, I2 = 0.00% 
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Table 5.4  Muscle strength outcomes 

Outcome Measure Author Aquatic 

intervention 

Comparator 

intervention 

Change from 

baseline aquatic 

Favours 

LL isokinetic peak torque 

(60°/s) 

Cider et al, 2012 

Cider et al, 2003 

Aquatic exercise  

Aquatic exercise  

Usual activity 

Usual activity 

+ 5 Nm  vs   - 4 Nm   

+ 1 Nm  vs  - 7 Nm  

ns 

Aquatic† 

LL isokinetic peak torque 

(180°/s) 

Cider et al, 2012 

Cider et al, 2003 

Aquatic exercise  

Aquatic exercise  

Usual activity 

Usual activity 

+ 31 Nm *  vs   -2 Nm 

+ 18  vs  - 3 Nm 

Aquatic ††† 

ns 

Heel lift endurance 

(number) 

Cider et al, 2012 

Cider et al, 2003 

Aquatic exercise  

Aquatic exercise  

Usual activity 

Usual activity 

+ 4 **  vs   0 

+ 4 **  vs  - 3 

Aquatic †† 

Aquatic †† 

Shoulder flexion 

endurance (number) 

Cider et al, 2012 

Cider et al, 2003 

Aquatic exercise  

Aquatic exercise 

Usual activity 

Usual activity 

+ 10 *  vs  0  

+ 6 **  vs  + 4 

Aquatic † 

Aquatic †† 

Shoulder abduction 

endurance (number)  

Cider et al, 2012 

Cider et al, 2003 

Aquatic exercise  

Aquatic exercise  

Usual activity 

Usual activity 

+ 14 **  vs  - 8 * 

+ 12 *  vs - 8  

Aquatic ††† 

Aquatic †† 

Hand grip strength (peak 

force) 

Cider et al, 2012 

Cider et al, 2003 

Aquatic exercise  

Aquatic exercise  

Usual activity 

Usual activity 

+ 43 N   vs  – 27 N* 

+ 13 N   vs  + 4 N  

ns 

ns 

Isometric knee extension 

peak torque  

Cider et al, 2012 

Cider et al, 2003 

Aquatic exercise  

Aquatic exercise 

Usual activity 

Usual activity 

0 N   vs  - 8 N 

+2 N  vs  - 2 N 

ns 

ns 

MVC quadriceps  Caminiti et al, 

2011 

Aquatic + land 

training  

Land training + 23 N *  vs  + 21 N * ns 

Peak torque quadriceps Caminiti et al, 

2011 

Aquatic + land 

training  

Land training + 17 Nm  vs  + 9 Nm ns 

Within group significance * p<0.05,  ** p<0.01, *** p<0.001   Between group significance † p<0.05,  †† p<0.01,  ††† p<0.001,  ns = non significant, Nm, Newton metres; N, 

Newtons; MVC, maximum voluntary contraction. 
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Table 5.5  Change in resting haemodynamic outcomes compared to baseline 

Outcome 

measure 

Author Measured on land  Measured in water  

Aquatic versus 

comparator 

intervention 

Favours Aquatic versus 

comparator 

intervention 

Favours 

SBP 

 

Caminiti et al, 2011 

Mourot et al, 2010 

Mourot et al, 2009 

- 8.4 mmHg  vs -9.2mmHg 

- 5.4 mmHg  (No control group) 

+ 2.7 mmHg  vs +10.9 mmHg 

ns 

- 

ns 

- 6 mmHg   vs - 4 mmHg 

- 4.2 mmHg  (No control 

group) 

ns 

- 

DBP Caminiti et al, 2011 

Mourot et al, 2010 

Mourot et al, 2009 

- 11 mmHg * vs -4mmHg 

- 0.8 mmHg  (No control group) 

- 0.8 mmHg  vs +6.8mmHg 

Aquatic† 

- 

ns 

- 7 mmHg   vs  - 2 mmHg 

- 3.8 mmHg  (No control 

group) 

ns 

- 

 

Heart rate Teffaha et al, 2011 

Caminiti et al, 2011 

Mourot et al, 2010 

Mourot et al, 2009 

- 4 bpm * vs - 3 bpm * 

- 12 bpm * vs + 3 bpm 

- 1.1 bpm (No control group) 

- 10.3 bpm vs - 4.9 bpm 

 

NR 

Aquatic† 

- 

ns 

 

- 15 bpm * vs  - 12 bpm * 

- 3.4 bpm * (No control 

group) 

 

 

ns 

- 

Stroke volume Teffaha et al, 2011 

Caminiti et al, 2011 

Mourot et al, 2010 

Mourot et al, 2009 

+ 2 ml *  vs  + 8 ml * 

+ 16 ml *  vs +7 ml 

- 2.05 ml (No control group) 

+ 17.7 ml  vs +8 ml 

NR  

ns 

- 

ns 

 

+ 19 ml  vs  +12 ml 

+ 2.5 ml  (No control group) 

 

ns 

Cardiac output Caminiti et al, 2011 

Mourot et al, 2010 

+ 1.1 L/min  vs +0.6 L/min 

- 0.25 L/min  (No control 

group) 

ns 

- 

+ 0.7 L/min  vs +0.3 L/min 

+ 0.01 L/min  (No control 

group) 

ns 

- 
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Mourot et al, 2009 0 L/min  vs +0.3 L/min ns 

SVR Svealv et al, 2009 

Mourot et al, 2009 

0 RU  vs 0 RU 

+ 206 dyne sec/cm 5  vs  -248 

dyne sec/cm 5   

ns 

ns 

-2 RU  vs  +2 RU ns 

LVEDV Svealv et al, 2009 

Municino et al, 2006 

-10ml vs  -8 ml 

Data not reported (ns), no 

control 

ns 

- 

-6 ml  vs  -4 ml 

Data not reported (ns), no 

control 

ns 

- 

Within group significance * p<0.05  **p<0.01 *** p<0.001   Between group significance † p<0.05  †† p<0.01  ††† p<0.001  ns, non significant; NR, Not reported 

bpm, beats per minute; CO, Cardiac output; DBP, Diastolic blood pressure; HR, Heart rate; LVEDV, Left ventricular end diastolic volume; ml, millilitres; mmHg, 

millimetres mercury; RU = Resistance units; SBP, Systolic blood pressure; SV, Stroke volume; SVR, Systemic vascular resistance 
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V̇O2peak, 6MWT and peak power  

Six studies measured V̇O2peak 
44, 45, 190, 191, 193, 196, including four RCTs.  Meta-analysis was 

conducted on the three studies that provided raw data, and revealed no significant 

difference between the aquatic and comparator groups (p<0.87) (Figure 5.2).  Review of 

individual studies suggested that when compared to controls who undertook usual 

activity, aquatic exercise led to a significant improvement in V̇O2peak 
44, 45 (between group 

difference p<0.001 and p=0.02 respectively).  When compared to land- based training 

alone, programmes that included a combined aquatic + land programme, elicited similar 

changes in V̇O2peak 
190, 196 but were not superior.   In these latter two trials, a combined 

aquatic + land intervention induced an improvement in V̇O2peak by 6-11%.  The land only 

protocols in these same two trials led to an improvement of 10.5-11%.  

Four studies reported 6MWT but only two were suitable for meta-analysis 44, 46. One 

further study did not provide raw data 45 and one had no comparator group 193. Overall, 

the analysis favoured the aquatic intervention (p<0.004) (Figure 5.2).  Of these studies, 

one compared an aquatic intervention to usual activity 44, however it was the study that 

compared a combined protocol to a land only training that elicited the greatest effect size 

46.  The study which did not provide raw data 45 also reported a significant improvement 

in 6MWT compared to usual care. 

For peak power data, meta-analysis conducted on three RCTs that included this parameter 

favoured the aquatic intervention (p<0.044) (Figure 5.2). One study compared an aquatic 

intervention to usual activity 44 and the remaining two compared a combined training 

protocol (aquatic + land) to land based training alone 190, 196.  Compared to usual activity, 

aquatic exercise significantly improved peak power (p<0.05) 44.  Compared to land-based 

training protocols however, the impact of aquatic exercise was less clear.  Teffaha et al 

2011 190 demonstrated greater benefit with aquatic compared to land-based training alone 

(between group difference p<0.05), while Mourot et al 2009 196, found a significant within 

group difference for both groups, but no between group difference.   

Muscle strength 

Muscle strength was measured in only three of the eight included studies 44-46 (Table 5.4).  

Two of these studies (conducted by the same group), included a variety of lower limb 

isokinetic and isometric parameters, as well as measures of muscle endurance and grip 

strength 44, 45. When compared to usual activity, aquatic exercise significantly improved 
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upper limb and lower limb endurance measures. Whilst there was a trend favouring the 

aquatic intervention for measures of isokinetic knee extension peak torque, results did not 

consistently reach significance.   Grip strength and isometric lower limb peak torque 

measures did not significantly improve.  The third study investigating muscle strength, 

found a significant improvement in maximum voluntary contraction of the quadriceps for 

both combined (aquatic + land) and land only exercise groups following an endurance 

training intervention (p<0.05), however no between group difference 46.  Similarly, there 

was no significant difference between the aquatic and land interventions for measures of 

quadriceps peak torque.  No resistance training was employed in this study. 

LVEF and Cardiac dimensions 

Aquatic exercise training did not significantly influence LVEF in three of the four studies 

that reported this parameter 46, 165, 193. By comparison, Teffaha et al 190, did show a 

significant improvement in LVEF following a three week training period (p<0.05), with 

a slightly greater effect size elicited in the combined aquatic and land group compared to 

land only intervention (0.44 vs 0.21).   

 The effect of aquatic exercise training on cardiac dimensions is difficult to discern due 

to variation in study methodology and reporting. Transthoracic echocardiography was 

used to record baseline and post programme cardiac dimensions in four studies.  Results 

were reported according to left ventricular end diastolic and systolic diameters by two 

authors 46, 190, whilst volume measures were reported by the remaining two authors165, 193.  

Aquatic exercise did not significantly influence any of these parameters following the 

exercise training periods. 

Whilst the exercise interventions did not significantly influence cardiac dimensions over 

the long term, immersion itself did have an acute impact upon these measures.  This 

ensues due to the increase in venous return that occurs as a consequence of hydrostatic 

pressure and was demonstrated by Svealv et al, 2009 165 who recorded cardiac volumes 

during immersion, both before and after aquatic exercise training.  Left ventricular end 

diastolic and systolic volumes both significantly increased during immersion compared 

to measures recorded on land at these same time points.  
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Haemodynamic parameters  

Interpreting the effect of aquatic exercise training on haemodynamic parameters is 

difficult, as results are influenced not only by variations in study design, but also the 

environment in which parameters are measured.  The majority of studies reported 

measures conducted on land, whilst others also included immersion measures. To enable 

more suitable comparison of haemodynamic measures, studies listed below are 

summarised in Table 5.5.   

Land measures 

Following a period of aquatic exercise training, resting systolic blood pressure does not 

appear to change when measured on land, but there may be an impact upon resting 

diastolic blood pressure.  Caminiti et al 46 reported a significant reduction in diastolic 

blood pressure following a 24 week combined aquatic + land intervention, which was not 

observed in those undertaking the land only training programme (between group 

difference p<0.05). Shorter duration studies however, have not elicited similar results 191, 

196. 

With regard to resting heart rate, aquatic exercise training does not appear to provide 

additional benefit to land-based training. Of the five studies that measured this 

parameter46, 165, 190, 191, 196, only two demonstrated a reduction in heart rate following the 

intervention 46, 190, and one demonstrated a significantly greater effect in the aquatic group 

(p<0.05) 46. These studies also showed an increase in resting stroke volume.  

Of the four studies that measured systemic vascular resistance 46, 165, 191, 196, three yielded 

no change following the intervention period. The study by Caminiti et al 46 however, 

reported a significant reduction following the 24 week intervention, favouring the aquatic 

group (between group difference p<0.05).   In this study, a combined training approach 

(aquatic + land training) was compared to land-based training alone.  Cardiac output was 

not observed to significantly change following any exercise intervention for studies 

included in this review 46, 191, 196. 

Immersion measures 

In addition to the decrease in resting heart rate observed with acute immersion165, 166, 170, 

further reductions are observed following a period of aquatic exercise training, when this 

parameter is measured during immersion 46, 191. Compared to land-based training 
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however, this reduction in heart rate is no greater than that observed following land-based 

training, measured in this same environment 46, 191. Similar results are observed for 

increases in resting stroke volume measured during immersion 46.  

Measured during immersion, resting systolic blood pressure, diastolic blood pressure and 

cardiac output do not appear to be influenced by aquatic exercise training.  

Natriuretic peptide and plasma nitrate 

N-Terminal pro B-type natriuretic peptide (NT-proBNP) 193, 196 and BNP 165 were 

measured prior to and following the exercise training protocol in three studies. No 

significant difference was recorded in this parameter following the training period for any 

of these studies.  

Plasma nitrate was reported by one author, who described a significant increase following 

the aquatic intervention (p<0.05), whilst no significant change was observed in the land 

only training group 196.  Comparison of change between the two groups was not reported. 

Quality of life 

QoL was measured in three studies using the Minnesota living with heart failure 

questionnaire 44, 45, 193. Whilst a significant improvement (p=0.01) was recorded in the 

aquatic intervention group in two of these studies 44, 45, aquatic exercise was not superior 

to usual activity with regards to QoL.  

Safety 

No serious adverse events were reported in any of the studies included in this review. 

Only one study documented negative consequences of the aquatic intervention.  These 

included a new episode of arrhythmia in an individual with paroxysmal atrial fibrillation 

and episodes of mild fatigue in three individuals undertaking the first two weeks of their 

training protocol 44.  

 

5.2.5 Discussion 

The findings from this review indicate that aquatic exercise training is beneficial for 

individuals with stable HF, as it improves exercise capacity, muscle strength and QoL to 

a similar extent as land-based exercise training. Some haemodynamic measures such as 

resting diastolic blood pressure, heart rate and systemic vascular resistance may also 
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improve following this intervention. A combined approach including aquatic exercise in 

addition to land-based training, may even be superior to land-based training alone for 

6MWT and peak power. This has clinical relevance and reflects the common approach of 

supplementing an aquatic exercise programme with a tailored land-based exercise 

programme undertaken outside of the health facility.  The primary outcome in this review 

was exercise performance. Of the small number of studies included, meta-analysis of 

aquatic exercise training versus alternative protocols, favoured the aquatic intervention 

for 6MWT and peak power and demonstrated no significant impact upon V̇O2peak.  As 

6MWT is a commonly used measure of performance in these patients, this outcome seems 

very encouraging. However, these results are based upon only two studies and a limited 

number of participants.  Furthermore, one study compared a combined approach of 

aquatic and land training to land-based training alone.  As such, results should be 

interpreted with caution and should not be extrapolated to all individuals.   

Land-based training programmes have been extensively studied in HF participants and 

improvements in V̇O2peak post intervention are commonly cited as being 15-25% 217, 218. 

Interestingly, smaller changes were reported in the studies included in this review for both 

the aquatic and land interventions (6-11% and 10.5-11% respectively).  This may suggest 

conservative or insufficient exercise volume or intensity in these studies. In each study, 

exercise intensity was prescribed according to heart rate reserve and these same targets 

were used for both the aquatic and comparator protocols.  It is possible that heart rate may 

not be the best indicator of exercise intensity given the acute haemodynamic effects of 

immersion on this parameter. Determining exercise intensity during aquatic exercise 

remains a challenge for the clinician.  

Whilst aquatic exercise appears to evoke greater strength gains than usual care, its benefit 

compared to land-based training protocols is less certain. In the one study that compared 

these two training environments, no resistance training was included in the protocol.  One 

might assume that during aquatic exercise, the water itself may provide a degree of 

resistance and consequent strength gains, however experts in this field stress the 

importance of a strong working knowledge of the physiological principles of 

hydrodynamics to achieve optimal results. Consistent with previous studies which have 

demonstrated that resistance training is the best modality for improving muscle strength 

in this population, 96, 99, 219 merely transferring land-based exercises into the aquatic 
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environment is not sufficient.  Best results would likely ensue when specific resistance 

exercises are employed 157, 215, 220.  

From the studies currently available, aquatic exercise does not appear to significantly 

influence cardiac dimensions or LVEF.  This is not an unexpected finding, given the 

relatively short duration of most interventions.  In the one study of long duration included 

in this review, a number of positive haemodynamic benefits were reported that favoured 

the aquatic intervention 46.  These included a reduction in resting diastolic blood pressure 

and heart rate and an increase in resting stroke volume post programme. In this study, 

Caminiti et al 46 proposed that aquatic exercise may provide a greater stimulus for central 

adaptive changes, particularly with improved haemodynamics at rest.  When combined 

with the peripheral physiological adaptations that are well documented to occur with land-

based training, a combined training approach may elicit even greater physiological and 

functional benefit. This is yet to be confirmed however and has not been observed in 

shorter duration studies.  

No serious adverse events were reported for any of the 156 participants included in this 

review and adherence rates were listed between 92-95%, indicating a high acceptance in 

the selected trial participants.  QoL improved in the few studies that included this 

parameter though was not superior to land-based training.  

There are several limitations to this review. Firstly, trials were small with carefully 

selected participants and results cannot be extrapolated to all individuals with HF. Svealv 

et al 2012 highlights potential concerns for those with biventricular failure and pulmonary 

hypertension 173.  This case report suggests that potential subgroups may exist for whom 

aquatic exercise training may not be recommended and at this time clinicians should use 

good clinical judgement when recommending this form of exercise for patients with HF.  

Decompensated HF remains an absolute contra-indication for aquatic exercise training.  

In addition to the small number of trials included in this review, three of the eight studies 

were not RCTs, and one did not include controls. Raw data were not available for all 

measures. Participants were predominantly males, had HF with reduced ejection fraction, 

and aetiology was primarily ischaemic.  Individuals with orthopaedic or neurological co-

morbidities were often excluded, yet these are the very patients who might benefit most 

from this intervention.   
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Despite these limitations, this review indicates that aquatic exercise training improves 

exercise performance in individuals with stable HF and may provide a safe and acceptable 

alternative for those unable to access or participate in traditional land-based programmes.  

Further research should target those who are typically seen in clinical practice such as 

those with HF with preserved ejection fraction, the frail elderly, and those with significant 

co-morbidities.  Trials should investigate the impact of this form of exercise on other 

parameters pertinent to HF such as diuresis, thermoregulation, fatigue and respiratory 

muscle function, all of which may be influenced by exercise training in this environment. 

Training intensity should be measured to inform prescription. Finally, acceptability of 

aquatic exercise training for these individuals should also be explored. 

For individuals with stable HF, aquatic exercise training improves exercise capacity, 

muscle strength and QoL of life similar to land-based training protocols.   Aquatic 

exercise training may provide a safe and effective alternative to traditional land-based 

programmes for appropriately selected patients. Results cannot be extrapolated to all 

individuals with HF.  Future research should enrol more representative samples to 

identify feasible training protocols to inform translation of this research into everyday 

practice. 
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5.3 Chapter summary 

Study 3 is the first systematic review and meta-analysis of aquatic exercise training trials 

in people with HF. Results of this review confirm that compared to no exercise controls, 

this form of exercise training is associated with improvements in V̇O2peak, 6MWD, muscle 

strength and QoL and is safe for people with stable HF.  Aquatic exercise training does 

not appear to influence cardiac dimensions, EF or BNP. Results also identify that safety 

of aquatic exercise training cannot be confirmed in people with biventricular HF and those 

with decompensated HF. It is therefore recommended that both of these conditions remain 

a contraindication to this intervention.  

Following publication of this study, a further meta-analysis has been published 194. This 

meta-analysis investigated the impact of aquatic exercise training on exercise capacity, 

muscle strength and QoL and included the same studies as Study 3. Accordingly, results 

were precisely the same. Only one other study has been published during this time that is 

related to this topic. Hägglund et al, compared 12 weeks of aquatic exercise training to 

12 weeks of yoga 221. Participants were eligible for the study if they were aged between 

18 and 80 years, had a confirmed diagnosis of HFrEF or HFpEF, stable symptoms, and 

were on maximal medication doses for at least one month. The primary outcome was 

health related QoL, measured using the Kansas City Cardiomyopathy Questionnaire. 

Other measures included the EuroQol (a generic instrument of QoL), the Patient Health 

Questionnaire for depression, the Hospital Anxiety and Depression Scale, 6MWT and leg 

strength (measured by a sit to stand test).  

Thirty participants completed this study which demonstrated that yoga and aquatic 

exercise training were both associated with equal improvements in 6MWT and anxiety 

following the 12 week training period.  Those in the aquatic training group significantly 

improved lower limb strength whilst those in the yoga group recorded significant 

reductions in depressive symptoms. There were no adverse events reported. A limitation 

of this study is that it did not include a control group and improvements in 6MWT were 

relatively small. However, results do have relevance by contributing to the small volume 

of literature on this topic and confirm that alternative exercise options for people with HF 

are both beneficial and feasible.   
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It should be acknowledged that results of Study 3 are based upon a limited number of 

small studies, incorporating 156 participants in total. All participants had HFrEF, 

predominantly from ischaemic origin and those with significant musculoskeletal or 

neurological co-morbidities were also excluded from these studies. Results therefore 

reflect a select population, not always typical of clinical practice. Limited information 

relating to these under-represented groups therefore led to an interventional trial being 

conducted, the results of which are described in the next chapter. 
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CHAPTER 6.   Aquatic exercise training is effective in 

maintaining exercise performance in trained heart failure 

patients 

  

The following chapter relates to a study published in Heart Lung Circulation.  The 

bibliographic details are: 

Adsett J, Morris N, Kuys S, Hwang R, Mullins R, Khatun M, Paratz J, Mudge A. Aquatic 

Exercise Training is Effective in Maintaining Exercise Performance in Trained Heart 

Failure Patients: A Randomised Crossover Pilot Trial. Heart Lung Circ. 2017, 26(6):572-

579. 

The published manuscript is included in Appendix 7. 

 

Declaration of candidate contribution 

For this co-authored manuscript, the candidate was involved in the experimental design, 

recruited participants, performed data acquisition, analysed the data, interpreted results, 

and drafted and critically reviewed the manuscript. 

          

 _________________________________    19/12/18 

Julie A Adsett / Candidate and corresponding author  

 

          

___________________________      19/12/18 

Prof Norman Morris / Principle supervisor and co-author  

 



106 
 

6.1 Chapter introduction 

Results from Study 3 which were discussed in Chapter 5, indicated that based upon 

available data, aquatic exercise training is safe and beneficial for people with stable HF. 

In particular, this mode of exercise training is associated with improvements in exercise 

capacity, muscle strength and QoL, when compared to no exercise controls. Research 

trials included in the systematic review in Study 3 recruited select populations and in most 

cases, fewer than 20 people with HF.  

Study 4 was undertaken to expand the currently sparse literature in this field and to 

provide clinical relevance by undertaking an interventional trial inclusive of participants 

under-represented in the trials included in Study 3.  Females, older individuals, people 

with HFpEF, and those with comorbidities were therefore accepted into the study. Of 

particular interest was a comparison of aquatic exercise training with a traditional land-

based exercise programme of similar duration.  Outcome measures were also selected on 

the basis of clinical relevance and therefore included exercise capacity, grip strength and 

measures of balance.  

At the time that Study 4 was conducted, aquatic exercise was a novel intervention in 

Australia.  For this reason, a conservative approach was taken. Participants were recruited 

in a maintenance phase, rather than immediately post hospital discharge and the study 

was undertaken as a pilot study to determine feasibility of running an aquatic exercise 

training programme within a hospital setting.  

Chapter 6 reports the results of a crossover design trial comparing an aquatic exercise 

training programme to a traditional land-based exercise programme. The crossover design 

enabled participants to act as their own controls.  
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6.2 Aquatic exercise training is effective in maintaining exercise 

performance in trained heart failure patients 

JA Adsett, NM Morris, S Kuys, R Hwang, R Mullins, M Khatun, J Paratz, A Mudge 

 

6.2.1 Abstract 

Aim: Providing flexible models and a variety of exercise options is fundamental to 

supporting long term exercise participation for patients with HF.    The aim of this study 

was to determine the feasibility and efficacy of aquatic exercise training during a 

maintenance phase for a clinical HF population.   

Methods: In this 2x2 crossover design trial, individuals who had previously completed 

HF rehabilitation were randomised into either a land-based or aquatic training programme 

once per week for six weeks, after which time they changed to the alternate exercise 

training protocol for an additional six weeks.  6MWT, grip strength, walk speed, and 

measures of balance were compared for the two training protocols.  

Results: Fifty-one participants (43 males, mean age 69.2 years) contributed data for the 

analysis. Both groups maintained function during the follow-up period, however 

improvements in 6MWT were greater in the land-based training group (95% CI: 0.7, 22.5; 

p=0.038), by a mean difference of 10.8 metres.  No significant difference was observed 

for other parameters when the two training protocols were compared. 

Conclusion: Attending an aquatic exercise programme once per week is feasible for 

patients with stable HF and may provide a suitable option to maintain functional 

performance in select patients.  
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6.2.2 Introduction 

The benefits of exercise training for individuals with stable HF are well established 1.  

Traditionally, training is undertaken in a hospital or community gymnasium for a period 

of eight to 12 weeks, with the exercise programme prescribed by experienced clinicians 

in accordance with current guidelines 104.  Once rehabilitation is complete, ongoing 

participation in regular exercise is recommended for all individuals in order to maintain 

health benefits.  Despite the clear benefits of sustained exercise participation, it remains 

a worldwide challenge for many clinicians, with numerous authors reporting poor 

adherence during the follow up period 126, 144, 222, 223. The HF ACTION trial for example, 

which is the largest exercise training trial conducted in patients with HF, reported only 

30% of individuals achieved recommended exercise targets at three and 12 months follow 

up 7.  

Exercise adherence is a complex domain influenced by multiple factors 10, 144. For some 

individuals, structured, group exercise classes in the maintenance phase have proven 

beneficial 224, 225.  For others, the type of exercise prescribed may be an important factor 

226.  Some of the exercises commonly included in traditional programmes for example 

(exercise bikes, treadmills), may not be enjoyable or may not be seen to be functionally 

relevant by some participants, which may thus impact upon exercise adherence 226.   

Additionally, frailty, chronic pain and multiple co-morbidities are common in this 

population 214 and may thus preclude participation in traditional group programmes.   

Providing structured, alternative exercise opportunities in the maintenance phase that are 

perceived to be relevant, pleasurable and easily undertaken, may enhance long term 

exercise participation 224, 226.  Aquatic exercise may be one such option.  

Aquatic exercise, [exercise conducted in thermoneutral water (33.5-35.5 °C)] has been 

shown to benefit a number of rheumatological 157, respiratory 188 and balance disorders 

180.  It has only been in recent years that the benefits for those with HF have been 

advocated.  Recent small studies suggest that in appropriately selected patients with stable 

HF, aquatic-based exercise rehabilitation may improve a number of outcomes 227.   To 

date however, studies investigating aquatic exercise training in HF patients remain few, 

methodology is highly variable, and outcome measures have predominantly focused upon 

physiological parameters.  Functional measures specific to patients who are frail or 
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elderly have not yet been examined, and the role of aquatic exercise training in 

maintaining benefits following HF exercise rehabilitation, is yet to be explored.   

The purpose of this study was to determine the efficacy of aquatic exercise training in a 

clinical HF population.  For the purposes of this study, training was implemented during 

a maintenance phase following HF rehabilitation and results were compared to a 

traditional land-based training programme. The outcomes of this study were those 

functionally relevant to a clinical HF population with the primary outcomes being 

submaximal exercise capacity, grip strength, gait speed and measures of balance. 

Feasibility of implementing the aquatic programme in the clinical setting was a secondary 

aim of the study.  

 

6.2.3 Methods 

Participants 

Individuals with stable HF were recruited from Heart Failure Services at two large, 

tertiary teaching hospitals in Brisbane, Australia, during 2010 - 2013.  Participants were 

eligible for inclusion if they had left ventricular dysfunction of any cause, diagnosed by 

echocardiography, and they had recently completed a 12 week, land–based exercise 

rehabilitation programme at one of the participating sites. Eligible participants were 

identified by the clinical staff of the HF Service at each site.  For those interested, further 

information was provided by a blinded assessor who completed the consent process.  All 

participants were on appropriate pharmacological therapy and had stable HF symptoms 

for the preceding three months.   Participants were excluded if they had decompensated 

HF or any other condition that precluded them from undertaking the aquatic programme, 

such as an active skin condition, chlorine sensitivity, incontinence, active infection or an 

acute inflammatory or heat sensitive condition.   

Design  

The study was conducted as a 2x2 crossover trial using participants as their own controls.  

Study participants were randomised at baseline into one of two maintenance exercise 

training protocols which included either land-based or aquatic exercise training, with 

randomisation defining the programme in which individuals commenced. Training was 

undertaken in groups of six to eight attendees, with participants remaining in their same 
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group throughout the duration of the study. Since one participating hospital was unable 

to provide the two exercise programmes (aquatic + land-based training) concurrently, 

randomisation took place by a sealed envelope allocation at one centre and a block 

randomisation at this second facility.  

All assessments were undertaken by the external assessor, blinded to the training protocol 

and the order in which participants undertook their training.  Assessments were conducted 

at baseline, week seven following the initial programme and week 14, following the 

alternative training programme. The study complied with the Declaration of Helsinki and 

was approved by the HREC at both participating sites (ACTRN12611000036910). Ethics 

approvals related to this study are included in Appendix 1. 

Intervention 

Programmes took place at each hospital in either the hospital gymnasium or heated pool 

and were prescribed and progressed by the HF Physiotherapist at each centre, and an 

Accredited Exercise Physiologist at one of the centres.  Staff at each site were highly 

experienced in prescribing exercise to patients with HF and both Physiotherapists also 

had significant experience with respect to aquatic exercise training. Specialist HF nursing 

staff assisted in collecting pre and post session observations as well as providing 

supervision during the training sessions at both sites. 

Training programmes were conducted once per week for a period of six weeks, during 

which time individuals were also encouraged to undertake their usual level of physical 

activity.  Participants commenced in their allocated maintenance training programme 

(land-based or aquatic) followed by a one week break prior to commencing in the 

alternative training intervention for a further six weeks. This training frequency was 

selected as a means of replicating usual clinical practice as precisely as possible.  As such, 

consideration was given to a realistic attendance for this often frail population in a 

maintenance phase of their rehabilitation, as well as the practicalities and resources of a 

busy clinical setting.  

Sessions were one hour duration and included a warm up and cool down period which 

included walking and stretching activities.  Following the warm up, individually 

prescribed upper limb and lower limb endurance and resistance exercises for 45 minutes 

by means of moderate intensity interval training.   Whilst some exercises varied 
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depending upon the individual’s condition, participants undertook approximately six to 

seven different exercises, of which 30 minutes was dedicated to endurance training, and 

the remaining 15 minutes to resistance training. 

For land-based training, participants used traditional equipment such as treadmills, 

exercise bikes, steps, free weights and multi-station resistance equipment.  Balance 

activities were included as indicated.  As it is not standard practice for HF patients in 

Australia to undergo a cardiopulmonary exercise test prior to commencing rehabilitation, 

exercise intensity was prescribed and monitored using an RPE (6-20) scale 228.  All 

participants had previously completed a HF rehabilitation programme and were thus very 

experienced with using this scale.  For endurance activities, exercise duration was 

progressed on a weekly basis with intensity adjusted to maintain an RPE between nine 

and 14. For resistance exercises, repetitions were progressed to three sets of 20 repetitions 

prior to increasing the load.   

Exercises in the aquatic programme were replicated as close as possible to those 

performed on land with the aim of achieving a similar intensity (ie. 9-14 RPE). Cycling 

for example, was undertaken using floatation equipment and steps were used for stepping 

exercises.  Equipment such as hand paddles and floatation rings were used to provide 

resistance and the speed of activities was modified to control exercise resistance and 

intensity.   Pool temperature was maintained between 33-34 degrees Celsius and 

participants exercised at a depth with water at chest level.   

Outcome measures 

Submaximal exercise capacity was measured using the 6MWT.  This was performed 

according to recommended procedure, on a 30 metre track, with standard encouragement 

provided every minute 137.  Grip strength was measured using a hand-held dynamometer. 

(Saehan SH5001, Masan, Korea). For this measure, participants were positioned in 

upright sitting with the elbow 90 degrees flexed by their side.  Three trials were performed 

on each arm with the highest (best) result in kilogram strength recorded for the purposes 

of analysis.  Ten metre walk speed 229 was measured on a 14 metre flat track. To account 

for acceleration and deceleration effects during this test, the time in seconds taken for the 

participant to walk only the middle ten metres of the track was recorded. Participants were 

asked to undertake the test at both a comfortable “like a walk in the park” and fast “like 

hurrying for a bus” pace. Two tests were performed for each test using their usual walking 
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aid and the fastest (best) result for each test was recorded. Balance was measured using 

the Balance Outcome Measure for Elder Rehabilitation 230. This validated tool is a global 

measure of standing balance incorporating four commonly used balance tests including 

the Timed Up and Go test, Functional Reach Test, step test and the static standing with 

eyes closed test.  Performance for each test is scored on a scale ranging from 0-4, with a 

maximal (best) possible score of 16.   

Additional patient information including demographics, aetiology of HF, LVEF and 

relevant past medical history, was obtained through patient interview and review of 

hospital medical records.  Attendance and completion of sessions was recorded for each 

individual on a separate recording form each week. Blood pressure, heart rate, oxygen 

saturation, body weight blood glucose (in those with diabetes) and body weight were also 

recorded on this same recording form prior to and following each exercise session. 

Finally, survey data was collected from all participants to record perceptions about both 

training environments and in a small subset of patients, facilitators and barriers to 

participation were explored in more detail through formal patient interviews. Results of 

these will be reported in Study 5 in Chapter 7.  

Data analysis 

Participant’s demographic and clinical characteristics were summarised using standard 

descriptive statistics and compared between the two allocated groups using chi-square or 

Fisher’s exact test and t-tests, as appropriate for the categorical and continuous variables. 

Change in outcomes for period one (baseline to week seven) and period two (week seven 

to week 14) were described for each allocation group. The effect of treatment (aquatic or 

land-based exercise), period one or two (defined above), and sequence (order of treatment 

administration) of the treatment allocation for each of the six functional outcomes were 

analysed using the general linear model. Treatment, period, and sequence were assumed 

as fixed effects and subject-within-sequence was treated as a random effect in the model. 

Mean values with 95% confidence intervals for each of these functional outcomes were 

estimated and compared by the two treatment interventions.  Accounting for a dropout 

rate of 15% and assuming alpha 0.05 and 80% power, 50 participants were calculated as 

being necessary to detect the minimally important difference for 6MWT distance in this 

study.   
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6.2.4 Results 

Sixty-five individuals were identified as being eligible to participate in this study, four of 

whom declined on the basis of not wishing to exercise in water.  Of the 61individuals 

who consented to participate, three were unable to complete due to non HF related illness, 

three withdrew after becoming symptomatic with immersion, two withdrew due to an 

exacerbation of HF unrelated to the exercise training, and two were lost to follow up 

(Figure 6.1).  Fifty-one participants therefore contributed data for the analyses, of which 

32 were from one facility and 19 from the other.  Baseline characteristics of these 

participants are presented in Table 6.1. With the exception of age, there was no significant 

difference in measured characteristics between the two randomised groups. Participants 

were predominantly male, and most commonly had NYHA class II symptoms, ischaemic 

aetiology, and a number of co-morbid conditions including atrial fibrillation, chronic 

obstructive pulmonary disease (COPD) and diabetes mellitus. Mean age was 69.2 +/- 11.6 

years.  Participants attended both programmes similarly, with a mean attendance of 5.1 

sessions for the aquatic training and 5.3 sessions for land-based training. 
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Figure 6.1  Flow diagram of study participants 

Non HF related illness = 2 

Symptomatic with immersion = 1 

HF related illness = 2 

Lost to follow up = 2 

Symptomatic with immersion = 2 

Non HF related illness = 1 

Declined = 4 

Attended baseline assessment 

(n=61) 

Randomised 

Land based 

exercise training  

6 weeks (n= 25) 

Aquatic exercise training  

6 weeks  (n= 36) 
 

Land-based exercise 

training   

6 weeks (n=33) 

Attended assessment 2 

(week 7)  

 n= 58 

Aquatic exercise 

training   

6 weeks (n= 25) 

Attended assessment 3  

(week 14)  

n=51 

Invited to participate   (n=65) 
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Table 6.1  Baseline characteristics of participants 

Selected Characteristics Overall sample 

(n=51) 

Mean (95% CI) 

Aquatic then land-

based exercise 

(n=29) 

Mean (95% CI) 

Land-based then 

Aquatic exercise 

(n=22) 

Mean (95% CI) 

p 

value 

Age (year) 69.2 (66.0,72.5) 72.9 (69.7,76.1) 68.3 (64.0,74.0) 0.01 

Gender, n (%) 

Male 

 

43 (84.3) 

 

26 (81.3) 

 

17 (89.5) 

 

0.44 

HF aetiology, n (%) 

Ischaemic 

DCM 

HFpEF 

 

28 (54.9) 

15 (29.4) 

8 (15.7) 

 

15 (51.7) 

7 (24.1) 

7 (24.1) 

 

13 (59.1) 

8 (36.4) 

1 (4.5) 

 

 

0.17 

NYHA, n (%) 

I 

II 

III 

 

3 (5.9) 

41 (80.4) 

7 (13.7) 

 

2 (6.9) 

22 (75.9) 

5 (17.2) 

 

1 (4.5) 

19 (86.4) 

2 (9.1) 

 

0.66 

 

AF, n (%) 17 (34.0) 10 (34.5) 7 (33.3) 0.93 

COPD, n (%) 17 (33.3) 9 (31.0) 8 (36.4) 0.69 

OSA, n (%) 9 (17.6) 3 (10.3) 6 (27.3) 0.15 

DM, n (%) 15 (29.4) 10 (34.5) 5 (22.7) 0.36 
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Selected Characteristics Overall sample 

(n=51) 

Mean (95% CI) 

Aquatic then land-

based exercise 

(n=29) 

Mean (95% CI) 

Land-based then 

Aquatic exercise 

(n=22) 

Mean (95% CI) 

p 

value 

CKD, n (%) 6 (11.8) 4 (13.8) 2 (9.1) 0.69 

PVD, n (%) 4 (7.8) 2 (6.9) 2 (9.1) 1.00 

LBP, n (%) 4 (7.8) 3 (10.3) 1 (4.5) 0.63 

Depression, n (%) 6 (11.8) 4 (13.8) 2 (9.1) 0.69 

6MWT (metres) 394.6 (359.0, 430.3) 375.1 (319.2, 430.9) 419.5 (377.6, 461.5) 0.22 

Grip Strength (kg) 30.2 (27.4, 33.2) 29.3 (25.5, 33.1) 31.3 (26.0,36.6) 0.53 

TUG (seconds) 9.4 (8.2, 10.7) 9.9 (8.1, 11.7) 8.8 (7.1, 10.5) 0.39 

BOOMER 13.8 (13.2, 14.5) 13.9 (13.0, 14.8) 13.7 (12.6, 14.8) 0.80 

Walk speed time (seconds) 

Comfortable pace  

Fast pace 

 

9.0 (8.1, 9.9) 

7.1 (6.3, 8.0) 

 

9.6 (8.2, 11.1) 

7.6 (6.3, 9.0) 

 

8.1 (7.3, 8.9) 

6.4 (5.8, 7.2) 

 

0.09 

0.17 

6MWT, 6 Minute walk test; AF, Atrial fibrillation; BOOMER, Balance Outcome Measure for Elder Rehabilitation; CKD, Chronic Kidney Disease; COPD, Chronic 

obstructive pulmonary disease;  DCM, Dilated cardiomyopathy;  DM,  Diabetes mellitus; HFPEF, Heart failure with preserved ejection fraction;  LBP,  Low back 

pain;  OSA, obstructive sleep apnoea;  PVD, Peripheral vascular disease; TUG, Timed up and Go 

 



117 
 

As demonstrated in Table 6.2, the effect of sequence (order of treatment administration) 

was non-significant for all outcome measures, indicating that the order in which the 

interventions were undertaken did not influence results. Period effect was statistically 

significant for Timed up and go and walk speed performed at a comfortable pace. As 

depicted in Figure 6.2, improved performance was observed in period two for both 

parameters.  This same trend was observed for all other outcomes. The non-significant 

effect of sequence justified the crossover design. Analysis was undertaken by using 

pooled data for all participants (n=51), adjusted for period and sequence to estimate the 

overall treatment effect of the two training protocols.  

 

Table 6.2  Statistical significance of functional outcomes due to period and sequence 

Major functional outcome Period 

(p-value) 

Sequence 

(p-value) 

6MWD (metres) 0.057 0.457 

Grip Strength (kg) 0.495 0.637 

TUG (seconds) 0.040* 0.533 

BOOMER 0.062 0.699 

Walk speed (seconds) 

Comfortable pace 

Fast pace 

 

0.007* 

0.412 

 

0.093 

0.131 

Period = timing of treatment administration, Sequence = order of treatment administration, *p-value<0.05 

6MWD, 6 Minute walk distance; BOOMER, Balance Outcome Measure for Elder Rehabilitation   TUG, 

Timed Up and Go      
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Figure 6.2  Mean change in a.) Timed up and go and b.) Walk speed (comfortable), 

according to training protocol and time 

 

Table 6.3 illustrates the overall treatment effect of the training protocols for each outcome 

measure.  Overall, functional measures were maintained or slightly improved throughout 

the 14 week follow-up period, regardless of initial allocation. Land-based training was 

associated with a slightly longer walking distance compared to the aquatic training 

protocol with a mean difference of 10.8 metres (95% CI: 0.7, 22.5, p=0.038).  Figure 6.3 

illustrates the 6MWD for the three assessment time points, according to training protocol. 
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There was no significant difference in outcomes between aquatic and land-based training 

for any of the other functional parameters.  

 

 

Table 6.3   Mean (95% confidence interval) and significance for the treatment of aquatic 

and land-based exercise 

Major 

functional 

outcome 

Baseline 

Mean 

(95%CI) 

Aquatic 

exercise 

Mean (95%CI) 

Land-based 

exercise 

Mean 

(95%CI) 

p value 

6MWT 

(metres) 

394.6 (359.0, 

430.3) 

395.4 (387.7, 

403.0) 

406.2 

(399.3,414.6) 
0.038* 

Grip Strength 

(kg) 

30.2 (27.4, 

33.2) 
31.1 (30.2,32.0) 

30.9 

(30.0,31.8) 
0.751 

TUG 

(seconds) 
9.4 (8.2, 10.7) 9.1(8.9,9.4) 8.9 (8.7,9.2) 0.206 

BOOMER 

(/16) 

13.8 (13.2, 

14.5) 
13.8(13.5,14.1) 

14.0 

(13.7,14.3) 
0.301 

Walk speed 

(seconds) 

  Comfortable  

  Fast pace 

 

 

9.0 (8.1, 9.9) 

7.1 (6.3, 8.0) 

 

 

8.6 (8.3,8.9) 

7.1(6.9,7.4) 

 

 

8.6 (8.4,8.8) 

7.1 (6.8,7.3) 

 

 

0.883 

0.706 

 

*p-value <0.05 land versus aquatic training 

6MWT, 6 Minute walk test; BOOMER, Balance Outcome Measure for Elder Rehabilitation, TUG, Timed Up 

and Go 
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Figure 6.3  6MWD over time according to training protocol and time 

6MWD, 6 minute walk distance 

 

 

6.2.5 Discussion 

This study demonstrated that both training programmes maintained all performance 

outcomes equally. The two training interventions were equally well attended and results 

demonstrated that conducting weekly, supervised, aquatic exercise sessions in a clinical 

setting was feasible for this select group of HF participants who had recently completed 

a land-based rehabilitation programme.  To the authors’ knowledge, this is the largest trial 

of aquatic exercise training conducted in this population to date. For the primary outcome 

of 6MWT, there was a statistically greater improvement in the distance walked with land-

based training, by a difference of 10.8 metres. The clinical relevance of this finding 

however, is questionable since the minimal important difference for this parameter is 36 

metres in this population 139.  Slightly greater functional gains were observed in the 

second period for all parameters. This occurred regardless of the order in which the 
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interventions were undertaken and perhaps reflects the cumulative effect of longer 

exercise participation.   

The consideration of aquatic exercise as a mode of exercise training has current clinical 

relevance. With the strong evidence for exercise training, it is now recommended that all 

patients with HF have access to specialist exercise interventions 4.  Whilst traditional 

centre-based rehabilitation programmes provide an ideal environment in which to provide 

this training and support, poor uptake has led exercise clinicians to seek alternative 

models in which to engage these patients 144. This is particularly relevant for select patient 

groups such as females, who are not only less likely to be referred to rehabilitation 

compared to their male counterparts, but who are also less likely to complete these 

programmes 231.  In the current study, 84% of participants were male. Whilst this is not 

dissimilar to previously reported studies 10, it is possible that the requirement of study 

participants to have previously completed HF rehabilitation in this study, may have 

further concentrated the number of male participants.  Barriers to participation, such as 

exercising in a swim suit, must also be considered a contributing factor, however it was 

not the experience in this study.  

Maintaining functional performance over time is an important result. Unless an individual 

continues to partake in regular aerobic activity, the benefits of exercise training are short 

term only.  From the few studies that report the rate of decline in exercise capacity 

following HF rehabilitation, it is known that detraining can occur within as little as three 

to six weeks 91, 232.  There was little clinical improvement observed in this study over the 

12 weeks, which may have been the consequence of individuals being recruited following 

an intense period of rehabilitation.  Importantly there was also no deterioration in 

measured outcomes over this same period which would suggest that as a maintenance 

programme, whose primary aim was to prevent deterioration in performance, both aquatic 

and land-based programmes were similarly effective.  

Attending a structured programme as little as once per week was sufficient to maintain 

exercise performance, regardless of exercise type. Similar results have been reported in 

previous studies in which exercise training less than twice per week was sufficient to 

maintain health benefits 7, 37.  Furthermore, as exercise outcomes are dose dependent, 

recommendations relating to specifics such as frequency, intensity and duration are often 
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targeted for best outcomes.  This may deter less active individuals.  Tailoring advice to 

enhance participation and thus lessen sedentary behaviour should also be encouraged 233.   

Three participants withdrew from the aquatic programme due to symptoms which 

occurred during the training sessions.  One participant with concomitant oxygen 

dependent COPD, experienced increasing shortness of breath when in the water.  For two 

participants, dizziness was the primary symptom and occurred immediately upon first 

immersion on each individual’s first attendance.  Both participants had a history of 

biventricular HF and moderate to severe tricuspid regurgitation.  These cases are similar 

to a case described by Svealv et al, in 2012 173.  In this case report of a patient with 

biventricular failure, echocardiography during immersion demonstrated a reduction in 

right ventricular systolic function and an increase in right ventricular pressure.  The 

patient experienced no symptoms other than a perception of feeling cold for several hours 

afterwards.  These haemodynamic changes led the authors to propose that aquatic exercise 

training may not be safe for those with biventricular failure and pulmonary hypertension.  

Our experience would appear to support this finding. 

There are several limitations to this study.  As aquatic training is not commonly employed 

as an exercise intervention for patients with HF in Australia, the sample was carefully 

selected and a conservative approach was undertaken in order to ensure safety.  This 

conservative approach may have resulted in a low training stimulus.   Whilst the majority 

of participants were recruited to the study immediately following their rehabilitation 

programme, there was a small number for whom there was a delay, the duration of which 

was not recorded. Additionally, as the training duration was for a 12 week period only, 

we are unable to comment on the effect of the interventions beyond this time.  A small 

difference in age was noted at baseline between the two randomised groups, however 

since all individuals completed both training programmes and there was no sequence 

effect, it is unlikely that this influenced results. Furthermore, heated pools are not 

commonplace in many health facilities, thus limiting generisability of results, however 

referral to appropriately tailored aquatic programmes in the community may be a valid 

and worthwhile option for clinicians. Finally, we did not capture systematic data on other 

exercise being undertaken by participants at home. 

Despite these limitations, this study adds to the practical application of aquatic exercise 

for HF patients.  This study was conducted in a “real world” clinical setting using patients 
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recruited to standard HF rehabilitation programmes. Participants who attended the aquatic 

exercise training were not disadvantaged for doing so, when compared to the traditional 

land-based training programme. 

This study demonstrates that it is feasible for aquatic exercise training to be undertaken 

in stable HF patients during a maintenance phase in a clinical setting. Attending one 

session per week was sufficient to maintain functional performance throughout the study 

duration. Future studies are warranted to further explore aquatic exercise as a viable 

option for HF rehabilitation, in particular, as a stand-alone intervention. Improved 

understanding of the haemodynamics and physiology of HF in the aquatic environment 

may help to enhance patient selection and exercise intensity to optimise this promising 

mode of exercise training.   
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6.3 Chapter summary 

Study 4 is the largest aquatic exercise training trial that has been conducted in people with 

HF to date. The study recruited 61 participants from two metropolitan hospital settings. 

The results from this study demonstrate that aquatic exercise training is feasible in a 

clinical setting and is equally effective as land-based exercise training for maintaining 

6MWD, grip strength and measures of balance. Attendance at just one session per week 

was sufficient to achieve this outcome, thus providing clinical relevance.  

Whilst every effort was made to recruit participants typical of a clinical setting, 

participants enrolled in the study were predominantly male, had HFrEF and NYHA class 

II symptoms. However, unlike previous studies, Study 4 recruited participants with 

HFpEF, and those with musculoskeletal comorbidities, making it the first study to include 

these subgroups.  

No serious adverse events occurred during the study, however three people withdrew on 

the basis of symptoms associated with immersion. For two people with a history of 

biventricular failure and tricuspid regurgitation, dizziness was the primary symptom 

experienced. This supports findings from a case report by Svealv, who described 

echocardiographic evidence of increased right ventricular pressure associated with warm 

water immersion in a person with biventricular HF 173. Despite very limited available data 

on this topic, results of Study 4 support a recommendation that presence of right 

ventricular pathology, such as biventricular HF or pulmonary hypertension, should be 

considered a relative contraindication for aquatic exercise training.  

Results from Studies 4 and 5 confirm that aquatic exercise training is a safe and effective 

exercise intervention for people with stable HF. Remaining unknown at this time was 

whether this modality represents an acceptable exercise alternative to traditional land-

based exercise training for people with this condition. This was therefore the main aim of 

Study 5, which is reported in the following chapter.  
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CHAPTER 7.   Motivators and barriers for participation in 

aquatic and land-based exercise training programmes for 

people with stable heart failure: A mixed methods approach 

 

The manuscript included in the following chapter was accepted for publication in Heart 
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participation in aquatic and land-based exercise training programs for people with stable 

heart failure: A mixed methods approach. Accepted for publication in Heart Lung. 
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7.1  Introduction 

Following on from Studies 3 and 4 which investigated the safety and efficacy of aquatic 

exercise training for people with stable HF, the final component of this thesis was to 

determine if people with HF perceive this mode of exercise training to be an acceptable 

form of exercise.  To achieve this goal, Study 5 was undertaken using a mixed methods 

approach and in particular, sought to identify perceptions relating to acceptability, 

benefits and barriers associated with both aquatic and land-based exercise training.  

The first component of Study 5 was undertaken simultaneously with the crossover trial 

reported in Chapter 6.  As there was no appropriate questionnaire available for this 

specific purpose, one was therefore developed for this study and was provided to all 

participants at the completion of the crossover trial. In order to further explore perceptions 

and experiences associated with participation in aquatic and land-based exercise training, 

Study 5 also included semi structured interviews, conducted with a small group of 

participants who completed the crossover trial, as well as a small number who were 

unfamiliar with the aquatic programme.   

Chapter 7 reports results from Study 5, which is the first study to explore acceptability of 

aquatic exercise training in people with stable HF. 
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7.2  Motivators and barriers for participation in aquatic and land-based 

exercise training programmes for people with stable heart failure: A 

mixed methods approach 

JA Adsett, NR Morris, SS Kuys, JD Paratz, AM Mudge  

 

7.2.1 Abstract 

Aim: Aquatic exercise training may be suitable for people with stable HF to engage in 

physical activity. Acceptability, experiences and preferences regarding aquatic and 

traditional land-based exercise training, were explored in people with HF. 

Methods: As part of a comparative intervention study, participants completed a 

questionnaire assessing acceptability, benefits and challenges of aquatic compared to 

land-based programmes.    Semi-structured interviews explored participant experiences 

in greater depth.  

Results: Forty-eight participants, (mean age 70 +/- 11 years), completed the questionnaire 

and 14 participated in semi structured interviews. Aquatic exercise was regarded as 

acceptable and beneficial. Motivators were similar for both programmes and included: a 

skilled and compassionate workforce, tailored care, perceived health benefit, sense of 

safety and an inclusive and enjoyable environment. Few barriers were identified for either 

programme.  

Conclusion: Aquatic and land-based exercise training are equally acceptable for people 

with stable HF and motivators are similar for both programmes.   
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7.2.2 Introduction 

In people with stable HF, regular exercise is associated with improvements in symptoms, 

exercise capacity, QoL and clinical outcomes 2, 3, 7, 104.  Despite strong evidence and 

recommendations, uptake of structured, centre-based exercise training programmes and 

sustained participation in physical activity outside of the health care facility remains poor 

12, 144. 

Several factors contribute to poor exercise participation in people with HF. These include 

poor self-efficacy, presence of co-morbid conditions such as depression and pain, older 

age, sedentary habits, poor social support and disease severity 29, 123, 144, 148. 

Socioeconomic variables such as transport, education and financial constraints, and health 

system variables such as poor referral systems and resources are also potential barriers  12, 

17, 226.  Whilst some strategies enhance short term exercise participation, few have 

successfully demonstrated improvements in the long term 10. It is possible that alternative 

modes of exercise training may appeal to a broader population. Aquatic exercise training 

is one such example.  

Aquatic exercise [exercise conducted in thermoneutral water (32-34°C)], uses the 

properties of buoyancy and turbulence to both assist and resist movement, thereby making 

it suitable for individuals of all functional abilities 234. It may also prove appealing to 

those limited by pain or disability or those unaccustomed to equipment such as treadmills 

and exercise bikes.  Whilst studies on aquatic exercise training and HF are limited, 

existing literature suggests that it is safe and at least as effective as land-based training 

for improving exercise outcomes 171, 227.  In people who share similar symptoms, such as 

those with chronic lung disease, this form of exercise has been shown to be acceptable 

235. Whether people with HF also perceive this mode of exercise to be acceptable remains 

unclear.  

The specific aims of this study were to describe the motivators and barriers experienced 

by people with HF participating in aquatic exercise training programmes. In so doing, we 

sought to describe acceptability, expectations, perceived benefits and concepts 

contributing to participant preference compared to land-based training.  
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7.2.3 Methods 

Design and participants 

This mixed methods study was nested within a larger crossover design trial 

(ACTRN12611000036910), undertaken to investigate the efficacy of aquatic exercise 

training compared to land-based training in people with stable HF 236.  In brief, 

participants were recruited from HF services at two large metropolitan hospitals in 

Brisbane, Australia from 2010 – 2013.  Participants were eligible if they had documented 

evidence of symptoms (dyspnoea, fatigue +/- peripheral oedema), with or without signs 

of HF, in addition to echocardiographic evidence of reduced ejection fraction (EF <45%) 

or HF with preserved ejection fraction (EF >50% plus objective diastolic dysfunction). 

For inclusion in the study, participants were also required to have completed a 12 week, 

land–based exercise training programme in the preceding 12 months. Participants were 

randomised to either six weeks of aquatic or land-based exercise training, after which 

time they rested for one week prior to crossing over to the alternate programme for an 

additional six weeks.   

Training sessions in both programmes were conducted weekly for one hour, and included 

10 minutes warm up and five minutes cool down, undertaken in the respective training 

environment.  Sessions incorporated a range of individually prescribed upper limb and 

lower limb endurance and resistance exercises. Where appropriate, balance activities 

were also included. All exercises were prescribed and progressed by a HF physiotherapist 

at each site, experienced in land and aquatic exercise training. Exercise intensity was 

maintained at 9-14 on the rating of perceived exertion scale (RPE 6-20 scale) and 

programmes were also supervised by HF nurses.  For the aquatic programme, pool 

temperature was maintained between 33-34 degrees Celsius and participants exercised in 

chest deep water.  Exercises were replicated as close as possible to those performed on 

land, and water turbulence and hydrotherapy equipment were used to control exercise 

resistance and intensity.   

Thirty-six participants commenced in the aquatic programme and 25 participants in the 

land-based programme.  Measures of balance, grip strength, walk speed and 6MWD were 

assessed in the 61 participants at baseline and following completion of each training 

regime.  Results of the main study have been reported previously and showed no 

significant differences between programmes 236. 
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The current study reports results of a questionnaire provided to all participants following 

completion of the crossover trial, as well as semi-structured interviews conducted with a 

selection of programme participants and non-participants. The mixed methods approach 

provided opportunity to aim for comprehensive coverage, thus utilising the strengths and 

reducing the weaknesses of both approaches. Both components of the study were undertaken 

simultaneously. The study was approved by the HREC at the two participating hospitals and 

Griffith University (Appendix 1). 

Questionnaire 

As there is no validated tool specific to aquatic exercise training for people with HF, a 

questionnaire was purposefully designed for this study. The initial design of the 

questionnaire was developed by the lead investigator following a comprehensive review 

of relevant literature from clinical and non-clinical populations 235, 237 and from clinical 

experience. The questionnaire was then modified according to feedback from all co-

investigators, prior to being trialled by four HF patients, not involved in the study.  This 

latter process ensured ease of comprehension, relevance to the study, acceptable time for 

independent completion, and breadth of information obtained. The questionnaire was 

finalised once all co-investigators reviewed and agreed upon changes made following the 

participant review.   A copy of this questionnaire is included in Appendix 6.   

Part A of the questionnaire explored participants’ experience with the aquatic programme 

and included 13 statements about acceptability, perceived benefits and discomfort. Part 

B of the questionnaire comprised eight statements which included four specific to land-

based exercise training and four comparing the two programmes.  A 10-point Likert scale 

ranging from 1 “not at all true” to 10 “very true” was used to quantify all statement 

responses. Regardless of the order in which participants undertook the training 

programmes, the entire questionnaire was completed at the final assessment, one week 

following completion of the crossover trial.  

Qualitative evaluation 

Participants’ perceptions regarding motivators and preferences relating to the aquatic and 

land-based exercise programmes were explored using qualitative methods. Seven 

participants declined participation in the crossover trial and were invited to contribute to 

this component of the study.  Participants who had completed the aquatic programme 
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were sought who were similar in terms of age and gender and from across both training 

sites to ensure diverse views and differing perspectives were represented. 

Staff of the respective HF services invited individuals to participate, within 12 weeks of 

them completing the intervention study. The lead investigator contacted interested 

participants via telephone and upon consent, then conducted a single, semi-structured 

interview of approximately 30 minutes duration at a venue determined by each 

participant.  Support persons were invited to be present if requested. Participants were 

asked to speak freely about their experiences with land-based and aquatic exercise 

training, including expectations, perceived benefits and preferences. Comparisons 

between the two exercise programmes were also explored. For the seven participants who 

declined the intervention trial but consented to semi structured interviews, open 

discussion about their expectations and perceptions regarding the different forms of 

exercise was encouraged.  These participants were familiar with land-based exercise 

training, however unaccustomed to aquatic exercise training. Field notes were taken 

immediately following all interviews.  

Descriptive characteristics (age, body mass index, HF aetiology, left ventricular ejection 

fraction and comorbid conditions) were collected from medical notes, prior to interviews 

being conducted. Characteristics of participants who did and did not complete the 

questionnaire were compared using chi-square tests for categorical variables and t-tests 

for continuous variables. 

Data analysis 

Participant characteristics were summarised using standard descriptive statistics. 

Questionnaire responses were summarised for each question using median and 

interquartile range, as they were non-normally distributed.  

For the qualitative component of the study, all interviews were audio recorded and 

transcribed verbatim by the lead investigator within one week of the interview.  

Participants reviewed their respective de-identified transcript for accuracy and approval. 

Data were analysed using the thematic framework approach described by Braun and Clark 

238 and included preliminary familiarisation with the data followed by generation of initial 

codes. Researchers then moved back and forth between transcripts searching for themes. 

This was continued until no new themes were identified, and researchers confirmed that 
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data saturation had been achieved.    Findings were subsequently reviewed, defined and 

summarised into major conceptual themes which were then crosschecked with original 

transcripts. This process was undertaken manually by the lead investigator and 

independently repeated by a second investigator, after which time themes were compared 

and discussed until agreement was achieved.  

The researchers employed several steps to ensure trustworthiness of the acquired data. 

The lead investigator was trained in the interview process by researcher SK, an 

experienced qualitative researcher, who was also present at the first two interviews. 

Researcher AM independently reviewed and coded two transcripts to ensure consistency 

of coding and generation of themes.  All researchers were consulted for final summation 

of themes to ensure consensus. With the exception of the lead investigator, the research 

team had non- clinical roles and therefore no association with any participants. 

Triangulation with questionnaire data was also used to explore consistency of responses. 

 

7.2.4 Results 

From the 61 participants in the crossover trial, 48 participants completed the 

questionnaire and thus contributed data for the survey analysis.  Fourteen people 

participated in semi-structured interviews. This included seven who declined 

participation in the intervention trial but who consented to the interview (NA 1-7) and 

seven who completed the aquatic exercise programme within the crossover trial (A 1-7). 

No individuals declined participation in the interview process. Figure 7.1 demonstrates 

the flow of participants through the study.   
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Figure 7.3  Flow of participants 

 

As summarised in Table 7.1, questionnaire participants were predominantly male, had 

New York Heart Association class II symptoms and had HF with reduced ejection 

fraction.  Mean age was 70 years. Approximately half of participants had HF from 

ischaemic origin. Baseline characteristics from the 13 participants who did not supply a 

post programme questionnaire did not significantly differ from the study cohort (data not 

shown). A similar profile was observed for interview participants, however co-existing 

hypertension was more common in these individuals and atrial fibrillation was more 

common in those who did not attend the aquatic programme. 
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Table 7.1  Participant characteristics 

 Questionnaire 

participants 

(n=48) 

Interview participants 

Attended 

aquatic 

programme 

(n=7) 

Did not attend 

aquatic 

programme 

(n=7) 

Age, (years), mean (SD) 70 (11) 70 (11) 74 (6) 

Male gender, n (%) 39 (83) 4 (57) 5 (72) 

NYHA, I   n (%) 

             II 

            III 

3 (6) 

38 (79) 

7 (15) 

0 (0) 

6 (86) 

1 (14) 

0 (0) 

6 (96) 

1 (14) 

HF aetiology, n (%) 

 HFrEF ischaemic 

             other 

 HFpEF 

 

28 (58) 

14 (29) 

6 (13) 

 

3 (43) 

4 (57) 

0 (0) 

 

5 (72) 

1 (14) 

1 (14) 

Average EF, mean % (SD) 38 (12) 39 (13) 39 (13) 

BMI, mean (SD) 29.8 (6) 29.6 (5) 29.2 (4.6) 

Co-morbidities, n (%) 

Atrial fibrillation 

Hypertension 

T2DM 

COPD 

PVD 

 

18 (37) 

21 (44) 

14 (29) 

9 (19) 

4 (8) 

 

2 (28) 

6 (86) 

3 (43) 

1 (14) 

0 (0) 

 

4 (57) 

6 (86) 

4 (57) 

1 (14) 

1 (14) 

BMI, Body Mass Index; COPD, Chronic obstructive pulmonary disease; DM, Diabetes mellitus; EF, 

Ejection fraction; HF, Heart Failure; HFpEF, Heart failure with preserved ejection fraction; HFrEF, 

Heart failure with reduced ejection fraction; NYHA, New York Heart Association; PVD, Peripheral 

vascular disease 
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Questionnaire data 

Table 7.2 reports responses to part A of the questionnaire. Results indicate a high degree 

of acceptability for the aquatic programme, as indicated by a high level of agreement that 

it was enjoyable, and that participants felt confident and safe. Respondents reported 

fatigue to be a common symptom, however seldom associated chest pain, breathlessness 

or dizziness with exercising in the water environment. There was moderate agreement 

that exercising in the water eased muscle and joint pain, with similar results reported for 

improving balance. Few barriers to participation were reported.  
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  Table 7.2  Summary of questionnaire responses 

Questionnaire statement Median (IQR) 

(n=48) 

I enjoyed the water-based exercise programme 10 (10-10) 

I felt confident exercising in the hospital pool 10 (10-10) 

I felt safe to exercise in the hospital pool 10 (10-10) 

Exercising in water improved my balance 7 (5-10) 

Exercising in the water eased my muscle and joint pain 7 (1-10) 

Exercising in the pool gave me chest pain+ 1 (1-1) 

Exercising in the water made me more breathless+ 1 (1-1) 

Exercising in the water made me dizzy+ 1 (1-1) 

Exercising in water made me feel tired and fatigued+ 2 (1-5.3) 

I felt nervous about wearing a swimsuit in front of other 

people+ 

1 (1-1) 

The temperature of the water was neither too warm nor 

too cool 

10 (8-10) 

The change rooms were too cold+ 1 (1-1) 

I didn’t like getting my hair wet+ 1 (1-1) 

+ denotes reverse/ negative answer statement       

Results refer to a 10-point Likert scale in which 1 = “not at all true” and 10 = “Very true” 

 

Table 7.3 demonstrates median scores for statements pertaining to land-based exercise 

and comparisons with the aquatic programme. Participants rated enjoyment and safety of 

land-based training very highly, although there was variability in confidence about 
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continuing the exercise outside of the hospital environment. Opinions were evenly 

divided around preference for the aquatic or land-based programme.   

 

Table 7.3   Questionnaire responses according to land-based training and land 

versus and aquatic exercise training 

Questionnaire statement 

 

Median (IQR) 

(n=48) 

Land-based exercise training  

I enjoyed the land-based exercise programme 10 (9-10) 

I felt confident exercising in the hospital gymnasium 10 (10-10) 

If available, I would continue to attend the gym programme at the 

hospital 

10 (10-10) 

I feel confident to continue land-based exercises outside of the 

hospital 

10 (5-10) 

Land versus aquatic exercise training  

I felt safer exercising in the gymnasium compared to the exercising 

in the pool + 

2.5 (1-5) 

Exercising in the gymnasium was harder work than exercising in the 

pool + 

5 (1-7) 

Exercising in the gymnasium made me fitter than exercising in the 

pool + 

5 (1.5-7) 

If given the choice, I would prefer to exercise in the gymnasium than 

in the pool+ 

5 (1-9.5) 

+ denotes reverse/ negative answer statement       

Results refer to a 10 point Likert scale in which 1 = “not at all true” and 10 = “Very true” 
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Qualitative data 

Five major themes emerged as being important motivators for exercise participation and 

were identical for both aquatic and land-based exercise training programmes. Central to 

all themes was the importance of having a skilled and compassionate workforce. As 

depicted in Figure 7.2, other themes were sense of safety, tailoring care to the individual, 

inclusiveness and enjoyment, and perceived health benefit.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.4  Conceptual framework summarising interview findings related to shared 

motivators for land-based and aquatic exercise training 
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Theme 1. Skilled and compassionate workforce 

The role that staff play in creating a safe, supportive and enjoyable environment for 

exercise training was highlighted by all participants.  This was a key motivator that 

underpinned all other themes. Availability of experienced staff and processes that 

reinforced a sense of safety were important factors expressed.  

 “At the hospital you had the professionals around you, so they could sort of help you if 

anything was wrong, whereupon I think at an ordinary gym, sometimes there’s nobody 

there.” (A2) 

Participants also expressed the importance of staff possessing skills that extend beyond 

professional knowledge and experience. Being empathetic, understanding, and 

encouraging were staff traits that motivated all participants. This relationship of trust and 

rapport was illustrated by one participant who stated:  

“I was encouraged by and enjoyed the company of the staff in the gym. There wasn’t ever 

any occasion I felt excluded. There was always a feeling, a warmth there. Everyone was 

always interested without being nosey. They treat you the right way which encouraged 

you to keep coming.” (A6) 

 

Theme 2. Sense of safety 

No participant expressed concerns regarding safety of aquatic exercise specifically related 

to their HF diagnosis. Symptoms such as chest pain, shortness of breath and dizziness 

were seldom reported for either programme.  Almost all participants highlighted the sense 

of safety that they felt by being in a hospital environment and through regular 

physiological and physical monitoring. For example: 

“There’s someone there that can check out the blood pressure, and all the rest of it to 

make sure you’re not going to cark it on the spot. I find that is probably far better for you 

than some outside place that really doesn’t have any idea of what your problems are.” 

(NA 3) 

The company of others also promoted a sense of safety as conveyed by one participant 

who stated “If I was by myself I would have worried a bit.” (A2)  For some individuals, 
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safety of the physical environment, by ensuring dry and non-slip floors surrounding the 

pool, was also an important consideration. . 

In some cases, this sense of safety promoted confidence about continuing to exercise 

independently, as illustrated by the comment  

 “Going into the pool and doing the exercises, it made me feel like I could go over to 

[local pool] and get back in the pool and do exercises.” (A1) 

 

Theme 3. Tailoring care to the individual 

For many, receiving individualised care was a key motivator for exercise participation.  

An important component of this was having the exercise programme prescribed in 

accordance with HF recommendations with due consideration of comorbidities and 

functional level. For some individuals who perceived themselves to be more fragile than 

others, this theme was often closely linked to a sense of safety.  

“Because of the irregular heart beat I’d have to go and sit down. They’d keep an eye on 

me or they’d take me off the machine they thought was causing a bit of a problem and put 

me on something else that was not as strenuous from that point of view.” (A2) 

Conversely, others who identified with a history of exercise behaviour, still appreciated 

a tailored approach to ensure safety. “I’d been a sportsman all of my life.” “Training was 

second nature”. “I knew I needed to get fit, in a safe way, rather than being stupid about 

it.” (NA 6) 

In some cases, individuals referred to the impact of gender on exercise perceptions and 

behaviours. This was illustrated by one participant who’d been a lifelong exerciser. “But 

the nurses would say “Slow down, don’t go too fast. You know you just get yourself into 

trouble.” And that’s just a male I think, like, I don’t know what it is. A male wanting to 

be Arnold Schwarzenegger.” (A4) 

Whilst familiarity was a key driver for some, exercise variety was also highlighted by 

some participants, as illustrated by the statement: “There is a range of exercises that I 

did, in the gym. Various things. You know, the weights, the leg movements, the bike, the 

walking, all those sorts of things. Even rolling that ball up and down, you know up your 
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back. They were all different.  I couldn’t imagine that those things would be available in 

the pool.” (NA 2) 

Theme 4. Inclusiveness and enjoyment 

Almost all participants emphasised the importance of enjoyment, shared humour, 

inclusiveness and social interaction in relation to both programmes.  

“I think in the gym we had good friendly communication that went on. It wasn’t only in 

the gym, it was in the pool as well.” (A4) 

Social interaction and overcoming social isolation were important motivators, as was peer 

support.  

 “Because when something like this happens, you’ll be at work with a lot of people around 

you and all of a sudden you’re not working anymore. There’s only you, so I think this sort 

of thing gets you out of the house, gets you in with another group of people that have 

something in common.” (A2) 

 

Theme 5. Expected and perceived health benefit 

Almost all participants perceived both aquatic and land-based training to be beneficial, 

with expectations of both programmes centred largely around general improvements in 

health. For most participants, the land-based programme was associated with observable 

improvements in fitness, the mental health benefits of “achieving something” and having 

purposeful activity outside of the home environment. Fewer participants in the aquatic 

programme specifically mentioned improved fitness, however, nearly all perceived 

aquatic exercise training to be “harder work” than land-based training.  This surprised 

some participants with one individual stating: “I don’t know why I’m so tired, I’m only 

playing around in the water…. As much as I don’t like to admit it, I think the water one 

was harder than the gym, even though I’m a gym person.” (A4) 

Interviewees who had not chosen to participate in the aquatic exercise programme 

generally assumed that the aquatic programme would be easier, as demonstrated by 

statements such as: “I think the gym is going to be harder because of all the bikes and 

things like that. But the pool is easier.” (NA 6) 
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“Being easier” was viewed as a potential benefit for those at a lower functional level or 

for those with musculoskeletal conditions.  

“I think, pool exercise is good for the legs, for the back even. I just think it’s just a gentler 

way of getting exercise and strengthening, you know, building up.” (NA 7)    

The experience was quite different for the participants who attended the aquatic 

programme and. almost all described significant post exercise fatigue.  One participant 

stated “but what I did find I was absolutely knackered either that afternoon or the next 

morning. I mean, I’d come home and have a sleep whereupon with the gym, I wouldn’t 

necessarily do that.” (A2) 

This finding was viewed in a positive manner by several participants who attributed this 

to an underestimation of the volume and intensity of exercise that they had undertaken. 

One participant described this as follows: “the hard part in the pool was the water 

resistance and you didn’t notice it. Like in the gym, with weights, you know ‘oh my weight 

is too heavy.’ But in the pool, you got in there and the water resistance was there all the 

time.” (A4) For one individual, fatigue was associated with “a warm bath” making them 

“a little bit sleepy” whilst for others, it was attributed to the combined physical and 

cognitive effort of having to maintain balance.  

 “Yes, you had to really concentrate, and not being a very good swimmer, I probably had 

to concentrate a little bit more than others….I think, using all the muscles which you, you 

don’t use otherwise, you know, it just seemed like it was a total, a total exercise.” (A3) 

Almost half of participants commented that they believed the gym to be more beneficial, 

despite differing perceptions regarding exercise intensity. This appeared to relate to 

personal preference and common stereotypes regarding the two exercise modalities.  

“When you go to the pool you go for a swim, you go to relax, you have fun. In the gym, 

you go to the gym, you work hard, you sweat, you build big muscles. And that’s ah, how 

people look at the two.” (A4) 

Exercise training preferences 

Participants identified that personal preference plays a key role in motivating individuals 

to exercise. Of those who were familiar with both programmes, three expressed a 
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preference for land-based training and four for the aquatic programme. One participant 

summed this up by stating: 

“I think if you really adore the water, then you’d head for that. But I think the other [gym 

programme] would be as beneficial too no matter what.” (NA 7) 

 

Few barriers to exercise were reported by any participants, and for the land-based 

programme related only to the cost of parking and a dislike for specific gymnasium 

equipment. For the aquatic programme, almost half of participants identified a fear of 

water or distant exposure to pools as a concern, and for two participants, this was the 

primary reason for declining the intervention study. A small number of individuals 

expressed some anxiety relating to exposing themselves in front of others.   

“Well I was a bit worried about wearing togs. I changed about 4 times. Different togs. 

And um…first time I walked out I felt embarrassed because I should have had shorts on 

or something but after 2 weeks I didn’t worry about it.” (A1) 

Other reported barriers included the inconvenience of changing clothes, showering and 

managing wet togs and the smell of chlorine and its impact upon respiratory function. 

These were the predominant reasons that four participants declined participation in the 

original study. Almost all of those unfamiliar with the aquatic programme were unsure of 

the exact nature of the exercise and perceived it to be “swimming” or “aqua aerobics.”  

 

7.2.5 Discussion 

This study is the first to explore acceptability, experiences and preferences relating to 

aquatic and land-based exercise training for people with stable HF. Questionnaire data 

corresponded very closely with results from semi-structured interviews and suggested 

that people with HF perceive aquatic exercise, undertaken in a health facility, to be an 

acceptable mode of exercise training. For both programmes, participants reported feeling 

safe, found the programmes to be enjoyable and very few symptoms were experienced. 

Questionnaire respondents reported fatigue to be the most common symptom experienced 

following aquatic exercise, a finding strongly reinforced by interview participants.  Given 

fatigue was not associated with the land-based programme, these results most likely 
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reflect the constant resistance imposed by the water and subsequent work required by the 

individual to maintain stability. Both modes of exercise training were considered 

beneficial, and participants were almost equally divided regarding their preference for the 

two training modalities.   

Exercise behaviour is complex. Despite well established guidelines, adherence to 

traditional exercise approaches by people with HF is poor. In the HF ACTION trial for 

example, only 30% of participants met recommended physical activity targets at follow 

up 7. In this study, results from semi structured interviews very closely reflected 

questionnaire data from the larger study group and enabled more in depth exploration of 

perceptions and motivators for both modes of exercise training. Underpinning both the 

aquatic and land-based programmes was the importance of a skilled and compassionate 

workforce, whereby staff not only deliver an individually tailored service with perceived 

health benefit, but who also possess the skills and personality to create a safe, inclusive 

and enjoyable environment.  

Similar themes were also reported by Albert et al, who describe the fear of worsening HF 

that some individuals associate with exercise, and the importance of emotional and peer 

support 149. The authors of this qualitative study emphasise the importance of patients’ 

knowledge about exercise and an expectation of clinical benefit 149.  These findings are 

also supported in a recent study which highlights the association between exercise 

confidence and exercise adherence 239. Attending an exercise programme under the 

supervision of experienced clinicians most likely assists individuals to become familiar 

and confident with the exercise regime. Whether this initial boost in confidence assists 

long term adherence and transition to exercise participation external to the healthcare 

setting requires further investigation.   

Personal preference and experience also influence exercise participation. For some people 

in this study, a fear of water or distant exposure to being in a pool were significant 

barriers.  It follows therefore that previous experience may also influence an individual’s 

choice. For example, culture, lack of access to a pool or perhaps memory of a specific 

event, may deter some individuals from aquatic exercise. For these individuals, land-

based exercise training would likely be a preferred option.  For others however, a dislike 

of gymnasiums, and a preference for social activities, may be the motivation for choosing 

an alternative exercise modality 226.  Several people in this study reported that they 
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preferred the aquatic environment, perceiving it to be a comfortable and social 

atmosphere in which to exercise, sufficiently different from traditional gymnasiums.   

Interestingly, no participant in this study expressed a concern specifically related to the 

effects of water immersion on HF symptoms or severity. This may relate to the trust that 

patients have in the healthcare professionals caring for them or a lack of awareness about 

this mode of exercise. Indeed, several interviewees who declined the aquatic programme 

assumed that it involved standard swimming. Due to the physiological consequences of 

water immersion on cardiac workload, 240 immersion depth, water temperature, and 

exercise intensity are carefully controlled in hospital settings to ensure safety.  Findings 

of this study highlight the need for education about safe exercise parameters for people 

with HF, particularly for other forms of water-based exercise undertaken outside of the 

health facility.  

There are several limitations to this study. Questionnaire participants had previous 

exercise experience, were clinically stable, and were motivated to participate. The order 

in which participants undertook the aquatic and land-based programmes may also have 

influenced recall of their experiences. Participants were predominantly an older 

Australian population, the majority of whom had HF with reduced ejection fraction and 

NYHA class II symptoms. Results can therefore not be generalised to all HF patients and 

cultural differences should also be considered, particularly with reference to swimwear 

and exposure. The study was undertaken in a health facility, under the supervision of 

experienced clinicians and may therefore not apply to exercise undertaken outside of the 

hospital environment.  The questionnaire was developed based on clinical experience and 

literature review but has not been validated.  Finally, the sample size for the qualitative 

component of this study was small and whilst the lead author had no direct clinical role 

at the time, five of the interview participants were known to this investigator from 

previous clinical exposure. Strengths of the study were involvement of two 

geographically separate training programmes and staff, and participants with 

characteristics representative of stable HF patients attending exercise training 

programmes in a clinical environment. Inclusion of those who declined to participate in 

aquatic exercise training also enabled more diverse views to be obtained.  

For many people with HF, aquatic exercise training is perceived to be beneficial, safe and 

enjoyable, providing a potential alternative to traditional land-based exercise training. 
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Broadening exercise opportunities may assist more individuals with HF to meet 

recommended exercise guidelines. In both settings, experienced and supportive staff are 

central to providing tailored, inclusive and enjoyable exercise experiences in a group 

setting. Models to support continuing exercise participation to maintain exercise benefits 

external to health facilities need to be explored.  
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7.3 Chapter summary 

Study 5 is the first study to explore acceptability and experiences relating to aquatic 

exercise training in people with stable HF. Findings from this study confirm that people 

with HF perceive aquatic exercise training to be a safe, enjoyable and acceptable mode 

of exercise. This study also highlights the complexity of exercise adherence by 

identifying that participation in an exercise programme is not motivated purely by the 

exercise and its expected benefit, but is also dependent upon characteristics of the staff, 

the presence of a social and inclusive environment, a sense of safety and personal 

preference.  

Also of clinical interest, is the experience of latent fatigue described by all interview 

participants who had completed the aquatic exercise programme. This occurred 

particularly in the first few weeks of the programme and in almost all cases, was sufficient 

to require individuals to lie down in the hours following the exercise session. Only one 

study has previously reported similar experiences in people with HF 44.  In this study by 

Cider et al, three people experienced mild fatigue during the first two weeks of an eight 

week aquatic exercise training programme. The underlying mechanism for this finding 

most likely relates to a constant workload required to overcome resistance of the water, 

and an under-estimation of this workload due to the low gravity environment.   Whether 

other factors contribute to this finding in people with HF is unknown and warrants further 

research.  The experiences of participants in Study 5 highlight a need for clinicians to be 

cognizant of the potential for latent fatigue to occur in these individuals and it would be 

recommended that exercise intensity be reduced in the initial weeks of an aquatic exercise 

programme.  

Study 5 supplements findings from Studies 3 and 4, confirming that aquatic exercise 

training is a safe, effective and acceptable alternative to land-based exercise training in 

people with stable HF. It should be considered an additional and potentially valuable 

option for people with HF to meet exercise guidelines.  
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CHAPTER 8.   General discussion 

HF is a common and debilitating condition, characterised by shortness of breath, fatigue 

and exercise intolerance 3. For people with this condition, symptoms can markedly impact 

upon QoL and can lead to frequent hospitalisations. Exercise training is an effective 

intervention for HF and has been shown to improve symptoms, exercise capacity and QoL 

and to reduce hospital readmissions 1, 2. To achieve these benefits, guidelines recommend 

that all people with stable HF participate in 150 minutes of moderate intensity activity 

per week. Referrals to centre-based exercise training programmes are therefore 

encouraged to provide a supervised environment in which people with HF are able to 

establish safe exercise habits. For people to achieve the recommended exercise target 

however, it is usually also advised that individuals undertake activity outside of the health 

facility. Despite recommendations, fewer than half of people with HF achieve 

recommended levels of exercise per week 7.    

This thesis examined concepts related to exercise adherence in a clinical HF population. 

The thesis can broadly be divided into two main components. The first section explored 

current clinical practices by describing exercise participation in people recently 

hospitalised with HF and the impact of meeting exercise guidelines on functional exercise 

capacity. Predictors of important exercise participation variables were also examined. The 

second component of the thesis sought to expand on knowledge related to exercise 

adherence by investigating an alternative mode of exercise training for people with HF. 

Safety, efficacy and acceptability of aquatic exercise training were explored.  

Five studies were undertaken. These included two sub-studies of a large interventional 

exercise trial, a systematic review and meta-analysis, a cross-over design interventional 

trial and a mixed methods study which incorporated both quantitative and qualitative 

design elements. The following chapter presents the main findings from these studies, 

including synthesis with recent literature and the implications of findings for clinical 

practice.  Limitations of studies included in the thesis and considerations for future 

research are also highlighted. 
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8.1  Exercise participation in people recently hospitalised with HF  

8.1.1 Summary of results and implications for clinical practice 

Study 1 was a sub-study of the EJECTION-HF trial 40, 47.  EJECTION-HF is one of the 

largest exercise training trials conducted in people recently hospitalised with HF and 

recruited 278 participants within six weeks of hospital discharge 40.  Data from this trial 

provided an opportunity to explore exercise programme attendance and physical activity 

participation in a clinical HF population. The association of these variables with 

functional exercise capacity was also explored.  

Study 1 was successful in achieving the first aim of this thesis and highlights the 

challenges faced by people with HF to attend centre-based exercise programmes. In this 

study, half of all participants had multimorbidity or disability, and thus reflected a 

“typical” HF population. Study 1 is the largest study to report attendance data for people 

recently hospitalised with HF. Even with financial assistance for transport and supported 

recruitment strategies, fewer than half of participants attended the exercise programme at 

least weekly, and only one person attended all 24 available sessions.  

For people recently hospitalised with HF, only a small proportion are referred to or attend 

centre-based programmes 12, 15.  Retrospective data from USA Medicare registries 

suggests that as few as 2.6% of people attend at least one exercise session within 12 

months of a HF hospitalisation 13 and in another recent study specific to a clinical setting, 

only 17% of people hospitalised with HFrEF attended the local HF exercise programme 

16.  Study 1 provides data related to those who commenced the programme. In this study, 

median time to drop out was 11 weeks (out of a possible 12).  Only 41% of participants 

attended at least one session per week, suggesting that more frequent attendance, as was 

the protocol in this study, may be challenging for these individuals following a hospital 

admission.  

Reasons for not attending individual sessions were not collected in Study 1, however it is 

known that this early post discharge phase can be a time of competing challenges for 

many people. For those recovering from a HF exacerbation this is often a time of 

vulnerability, associated with recovery from physiological and nutritional impairment, 

functional decline and sleep deprivation. 241.  It is also a time of frequent follow up 
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appointments. All of these may impact upon a person’s ability to regularly attend an 

exercise programme in this early post discharge phase. In their study, Houchen-Wolloff 

et al, sought to recruit a similar population within 10 days of hospital discharge 41. 

Recruitment of only 16 participants (<1% of those screened), led the authors to conclude 

that centre-based rehabilitation at this very early time was not feasible. The six week cut 

off for the EJECTION-HF trial appeared to be a more feasible time frame and provides 

valuable data in terms of clinical expectations. 

Study 1 is one of very few studies to report the association of exercise participation with 

functional exercise capacity in people recently hospitalised with HF.  Results 

demonstrated that attending at least one exercise session per week and meeting physical 

activity guidelines were each associated with significant improvements in 6MWD, and 

participants meeting both of these goals were 10 times more likely to have significant 

6MWD improvements.  Attendance duration was not associated with change in 6MWD.  

The only other study to link attendance parameters and exercise capacity in people with 

HF is a recent meta-analysis which identified that for every additional training session 

attended per week V̇O2peak improved by 0.29 ml/min/kg 106. This meta-analysis included 

17 exercise training studies with session frequency ranging from three to 20 exercise 

sessions per week and programme duration ranging from four to 39 weeks. Participants 

recruited in these studies had stable HF and had not been recently hospitalised. Results of 

Study 1, which included a training programme and population representative of clinical 

practice, is the first study in people recently hospitalised with HF to identify the 

relationship between training frequency and improvements in 6MWD. 

Study 1 also identified an association between meeting exercise guidelines (attainment of 

150 minutes of moderate intensity activity per week), and improvements in 6MWD. In 

the results of the EJECTION-HF trial, meeting exercise guidelines was a strong predictor 

of death or readmission in these participants 40. The finding in study 1 that meeting 

exercise guidelines is associated with improved exercise capacity provides a plausible 

mechanism by which this clinical outcome is achieved. In Study 1, 79% of participants 

reported being physically active at 12 week follow up compared to only 43% at baseline.  

These results are promising when compared to large interventional trials such as the HF 

ACTION trial, in which only 30% of individuals met recommended exercise targets at 

follow up 7.  Inclusion of a disease management programme in the EJECTION-HF trial 
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may in part explain these differences. In EJECTION-HF, all participants were enrolled in 

a disease management programme which included symptom management, medication 

titration, education and behaviour change strategies. By comparison, in the HF ACTION 

trial, exercise training was delivered as a standalone intervention.  It is possible that a 

disease management programme which includes a comprehensive multidisciplinary 

approach, plays an important role in supporting physical activity participation outside of 

the health facility.  

Findings from Study 1 demonstrate that important improvements in functional exercise 

capacity can be achieved in a clinical HF population, through physical activity performed 

outside of the health facility.  Findings support results of recent home-based exercise 

training studies which have shown improvements in exercise capacity 6, 242, 243, QoL 6, 129, 

242 and clinical outcomes 6 in this population. Even a walking programme, in the absence 

of other structured exercise, has been shown to improve 6MWD and QoL in people with 

HF 244. Results highlight the important role that HF clinicians have in encouraging 

exercise participation on a broad scale.  

In follow up to Study 1, Study 2 sought to fulfil aim two of the thesis and identify 

participant characteristics associated with more frequent exercise programme attendance 

and meeting exercise guidelines in people recently hospitalised with HF. Results of this 

study identified that people with a new diagnosis of HF were twice as likely to be frequent 

attenders at the exercise programme and almost three times more likely to meet exercise 

guidelines compared to those hospitalised for decompensated HF. This is a new finding 

and has not previously been reported in the literature. One might hypothesise that having 

a new diagnosis of HF may be an important motivator for individuals to adhere to 

recommended HF guideline therapy, including exercise training. Conversely, for 

individuals hospitalised for decompensated HF, this may lead to a realisation of the 

chronicity of the condition, thus leading to poorer exercise adherence. The association 

between hospitalisation and a perception that HF symptoms will negatively impact an 

individual’s life in the long term, has been shown to be associated with poor medication 

adherence 245.  It stands to reason therefore that repeated hospitalisations may also impact 

upon exercise adherence.  It is also possible that in Study 2, those with decompensated 

HF had more severe disease and comorbidities such as depression, which may have 

influenced exercise participation. However, NYHA classification, Charlson comorbidity 
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index and presence of depression were not strongly predictive of either programme 

attendance or meeting exercise guidelines, suggesting that something other than symptom 

burden may have contributed.  

Study 2 also identified that participants who were physically active in the weeks following 

hospital discharge, were significantly more likely to be physically active at 12 weeks, 

compared to those who were inactive at commencement of the programme. In a recent 

study by Mediano et al, baseline physical activity was not associated with response to 

exercise training measured by V̇O2peak and 6MWT 246. To the candidate’s knowledge 

however, Study 2 is the first study to report the relationship between baseline physical 

activity and physical activity at follow up in people with HF. Self-efficacy is known to 

be a strong predictor of physical activity participation in HF 247 and may explain this 

finding. It is possible, for example, that those with high levels of self-efficacy are more 

motivated to be physically active than those with poor self-efficacy. The finding that 

individuals who are inactive at baseline are less likely to meet exercise guidelines 

following the exercise programme is interesting and perhaps suggests that this is a group 

whose exercise behaviour does not change with centre-based programmes in their current 

format. Surprisingly few studies have reported a change in exercise behaviour associated 

with centre-based exercise training or alternative exercise interventions.  A systematic 

review and meta-analysis published in 2018 examined changes in physical activity 

associated with exercise interventions and included only 11 HF related studies 9. This 

indicates how infrequently physical activity is reported as outcome. Of these 11 studies, 

only three reported a significant increase in physical activity participation at short term 

follow up 248-250.  

 

8.1.2 Clinical implications 

Results of Studies 1 and 2 provide valuable insights into exercise and physical activity 

participation in people recently hospitalised with HF. In particular, findings indicate that 

exercise participation is a very real challenge for people with HF. These studies provide 

clinicians with realistic expectations and evidence to support improvements in the 

delivery of exercise services. Providing clear and practical recommendations and 

interventions targeted towards “at risk” groups may enhance exercise participation in this 

population.  
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For people with HF, attendance of at least one exercise session per week for the duration 

of the programme is likely to lead to improvements in fitness and being able to “do more” 

without being limited by shortness of breath. Similar improvements can also be expected 

for those who do 150 minutes of activity per week, at an intensity that makes them breathe 

slightly deeper but still be able to speak normally. These are important messages for 

clinicians to convey to people with HF and provides relevance to their daily life. People 

who are able to both attend an exercise programme and be physically active outside of 

the health facility are even more likely to experience these benefits.  Real world messages 

with tangible outcomes are important motivators for this population 149. In a qualitative 

study by Albert et al, a key theme associated with physical activity behaviour was 

described as “patients not knowing and physicians not telling.” In this study, people with 

HF described the challenge of receiving global and non-specific exercise advice. Without 

clear exercise prescription and expectations, participants found it difficult to know what 

to do and consequently were less likely to be physically active 149. Providing clear 

messages, relevant to the individual is an important component of clinical practice.   

People with a recent diagnosis of HF represent a group who are likely to be receptive to 

exercise recommendations and are a group with distinctly different exercise needs 

compared to those with decompensated HF. For these individuals, the focus of exercise 

interventions should be for clinicians to instil support and to guide individuals to partake 

in exercise training and physical activity in accordance with evidence based guidelines.  

Intervening at a time associated with an individual’s first presentation would appear to be 

important.   

 For people with decompensated HF or for those habitually inactive, opportunity exists 

for clinicians to implement strategies specifically targeted to these individuals.  The 

emphasis of these strategies should be to provide support to build on or to change existing 

exercise behaviour.  Very few strategies have successfully changed exercise behaviour in 

people with HF, one exception being the recently published HEART Camp Trial 27. In 

this study, which specifically sought to improve exercise adherence, a multicomponent 

intervention was delivered which included group-based education sessions and individual 

coaching. Five essential components adopted throughout the study included knowledge, 

attitudes, self-efficacy, self-management skills and social support.    Participants in the 

intervention group of this study reported significantly higher exercise adherence 
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compared to controls at 12 and 18 month follow up 27. Based upon these results from the 

HEART Camp trial and from studies within this thesis, it would appear that delivering 

exercise interventions as a component of a comprehensive disease management 

programme, is particularly important for people with HF. The addition of education and 

psychosocial support my positively impact upon self-efficacy and thus exercise 

adherence.  

Another strategy that may prove beneficial for improving HF centre-based programme 

attendance is to stratify exercise classes according to recency of diagnosis and functional 

level. Whilst there is no existing literature to support this hypothesis in people with HF, 

stratifying cardiac rehabilitation classes according to gender has shown benefit for 

improving programme attendance in women with acute coronary syndromes 251, 252.  

Whether stratifying classes for other subgroups assists exercise adherence in these groups 

is yet to be proven.  Another strategy to improve exercise participation which has gained 

recent momentum is to provide alternative exercise opportunities 252. Qualitative studies 

have identified that many people with HF dislike gymnasiums and equipment-based 

exercise 10, 35, 149.  Providing alternative exercise opportunities which are perceived to be 

more relevant or enjoyable may be a catalyst for some individuals to be more active 10, 

149. Waltzing and Tai Chi are two examples, both of which have been shown to improve 

exercise capacity and QoL in people with HF 253, 254. Another alternative exercise 

opportunity that has shown recent promise in people with HF is aquatic exercise training.  

 

8.2 Efficacy, feasibility and acceptability of aquatic exercise training 

for people with HF 

Studies 3, 4 and 5 were undertaken to investigate the efficacy, feasibility and acceptability 

of this mode of exercise training as a means of exploring the viability of aquatic exercise 

training as an alternative exercise opportunity for people with stable HF.  The following 

section provides a summary of results and clinical implications related to these studies.  
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8.2.1 Summary of results  

Study 3, a systematic review and meta-analysis, confirmed that in people with HF, aquatic 

exercise training is similarly effective to land-based exercise training for improving 

exercise capacity, muscle strength and QoL. Findings also revealed that aquatic exercise 

training does not appear to influence cardiac dimensions, EF, haemodynamic parameters 

or BNP, however this may reflect limited data related to these parameters and variable 

durations of aquatic programmes.  One episode of atrial fibrillation was the only adverse 

event reported in any study within the review 44. Literature related to aquatic exercise 

training for people with HF is particularly sparse and only five studies with relatively 

small sample sizes met criteria for inclusion in this meta-analysis and systematic review.  

Despite limited data and heterogeneity of study designs, Study 3 provides clinicians with 

a comprehensive summary of the evidence, confirming that aquatic exercise training is 

safe and an effective intervention for improving functional outcomes in people with stable 

HF.  

Study 4 is the largest aquatic exercise training trial that has been conducted in people with 

HF. This 2x2 crossover design trial compared aquatic and land-based exercise training, 

in 51 participants with stable HF.  Exercise training was undertaken during a maintenance 

phase.   Study 4 thus achieved the fourth aim of this thesis. In this study, aquatic exercise 

training was proven to be feasible and safe in a clinical setting based upon good 

attendance throughout the duration of the study and the absence of any serious adverse 

events.  Findings demonstrated that in people with HF, aquatic exercise training 

effectively maintains 6MWD, grip strength and measures of balance, similar to land-

based exercise training.   This study also confirmed that attending the programme as little 

as once per week, was sufficient to maintain these outcomes for the six week period, 

making this intervention a practical option for many people.  Results of this study support 

findings from small studies conducted previously, which have also demonstrated that 

aquatic exercise training is associated with improvements in V̇O2peak 
44, 45, 190-193 and 

6MWD 44-46, 193 in these individuals.  

Participants were recruited from two hospital settings and both the aquatic and land-based 

programmes were conducted as a component of the existing comprehensive HF services. 

Broad inclusion criteria also ensured a population reflective of clinical practice.  Study 4 

is also the first study to investigate the impact of aquatic exercise training on measures of 
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balance in people with HF. This population is known to have a higher incidence of falls 

compared to aged matched community dwelling individuals 255, making studies that 

include measures of balance a relevant addition to the literature. 

Study 5 is the first study to evaluate the acceptability of aquatic exercise training in people 

with HF, using both quantitative and qualitative methods. It therefore addressed the fifth 

aim of the thesis. Results of this study identified that people with HF perceive aquatic 

exercise training to be safe, enjoyable and beneficial. No participants expressed a concern 

or an awareness regarding the impact of water immersion on HF symptoms or 

pathophysiology. The most commonly reported symptom associated with aquatic 

exercise training was latent fatigue. This was reported by all participants in the qualitative 

component of Study 5 who had undertaken the aquatic programme, and has been 

described in one study previously 44.  Literature related to the cause of fatigue associated 

with aquatic exercise training is limited.  One might hypothesise that it likely relates to 

the constant work required by the individual to overcome the resistance and turbulence 

of the water. In chest deep water, this requires recruitment of large muscle groups of the 

upper limbs, lower limbs and trunk simultaneously, thus differing from land-based 

exercise training in which workloads are able to be isolated to specific muscle groups. 

The warm water environment may also contribute to fatigue. The thermoregulatory 

responses in people with HF are impaired.  Whilst people with HF sweat normally, skin 

blood flow and thus dissipation of heat is diminished 256. This occurs as a consequence of 

neurohormonal and endothelial dysfunction 256. A recent study suggests that for people 

with HF, one hour of moderate intensity activity coupled with a warm-hot environmental 

heat stress (30°C) may lead to substantial (~one degree Celsius) increases in core 

temperature 257. Given that aquatic exercise training is undertaken in warm water (32-34 

degrees Celsius), it is possible that this impaired thermoregulatory response may 

contribute to the fatigue experienced by these individuals, however this is yet to be 

investigated.  

Qualitative interviews undertaken as part of Study 5 also identified five important 

motivators for exercise participation. These themes were similar for both aquatic and 

land-based exercise training and include i) having a skilled and compassionate workforce, 

ii) a sense of safety, iii) individualising care, iv) inclusiveness and enjoyment and v) 

perceived benefit. Personal preference was also found to influence exercise behaviour. 
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Similar themes have been reported in land-based exercise training trials for this 

population 10, 35. 

 

8.2.2 Implications for clinical practice 

Studies 3, 4 and 5 provide evidence that aquatic exercise training is a safe, effective and 

acceptable exercise intervention for people with HF.  Aquatic exercise training can be 

implemented within a clinical setting and provides a realistic alternative for those unable 

to access or to participate in traditional land-based exercise training programmes.  Aquatic 

exercise training also provides an alternative exercise environment and may cater to those 

who prefer exercise activities outside of a regular gymnasium setting.  

It is now generally accepted among clinicians that structured centre-based exercise 

programmes with a “one size fits all approach” do not cater for all people with HF.  Poor 

uptake and completion rates at these programmes have led clinicians to explore the 

feasibility of alternative exercise models 20, 253, 258, 259. In recent years, home-based 

training and telehealth have become popular models of exercise training as they provide 

an accessible means of undertaking an exercise programme that is monitored and 

progressed by exercise professionals. Potential limitations of home-based exercise 

models are that they are often dependent upon individuals being independently motivated 

and they lack the socialisation benefits of centre-based group programmes. Tele-

rehabilitation overcomes these issues to a certain degree by providing supervised small 

group formats of up to four people, thus connecting people via technology 131. Another 

limitation of home-based models is that whilst they are not heavily dependent upon 

equipment, they do rely on land-based exercises performed against gravity. For some 

people, and particularly older people with pain or disability, these exercises can be 

challenging 260.  Aquatic exercise, which eliminates gravity, has been shown to assist pain 

and improve function in older individuals with musculoskeletal disorders 261, therefore 

providing a practical option for these people to increase exercise participation. Other 

benefits of this mode of exercise are that it is often conducted in a group format, thus 

providing socialisation and peer support, and for some, may be seen as an enjoyable 

activity and thus more appealing than traditional exercises undertaken in the home or in 

gymnasiums 44.  Findings from this thesis support the application and expansion of 
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aquatic exercise training in clinical practice, as a recognised alternative mode of exercise 

training for people with HF.  

Results of this thesis have already influenced practice at a national level. The Australian 

guidelines for aquatic physiotherapists, published by the Australian Physiotherapy 

Association includes a HF related section based upon from findings and 

recommendations related to studies within this thesis 155. HEART Online 

(www.heartonline.org.au), a national website hosted by the Heart Foundation of Australia 

also includes recommendations for clinicians and a patient resource based upon these 

results. These resources provide guidance to clinicians by translating evidence reported 

in this thesis into practical, clinical recommendations with an emphasis on safety. 

Information acquired from the systematic review and meta-analysis conducted in Study 

3 is integrated with that obtained from established aquatic physiotherapy literature to 

provide recommendations specific to people with HF. In particular, recommendations are 

provided regarding immersion depth, contra-indications and precautions to exercise and 

monitoring of symptoms.   

Findings from this thesis also influence clinical practice by clarifying and updating 

existing safety recommendations for people with HF referred to aquatic physiotherapy. 

People with HF are frequently referred to hydrotherapy as a therapeutic intervention to 

manage   musculoskeletal pain or impairment, both of which are common in this 

population 29. Until recently, historical concerns related to safety, and a lack of 

consolidated evidence and guidelines specific to people with HF, resulted in non-

standardisation, and often overly conservative practice. Results from studies included in 

this thesis and subsequent publication of the Australian guidelines for aquatic 

physiotherapists 155 has helped to standardised this practice for people with HF.  

 

8.3 Limitations 

Specific limitations to each study included in this thesis are discussed within relevant 

chapters.  Some overall limitations pertinent to all studies relate to recruitment of clinical 

populations, the challenge of balancing clinical work with research and evolving 

knowledge relevant to using 6MWD in research.  
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8.3.1 Limitations associated with research undertaken in clinical practice 

settings 

In Studies 1 and 2, participants most likely reflected a motivated group and results may 

not be generalisable to all people recently discharged with HF. In the EJECTION-HF 

trial, of which Studies 1 and 2 were sub-studies, only 11% of those screened were enrolled 

in the study, despite transport assistance and active case finding and recruitment by a 

project officer.  The EJECTION-HF trial was a pragmatic trial and was thus exposed to 

issues commonly experienced in clinical practice. In particular, many participants 

screened for eligibility lived great distances from the treating hospital and were thus 

unable to attend, whilst many others were ineligible on the basis of cognitive impairment, 

safety concerns or planned procedures. For those who did participate in the study, 

recording reasons for poor exercise programme attendance would have provided more 

detailed understanding of this problem. However, this pragmatic study required clinicians 

at five health facilities to co-ordinate the interventions as part of their usual clinical 

workload and since a large range of clinical data was already being collected from 

participants; additional data collection would have imposed an additional burden on 

participants and staff which was not considered feasible. 

Sample size and randomisation processes in Study 4 were also limited by the constraints 

of clinical practice. For example, the aquatic exercise programme in Study 4 was 

conducted as an additional service incorporated within existing workloads at two large 

metropolitan hospitals.  Co-ordination of the programme was therefore dependent upon 

availability of the hydrotherapy pools at both hospitals coinciding with availability of HF 

clinicians and Physiotherapy assistants for appropriate supervision.  For one hospital, 

these constraints meant that block randomisation was necessary to run the programme.  

Additional measures such as haemodynamic outcomes, EF, BNP and measures of fatigue 

would have added value, however were also beyond the scope of this study.    

 

8.3.2 Limitations associated with physical activity reporting 

Physical activity participation in Studies 1 and 2 was dependent upon self-report. Whilst 

data corresponded well with both exercise diaries and reports from clinicians regarding 

participants’ exercise adherence, physical activity reported by individuals may have been 
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over-estimated. Objective measures of physical activity were not included in the study 

due to a concern that wearable devices may have influenced exercise behaviour. Accurate 

assessment and reporting of physical activity therefore remains a challenge and an area 

for future research.  

Despite these limitations, studies were powered for relevant outcomes and data reflect a 

“real world” population and the challenges that exist in this setting.  

 

8.3.3 Limitations associated with using the minimal clinically important 

difference for change in six minute walk distance 

One final limitation relevant to all studies was a lack of consensus regarding the minimal 

clinically important difference for change in 6MWD. Until relatively recently, there were 

no studies specific to cardiac populations for this measure and as such, many researchers 

relied upon data extrapolated from COPD populations. In 2014, Tager et al reported the 

minimal clinical important difference in people with HF to be 36 metres, based upon a 

standard error of measurement approach 139. This same year, a technical standard for field 

tests was published by Holland et al, on behalf of the European Respiratory Society and 

American Thoracic Society 137. Whilst this international guideline was published 

specifically for people with chronic respiratory disease, the minimal clinically important 

difference of 30 metres is commonly cited for other populations. There is currently no 

international standard for the 6MWT in people with HF and therefore no consensus as to 

what constitutes a clinically important difference for this measure.   Due to an evolving 

understanding of this topic as new research is published, and a lack of agreement about this 

measure, different values for the minimal clinically important difference for 6MWD were 

used in different studies in this thesis. Further research is warranted to standardise practice 

and to pursue international consensus. 
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8.4  Considerations for future research 

This thesis has identified a number of potential opportunities for future research.  

 

8.4.1 Exercise training in clinical HF populations 

Evaluation of exercise and physical activity behaviour in people with HF who do not 

attend centre-based exercise programmes would assist clinicians to more specifically 

target exercise interventions to these individuals. It is estimated that fewer than 20% of 

people with HF attend centre-based exercise programmes 13, 15, 16, 147. Limited information 

is currently available about the vast majority of people who do not attend these 

programmes, in particular regarding characteristics, exercise behaviour and clinical 

outcomes of these individuals. A recent study by Sato et al reported that the average time 

spent doing moderate to vigorous intensity exercise in people recently hospitalised with 

HF is approximately eight minutes per day 19. One strategy that has been suggested to 

increase activity in physically inactive individuals is to firstly reduce sedentary time 208. 

It is proposed that replacing sedentary time with light intensity activity may provide a 

necessary stepping stone to enable individuals to ultimately increase moderate intensity 

activity 208. There is currently no existing data related to this topic in people with HF and 

the impact of reducing sedentary time on functional and clinical outcomes warrants 

further investigation.  The ReST-HF (Reducing Sedentary Time in Patients with Heart 

Failure) trial (NCT02911493) is currently exploring this approach, however results are 

yet to be published.  

Future research should investigate interventions which change exercise behaviour, thus 

measuring exercise adherence as a primary outcome. Exercise training studies in this 

population have primarily focused upon physiological and psychological outcomes with 

exercise adherence rarely reported 14. Because a primary goal of exercise rehabilitation is 

to assist people to meet exercise guidelines over the long term 9, it would be beneficial to 

explore strategies which successfully support people to attain this target. To date very few 

interventions have successfully improved exercise adherence in the long term in people 

with HF.  Future studies should explore interventions to enhance long term exercise 

adherence by employing models of delivery which expand on current knowledge. In 

particular, studies should investigate a variety of strategies tailored to specific sub groups 
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such as those with decompensated HF versus those with a new diagnosis, and those 

habitually physically inactive versus those with established physical activity behaviours.   

Furthermore, objective measurement of exercise adherence and more consistent reporting 

of this outcome is necessary to help guide clinical interventions.   

 

8.4.2 Aquatic exercise training in people with HF  

Studies which include patient groups currently under-represented in research, such as the 

elderly, females and those with HFpEF, NYHA class III symptoms and those with pain 

and disability, are required to determine if aquatic training is equally effective for all 

people with HF. Even though Study 4 is the largest aquatic exercise training trial 

conducted in people with HF and sought to recruit a clinical population, only 15% of 

participants were female, 14% had NYHA III symptoms and fewer than 10% had low 

back pain 236. Further research is warranted to investigate uptake, functional outcomes 

and practical considerations for these sub groups.  

Further research into the benefits of aquatic exercise training on respiratory muscle 

strength is also recommended. A recent study suggests that up to 70% of people recently 

hospitalised with HF have respiratory muscle weakness 262. This contributes to exercise 

intolerance in these individuals 263 and improvements in respiratory muscle strength have 

been shown to be associated with improved exercise capacity and symptoms 86, 264 

Aquatic exercise training may improve respiratory muscle strength due to the hydrostatic 

pressure of water imposing a mechanical load on the chest wall, and thus a training 

stimulus to the diaphragm and intercostal muscles 235.  Whilst not yet investigated in 

people with HF, aquatic exercise training has been shown to improve respiratory muscle 

strength, measured by maximum inspiratory pressure, in people with COPD 186.  People 

with COPD share a similar symptom profile to people with HF. It would therefore seem 

prudent to investigate the potential for this intervention to improve respiratory muscle 

strength in people with HF and the impact of this on symptoms and exercise capacity and 

endurance.  

Aquatic exercise training trials undertaken in community settings have not yet been 

explored in people with HF and warrant investigation to identify issues specific to this 

environment and generalisability of results currently available.  Study 5 identified that a 
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sense of safety and supervision by skilled and trusted staff were important motivators for 

people with HF to attend the aquatic programme. These two variables are commonly 

associated with health care facilities and if perceived to be absent in a community setting, 

may negatively impact upon attendance and participation. Whilst adherence to the aquatic 

programme in Study 5, which was undertaken in a maintenance phase, was very good, 

the duration of the programme was relatively short. It would therefore be beneficial to 

explore the longer term adherence to this modality in a community setting and to explore 

other factors specific to the community setting which may influence participation at scale. 

Strategies to ensure safe delivery of this intervention would be important, particularly 

related to exercise intensity management of symptomatic individuals.  Other important 

factors that may influence adherence and therefore warrant investigation include 

perceived safety by participants, access to the facility, skills and knowledge of the 

programme leader and programme cost.  

Whilst not specifically related to research included in this thesis, a final area of future 

study is swimming. In Australia, and particularly in the warm climate of Queensland, 

many people with HF seek expert opinion from clinicians regarding safety of swimming. 

Fewer than five studies have been conducted on this topic and current recommendations 

are largely based upon extrapolation of warm water immersion studies in this population 

168, 172, 174, 193, 265. The impact of swimming on HF physiology requires further exploration.  

In particular, findings which can translated into clinical practice and which hold relevance 

for individuals such as intensity of exercise and swimming stroke, would assist clinicians 

to provide safe recommendations to people with HF. This is particularly relevant for those 

with good exercise capacity and few symptoms who seek additional opportunities to be 

physically active.   
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8.5  Conclusions 

This thesis examined exercise participation in clinical HF populations. The main findings 

include: 

• Regular attendance at centre-based exercise programmes is challenging for people 

recently hospitalised with HF 

• Frequent attendance at centre-based exercise programmes and/or attainment of 150 

minutes of moderate intensity exercise per week are associated with improvements 

in 6MWD in people with HF 

• People admitted to hospital with decompensated HF and those inactive following a 

HF admission represent a vulnerable group less likely to meet exercise guidelines  

• Aquatic exercise training is safe for people with stable HF and is associated with 

improvements in exercise capacity, muscle strength and QoL, similar to land-based 

exercise training 

• Aquatic exercise training is feasible in a hospital setting for people with stable HF 

and is effective for maintaining 6MWD, grip strength and measures of balance 

similar to land-based exercise training.  

• Aquatic exercise training is an acceptable mode of exercise for people with stable 

HF. Important motivators for exercise are similar to land-based training and 

include: 

o having a skilled and compassionate workforce  

o a sense of safety 

o individualising care  

o inclusiveness and enjoyment 

o perceived benefit 

• Aquatic exercise is recommended as an alternative mode of exercise training 

suitable for people with HF. It provides an additional means of meeting 

recommended exercise guidelines and thus recognising the health benefits 

associated with achieving this.  
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Aims The Exercise Joins Education: Combined Therapy to Improve Outcomes in Newly-discharged Heart Failure (EJEC-
TION-HF) study will evaluate the impact of a supervised exercise training programme (ETP) on clinical outcomes in
recently hospitalized heart failure patients attending a disease management programme (DMP).

Methods This multisite, pragmatic randomized controlled trial enrols patients discharged from participating hospitals with clini-
cal evidence of heart failure who are willing and able to participate in a DMP and considered clinically safe to exercise.
Enrolment includes participants with impaired and preserved left ventricular systolic function. Baseline assessment
and programme commencement occur within 6 weeks of hospital discharge. The control group DMP includes
individualized education and follow-up from a multidisciplinary heart failure team; a weekly education programme
for 12 weeks; self-management advice; and medical follow-up. Home exercise is recommended for all participants.
In addition, intervention participants are offered 36 supervised, structured gym-based 1 h exercise sessions over
24 weeks. Sessions are tailored to exercise capacity and include aerobic, resistance, and balance exercises. Enrolment
target is 350 participants. Primary outcome is 12-month mortality and readmissions. Secondary outcomes include
blinded evaluation of depressive symptoms, sleep quality, cognition, and functional status (activities of daily living,
6 min walk distance, grip strength) at 3 and 6 months. A cost–utility analysis will be conducted.

Conclusion This study will enrol a representative group of hospitalized heart failure patients and measure a range of patient and health
service outcomes to inform the design of post-hospital DMPs for heart failure. Enrolment will be completed in 2013.
Trial registration: ACTRN12608000263392

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Heart failure † Exercise training † Patient readmission † Depression † Disease management

Introduction
Congestive heart failure is a common and generally progressive con-
dition which is estimated to affect 300 000 Australians. In 2007–08,
heart failure was the principal diagnosis for 45 000 Australian hospital
admissions and an additional diagnosis in 95 000 more.1 The

prevalence rises with age, affecting 10% of people aged 70 years or
older. The clinical syndrome of heart failure is characterized by
fatigue, breathlessness, and exercise intolerance, and has a profound
effect on quality of life, often accompanied by social and functional
limitations, depressive symptoms, and sleep and appetite disturb-
ance.2– 5 Advances in pharmacological therapies (including
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angiotensin-converting enzyme inhibitors, angiotensin receptor
blockers, beta-blockers, and aldosterone antagonists) and devices
(implantable cardioverter defibrillators and biventricular pacing)
have been shown in clinical trials to improve physiological par-
ameters and quality of life, reduce symptoms, and decrease mortality
and readmission rates. However, the overall impact on outcomes has
been modest in epidemiological studies.6– 8 Heart failure remains the
most common cause of hospitalization in the elderly, and accounts
for a substantial personal and economic burden as well as significant
mortality.1,9,10

This challenge has led to the development of organized heart failure
disease management programmes (DMPs) which include education,
self-management training, symptom monitoring, and outreach by a
multidisciplinary team of specially trained nurses and other health pro-
fessionals. There is strong evidence that such DMPs can improve out-
comes including mortality and hospital readmissions in patients
recently discharged from hospital with heart failure.11–14

Exercise training has been investigated as an additional manage-
ment strategy in heart failure outpatients on stable medical
therapy. Studies have demonstrated that exercise training is safe,
can improve exercise capacity and quality of life for outpatients
with heart failure, and may reduce heart failure-related readmis-
sions.15– 17 However, exercise training has largely been investigated
as a single intervention, delivered in stable patients without a
recent hospitalization. While trials have compared a post-discharge
DMP which includes structured exercise training with usual clinical
follow-up,18,19 there have been no trials comparing a DMP with
and without exercise training in the early post-hospital period.
This is an important clinical question for the design of heart
failure services, because the addition of a centre-based exercise
programme adds considerably to staffing and equipment costs.
However, participants with a recent hospitalization may be particu-
larly motivated to engage in an exercise training programme, and
the high rate of adverse outcomes in recently discharged heart
failure patients (compared with stable outpatients) may result in
greater absolute benefits in this population.

Several other questions remain regarding exercise training. While
it is now recognized that up to one half of clinical heart failure
patients have preserved left ventricular ejection fraction on echocar-
diography,20 most clinical trials have only included patients with
proven systolic dysfunction.15 Women and elderly patients remain
under-represented in trial populations. Finally, the outcome
measures used in most studies have been limited to exercise
capacity, quality of life, and service use, despite the adverse effect
of this condition on a wide range of patient experiences.

This study aims to assess the value of a structured exercise train-
ing programme (ETP), in addition to a DMP for heart failure, in a
representative sample of adult patients with a recent hospitaliz-
ation for heart failure who are able to undertake a DMP and are
considered clinically safe to exercise. The primary hypothesis is
that DMP + ETP compared with DMP alone can reduce the rate
of death and readmission at 12 months.

Secondary hypotheses are that, compared with DMP alone,
DMP +ETP can:

† reduce depressive symptoms at 3 and 6 months
† improve functional status at 3 and 6 months

† improve cognitive status at 3 and 6 months
† improve sleep quality at 3 and 6 months
† improve quality of life at 6 months.

We also hypothesize that DMP + ETP may be cost-effective from
the perspective of the healthcare system compared with DMP
alone, due to the reduction in readmission rates offsetting the
additional costs of the ETP.

Methods

Study design
The study is a multisite randomized controlled trial with blinded
outcome assessment. The study conforms with the Declaration of
Helsinki and has been approved by the Human Research Ethics
Committees of participating hospitals, and is included in the Australian
Clinical Trials Registry (ACTR12608000263392).

Study subjects and recruitment
The study recruits adult patients discharged from participating hos-
pitals with heart failure as a dominant clinical diagnosis. Study hospi-
tals include three tertiary metropolitan teaching hospitals [Royal
Brisbane and Women’s (RBWH), Princess Alexandra, and The
Prince Charles (TPCH)] and two regional hospitals (Logan and
Ipswich), all located in south-east Queensland, Australia. These hos-
pitals were selected because they had an established DMP, and had
implemented or were planning to implement an ETP. Inpatients are
actively identified by heart failure service staff using daily bed lists
and direct referrals, and potential participants are referred to the
research nurse.

Patients are eligible if they have documented evidence of symptoms
(dyspnoea, fatigue and/or peripheral oedema) and signs (raised jugular
venous pressure, displaced apex beat, third heart sound, and/or crepi-
tations on chest auscultation) of heart failure during their hospital
admission, are discharged on medical therapy for heart failure, and
have chest X-ray or recent (within 6 months) echocardiographic find-
ings consistent with heart failure. Participants must be able to com-
plete baseline assessment and commence the assigned treatment
within 6 weeks of hospital discharge.

Patients are ineligible if they are unsuitable for the intervention
because they are terminally ill, live outside the hospital catchment
area, or have severe cognitive, language, psychological, or physical
disabilities which would preclude participation in the programme.
Patients are also ineligible if they are waiting for a cardiovascular
procedure including revascularization or insertion of an implantable
cardioverter defibrillator or cardiac resynchronization therapy, or
if they have already completed a 12 week structured exercise
programme within the previous 12 months. Patients are excluded
if they are considered unsafe for exercise according to safety
criteria adapted from the American College of Sports Medicine
(see Box 1).21

Eligible participants are provided with written and verbal
information about the study during their inpatient stay or in the
early post-hospital period, and are invited to participate in the trial.
The research nurse obtains written informed consent from all partici-
pants and undertakes a baseline assessment within 6 weeks of hospital
discharge. The research nurse informs the trial co-ordinator of
each enrolment.

Patients who choose not to participate in the trial are offered stan-
dard care including the DMP (control conditions).
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Box 1 Clinical safety criteria
Patients are considered unsuitable for randomization if they have:

† refractory chest pain
† poorly controlled arrhythmias causing haemodynamic

symptoms
† high degree AV block
† pacemakers which do not permit adequate heart rate response

to exercise
† significant uncorrected primary valvular disease
† isolated pulmonary hypertension
† poorly controlled symptomatic postural hypotension
† obstructive cardiomyopathies

Randomization
Consenting participants are randomized to DMP or to DMP + ETP by
the trial statistician using computer-generated sequences in blocks of
10, stratified by study site. Sequential, sealed opaque envelopes con-
taining the assigned group are provided to the trial co-ordinator,
who arranges participant attendances and appointments.

Study conditions (Figure 1)
Control
Participants randomized to the control group receive a heart failure
DMP delivered by a specialist multidisciplinary heart failure outreach
team at each hospital. The organization and processes at each site
vary depending on local governance and resourcing models, although
there is a state-wide heart failure service co-ordinator and processes
exist for information sharing between services. Participants are pro-
vided with one-on-one education by a specialist heart failure nurse,
and invited to attend a 12 week programme of weekly 1 h education
sessions which include the pathophysiology of heart failure, pharma-
cotherapy, dietary and fluid management, self-management principles,
and sleep and anxiety management. One session is specifically
devoted to the role of exercise, and all participants are provided
with a home exercise programme which is reviewed regularly by
DMP staff. The home exercise programme aims to progress partici-
pants to the National Physical Activity Guidelines and is prescribed
based on the Exercise and Sports Science Australia Position Statement
on exercise training and chronic heart failure.22 Information is provided
regarding exercise safety and an action plan for adverse signs and
symptoms (e.g. chest pain, breathlessness, or pre-syncope). Partici-
pants receive home visits and/or telephone follow-up by nursing and
pharmacy staff according to clinical need, available resources, and per-
sonal preferences for up to 6 months following hospital discharge.
Medical review is scheduled by the attending medical team, and may
include specialist cardiology, specialist physician, or general practitioner
(GP) follow-up. A structured discharge summary, which may include
information about medication titration, is provided to the GP at the
time of hospital discharge, and further changes are communicated to
the GP by the heart failure service during the follow-up period.

Intervention
In addition to the DMP described above, participants randomized to
the intervention are offered 36 sessions of a structured gymnasium-
based exercise class over 24 weeks (twice per week for 12 weeks fol-
lowed by once per week for 12 weeks). Exercise classes are jointly
supervised by a nurse and a physiotherapist or exercise physiologist,
and consist of 10 min of warm up, 45–50 min of exercise, and 10
min cool down.

Exercise incorporates upper limb and lower limb aerobic and resist-
ance training.23– 25 The exercise programme is individually prescribed
following performance of a submaximal exercise test (6 min walk
test) and with consideration of physical limitations imposed by
co-morbid conditions. Aerobic exercise is prescribed in an interval
training format, with exercise intensity initiated and progressed accord-
ing to the rating of perceived exertion (RPE; Borg scale 9–13) and a
work:rest ratio of 1:1 progressed to 2:1. Resistance training is com-
menced at 6–15 repetitions and progressed to three sets, maintaining
an RPE of 9–13. In frail individuals, initial goals may be more modest
and a greater period of rest provided. Flexibility exercises are incor-
porated into the cool down, and balance-specific activities are included
for those in whom a deficit is identified.

Intervention participants are provided with an individual home-
based exercise programme, which they are encouraged to complete
in addition to exercise classes to accumulate five planned exercise ses-
sions per week. The prescription is a mix of aerobic and resistance
exercise using minimal equipment. It is supported by an information
book and diary for recording exercise, by motivational interviewing
techniques by the exercise professionals involved in the programme,
and by reinforcement of techniques and adherence at the gym-based
sessions.

Outcome measures
The primary outcome is the proportion of patients who have died or
been readmitted for any cause within 12 months of enrolment. Hos-
pital readmissions are defined as any admitted episode to a Queens-
land public hospital, and dates of all readmissions will be obtained
from the Queensland Health Admitted Patients Data Collection by
probabilistic matching. Date of death will be obtained by the Queens-
land Health Statistics Centre from the state-wide death registry.
Dates of death and readmission will be verified where possible by
hospital records.

Secondary clinical outcomes are collected 3 and 6 months after pro-
gramme commencement using a standardized assessment, by a
research nurse unaware of treatment assignment. These outcomes are:

† Depressive symptoms measured using the Geriatric Depression Scale
(a validated measure of depressive symptoms in older adults) and
the Hare–Davis Cardiac Depression Scale (a validated measure of
depressive symptoms in patients with a range of cardiac
disorders).26,27

† Functional status measured using a standardized 6 min walk test as a
measure of submaximal exercise capacity, hand-held dynamometry
as a measure of grip strength, and activities of daily living using stan-
dardized questions.

† Cognitive status using Folstein’s mini-mental status examination.28

† Quality of life using the Assessment of Quality of Life (AQoL) instru-
ment, a utility instrument validated in Australian clinical and non-
clinical population samples which will permit determination of
health utilities allowing a cost–utility analysis.29

† Sleep quality using the Pittsburgh Sleep Quality Index30 in a subset of
patients.

† Healthcare use including hospital admissions and outpatient and
emergency department attendances obtained from the hospital
information systems.

Confounding variables
Baseline variables obtained from the medical record and baseline
assessment include age, sex, aetiology of heart failure, systolic dysfunc-
tion, atrial fibrillation, de novo vs. decompensated heart failure,
New York Heart Association (NYHA) class, co-morbidities, use of

A.M. Mudge et al.1372



evidence-based medications and implantable devices, baseline func-
tional status, baseline depressive symptoms, and recruiting hospital.

Process measures
Attendance at education and exercise sessions is recorded by pro-
gramme staff for each participant. Home visits, telephone follow-up,
and other DMP activities are recorded for each participant. Self-
reported home exercise is recorded at 3 and 6 month follow-up,
aided by completion of a home exercise diary.

Analysis
Analysis will be undertaken on an intention-to-treat basis. Baseline
characteristics will be summarized and compared between the
control and intervention group using standard summary statistics.
Differences in the proportion of patients with the primary outcome
will be evaluated using contingency tables and x2 testing. Time to

event analysis will be undertaken using Kaplan–Meier curves and the
log rank test. If there are significant difference between the groups
in baseline confounding variables, logistic and Cox regression analysis
will be undertaken adjusting for these differences. Differences
between groups in secondary outcomes will be tested using x2

testing testing for categorical variables or Student’s t-test (or appropri-
ate non-parametric testing if indicated) for continuous variables. Signifi-
cance will be taken as P , 0.05 in all analyses.

Planned subgroup analyses will explore the impact of the interven-
tion in females, participants aged .70 years, and participants with pre-
served systolic function, as these groups have been under-represented
in previous research.

Economic analysis will be undertaken from the perspective of the
healthcare system, using cost–utility methods. Costs will be modelled
based on additional measured or estimated capital set-up costs for the
exercise programme adjusted for inflation, and estimated additional

Figure 1 Study schema for the EJECTION trial.
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staffing requirements at current prices. Health resource utilization
costs will be calculated from bed-day use, outpatient attendances,
and emergency department attendances, and health utilities deter-
mined by comparing AQoL scores.

Sample size
Estimating a control group event rate (12 month death or readmission)
of 40–60% and assuming a 15% absolute reduction, with an a of 0.05
(two-sided) and power of 80%, we will require a sample size of 173
participants per group or a total enrolment of 346. The primary
outcome will be available for all participants as it is obtained from
third-party sources, but we anticipate a drop-out rate for secondary
clinical outcomes of 20–30% by 6 months.

Study integrity
Due to the nature of the intervention, participants and programme
staff delivering the intervention cannot be blinded to allocation.
However, the research officers conducting the baseline, 3 and 6
month assessments are unaware of group assignment, and death and
readmission data will be obtained from third party data sources.

Discussion
The study has recruited 150 participants so far (mean age 62 years,
27% female, 30% left ventricular ejection fraction .40%). Eligibility
at the initial tertiary sites (RBWH and TPCH) was lower than
anticipated due to a high proportion of out-of-area patients, and
some patients re-presenting with exacerbations were ineligible
because of previous ETP participation, as both sites had an estab-
lished exercise programme before the trial commenced. Consent
rates have also been lower than anticipated ( � 30%), reflecting
the time demands of this complex intervention in an older, chroni-
cally unwell patient group. Slow recruitment will be mitigated by
the addition of two regional hospitals (Logan and Ipswich) and a
further tertiary referral site (Princess Alexandra Hospital).

The range of sites is an important strength of the study in terms
of generalizability of findings. Patient characteristic vary between
sites, reflecting local socio-demographic factors and the extent
of external referral. Each site has been requested to structure
their education and exercise programmes to offer a 12 week pro-
gramme with ‘rolling’ entry to facilitate commencement within 6
weeks of discharge, and ETP protocols have been provided. The
study has also facilitated sharing of some resources such as edu-
cation materials between services. However, other features of
the programme, such as staffing levels, mix of home and clinic
visits offered, extent of telephone follow-up, patient education
materials, and type of medical follow-up, are at the discretion of
the individual services, and will contribute to the detailed
process evaluation to describe and understand variability
between services. Randomization has been stratified by site to
minimize confounding by these structural features.

We recognize the risk that the effect size of our intervention
may be limited because we are only offering twice-weekly exercise,
which is less intensive than some previous studies. This reflects the
pragmatic nature of our trial. This choice was informed by staff and
participants in our existing heart failure ETPs, who believed that
attendance at a more intensive programme would be poor. We
are also aware of the risk of contamination as we are providing

home exercise advice to the control group. However, in light of
current guidelines,31 we did not consider it ethical to do otherwise.
Finally, we recognize that only a minority of heart failure patients
will meet eligibility and consent requirements for this relatively
demanding 24 week research programme, which may limit its gen-
eralizability. We are currently enrolling � 12% of all inpatients
screened by the service, which is comparable with rates reported
in other studies of ETP and/or DMP in heart failure.32– 34

Despite these potential weaknesses, this study will provide prac-
tical evidence for post-hospital disease management programmes
in heart failure regarding the clinical effectiveness and cost-
effectiveness of a formal centre-based exercise rehabilitation pro-
gramme in the early weeks after a hospitalization with heart failure,
which has been missing to date.35 Process measures will quantify
adherence to the proposed intervention, which has been missing
in many previous trials, as well as allowing us to quantify diversity
between different real-world DMPs. Exercise adherence remains a
significant challenge; this trial will provide meaningful information
to patients and carers regarding the potential and immediate
benefits of exercise by addressing a wider range of important
patient-centred outcomes including depressive symptoms, depen-
dency in everyday functional tasks, and sleep quality.
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OBJECTIVES This study sought to measure the impact on all-cause death or readmission of adding center-based

exercise training (ET) to disease management programs for patients with a recent acute heart failure (HF) hospitalization.

BACKGROUND ET is recommended for patients with HF, but evidence is based mainly on ET as a single intervention in

stable outpatients.

METHODS A randomized, controlled trial with blinded outcome assessor, enrolling adult participants with HF

discharged from 5 hospitals in Queensland, Australia. All participants received HF-disease management program plus

supported home exercise program; intervention participants were offered 24 weeks of supervised center-based ET.

Primary outcome was all-cause 12-month death or readmission. Pre-planned subgroups included age (<70 years vs.

older), sex, left ventricular ejection fraction (#40% vs. >40%), and exercise adherence.

RESULTS Between May 2008 and July 2013, 278 participants (140 intervention, 138 control) were enrolled: 98 (35.3%)

age $70 years, 71 (25.5%) females, and 62 (23.3%) with a left ventricular ejection fraction of >40%. There were no

adverse events associated with ET. There was no difference in primary outcome between groups (84 of 140 [60.0%]

intervention vs. 90 of 138 [65.2%] control; p ¼ 0.37), but a trend toward greater benefit in participants age <70 years

(OR: 0.56 [95% CI: 0.30 to 1.02] vs. OR: 1.56 [95% CI: 0.67 to 3.64]; p for interaction ¼ 0.05). Participants who

exercised to guidelines (72 of 101 control and 92 of 117 intervention at 3 months) had a significantly lower rate of death

and readmission (91 of 164 [55.5%] vs. 41 of 54 [75.9%]; p ¼ 0.008).

CONCLUSIONS Supervised center-based ET was a safe, feasible addition to disease management programs with

supported home exercise in patients recently hospitalized with acute HF, but did not reduce combined end-point of death

or readmission. (A supervised exercise programme following hospitalisation for heart failure: does it add to disease

management?; ACTRN12608000263392) (J Am Coll Cardiol HF 2018;6:143–52) © 2018 by the American College of

Cardiology Foundation.
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ABBR EV I A T I ON S

AND ACRONYMS

ET = exercise training

HF = heart failure

HF-DMP = heart failure disease

management program

HFpEF = heart failure with

preserved ejection fraction

IQR = interquartile range

OR = odds ratio
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E xercise training (ET) has physiological
and clinical outcome benefits in
stable outpatients with heart failure

(HF), with improved exercise tolerance,
improved quality of life, and reduced HF-
related and all-cause readmissions (1). Cur-
rent guidelines recommend that patients
with HF should be encouraged to undertake
regular aerobic exercise (2,3), including
referral to supervised ET programs (4). How-
ever, there are gaps in the evidence (1,5). Tri-
als have enrolled patients with chronic HF stabilized
on optimal medical therapy, so that the feasibility,
safety, and effectiveness of ET in the early post-
hospital setting remain unclear (6). ET has largely
been tested as a single intervention, despite evidence
that coordinated multidisciplinary HF disease man-
agement programs (HF-DMPs) reduce mortality and
readmissions in recently hospitalized patients with
HF (2,7). HF-DMPs offer an opportunity to provide
supported home exercise advice, and may also pro-
vide an efficient setting for center-based ET (8).
Limited trials have examined ET in the setting of
HF-DMP (9–11), and whether ET has an additive effect
to HF-DMPs is unclear. Supported home ET may have
similar benefits to supervised center-based ET (12),
but no trial has compared the addition of center-
based ET to a supported home exercise program.
Women (13), older patients (14), and patients with
heart failure with preserved ejection fraction (HFpEF)
(15,16) remain underrepresented in ET trials. Access
to center-based ET remains limited (17), and exercise
adherence is a challenge in real-world practice (18).
SEE PAGE 153
The aim of this pragmatic, multicenter, random-
ized, controlled trial was to investigate the feasibility,
safety, and effectiveness of delivering supervised
center-based ET as part of a HF-DMP for recently
hospitalized patients with HF compared with HF-DMP
alone. In recognition of current guidelines, HF-DMP
included a supported home exercise program. Our
primary hypothesis was that participants allocated to
supervised center-based ET plus HF-DMP would have
a reduction in the composite outcome of all-cause
death and hospitalization over 12 months compared
with HF-DMP. We also aimed to explore the benefits in
women, older participants, and participants with
HFpEF, and measure the impact of the combined
intervention on exercise outcomes and quality of life.

METHODS

STUDY DESIGN. The EJECTION-HF (Exercise Joins
Education: Combined Therapy to Improve Outcomes
in Newly-discharged Heart Failure) was a multi-
center randomized controlled trial conducted in 5
hospitals in Queensland, Australia, which each had
an established HF-DMP (19). Human research ethics
approval was obtained from all sites, with central
coordination by the Royal Brisbane and Women’s
Hospital Human Research Ethics Committee.

PARTICIPANTS. Adult hospital inpatients with HF as
a major contributing diagnosis were identified by HF-
DMP staff and screened for eligibility by a research
officer. Detailed inclusion and exclusion criteria have
been reported previously (19); in brief, potential
participants were willing and able to attend a 12-week
HF-DMP, and assessed as suitable for supervised
moderate intensity ET. All participants provided
written informed consent.

RANDOMIZATION AND MASKING. Participants were
randomized to control (HF-DMP with supported
home exercise program), or intervention (HF-DMP
with supported home exercise program plus super-
vised center-based ET). Allocation was undertaken by
the project manager, after obtaining consent and
baseline assessment by the research officer. Alloca-
tion was based on computerized random sequence
generation by the statistician in blocks of 10, stratified
by site, provided in sealed opaque envelopes to the
project manager. The project manager notified the
HF-DMP of participant allocation and helped to co-
ordinate their program commencement, and was
responsible for data management, but not program
delivery or data collection. Participants and HF-DMP
staff were aware of their treatment group. Clinical
outcomes were collected by a single trained research
officer masked to group assignment.

PROCEDURES. HF-DMP (a l l part i c ipants) . All
sites offered a multidisciplinary HF-DMP including
active in-hospital case finding, clinic visits, and tele-
phone support to provide education, symptom
monitoring, medication titration, and social support.
The HF-DMP included 12 weeks of weekly review with
disease monitoring, review and progression of the
home exercise program, and weekly structured self-
management education classes (HF pathophysi-
ology, symptom monitoring, medications, dietary
advice, stress management, risk factor modification,
and exercise advice). The HF-DMP was delivered with
a rolling start to support timely commencement. Each
HF-DMP had access to a cardiologist, HF trained
nursing staff, pharmacist, and exercise professional
(physiotherapist and/or exercise physiologist),
although programs were adapted to local resourcing.
Two investigators (senior exercise professionals in
one HF-DMP) developed the exercise protocols and
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supported training, mentoring, and support for other
HF-DMP staff. An individualized home exercise pro-
gram was prescribed by the local HF-DMP exercise
professional for each participant (both groups), aim-
ing to achieve moderate intensity aerobic exercise
(e.g., walking at moderate pace and/or use of partic-
ipants’ own stationary bike, treadmill, or other fitness
equipment) for 30 min 5 days per week, plus simple
resistance exercises using light weights, Theraband or
body weight. Intensity was prescribed and self-
monitoring taught using rating of perceived exertion
on a 6- to 20-point scale. Each participant was pro-
vided with an exercise diary to assist weekly review
and progression.
Superv i sed center -based ET ( intervent ion
group only) . Intervention group participants were
encouraged to attend twice weekly ET sessions for 12
weeks followed by once weekly sessions for 12 weeks,
aiming for a total of 36 sessions over 24 weeks (20).
ET was individually prescribed by the HF-DMP exer-
cise professional and undertaken in group format in a
gymnasium at each site. ET was supervised by a nurse
and exercise professional and included 50 min of
graded moderate intensity interval and resistance
training plus warm up and cool down. Participants
used traditional gym-based equipment such as sta-
tionary bikes, treadmills, steps, free weights, and
multistation resistance equipment. Balance activities
were included if appropriate. ET was progressed
weekly maintaining rating of perceived exertion of 9
to 14. Transport assistance was offered for 1 session
per week.
OUTCOMES. The primary outcome was a composite
of death or readmission from any cause within 12
months of randomization. Specified secondary ana-
lyses included individual outcomes (death, all-cause
readmission, HF readmission), time to primary
outcome, and number and total days of hospitaliza-
tion in the first 12 months. All deaths (date, cause,
location) occurring by December 31, 2014, were
identified from the Queensland state death registry,
and cross-checked with clinical records. Cause of
death was classified as progressive HF, sudden or
arrhythmic death, other cardiovascular cause, and
noncardiovascular cause. Readmissions were identi-
fied from clinical records and the state-wide hospital
information system, which includes all admissions to
public hospitals in Queensland. Cause of admission
was classified by the project manager and a physician
unaware of treatment allocation based on discharge
coding and review of discharge summaries if
required. Causes were grouped as HF, possibly HF
treatment related (e.g., dehydration, pre-syncope,
device-related admissions), arrhythmic (atrial or
ventricular arrhythmias), other cardiovascular
(e.g., ischemic heart disease, stroke), or non-
cardiovascular. Dates of first readmission and first HF
readmission and number of admissions and total
days in hospital in 12 months were recorded. Non-
admitted emergency department attendances were
coded separately.

Adverse events were defined as symptoms (e.g.,
chest pain or syncope), documented arrhythmia, and
fall or other injury occurring during the center-based
ET program that required medical review. Exercise
outcomes included exercise capacity (6-min walk
distance) and physical activity (self-report of home
exercise adherence). The 6-min walk distance was
evaluated at baseline, and 3 and 6 months by the
research officer using recommended procedures (21),
and measured to the nearest 1 m; the test was
repeated at baseline to minimize learning effect.
Change in 6-min walk distance was calculated at 3
and 6 months compared with the maximum baseline
measure, and clinically significant improvement
(21,22) defined as an increase of $30 m (unless the
baseline distance was $500 m, where those with no
decrease at the second reading were also classified as
improvement to account for the known ceiling ef-
fect). Home exercise levels were assessed at baseline,
and 3 and 6 months by self-report of minutes of exer-
cise perweek and dichotomized based on general adult
exercise recommendations (150 min per week moder-
ate or vigorous exercise). Quality of life was measured
at baseline and 6 months using the Assessment of
Quality of Life (AQoL-4D), a multi-attribute utility
measure designed for use in public health and acute
care interventions with weighted scores ranging
from �0.04 (minimum) to 1.0 (maximum), with
Australian population norms of 0.81 (23) .
CHARACTERISTICS AND PROCESS MEASURES. Participant
characteristics were obtained from structured
assessment by a single research assistant before
randomization, supplemented by medical record re-
view and basic laboratory investigations. The left
ventricular ejection fraction was obtained from the
most recent echocardiogram performed in the previ-
ous 12 months, and dichotomized as HF with a
reduced ejection fraction (left ventricular ejection
fraction of #40%) and HFpEF (left ventricular ejec-
tion fraction of >40%). Individual attendance at
education and exercise classes was monitored and
recorded weekly by HF-DMP staff. Pharmacotherapy,
outpatient visits, and telephone follow-up were
obtained from HF-DMP clinical records, medical re-
cord review, and outpatient information systems.
Transport assistance was offered for the baseline, and
3- and 6-month follow-up visits.
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STATISTICAL ANALYSIS. All analyses were by
intention to treat, that is, all participants were
included in the analysis (according to their alloca-
tion group) regardless of the intervention received.
Participant characteristics and processes of care
were summarized and compared between groups
using the chi-square test for categorical variables
and 1-way analysis of variance or the Mann–Whitney
U tests for continuous variables. The primary
outcome was analyzed by comparing the proportion
of control and intervention participants experi-
encing death or readmission within 12 months of
randomization using the chi-square test. Power
calculations assumed a reduction in the primary
outcome (death or readmission) from 60% to 45%,
alpha 0.05 and 80% power, with planned sample
size of 175 participants per group (350 total). Time to
death or readmission was investigated using
Kaplan–Meier curves and the log-rank test. Days per
admitted patient and days alive out of hospital were
compared between groups using the Mann–Whitney
U test.

Pre-planned subgroup analyses for the primary
outcome included age (<70 years vs. $70 years),
gender, and HF with reduced ejection fraction
versus HFpEF, using interaction testing for
randomization status*subgroup status in logistic
regression models for the primary outcome. Good
versus poor adherence was conceptualized in 3
ways. Attendance at group-based HF-DMP sessions
was dichotomized for both groups at median
attendance (6 education classes). Self-reported
home-based exercise at 3-month follow-up was
dichotomized into <150 min of moderate exercise
per week versus $150 min per week. In an explor-
atory analysis within the intervention group, we
compared the primary outcome by quartiles of ET
attendance.

Change in 6-min walk distance was compared us-
ing the Student t test. The proportion of participants
improving on the 6-min walk test, and the propor-
tion adhering to exercise guidelines, were compared
using the chi-square test. Utility scores were gener-
ated using a weighted algorithm supplied by the
developers and scores at 6 months compared
between groups using the Student t test.

Analyses were conducted using SPSS version 22
(SPSS, Inc., Chicago, Illinois). A p < 0.05 was consid-
ered significant in all analyses.

RESULTS

Between May 2008 and July 2013, 2,551 inpatients
with HF were screened, 615 (24.1%) were eligible, and
278 (45.2% of eligible) consented to participate and
were randomized (Figure 1). Online Table 1 shows
screening and recruitment at each site. The median
time from hospital discharge to randomization visit
was 30 days (interquartile range [IQR]: 21 to 42 days).
The median time from hospital discharge to program
commencement was 43 days (IQR: 29 to 58 days).
Delays beyond 6 weeks were due to illness and
readmission, service closure during holidays, space
limitations in classes, and individual participant is-
sues. Three participants crossed over from control to
intervention. There were no serious adverse events
reported. No participant formally withdrew from the
study, and all participants were included in the pri-
mary outcome analysis. The 3-month follow-up visit
was attended by 101 control and 117 intervention
participants; the 6-month follow-up visit was atten-
ded by 92 control and 105 intervention participants.

Participant clinical and treatment characteristics
are shown in Tables 1 and 2. Control and intervention
groups were well-matched. Ninety-eight participants
(35.3%) were aged $70 years, 71 (25.5%) were female,
and 62 (23.3%) had HFpEF. Medication use was
similar between the 2 groups (Table 1). Participants in
both groups attended a median of 6 education ses-
sions (IQR: 2 to 8) (Table 2). Only 2 participants
attended 36 center-based exercise sessions, 28
(20.0%) attended $24, 60 (42.9%) attended $18, and
86 (61.4%) attended $12. Intervention participants
had fewer HF clinic visits, but similar cardiology
clinic and telephone follow-up (Table 2).

In the 12 months after randomization, 174 partici-
pants (62.6%) died or were readmitted to hospital,
with a nonsignificant trend to reduction in the inter-
vention group (odds ratio [OR]: 0.80; 95% CI: 0.49 to
1.30) (Table 3). There were significantly fewer deaths
within 12 months in the intervention compared with
control group (3 [2.1%] vs 10 [7.2%]; p ¼ 0.04). Causes
of death in the intervention group included 1 HF, 1
other cardiovascular, and 1 noncardiovascular death;
in the control group there were 4 HF, 3 arrhythmic, 1
other cardiovascular, and 2 noncardiovascular
deaths. There was no difference in all-cause or HF
readmissions between the control and intervention
groups (Table 3). In the first 12 months, there were
404 hospital readmissions: 82 (20.2%) due to HF, 18
(4.4%) possibly HF related, 33 (8.2%) due to
arrhythmia, 74 (18.3%) due to other cardiovascular
causes, and 197 (48.7%) due to noncardiovascular
causes. Time to first readmission or death is shown in
Figure 2, with no difference between groups (log-rank
test p ¼ 0.31). There was no difference in the 6-month
utility scores between groups (intervention mean
0.60 � 0.28 vs. control 0.61 � 0.28; p ¼ 0.63), with
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mean scores substantially lower than population
norms (23).

Pre-planned subgroup analysis showed a border-
line interaction (p ¼ 0.05) between allocation groups
and age in regression modeling, with participants
aged <70 years more likely to benefit from ET than
older participants (OR: 0.56 [95% CI: 0.30 to 1.02;
p ¼ 0.06] vs. OR: 1.56 [95% CI: 0.67 to 3.64; p ¼ 0.31]).
Kaplan–Meier curves (Figure 2) show a significantly
decreased risk of death or readmission in younger
participants allocated to the intervention group
throughout 12-month follow-up (log-rank test
p ¼ 0.026), but no difference between groups in par-
ticipants age >70 years. Participants with HFpEF had
higher death and readmission overall (OR: 1.99;
95% CI: 1.02 to 3.88; p ¼ 0.04), but there was no
interaction with allocation group. There was no dif-
ference in outcomes or treatment effect by gender.

The 6-min walk test distance is shown in
Table 4. About one-half of participants in both groups
showed a clinically significant improvement in 6-min
walk distance at 3 and 6 months, with no difference
between groups. Adherence to the supported home
exercise program was high in both groups. At base-
line, 61 of 138 control (44.2%) and 60 of 140 inter-
vention (42.9%) participants reported exercising
150 min per week. At 3 months, 72 of 101 control
participants (71.3%) attending follow-up and 92 of 117



TABLE 1 Demographic, Clinical, and Management Characteristics of Enrolled

Participants at Baseline*

Control
(n ¼ 138)

Intervention
(n ¼ 140)

Total
(N ¼ 278)

Age, yrs 62.9 � 13.3 61.9 � 14.5 62.3 � 13.9

Female 39 (28.3) 32 (22.9) 71 (25.5)

Ethnicity

Caucasian 112 (81.2) 117 (83.6) 229 (82.4)

ATSI 23 (16.7) 18 (12.9) 41 (14.7)

Asian 3 (2.2) 3 (2.1) 6 (2.2)

African 0 2 (1.4) 2 (0.7)

Diabetes 53 (38.4) 48 (34.3) 101 (36.3)

Hypertension 73 (52.9) 88 (62.9) 161 (57.9)

Chronic renal impairment 30 (21.7) 31 (22.1) 61 (21.9)

Chronic lung disease 37 (26.8) 34 (24.3) 71 (25.5)

Previous myocardial infarct 54 (39.1) 49 (35.0) 103 (37.1)

Atrial fibrillation 61 (44.2) 53 (37.9) 114 (41.0)

Charlson comorbidity score 2.9 � 1.7 2.7 � 1.5 2.8 � 1.6

NYHA functional class

I 28 (20.3) 25 (17.9) 53 (19.1)

II 74 (53.6) 73 (52.1) 147 (52.9)

III 21 (15.2) 26 (18.6) 47 (16.9)

IV 15 (10.9) 16 (11.4) 31 (11.2)

Ejection fraction 31.5 � 14.8 31.8 � 14.8 31.6 � 14.8

New diagnosis heart failure 72 (52.2) 82 (58.6) 154 (55.4)

HF etiology

Ischemic 57 (41.3) 52 (37.1) 109 (39.2)

Idiopathic 32 (23.2) 38 (27.1) 70 (25.2)

Hypertensive 25 (18.1) 25 (17.9) 50 (18.0)

Other 24 (17.4) 25 (17.9) 49 (17.6)

Resting HR baseline, beats/min 69.4 (12.0) 73.4 (12.1) 71.4 (12.2)

Seated systolic BP, mm Hg 117.0 (19.3) 119.1 (19.4) 118 (19.3)

Seated diastolic BP, mm Hg 69.8 (14.4) 72.4 (13.6) 71.1 (14.0)

Body mass index, kg/m2
† 30.5 (7.7) 31.5 (7.8) 31.0 (7.7)

6MWD, m 363 � 111 361 � 127 362 � 119

Baseline BNP‡ 286 (129–512) 302 (145–578) 298 (137–538)

Treating team

Cardiology 117 (84.8) 112 (80.0) 229 (82.4)

Internal medicine 20 (14.5) 24 (17.1) 44 (15.8)

Other 1 (0.7) 4 (2.9) 5 (1.8)

Medications

ACEI/ARB 129 (93.5) 125 (89.3) 254 (91.4)

Beta-blocker 134 (97.1) 127 (90.7) 261 (93.9)

MRA 56 (40.6) 52 (37.1) 108 (38.8)

Loop diuretic 107 (77.5) 119 (85.0) 226 (81.3)

Aspirin 80 (58.0) 77 (55.0) 157 (56.5)

Digoxin 41 (29.7) 34 (24.3) 75 (27.0)

Warfarin 55 (40.1) 54 (38.6) 109 (39.4)

Values are mean � SD, n (%), or median (interquartile range). *Baseline is a median of 30 days after hospital
discharge. †Data missing for 2 participants. ‡Data missing for 30 participants.

6MWD ¼ 6-min walk distance; ACEI ¼ angiotensin converting enzyme inhibitor; ARB ¼ angiotensin receptor
blocker; ATSI ¼ Aboriginal or Torres Strait Islander; BNP ¼ B-type natriuretic peptide; BP ¼ blood pressure; HF ¼
heart failure; HR ¼ heart rate; MRA ¼ mineralocorticoid receptor blocker; NYHA ¼ New York Heart Association.

TABLE 2 HF Disease Management Programme Components*

Control Intervention p Value

Education sessions attended 6.4 � 4.9 6.7 � 4.7 0.53

Exercise sessions attended — 15.3 � 9.4 —

HF service outpatient visits
attended in 6 months

1.0 � 2.1 0.6 � 1.2 0.05

Cardiology outpatient visits
attended in 6 months

0.9 � 1.1 0.9 � 0.9 0.63

HF service telephone calls 3.2 � 2.9 2.9 � 3.5 0.30

Values are mean � SD. *Both groups were offered up to 12 group education
sessions over 12 weeks, and the intervention group was offered up to 36 center-
based exercise training sessions over 24 weeks. Clinic and telephone follow-up
were at the discretion of the treating service.

HF ¼ heart failure.
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(78.6%) intervention participants reported meeting
home exercise guidelines (p ¼ 0.21); at 6 months 64 of
92 control participants (69.6%) and 69 of 105 inter-
vention participants (65.7%) reported meeting
guidelines (p ¼ 0.57). Self-reported exercise at 3 and
6 months was strongly associated with death and
readmission. The primary outcome occurred in 91 of
164 participants (55.5%) meeting exercise guidelines
at 3 months versus 41 of 54 (75.9%) not meeting
guidelines (p ¼ 0.008), and 73 of 133 (54.9%) in those
meeting exercise guidelines at 6 months versus 47 of
64 (73.4%) not meeting guidelines (p ¼ 0.012). There
was no significant interaction of this effect with
allocation group. Better attendance at HF-DMP group
education sessions was not associated with death or
readmission, which occurred in 80 of 121 (66.1%) of
those attending <6 sessions and 94 of 157 (59.9%) of
those attending $6 (p ¼ 0.29). There was no associ-
ation with greater ET attendance (<8 sessions 21 of 30
[70.0%], 8 to 15 sessions 28 of 43 [65.1%], 16 to 23
sessions 19 of 39 [48.7%], $24 sessions 16 of 28
[57.1%]; p ¼ 0.27).

DISCUSSION

We undertook a pragmatic, multicenter, randomized,
controlled trial to evaluate the feasibility, safety, and
effectiveness of delivering supervised center-based
ET as part of HF-DMP in patients with HF recently
discharged from the hospital. Program delivery was
feasible, with one-half of participants commencing
their allocated treatment within 6 weeks; a previous
study aiming for a 2-week time frame found this was
not feasible (6). Improvements in the 6-min walk test
were modest, and did not differ between the groups.
Three-quarters of participants reported meeting ex-
ercise guidelines at 3 months, and 68% at 6 months,
demonstrating the effectiveness of the HF-DMP in
supporting home exercise in both groups. However,
center-based ET adherence was poor, with only 43%
of intervention participants attending one-half or
more of their scheduled sessions. No adverse events
were related to ET, consistent with existing safety
data in stable outpatients enrolled in ET trials (1,20).
There was no reduction in the primary endpoint of



TABLE 3 Clinical Outcomes

Control
(n ¼ 138)

Intervention
(n ¼ 140) p Value

Participants died or readmitted, all cause 90 (65.2) 84 (60.0) 0.37

Participants died, all cause 10 (7.2) 3 (2.1) 0.04

Participants readmitted, all cause 90 (65.2) 83 (59.3) 0.31

Participants readmitted, HF 22 (15.9) 28 (20.0) 0.38

All-cause readmissions 12 months 210 194 0.32

Total readmitted days in 12 months 1,029 967 0.74

HF readmissions in 12 months 40 42 0.39

Total HF readmitted days in 12 months 292 210 0.42

Values are n (%) or n.

HF ¼ heart failure.
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death and readmission at 12 months. Mortality was
lower in the intervention group; this was based on a
small number of events and should be interpreted
with caution.

Meta-analyses of ET in HF have shown a reduction
in HF and all-cause readmissions (1,24). Several fac-
tors may explain why our study did not. First, par-
ticipants were enrolled in a comprehensive HF-DMP,
which reduces avoidable readmissions, so the po-
tential for further reduction in readmission may have
been low. Second, all participants received an indi-
vidualized, supported, home-based exercise program,
with most participants from both groups reporting
that they met home exercise guidelines, which likely
reduced the incremental benefits from center-based
ET. A no-exercise comparison was no longer stan-
dard of care when we designed our trial. Third, more
than one-third of these participants reported meeting
exercise guidelines at baseline, which may reduce the
potential to benefit from additional exercise. Fourth,
adherence to center-based ET was modest, suggesting
that high adherence reported in single site trials with
highly selected participants may not be achievable in
a real-life setting. Finally, we enrolled a more repre-
sentative HF population with greater multimorbidity
than many previous trials, and most readmissions
were for causes other than HF.

Subgroup analyses suggested that younger partic-
ipants (age <70 years) may have benefited more from
the intervention than older participants. Previous
meta-analysis of trials in older patients with HF un-
dertaking ET (14) showed improvements in exercise
capacity and quality of life, but not mortality or
readmissions, although a recent multisite Italian trial
showed a reduction in hospitalizations in stable older
outpatients undertaking ET (25). Their trial had a self-
selected sample and high adherence to center-based
ET delivered 3 times per week. It is possible that our
training stimulus was not sufficient for the older
participant subgroup. Older patients may have less
central adaptation to ET (26), and experience more
impairment in muscle function and greater decondi-
tioning with acute HF (27). Our sample of recently
hospitalized patients had high rates of comorbidity,
including diabetes, chronic lung disease, and
musculoskeletal disorders, which may limit exercise
prescription and progression.

Our study is unique in providing contemporary,
multidisciplinary HF-DMP including supported
home exercise advice in both arms, consistent with
current HF guidelines. We recognize that this
design likely reduced the impact of the interven-
tion, because both groups improved exercise
capacity and physical activity to a similar extent.
A previous trial comparing a specialist nurse–led
HF-DMP with and without supported home exer-
cise did not show any difference in death, HF
readmission, or quality of life between the groups
(10). Their trial provided less intensive home exer-
cise support, and achieved lower exercise adherence
at 6 months (54%) than our study. A review of
home-based ET in HF studies showed better exer-
cise outcomes and quality of life when home-based
ET is compared with usual care, and no difference
in exercise outcomes between home-based and
center-based exercise rehabilitation (12). We are not
aware of any previous study reporting the incre-
mental benefit of center-based ET in addition to a
supported home exercise program.

Both groups reported increased physical activity at
3 and 6 months, and adherence to exercise guidelines
was associated with significantly better clinical out-
comes. This reflects use of strategies for exercise
adherence, including individual goal setting, regular
review and feedback, and the group HF-DMP setting
(18,28). Although the center-based ET offered more
frequent feedback, supervision, and transport assis-
tance, these strategies did not significantly enhance
physical activity in the intervention group. Few
studies have examined the impact of center-based ET
on physical activity. The HF-ACTION trial (20) pro-
vided individualized ET, commencing with 36 ses-
sions of supervised center-based ET and transitioning
to home exercise with telephone support. Unlike
our study, this intervention was not integrated into
HF-DMP, and only 30% of their intervention group
met exercise goals at 3 and 6 months (120 min of
exercise per week). The intervention group in
HF-ACTION showed similar changes in 6-min walk
distance to our study, and secondary analysis showed
a significant association between physical activity
and all-cause hospitalization and mortality (29).



TABLE 4 Change in 6MWD at 3 and 6 Months

Control Intervention p Value

Change baseline to month 3 17.0 � 44.2 16.9 � 66.6 0.99

Change baseline to month 6 20.3 � 48.6 29.1 � 68.7 0.33

Clinically improved at month 3 41.7 50.0 0.23

Clinically improved at month 6 49.4 50.5 0.88

Values are mean � SD or %. Summary of change in 6-min walk distance (6MWD)
(in meters) from baseline 6MWD at 3 months (data available for 96 control and 114
intervention participants) and 6 months (81 control and 93 intervention partici-
pants). Clinically significant improvement defined as $30 m greater 6MWD (or no
reduction if baseline >500 m).
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FIGURE 2 Kaplan-Meier Curves

Kaplan-Meier curves showing time to first event (death or readmission of any cause) in

intervention and control groups, overall (A) and stratified by age group (age <70 years

[B] or age $70 years [C]).
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Other strengths of our study include multiple cen-
ters, a pragmatic exercise program delivered by clin-
ical rather than research staff, and broad enrollment
criteria, enhancing the generalizability of our findings.
Our study also has several weaknesses. It was under-
powered for the assumed effect size (only 80% of
planned sample size recruited due to slower recruit-
ment than anticipated), which may have contributed
to the negative outcome. Only 11% of screened pa-
tients were recruited, similar to other post-hospital ET
and DMP trials, reflecting the challenge of recruiting
unwell patients to complex interventions (9,10,30),
and undersampling older, more complex patients.
Good baseline levels of self-reported physical activity
suggest selection of motivated participants. Although
subgroups were pre-specified, women, older patients
and patients with HFpEF remained under-represented
despite an inclusive recruitment strategy. This limits
the confidence in subgroup findings, and has rele-
vance to the potential reach of center-based ET pro-
grams. Participants and program staff could not be
blinded. Exercise adherence was measured by self-
report and only available on participants who atten-
ded follow-up. Although the multiple secondary out-
comes, including subgroup analyses and exercise
outcomes, help in the understanding of this complex
intervention, these secondary findings should be
considered exploratory because of the risks of multi-
ple comparisons.

Our study shows that both supervised center-based
ET and a supported home exercise program can be
delivered safely and effectively as part of an HF-DMP
within a few weeks of discharge after hospitalization
for acute HF for selected patients, with good im-
provements in adherence to exercise guidelines
despite modest improvements in 6-min walk dis-
tance. There was no decrease in the primary outcome
of death or readmission with center-based ET, but



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: ET is safe and

feasible to deliver as part of a HF disease management program

within a few weeks of hospitalization for selected patients with

acute HF. Patients recently hospitalized with HF who are suitable

for ET should be encouraged to meet exercise guidelines.

TRANSLATIONAL OUTLOOK: A better understanding of

exercise adherence patterns (in center and at home) may help to

direct rehabilitation resources. Future studies should focus on

supporting greater adherence to exercise guidelines in patients

with HF using flexible programs, and investigate how best to

adapt exercise support programs for different patient subgroups.

Integrating ET into HF-DMP may be a practical strategy for

delivering exercise rehabilitation for patients with HF.

J A C C : H E A R T F A I L U R E V O L . 6 , N O . 2 , 2 0 1 8 Mudge et al.
F E B R U A R Y 2 0 1 8 : 1 4 3 – 5 2 Supervised Exercise Training

151
there may have been a benefit for participants
age <70 years. Adherence to exercise guidelines was a
strong predictor of outcomes in both groups. Further
investigation of factors affecting exercise adherence,
and those participants most likely to participate and
benefit, would inform more effective and efficient
ways to incorporate ET into HF-DMP.
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APPENDIX 5. Participant characteristics for available and 

missing data (Study 1) 

 

Characteristics Participants with 

complete datasets 

n = 114 

Participants 

with missing 

data 

n = 26 

Age, mean years (SD)* 61 (15) 64 (14) 

Male gender,    n (%) 86 (75) 22 (85) 

EF <40%, n (%) 89 (78) 19 (73) 

New diagnosis HF, n (%) 64 (56) 18 (69) 

NYHA,    n (%) 

 I 

 II 

 III  

IV 

 

21 (18) 

60 (53) 

18 (16) 

15 (13) 

 

4 (15) 

13 (50) 

8 (31) 

1 (4) 

HF aetiology, n (%) # 

Ischaemic 

Hypertensive 

Idiopathic 

Other 

 

39 (34) 

14 (12) 

36 (32) 

25 (22) 

 

13 (50) 

11 (42) 

2 (8) 

0 (0) 

AF present, n (%) 41 (36) 12 (46) 
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Hypertension, n (%) 72 (63) 16 (62) 

Diabetes, n (%) 35 (31) 13 (50) 

COPD present, n (%) 28 (25) 5 (19) 

Chronic renal impairment, n 

(%) 

28 (25) 3 (12) 

Anaemia present, (Hb <120 

g/L males and <110 g/L 

females), n (%) 

27 (26) 7 (33) 

Depression present (GDS 

>5), n (%) 

41 (37) 5 (23) 

Multimorbidity CCI ≥ 3, n 

(%)      

56 (49) 10 (39) 

Disability present (IADL 

>1), n (%) 

60 (53) 13 (50) 

Baseline 6MWD, mean 

metres (SD) 

367 (125) 335 (136) 

* p= 0.005,  # p= <0.001
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APPENDIX 6.  Participant questionnaire (Study 5) 

Thank-you for participating in this study.  Now that you have completed both land- and water-based programs, we would like to ask you about your 

experience with these programmes. 

 

Q1. On a scale of 1 to 10, how true would you rate the following statements about water-based exercise programmes?  

Water based Exercise Programme                       Not true at all                                                          Very true 

 1 2  3  4 5 6 7 8   9  10 

a) I enjoyed the water-based exercise programme           

b) I felt confident exercising in the hospital pool           

c) I felt safe to exercise in the hospital pool           

d) The temperature of the water was neither too warm nor too cool           

e) I felt nervous about wearing a swimsuit in front of other people           

f) Exercising in the water made me more breathless           

g) Exercising in the water made me dizzy           

h) Exercising in water improved my balance           

i) Exercising in the water eased my muscle and joint pain           

j) Exercising in the pool gave me chest pain           

k) Exercising in water made me feel tired and fatigued           

l) The change rooms were too cold           

m)  I didn’t like getting my hair wet           
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Q2. On a scale of 1 to 10, how true would you rate the following statements on how you felt about water-based exercise compared to exercising in the 

gymnasium. 

Water-exercise compared to land-based exercise              Not true at all                                                                   Very true 

 1 2  3  4 5 6 7 8 9 10 

a) I enjoyed the land-based exercise programme 

 

          

b) I felt confident exercising in the hospital gymnasium 

 

          

c) I felt safer exercising in the gymnasium compared to 

the exercising in the pool 

          

d) If available, I would continue to attend the gym programme at 

the hospital 

          

e) I feel confident to continue land-based exercises 

outside of the hospital 

          

f) Exercising in the gymnasium was harder work than exercising 

in the pool 

          

g) Exercising in the gymnasium made me fitter than exercising in 

the pool 

          

h) If given the choice, I would prefer to exercise in the gymnasium 

than in the pool 

          

 

Please feel free to make any other comments about the water or land based exercise programmes. 

_________________________________________________________________________________________________________________________

_________________________________________________________________________________________________________________________ 

Thank you for taking the time to complete this survey. We sincerely appreciate your time and suggestions. 
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   Purpose:     For individuals with heart failure (HF), frequent at-
tendance at exercise training programs and meeting physical ac-
tivity (PA) guidelines are signifi cantly associated with improve-
ments in 6-min walk distance. Despite the evidence, adherence 
to exercise interventions remains poor. The aim of this study 
was to identify predictors of these 2 variables in patients recently 
hospitalized with HF. 
   Methods:     In this substudy of the Exercise Joins Education: Com-
bined Therapy to Improve Outcomes in Newly-discharged Heart 
Failure (EJECTION-HF) trial, all participants were enrolled in 
a HF disease management program, including weekly review of 
a home exercise program for 12 wk. Intervention group partic-
ipants additionally undertook twice weekly supervised exercise 
training. Primary outcomes were frequent exercise training pro-
gram attendance ( ≥ 12 sessions) and attainment of PA guidelines 
(150 min/wk of moderate intensity exercise) at 12 wk. Participant 
and clinical characteristics were analyzed using a logistic regres-
sion model to identify signifi cant predictors of each outcome. 
   Results: A total of     278 participants provided PA data and 140 
contributed attendance data. New diagnosis of HF was a sig-
nifi cant predictor of frequent program attendance (OR  =  2.3; 
95% CI, 1.1-4.7;  P   =  .03). Predictors of meeting PA guidelines 
at follow-up included new HF diagnosis (OR  =  2.4; 95% CI, 
1.2-4.8,  P   =  .013), and being physically active at baseline (OR 
 =  2.7; 95% CI, 1.3-5.6;  P   =  .007). Gender, symptom severity, 
multimorbidity, and disability were not signifi cantly associated 
with either outcome in multivariate analysis. 
   Conclusion:     To improve adherence, specifi c strategies may be 
required for patients with decompensated HF and those physi-
cally inactive at time of referral.   

  Key Words:   adherence   •   exercise training   •   heart failure   • 
  physical activity  

     For individuals with heart failure (HF), exercise ad-
herence is an important predictor of improvements 

in exercise capacity and clinical outcomes. 1  ,  2  Despite the 
evidence, attendance at structured exercise training (ET) 
programs and participation in regular physical activity 
(PA) in accordance with recommended guidelines remain 
poor. 3-5  Recent research suggests that in people with 
HF, attending a structured ET program at least week-
ly or meeting PA guidelines through activity undertaken 
outside of the health facility is a signifi cant predictor of 
improvements in exercise capacity. 4  ,  6  Understanding how 
common clinical variables and patient characteristics im-
pact upon exercise adherence may assist clinicians to tar-
get interventions more appropriately. The aims of this 
study were to identify predictors of program attendance 
and meeting PA guidelines in patients recently hospital-
ized with HF.   

 METHODS  

 STUDY DESIGN 

 This study is a substudy of the Exercise Joins Education: 
Combined Therapies to Improve Outcomes in Newly-
discharged HF patients (EJECTION-HF) trial. Design and 
primary outcomes of this multicenter trial have been report-
ed previously. 7  ,  8  Briefl y, individuals were recruited from 5 
HF services in Queensland, Australia, within 6 wk of dis-
charge following a HF admission. The participants were 
eligible if they had a confi rmed diagnosis of HF with re-
duced ejection fraction (HFrEF) or HF with preserved ejec-
tion fraction (HFpEF). All participants were enrolled in the 
HF disease management program, which included weekly 
individual- and group-based HF education, symptom mon-
itoring, and medication titration. The participants were 
also prescribed an individualized home exercise program, 
reviewed and progressed weekly by the physiotherapist 
and/or accredited exercise physiologist, aiming for 30 min 
of moderate intensity activity on most days of the week. 
Those randomly allocated to the intervention group were 
additionally encouraged to attend twice weekly supervised 
ET sessions at the health facility for 12 wk, followed by 
weekly sessions for a further 12 wk. Supervised ET sessions 
were individualized to each participant and included up-
per limb and lower limb endurance and resistance train-
ing performed at an intensity of 9 to 14 on the rating of 
perceived exertion scale (RPE 6-20 scale). Exercises were 
progressed weekly to maintain the recommended intensi-
ty. Assessments were undertaken at randomization within 
6 wk of hospital discharge and 12 wk after commencing the 
program by a single assessor blinded to group allocation. 
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 Table 1 

    Participant Characteristics According to ET Program Attendance at 12-wk Follow-up a   

  

ET Program Attendance (n  =  140) (Intervention Group Only) 

Frequent Program Attendance (n  =  57) Infrequent Program Attendance (n  =  83)  P  Value 

Age  > 70 yr 22 (39) 29 (35) .66 

Male gender 41 (72) 67 (81) .22 

NYHA    

 I 9 (16) 16 (19) .53 

 II 33 (58) 40 (48)  

 III or IV 15 (26) 27 (33)  

New HF presentation 39 (68) 43 (52) .05 

EF  < 40% b  46 (81) 62 (75) .41 

HF etiology    

 Ischemic 19 (33) 33 (40) .77 

 Valvular 4 (7) 5 (6)  

 Hypertensive 11 (19) 14 (17)  

 Idiopathic 18 (32) 20 (24)  

 Other 5 (9) 11 (13)  

AF 20 (35) 33 (40) .58 

Chronic lung disease 11 (19) 22 (27) .19 

Depression present (GDS  > 5) 15 (27) c  31 (41) d  .09 

BMI    

  < 25, kg/m 2  13 (23) 18 (22) .63 

 25-29, kg/m 2  17 (30) 20 (24)  

  ≥ 30, kg/m 2  26 (46) c  45 (54)  

Multimorbidity (CCI  ≥ 3) 25 (44) 41 (49) .52 

Disability present (IADL  > 1) 32 (56) 41 (49) .43 

Living situation    

 Lives alone 9 (16) 16 (19) .37 

 Lives with others 47 (83) 65 (78)  

 Residential care 0 (0) 2 (2)  

 Other 1 (2) 0 (0)  

Baseline 6MWD  > 300 m 43 (75) 56 (67) .31 

Physically active at baseline e  29 (51) 31 (37) .11 

   Abbreviations: AF, atrial fibrillation; BMI, body mass index; CCI, Charlson Comorbidity Index; EF, ejection fraction; ET, exercise training; GDS, Geriatric Depression Scale; HF, heart failure; IADL, 

instrumental activities of daily living; NYHA, New York Heart Association; 6MWD, 6-min walk distance.    

 a All data reported as number (%).    

 b EF  < 40% refers to percentage of participants with HF with reduced ejection fraction. Remaining participants account for those with HF with preserved ejection fraction.    

 c n  =  56.    

 d n  =  76.    

 e Refers to achievement of 150 min/wk of moderate-intensity physical activity at baseline assessment.   

2    Journal of Cardiopulmonary Rehabilitation and Prevention 2019;00:1-5 www.jcrpjournal.com

The study was approved by the human research ethics com-
mittee at each participating site.   

 OUTCOME MEASURES 

 Program attendance was recorded by disease management 
program staff at each facility and was defi ned according 
to the total number of ET sessions attended in the fi rst 
12 wk. Data for this outcome therefore pertained to only 
those in the intervention group. Results were dichoto-
mized into frequent ( ≥ 12 sessions attended) and infre-
quent attenders. 

 Physical activity was self-reported by all participants 
based on activity undertaken outside of the health fa-
cility, including the prescribed home exercise program. 
The participants were assisted to describe average min-
utes of moderate intensity activity undertaken per week 
during the 2 wk preceding the 12-wk assessment. The 
outcome was dichotomized according to meeting PA 
guidelines, defined as 150 min/wk of moderate-inten-
sity activity.   

 STATISTICAL ANALYSIS 

 Participant characteristics were recorded at baseline. Vari-
ables considered most likely to infl uence exercise behavior 
based on existing literature were included in the analysis 
( Table 1 ). Association between these variables and study 
outcomes were described using contingency tables and  χ  2  
testing. Potentially signifi cant variables (association  P   <  .1) 
were subsequently entered into a stepwise logistic regres-
sion model to identify independent predictors of the 2 out-
comes, with backward removal of variables to obtain the 
most parsimonious model. As hospital readmission during 
the study period was considered a potential confounder, a 
sensitivity analysis, excluding those readmitted during the 
study period, was undertaken.     

 RESULTS 

 Two hundred seventy-eight participants were enrolled in 
EJECTION-HF, of whom 140 were randomized to the inter-
vention group. Baseline characteristics for selected variables 

Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



 Table 2 

    Participant Characteristics Based on Meeting or Not Meeting PA Guidelines at 12-wk Follow-up a   

  

PA Participation (n  =  218) 

Meets PA Guidelines (n  =  164) Does Not Meet PA Guidelines (n  =  54)  P  Value 

Age  > 70 yr 58 (35) 23 (43) .34 

Male sex 128 (78) 36 (67) .09 

NYHA functional classification    

 I 36 (22) 7 (13) .01 

 II 92 (56) 24 (44)  

 III or IV 36 (22) 23 (43)  

New HF presentation 101 (62) 20 (37)  < .01 

EF  < 40% b  133 (81) 38 (70)  < .09 

HF etiology    

 Ischemic 61 (37) 23 (43) .16 

 Valvular 6 (4) 4 (7)  

 Hypertensive 22 (13) 11 (20)  

 Idiopathic 50 (31) 8 (15)  

 Other 25 (15) 8 (15)  

AF 61 (37) 30 (56) .05 

Chronic lung disease 37 (23) 17 (32) .32 

Depression present (GDS  > 5) 47 (30) c  25 (51) d  .01 

BMI    

  < 25 kg/m 2  35 (22) 11 (20) .81 

 25-29 kg/m 2  53 (33) 16 (30)  

  ≥ 30 kg/m 2  72 (45) e  27 (50)  

Multimorbidity (CCI  ≥ 3) 74 (45) 35 (65) .01 

Disability present (IADL  > 1) 72 (44) f  33 (61) .03 

Living situation    

 Lives alone 27 (17) 12 (22) .55 

 Lives with others 133 (81) 42 (78)  

 Residential care 1 (1) 0 (0)  

 Other 3 (2) 0 (0)  

Baseline 6MWD  > 300 m 131 (80) 28 (53)  < .001 

Physically active at baseline g  79 (48) 14 (26)  < .01 

   Abbreviations: AF, atrial fibrillation; BMI, body mass index; CCI, Charlson Comorbidity Index; EF, ejection fraction; GDS, Geriatric Depression Scale; HF, heart failure; IADL, instrumental 

activities of daily living; NYHA, New York Heart Association; PA, physical activity; 6MWD, 6-min walk distance.    

 a Data reported as number (%).    

 b EF  < 40% refers to percentage of participants with HF with reduced ejection fraction. Remaining participants account for those with HF with preserved ejection fraction.    

 c n  =  158.    

 d n  =  49.    

 e n  =  160.    

 f n  =  163.    

 g Refers to achievement of 150 min/wk of moderate-intensity exercise at baseline assessment.   
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according to ET program attendance and attainment of 
PA guidelines are shown in  Tables 1 and 2 , respectively. 
Fifty-seven of 140 (41%) participants attended at least 12 
sessions of the ET program. The PA data were available for 
218 of the 278 participants at 12 wk. Missing data were the 
consequence of participants being unable to attend the fol-
low-up appointment (n  =  26), not able to contact (n  =  13), 
being too unwell (n  =  17), and death (n  =  4). Of the 218 
participants, 164 (59%) met the PA guidelines. Seventy-fi ve 
participants (27%) were readmitted during the 12-wk peri-
od, of whom 32 were randomized to the intervention. Four 
of these participants attended  ≥ 12 ET sessions. Of the 218 
participants who provided PA data, 51 were readmitted 
within the study period, of whom 32 met PA guidelines.   

 PREDICTORS OF FREQUENT ET PROGRAM 

ATTENDANCE 

 Of the selected variables, HF presentation (new diagnosis 
vs decompensated HF) and depression were found to be 

associated with program attendance at 12 wk ( P   <  .10) 
and were thus included in the subsequent model. In mul-
tivariate analysis, only HF presentation was a signifi cant 
predictor of the outcome. The participants with a new di-
agnosis of HF were more likely to be frequent attenders 
than those with decompensated HF (odds ratio [OR]  =  2.3; 
95% confi dence interval [CI], 1.1-4.7;  P   =  .03). Excluding 
participants readmitted to hospital during this time did not 
infl uence results for this outcome.   

 PREDICTORS OF MEETING PA GUIDELINES 

 Variables that were associated with meeting PA guidelines 
at 12 wk and thus included in the model were gender, symp-
tom severity (New York Heart Association functional classi-
fi cation), HF presentation (new vs decompensated), ejection 
fraction (HFrEF vs HFpEF), atrial fi brillation, depression, 
multimorbidity, disability, baseline 6-min walk distance, and 
PA participation at baseline. In multivariate analysis, new 
HF presentation (OR  =  2.4; 95% CI, 1.2-4.8;  P   =  .013), 
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being physically active at baseline (OR  =  2.7; 95% CI, 1.3-
5.6;  P   =  .007), and baseline 6-min walk distance  > 300 m 
(OR  =  2.5; 95% CI, 1.3-5.1;  P   =  .01) were found to be 
the most signifi cant independent predictors of this outcome. 
When participants who were readmitted during this time 
were removed from the analysis, baseline 6-min walk dis-
tance was no longer signifi cantly independently associated 
with meeting PA guidelines at week 12.    

 DISCUSSION 

 This study sought to identify predictors of exercise behav-
iors known to be associated with improvements in exer-
cise capacity in people recently hospitalized with HF. The 
participants with a new diagnosis of HF were more likely 
to be frequent attenders at the ET program and were also 
more likely to meet PA guidelines at 12 wk than those with 
decompensated HF. Being physically active at baseline was 
also an independent predictor of meeting PA guidelines at 
follow-up. 

 Exercise adherence is a signifi cant challenge for many 
people with HF and much research has been undertaken 
to identify potential barriers. Previously reported barriers 
to exercise participation include patient-related (older age, 
anxiety and depression, poor motivation), condition-relat-
ed (symptom severity, disability, comorbidities), socioeco-
nomic (transportation and fi nancial constraints), and health 
system–related variables (poor referral system, lack of ca-
pacity and expertise). 3  ,  5  ,  9-13  In our study, which focused 
specifi cally on patient- and condition-related variables, we 
similarly found gender, symptom severity, depression, mul-
timorbidity, and disability to be associated with PA adher-
ence, although not with structured ET program attendance. 
However, the association with these variables was weak-
ened in multivariate modeling that took into account PA 
participation at baseline, which was signifi cantly associated 
with PA participation at 12 wk. 

 Our fi nding that patients with known decompensated 
HF were less likely to attend the ET program and meet PA 
guidelines than newly diagnosed patients has not previously 
been reported. Symptom burden may in part explain this 
fi nding, but New York Heart Association class was not 
signifi cantly associated with outcomes. Not surprisingly, 
interval hospital admissions were associated with poorer 
adherence, and hospital-associated deconditioning may 
increase the challenges of attending. Similar fi ndings have 
been reported in patients with chronic obstructive pulmo-
nary disease enrolled in pulmonary rehabilitation, in which 
prior exacerbation of the disease was associated with poor 
program attendance. 14  Whether these results refl ect disease 
severity, self-effi cacy, or perhaps a complex combination of 
physical and psychological factors is not known. For those 
with decompensated HF, better understanding of the needs 
and preferences of this group may be required to design 
specifi c strategies to support adherence. 

 In our study, the participants who were physically inac-
tive at baseline were less likely to meet PA guidelines at fol-
low-up. Given the relationship between exercise adherence 
and clinical outcomes, a key outcome of all HF ET interven-
tions should be to promote lifelong PA participation and to 
facilitate behavior change in those who are inactive. Howev-
er, surprisingly few studies have either reported or achieved 
this goal. In the HF ACTION trial, only 40% of individuals 
in the intervention arm achieved target PA recommendations 
at 3 mo. 15  Identifying strategies that assist individuals to at-
tain PA guidelines remains an important challenge. 

 Recognizing factors that infl uence exercise behavior is 
important for clinical practice. If clinicians are able to iden-
tify early those most likely to be poor adherers with ET, tar-
geted and timely interventions may be implemented. Recent 
evidence suggests that successful strategies include tech-
niques to enhance self-effi cacy, fl exible program delivery, 
encouraging alternative and pleasurable exercise options, 
and a focus on achievable goals. 3  ,  11  ,  13  Moreover, employing 
a multifaceted approach may also be important, rather than 
ET being provided as a stand-alone intervention. 3  ,  11  

 Limitations to this study are noted. All participants were 
from a randomized controlled trial, providing a more se-
lect population than routine clinical practice. Program at-
tendance data were limited to the intervention group only, 
reducing statistical power in this smaller group. The PA data 
were based upon self-report and limited to those participants 
who attended follow-up. Socioeconomic and psychological 
variables were not collected. Strengths of this study include 
recruitment of a clinical HF population and pragmatic trial 
design. Unlike previous trials in stable populations, results 
provide valuable insight into factors that infl uence exercise 
behaviors in patients recently hospitalized with HF. Future 
studies should further explore the infl uence of clinical vari-
ables on ET program attendance and short- and long-term 
PA participation. Tailored adherence strategies may be re-
quired for those with decompensated HF or with poor ex-
ercise capacity and those physically inactive at the time of 
referral, and these strategies warrant further investigation.    

  ACKNOWLEDGMENTS 

 This trial was funded by an Australian National Health 
and Medical Research Council Project grant (no. 498403) 
with contributions from the Royal Brisbane Hospital Foun-
dation, Brisbane, Australia (including a Patricia Dukes 
Fellowship award to Dr Mudge) and the Prince Charles 
Hospital Foundation, Brisbane, Australia. The primary au-
thor was supported by a Heart Foundation post-graduate 
scholarship.   

 REFERENCES 

     1.        Sato   N  ,     Origuchi   H  ,     Yamamoto   U  ,     Takanaga   Y  ,     Mohri   M   .  The 
importance of daily physical activity for improved exercise toler-
ance in heart failure patients with limited access to centre-based 
cardiac rehabilitation .  Exp Clin Cardiol .  2012 ; 17 ( 3 ): 121 - 124 .  

     2.        Doukky   R  ,     Mangla   A  ,     Ibrahim   Z   , et al.    Impact of physical inac-
tivity on mortality in patients with heart failure .  Am J Cardiol . 
 2016 ; 117 ( 7 ): 1135 - 1143 .  

     3.        Conraads   VM  ,     Deaton   C  ,     Piotrowicz   E   , et al.    Adherence of heart 
failure patients to exercise: barriers and possible solutions: a posi-
tion statement of the Study Group on Exercise Training in Heart 
Failure of the Heart Failure Association of the European Society of 
Cardiology .  Eur J Heart Fail .  2012 ; 14 ( 5 ): 451 - 458 .  

     4.        Deka   P  ,     Pozehl   B  ,     Williams   MA  ,     Yates   B   .  Adherence to recom-
mended exercise guidelines in patients with heart failure .  Heart 
Fail Rev .  2017 ; 22 ( 1 ): 41 - 53 .  

     5.        Cooper   LB  ,     Mentz   RJ  ,     Sun   JL   , et al.    Psychosocial factors, exercise 
adherence, and outcomes in heart failure patients: insights from 
heart failure: a controlled trial investigating outcomes of exercise 
training (HF-ACTION) .  Circ Heart Fail .  2015 ; 8 ( 6 ): 1044 - 1051 .  

     6.        Vromen   T  ,     Kraal   JJ  ,     Kuiper   J  ,     Spee   RF  ,     Peek   N  ,     Kemps   HM   .  The 
infl uence of training characteristics on the effect of aerobic exercise 
training in patients with chronic heart failure: a meta-regression 
analysis .  Int J Cardiol .  2016 ; 208 : 120 - 127 .  

     7.        Mudge   AM  ,     Denaro   CP  ,     Scott   AC   , et al.    Exercise training in re-
cently hospitalized heart failure patients enrolled in a disease man-
agement programme: design of the EJECTION-HF randomized 
controlled trial .  Eur J Heart Fail .  2011 ; 13 ( 12 ): 1370 - 1375 .  

Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



www.jcrpjournal.com Predictors of Exercise Adherence in Persons With Heart Failure    5

     8.        Mudge   AM  ,     Denaro   CP  ,     Scott   AC   , et al.    Addition of supervised exercise 
training to a post-hospital disease management program for patients 
recently hospitalized with acute heart failure. The EJECTION-HF 
randomized phase 4 trial .  JACC Heart Fail .  2018 ; 6 ( 2 ): 143 - 152 .  

     9.        Pardaens   S  ,     De Smedt   D  ,     De Bacquer   D  ,     Willems   AM  ,     Verstrek-
en   S  ,     De Sutter   J   .  Comorbidities and psychosocial characteristics 
as determinants of dropout in outpatient cardiac rehabilitation . 
 J Cardiovasc Nurs .  2017 ; 32 ( 1 ): 14 - 21 .  

     10.        Haedtke   C  ,     Smith   M  ,     VanBuren   J  ,     Klein   D  ,     Turvey   C   .  The rela-
tionships among pain, depression, and physical activity in patients 
with heart failure .  J Cardiovasc Nurs .  2017 ; 32 ( 5 ): E21 - E25 .  

     11.        Fleg   JL  ,     Cooper   LS  ,     Borlaug   BA   , et al.    Exercise training as therapy 
for heart failure: current status and future directions .  Circ Heart 
Fail .  2015 ; 8 ( 1 ): 209 - 220 .  

     12.        Corvera-Tindel   T  ,     Doering   LV  ,     Gomez   T  ,     Dracup   K   .  Predictors of 
noncompliance to exercise training in heart failure .  J Cardiovasc 
Nurs .  2004 ; 19 ( 4 ): 269 - 277 ;  quiz 78-79 .  

     13.        Le Grande   MR  ,     Murphy   BM  ,     Rogerson   MC  ,     Elliott   PC  ,     Worcester  
 MU   .  Determinants of physical activity guideline attainment in Aus-
tralian cardiac patients: a 12-month study .  J Cardiopulm Rehabil 
Prev .  2015 ; 35 ( 6 ): 399 - 408 .  

     14.        Hayton   C  ,     Clark   A  ,     Olive   S   , et al.    Barriers to pulmonary rehabilita-
tion: characteristics that predict patient attendance and adherence . 
 Respir Med .  2013 ; 107 ( 3 ): 401 - 407 .  

     15.        O’Connor   CM  ,     Whellan   DJ  ,     Lee   KL   , et al.    Effi cacy and safe-
ty of exercise training in patients with chronic heart failure: 
HF-ACTION randomized controlled trial .  JAMA .  2009 ; 301 ( 14 ):
 1439 - 1450 .      

Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



International Journal of Cardiology 186 (2015) 22–28

Contents lists available at ScienceDirect

International Journal of Cardiology

j ourna l homepage: www.e lsev ie r .com/ locate / i j ca rd
Review
Aquatic exercise training and stable heart failure: A systematic review
and meta-analysis☆
Julie A. Adsett a,b,c,⁎, Alison M. Mudge d, Norman Morris c, Suzanne Kuys e, Jennifer D. Paratz b,c

a Heart Failure Service, Royal Brisbane and Women's Hospital, Brisbane, Australia
b Physiotherapy Department, Royal Brisbane and Women's Hospital, Brisbane, Australia
c School of Allied Health Sciences, Griffith University, Gold Coast, Australia
d Department of Internal Medicine and Aged Care, Royal Brisbane and Women's Hospital, Brisbane, Australia
e School of Physiotherapy, Australian Catholic University, Brisbane, Australia
☆ No financial support was required for this study.
⁎ Corresponding author at: Heart Failure Service, Level

Brisbane and Women's Hospital, Herston, Brisbane 4029,
E-mail address: Julie.adsett@health.qld.gov.au (J.A. Ad

http://dx.doi.org/10.1016/j.ijcard.2015.03.095
0167-5273/Crown Copyright © 2015 Published by Elsevie
a b s t r a c t
a r t i c l e i n f o
Article history:

Received 22 December 2014
Received in revised form 20 February 2015
Accepted 7 March 2015
Available online 10 March 2015

Keywords:
Heart failure
Cardiomyopathy
Exercise training
Aquatic exercise
Hydrotherapy

Aim: A meta-analysis and review of the evidence was conducted to determine the efficacy of aquatic exercise
training for individuals with heart failure compared to traditional land-based programmes.
Methods: A systematic search was conducted for studies published prior to March 2014, using MEDLINE,
PUBMED, Cochrane Library, CINAHL and PEDro databases. Key words and synonyms relating to aquatic exercise
and heart failure comprised the search strategy. Interventions included aquatic exercise or a combination of
aquatic plus land-based training, whilst comparator protocols included usual care, no exercise or land-based
training alone. The primary outcome of interest was exercise performance. Studies reporting onmuscle strength,
quality of life and a range of haemodynamic and physiological parameters were also reviewed.
Results: Eight studies met criteria, accounting for 156 participants. Meta-analysis identified studies including
aquatic exercise to be superior to comparator protocols for 6 minute walk test (p b 0.004) and peak power
(p b 0.044). Compared to land-based training programmes, aquatic exercise training provided similar benefits

for VO2peak,muscle strength and quality of life, thoughwasnot superior. Cardiac dimensions, left ventricular ejec-
tion fraction, cardiac output and BNP were not influenced by aquatic exercise training.
Conclusions: For those with stable heart failure, aquatic exercise training can improve exercise capacity, muscle
strength and quality of life similar to land-based training programmes. This form of exercise may provide a
safe and effective alternative for those unable to participate in traditional exercise programmes.
Crown Copyright © 2015 Published by Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Exercise training is a recommended component of the comprehensive
management of patients with heart failure (HF). Exercise based rehabili-
tation programmes have consistently shown positive improvements in
patient symptoms, exercise capacity and quality of life, and a possible im-
pact upon hospital readmissions and mortality [1,2].

Traditional land-based training programmes however, may not be
suitable for all patients. The frail elderly and those with co-morbid con-
ditions including chronic pain, orthopaedic or balance disturbances for
example, may find these programmes difficult, contributing to lower
levels of physical activity participation [3]. Aquatic exercise (exercise
conducted in thermoneutral [32–34 °C] water) has been proposed as a
possible alternative for these patients. The warmwater and lowweight
3, James Mayne Building, Royal
Australia.
sett).

r Ireland Ltd. All rights reserved.
bearing environment reduce pain, and using the principles of hydrody-
namics, allows exercise to be undertaken which may improve postural
stability, exercise capacity and walking endurance [4–7].

Historically, aquatic exercisehas not been recommended for individ-
uals with HF. Immersion in warm water leads to an increase in venous
return as a consequence of hydrostatic pressure. Clinicians have long
been concerned that this increase in central blood volume and cardiac
preload may not be tolerated by those with HF, leading to worsening
of symptoms and a reduction in exercise capacity [8]. This potential
risk has hampered trials and there are currently no clear recommenda-
tions for clinical practice. Recent small studies however, have demon-
strated that patients with stable HF not only tolerate immersion and
exercise in this environment, but also benefit from a number of physio-
logical sequelae [9–11]. The purpose of this systematic review and
meta-analysis was to determine the effect of aquatic exercise training
on a variety of functional and physiological outcome measures in this
population. Specifically, the study sought to determine functional bene-
fits of aquatic exercise compared to usual activity and/or land-based ex-
ercise in people with heart failure.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcard.2015.03.095&domain=pdf
http://dx.doi.org/10.1016/j.ijcard.2015.03.095
mailto:Julie.adsett@health.qld.gov.au
http://dx.doi.org/10.1016/j.ijcard.2015.03.095
http://www.sciencedirect.com/science/journal/01675273
www.elsevier.com/locate/ijcard
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2. Methods

2.1. Search strategy and study selection

MEDLINE, PUBMED, Cochrane Library, CINAHL and PEDro databases
were searched using the key words “aquatic exercise” OR “hydrothera-
py” OR “water exercise” AND “heart failure” OR “cardiomyopathy”, OR
“ventricular dysfunction”. The search was limited to studies published
prior to March 2014 in any language. Identified titles and abstracts
were independently scrutinised by two reviewers (JA and JP) and refer-
ence lists were assessed for additional relevant articles that met criteria.
Full text articles were extracted and independently reviewed by both
reviewers when required, and any further disagreement was resolved
by discussion between reviewers.

Randomised controlled trials, pseudorandomised controlled trials,
trials with historical controls and single group studies were included
in the review. Case studies, didactic articles and narrative reviews
were excluded. Studies were accepted if they included an aquatic exer-
cise intervention of at least two weeks duration, conducted in a heated
pool. Only trials that recruited adult patients with left ventricular dys-
function (reduced or preserved ejection fraction)were accepted. For in-
tervention groups, training included either aquatic exercise alone or
aquatic + land-based training. Comparator groups included land-
based training, usual activity or no exercise. As single group studies
were included in the review, it was also possible for there to be no com-
parator group. Exercise activities conducted in spas, sauna baths or
other non-hydrotherapy pools were also excluded. Included studies
were independently scored for quality by the two reviewers using the
validated PEDro scale [12]. Original authorswere contacted for clarifica-
tion of material or to provide missing data when required.

2.2. Outcome measures

The primary outcomemeasure was change in exercise performance
measured using either peak oxygen consumption (VO2peak), six minute
walk test (6MWT)or peak power. Secondary outcomes included change
inmuscle strength, cardiac dimensions, haemodynamic parameters (in-
cluding cardiac output, systemic vascular resistance and blood pres-
sure), brain natriuretic peptide (BNP) and quality of life (QoL).

2.3. Data synthesis

Comprehensive Meta-analysis software™ was used to compare re-
sults between studies. For continuous variables, effect size for each indi-
vidual study was determined using the Hedges g model, by calculating
the difference between changes in the intervention group and compar-
ator group by the pooled standard deviation. The data were pooled
using the fixed effect model, however when heterogeneity was statisti-
cally significant, (Q statistic p b 0.01), the data were reanalysed using
the random effects model. Meta-analyses were conducted for VO2peak,
peak power and 6MWT. Due to insufficient studies reporting on specific
outcomes, heterogeneity of methodology and lack of availability of
some raw data, meta-analysis was not possible on other parameters.

3. Results

3.1. Studies included in the review

Of the 73 papers identified, 37 were immediately excluded on the
basis of duplication. An additional 12 abstracts were excluded based
upon criteria, leading to a review of 24 full text articles. Of these, 16
were excluded for the purposes of not being clinical trials, investigating
alternative outcome measures or for not including a water based exer-
cise intervention of greater than two weeks duration. As demonstrated
in the flow diagram in Fig. 1, this systematic review and meta-analysis
was conducted on the eight remaining studies, which included five
randomized controlled trials (RCTs) [9–11,13,14], two pre–post test de-
sign studies without a control group [15,16] and one prospective cohort
intervention with follow-up [17]. Six of the eight studies originated
from two research centres, thus decreasing generalisability. All studies
were published in English.

3.2. Study quality and participants

Quality scores for included studies are listed in Table 1. Main con-
cerns included lack of assessor blinding [9–11,13–17], allocation to
groups not being concealed [11], no documented evidence of outcome
measures being obtained from N85% of participants [10] and no docu-
mented evidence of “intention to treat” analysis [10].

Baseline characteristics for the eight included studies are depicted in
Table 2. Studies were relatively small (n= 12–25), and the overall total
number of participants was 156. The study groups were well matched
for participant numbers, age, gender, left ventricular ejection fraction
(LVEF) and HF aetiology. Participants were predominantly male (n =
139) with mean age 52–70 years. All participants had heart failure
with reduced ejection fraction (HFREF) which in most studies this was
defined as LVEF b40–45%, whilst one study recruited only those with
LVEF b35% [16]. Aetiology of HF was defined in all but one study [16],
and included ischaemic (n = 95) and dilated (n = 39) cardiomyopa-
thies. Studies mostly recruited participants with NYHA II–III symptoms.
Participants with co-morbid disease, including orthopaedic or neuro-
logical conditions, were excluded from three of the eight studies [9–11].

3.3. Study design

Training parameters for each study are reported in Table 3. All proto-
cols were undertaken by experienced exercise professionals at local
health facilities with water temperature maintained between 30 °C
and 34 °C. Depth of immersion varied and was either fixed (1.3 m)
[13–15], or individualized to the level of the xiphisternum [11] or the
neck [9,10,16]. Immersion depth was not defined in one study [17]
and humidity was not reported in any of the included studies.

Training protocols varied between studies. The aquatic intervention
was confined to a water programme in only half of the studies with the
exercise duration for these being 45 min. In the remaining four studies,
the intervention included a combination of both aquatic and land-based
training, the latter being 30 min of cycle ergometry. Heterogeneity also
existed for the length of the programme, varying from three weeks to
24 weeks. In each of the short duration programmes, participants
trained for either four [15] or five days per week [13,14,16], compared
to three times per week in longer programmes.

Protocols predominantly consisted of endurance training prescribed
at an intensity of 40–70%maximumheart rate reserve (HRR) or 50–70%
V̇O2peak. Resistance training was included in two studies [9,10].

3.4. Comparator protocols

Comparator protocols also varied. For the four studies that employed
an isolated aquatic intervention, twowere compared tousual activity [9,
10], one used participants as self-controls following a period of no exer-
cise [17] and there was no comparator in one study [16]. For the com-
bined interventions (aquatic + land training), three of these studies
compared outcomes to a land-based intervention alone [11,13,14],
whilst the remaining study used self-controls as the comparator [15].
In each of the combined interventions (aquatic + land), exercise inten-
sity wasmatched across the two environments and total duration of ex-
ercise was equal for participant groups.

3.5. Summary of findings

Meta-analysis was conducted for the primary outcomes of VO2peak,
peak power and 6MWT (Fig. 2). Secondary outcomes were unsuitable



Fig. 1. Flow diagram of included studies.
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for meta-analysis but relevant study findings are summarised in Table 4
and Supplementary Table 1.

3.6. VO2peak, 6MWT and peak power

Six studies measured V ̇O2peak [9,10,13–16], including four RCTs.
Meta-analysis was conducted on the three studies that provided raw
data, and revealed no significant difference between the aquatic and
comparator groups (p b 0.87) (Fig. 2). Review of individual studies sug-
gested that when compared to controls who undertook usual activity,
aquatic exercise led to a significant improvement in V̇O2peak [9,10], (be-
tween group difference p b 0.001 and p = 0.02 respectively). When
compared to land- based training alone, programmes that included a
combined aquatic + land programme, elicited similar changes in
V̇O2peak [13,14] but were not superior. In these latter two trials, a com-
bined aquatic + land intervention induced an improvement in V̇O2peak

by 6–11%. The land only protocols in these same two trials led to an im-
provement of 10.5–11%.

Four studies reported 6MWT but only two were suitable for meta-
analysis [9,11]. One further study did not provide raw data [10] and
one had no comparator group [16]. Overall, the analysis favoured the
aquatic intervention (p b 0.004) (Fig. 2). Of these studies, one compared
an aquatic intervention to usual activity [9], however it was the study
that compared a combined protocol to a land only training that elicited
the greatest effect size [11]. The study which did not provide raw data
[10] also reported a significant improvement in 6MWT compared to
usual care.
Table 1
PEDro scores for included studies.

Author PEDro score (/10)

Randomized controlled trials
Cider et al., 2012 5
Teffaha et al., 2011 7
Caminiti et al., 2011 6
Mourot et al., 2009 7
Cider et al., 2003 7

Non randomized controlled trials
Mourot et al., 2010 2
Svealv et al., 2009 5
Municino et al., 2006 2
For peakpower data,meta-analysis conducted on three RCTs that in-
cluded this parameter favoured the aquatic intervention (p b 0.044)
(Fig. 2). One study compared anaquatic intervention to usual activity [9]
and the remaining two compared a combined training protocol
(aquatic + land) to land based training alone [13,14]. Compared to
usual activity, aquatic exercise significantly improved peak power
(p b 0.05) [9]. Compared to land-based training protocols however,
the impact of aquatic exercise was less clear. Teffaha et al., 2011 [13]
demonstrated greater benefit with aquatic compared to land-based
training alone (between group difference p b 0.05), whilst Mourot
et al., 2009 [14], found a significant within group difference for both
groups, but no between group difference.

3.7. Muscle strength

Muscle strength was measured in only three of the eight included
studies [9–11] (Table 4). Two of these studies (conducted by the same
group), included a variety of lower limb isokinetic and isometric param-
eters, as well as measures of muscle endurance and grip strength [9,10].
When compared to usual activity, aquatic exercise significantly improved
upper limb and lower limb endurancemeasures.Whilst therewas a trend
favouring the aquatic intervention for measures of isokinetic knee exten-
sion peak torque, results did not consistently reach significance. Grip
strength and isometric lower limb peak torque measures did not signifi-
cantly improve. The third study investigating muscle strength, found a
significant improvement in maximum voluntary contraction (MVC) of
thequadriceps for both combined (aquatic+ land) and landonly exercise
groups following an endurance training intervention (p b 0.05), however
no between group difference [11]. Similarly, there was no significant dif-
ference between the aquatic and land interventions formeasures of quad-
riceps peak torque. No resistance training was employed in this study.

3.8. LVEF and cardiac dimensions

Aquatic exercise training did not significantly influence LVEF in
three of the four studies that reported this parameter [11,16,17] By
comparison, Teffaha et al. [13], did show a significant improvement in
LVEF following a three week training period (p b 0.05), with a slightly
greater effect size elicited in the combined aquatic and land group com-
pared to land only intervention (0.44 vs 0.21).



Table 2
Baseline characteristics of included studies.

Author Number Age (yrs) Gender LVEF (%) HF aetiology NYHA

Aquatic
exercise

Comparator Aquatic
exercise

Comparator Aquatic
exercise

Comparator Aquatic
exercise

Comparator Aquatic
exercise

Comparator Aquatic
exercise

Comparator

Cider et al., 2012 10 10 65.8 ± 5.8 69 ± 8.2 8 Males
2 Females

8 Males
2 Females

34.1 ± 9.8 34.8+/-9.1 IHD 8
DCM 1
HT 1

IHD 4
DCM 4
HT 2

II 5
III 5

II 3
III 7

Teffaha et al., 2011 12 12 51.7 ± 3.6 53.3 ± 4.2 12 Males
0 Females

12 Males
0 Females

30.2 ± 2 28.9 ± 2.2 IHD 8
DCM 4

IHD 7
DCM 5

II 1
III 11

II 2
III 10

Caminiti et al., 2011 11 10 67 ± 6 69 ± 8 11 Males 10 Males 33 ± 9 32 ± 12 IHD 8
DCM 3

IHD 6
DCM 4

II 7
III 4

II 6
III 4

Mourot et al., 2010 12 N/A 53 ± 4 N/A 12 Males N/A 30.2 ± 6.7 N/A IHD 8
DCM 4

N/A ⁎ ⁎

Svealv et al., 2009 12 N/A 69 ± 7 N/A 8 Males
4 Females

N/A 40 ± 7 N/A IHD 11
DCM 2

N/A II 7
III 5

N/A

Mourot et al., 2009 12 12 53 ± 4 55 ± 4 12 Males
0 Females

12 Males
0 Females

30.2 ± 6.7 28.9 ± 7 IHD 8
DCM 4

IHD 7
DCM 5

⁎ ⁎

Municino et al., 2006 18 N/A 63 ± 10 N/A 17 Males
1 Females

N/A 27 ± 6 N/A ⁎ ⁎ II 9
III 7
IV 2

N/A

Cider et al., 2003 15 10 70.2 ± 5.2 75 ± 6.4 11 Males
5 Females

6 Males
3 Females

31+/-8.3 Not listed IHD 12
DCM 2
VD 1
HT 0

IHD 8
DCM 1
VD 0
HT 1

II 3
III 12

II 1
III 9

⁎ = data not available, N/A = not applicable, LVEF = left ventricular ejection fraction, NYHA= New York Heart Association, IHD = ischaemic heart disease, DCM = Dilated cardiomy-
opathy, VD = valve disease, and HT = hypertension.
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The effect of aquatic exercise training on cardiac dimensions is diffi-
cult to discern due to variation in study methodology and reporting.
Transthoracic echocardiography was used to record baseline and post
programme cardiac dimensions in four studies. Results were reported
according to left ventricular end diastolic and systolic diameters
(LVEDD and LVESD) by two authors [11,13], whilst volume measures
were reported by the remaining two authors [16,17]. Aquatic exercise
did not significantly influence any of these parameters following the ex-
ercise training periods.

Whilst the exercise interventions did not significantly influence car-
diac dimensions over the long term, immersion itself did have an acute
impact upon these measures. This ensues due to the increase in venous
return that occurs as a consequence of hydrostatic pressure and was
demonstrated by Svealv et al., 2009 [17] who recorded cardiac volumes
during immersion, both before and after aquatic exercise training. Left
ventricular end diastolic and systolic volumes (LVEDV and LVESV)
both significantly increased during immersion compared to measures
recorded on land at these same time points.

3.9. Haemodynamic parameters

Interpreting the effect of aquatic exercise training on haemodynamic
parameters is difficult, as results are influenced not only by variations in
study design, but also the environment in which parameters are mea-
sured. The majority of studies reported measures conducted on land,
whilst others also included immersion measures. To enable more suit-
able comparison of haemodynamic measures, studies listed below are
summarised in Supplementary Table 1.

3.9.1. Land measures
Following a period of aquatic exercise training, resting systolic blood

pressure (SBP) does not appear to change when measured on land, but
there may be an impact upon resting diastolic blood pressure (DBP).
Caminiti et al. [11] reported a significant reduction in DBP following a
24 week combined aquatic + land intervention, which was not ob-
served in those undertaking the land only training programme (be-
tween group difference p b 0.05). Shorter duration studies however,
have not elicited similar results [14,15].

With regard to resting heart rate (HR), aquatic exercise training does
not appear to provide additional benefit to land-based training. Of the
five studies that measured this parameter [11,13–15,18], only two
demonstrated a reduction in HR following the intervention [11,13],
and one demonstrated a significantly greater effect in the aquatic
group (p b 0.05) [11]. These studies also showed an increase in resting
stroke volume (SV).

Of the four studies thatmeasured systemic vascular resistance (SVR)
[11,14,15,17], three yielded no change following the intervention peri-
od. The study by Caminiti et al. [11] however, reported a significant re-
duction following the 24 week intervention, favouring the aquatic
group (between group difference p b 0.05). In this study, a combined
training approach (aquatic + land training) was compared to land
based training alone. Cardiac output was not observed to significantly
change following any exercise intervention for studies included in this
review [11,14,15].
3.9.2. Immersion measures
In addition to the decrease in resting HR observed with acute im-

mersion [18–20], further reductions are observed following a period of
aquatic exercise training, when this parameter is measured during im-
mersion [11,15]. Compared to land-based training however, this reduc-
tion in HR is no greater than that observed following land-based
training, measured in this same environment [11,15]. Similar results
are observed for increases in resting SV measured during immersion
[11].

Measured during immersion, resting SBP, DBP and cardiac output do
not appear to be influenced by aquatic exercise training.
3.10. Natriuretic peptide and plasma nitrate

N-Terminal pro-brain natriuretic peptide (NT-proBNP) [14,16]
and BNP [17] were measured prior to and following the exercise
training protocol in three studies. No significant difference was re-
corded in this parameter following the training period for any of
these studies.

Plasma nitrate was reported by one author, who described a signifi-
cant increase following the aquatic intervention (p b 0.05), whilst no
significant change was observed in the land only training group [14].
Comparison of change between the two groups was not reported.



Table 3
Exercise training protocols for included studies.

Author Exercise protocol Comparator Duration Frequency Mode Water temperature
and immersion
depth

Outcome measures

Cider et al.,
2012

Aquatic exercise 45 min sessions
40–75% HRR

Usual activity 8 weeks ×3 per week Aerobic and
resistance training

33–34 °C
Neck deep
immersion

VO2 peak
6MWT
Muscle strength
QoL

Teffaha
et al.,
2011

Combined training = aquatic +
land
50 minute session aquatic
exercise + 30 minutes cycle
ergometer

Land only
50 minute session
callisthenic exercise + 30
minute cycle ergometer

3 weeks ×5 per week Aerobic exercise
Intensity
individualized to
THR

30–32 °C
Depth = 1.3 m

VO2 peak
Echocardiography
Non invasive
haemodynamic
measures

Caminiti
et al.,
2011

Combined training = aquatic
exercise + land training
30 minute daily, with exercise
conducted in different
environment on alternate days

Land training only
2 × 30 min alternate days
60–70% VO2 peak

24 weeks ×3 per week Aerobic exercise 31 °C
Xiphisternum

Echocardiography
6MWT
Noninvasive
haemodynamic
measures
Muscle strength

Mourot
et al.,
2010

Aquatic exercise
40 minute sessions + cycle
ergometer on land
30 minute sessions
60–70% HRR

Self controls
Land versus immersion
measures

3 weeks Aquatic × 3–4
per week
Land × 4–5
per week

Aerobic exercise 30–32 °C
Depth = 1.3 m

VO2 peak
Noninvasive
haemodynamic
measures

Svealv et al.,
2009

Aquatic exercise
45 minute sessions
40–70% HRR

Self controls
No exercise

8 weeks ×2 per week Aerobic exercise 33–34 °C Echocardiography
BNP

Mourot
et al.,
2009

Combined training = aquatic +
land
50 minute session aquatic
exercise + 30 minute cycle
ergometer

Land only
50 minute session
callisthenic exercise + 30
minute cycle ergometer
60–70% HRR

3 weeks ×5 per week Aerobic exercise 30–32 °C
Depth = 1.3 m

VO2 peak
NT-BNP, catecholamine
and NO metabolites
Noninvasive
haemodynamic
measures

Municino
et al.,
2006

Aquatic exercise
45 minute sessions
50% VO2 peak + 60–70% VO2

peak

No comparator 3 weeks ×2 per day
×5 per week

Aerobic exercise 31–32 °C
Sternal notch

6MWT
VO2 peak
Echocardiography
NT-BNP
QoL

Cider et al.,
2003

Aquatic exercise
45 minute sessions
40–70% HRR

Usual activity 8 weeks ×3 per week Aerobic and
resistance training

33–34 °C
Neck deep

VO2 peak
6MWT
Muscle strength
QoL

HRR = heart rate reserve, 6MWT = 6 minute walk test, QoL = quality of life, NT-BNP = N-terminal brain natriuretic peptide, and NO = nitric oxide.
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3.11. Quality of life

Quality of life was measured in three studies using the Minnesota
living with heart failure questionnaire (MLWHFQ) [9,10,16]. Whilst a
significant improvement (p = 0.01) was recorded in the aquatic inter-
vention group in two of these studies [9,10], aquatic exercise was not
superior to usual activity with regards to QoL.

3.12. Safety

No serious adverse events were reported in any of the studies in-
cluded in this review. Only one study documented negative conse-
quences of the aquatic intervention. These included a new episode of
arrhythmia in an individual with paroxysmal atrial fibrillation and epi-
sodes of mild fatigue in three individuals undertaking the first two
weeks of their training protocol [9].

4. Discussion

The findings from this review indicate that aquatic exercise training
is beneficial for individuals with stable HF, as it improves exercise ca-
pacity, muscle strength and QoL to a similar extent as land-based exer-
cise training. Some haemodynamic measures such as resting diastolic
blood pressure, heart rate and systemic vascular resistance may also
improve following this intervention. A combined approach including
aquatic exercise in addition to land-based training, may even be
superior to land-based training alone for 6MWT and peak power. The
primary outcome in this review was exercise performance. Of the
small number of studies included, meta-analysis of aquatic exercise
training versus alternative protocols, favoured the aquatic intervention
for 6MWT and peak power and demonstrated no significant impact
upon V̇O2peak. As 6MWT is a commonly used measure of performance
in these patients, this outcome seems very encouraging. However,
these results are based upon only two studies and a limited number of
participants, and as such should be interpreted with caution and should
not be extrapolated to all individuals.

Land-based training programmes have been extensively studied in
HF participants and improvements in V ̇O2peak post intervention are
commonly cited as being 15–25% [21,22]. Interestingly, smaller changes
were reported in the studies included in this review for both the aquatic
and land interventions (6–11% and 10.5–11% respectively). This may
suggest conservative or insufficient exercise volume or intensity in
these studies. In each study, exercise intensitywas prescribed according
to heart rate reserve and these same targets were used for both the
aquatic and comparator protocols. It is possible that heart rate may
not be the best indicator of exercise intensity given the acute haemody-
namic effects of immersion on this parameter. Determining exercise in-
tensity during aquatic exercise remains a challenge for the clinician.

Whilst aquatic exercise appears to evoke greater strength gains than
usual care, its benefit compared to land-based training protocols is less
certain. In the one study that compared these two training environ-
ments, no resistance training was included in the protocol. One might
assume that during aquatic exercise, the water itself may provide a



Fig. 2. Change in (a) VO2 peak, (b) 6MWT and (c) Peak power for aquatic exercise training versus comparator protocols.
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degree of resistance and consequent strength gains; however experts in
this field stress the importance of a strong working knowledge of the
physiological principles of hydrodynamics to achieve optimal results.
Consistent with previous studies which have demonstrated that resis-
tance training is the best modality for improving muscle strength in
Table 4
Muscle strength outcomes.

Outcome measure Author Aquatic interventio

LL isokinetic peak torque (60°/s) Cider et al., 2012 Aquatic exercise tra
Cider et al., 2003 Aquatic exercise tra

LL isokinetic peak torque (180°/s) Cider et al., 2012 Aquatic exercise tra
Cider et al., 2003 Aquatic exercise tra

Heel lift endurance (number) Cider et al., 2012 Aquatic exercise tra
Cider et al., 2003 Aquatic exercise tra

Shoulder flexion endurance (number) Cider et al., 2012 Aquatic exercise tra
Cider et al., 2003 Aquatic exercise tra

Shoulder abduction endurance (number) Cider et al., 2012 Aquatic exercise tra
Cider et al., 2003 Aquatic exercise tra

Hand grip strength (peak force) Cider et al., 2012 Aquatic exercise tra
Cider et al., 2003 Aquatic exercise tra

Isometric knee extension peak torque Cider et al., 2012 Aquatic exercise tra
Cider et al., 2003 Aquatic exercise tra

MVC quadriceps Caminiti et al., 2011 Aquatic + land trai
Peak torque quadriceps Caminiti et al., 2011 Aquatic + land trai

Within group significance *p b 0.05, **p b 0.01, and ***p b 0.001. Between group significance †p
Nm = Newton metres, N = Newtons, and MVC = maximum voluntary contraction.
this population, [23–25] merely transferring land-based exercises into
the aquatic environment is not sufficient. Best results would likely
ensue when specific resistance exercises are employed [4,26,27].

From the studies currently available, aquatic exercise does not ap-
pear to significantly influence cardiac dimensions or LVEF. This is not
n Comparator intervention Change from baseline aquatic Favours

ining Usual activity +5 Nm vs −4 Nm ns
ining Usual activity +1 Nm vs −7 Nm Aquatic†

ining Usual activity +31 Nm * vs −2 Nm Aquatic †††

ining Usual activity +18 vs −3 Nm ns
ining Usual activity +4 ** vs 0 Aquatic ††

ining Usual activity +4 ** vs −3 Aquatic ††

ining Usual activity +10 * vs 0 Aquatic †

ining Usual activity +6 ** vs +4 Aquatic ††

ining Usual activity +14 ** vs −8 * Aquatic †††

ining Usual activity +12 * vs −8 Aquatic ††

ining Usual activity +43 N vs −27 N* ns
ining Usual activity +13 N vs +4 N ns
ining Usual activity 0 N vs −8 N ns
ining Usual activity +2 N vs −2 N ns
ning Land training +23 N * vs +21 N * ns
ning Land training +17 Nm vs +9 Nm ns

b 0.05, ††p b 0.01, †††p b 0.001, and ns = non significant.
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an unexpected finding, given the relatively short duration of most
interventions. In the one study of long duration included in this review,
a number of positive haemodynamic benefits were reported that
favoured the aquatic intervention [11]. These included a reduction in
resting DBP and HR and an increase in resting stroke volume post pro-
gramme. In this study, Caminiti et al. [11] proposed that aquatic exercise
may provide a greater stimulus for central adaptive changes, particular-
ly with improved haemodynamics at rest. When combinedwith the pe-
ripheral physiological adaptations that are well documented to occur
with land-based training, a combined training approach may elicit
even greater physiological and functional benefit. This is yet to be con-
firmed however, and has not been observed in shorter duration studies.

No serious adverse events were reported for any of the 156 partici-
pants included in this review and adherence rates were listed between
92 and 95%, indicating a high acceptance in the selected trial partici-
pants. Quality of life improved in the few studies that included this pa-
rameter though was not superior to land-based training.

There are several limitations to this review. Firstly, trials were small
with carefully selected participants and results cannot be extrapolated
to all individuals with HF. Svealv et al., 2012 highlights potential
concerns for those with biventricular failure and pulmonary hyperten-
sion [18]. This case report suggests that potential subgroups may exist
for whom aquatic exercise training may not be recommended and
at this time clinicians should use good clinical judgement when
recommending this form of exercise for patients with HF. Decompen-
sated HF remains an absolute contra-indication for aquatic exercise
training.

In addition to the small number of trials included in this review,
three of the eight studies were not RCTs, and one did not include
controls. Raw data were not available for all measures. Participants
were predominantly males, had HF with reduced ejection fraction, and
aetiologywas primarily ischaemic. Individuals with orthopaedic or neu-
rological co-morbidities were often excluded, yet these are the very pa-
tients who might benefit most from this intervention.

Despite these limitations, this review indicates that aquatic exercise
training improves exercise performance in individuals with stable HF
and may provide a safe and acceptable alternative for those unable to
access or participate in traditional land-based programmes.

Further research should target those who are typically seen in clini-
cal practice such as those with HF with preserved ejection fraction, the
frail elderly, and those with significant co-morbidities. Trials should in-
vestigate the impact of this form of exercise on other parameters perti-
nent to HF such as diuresis, thermoregulation, fatigue and respiratory
muscle function, all of which may be influenced by exercise training in
this environment. Training intensity should bemeasured to inform pre-
scription. Finally, acceptability of aquatic exercise training for these in-
dividuals should also be explored.

5. Conclusion

For individuals with stable HF, aquatic exercise training improves
exercise capacity, muscle strength and quality of life similar to land-
based training protocols. Aquatic exercise training may provide a safe
and effective alternative to traditional land-based programmes for ap-
propriately selected patients. Results cannot be extrapolated to all indi-
viduals with HF. Future research should enrol more representative
samples to identify feasible training protocols to inform translation of
this research into everyday practice.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ijcard.2015.03.095.
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Background Providing flexible models and a variety of exercise options are fundamental to supporting long-term

exercise participation for patients with heart failure (HF). The aim of this pilot study was to determine

the feasibility and efficacy of aquatic exercise training during a maintenance phase for a clinical heart failure

population.

Methods In this 2 x 2 crossover design trial, individuals who had previously completed HF rehabilitation were

randomised into either a land-based or aquatic training program once per week for six weeks, after which

time they changed to the alternate exercise training protocol for an additional six weeks. Six-minute walk

test (6MWT), grip strength, walk speed, and measures of balance were compared for the two training

protocols.

Results Fifty-one participants (43 males, mean age 69.2 yrs) contributed data for the analysis. Both groups main-

tained function during the follow-up period, however improvements in 6MWT were greater in the land-

based training group (95% CI: 0.7, 22.5; p=0.038), by a mean difference of 10.8 metres. No significant

difference was observed for other parameters when the two training protocols were compared.
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Conclusion Attending an aquatic exercise program once per week is feasible for patients with stable HF and may

provide a suitable option to maintain functional performance in select patients.

Keywords Heart failure � Cardiomyopathy � Exercise training � Aquatic exercise � Hydrotherapy
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Introduction
The benefits of exercise training for individuals with stable

heart failure (HF) are well established [1]. Traditionally,

training is undertaken in a hospital or community gymna-

sium for a period of 8 to 12 weeks, with the exercise program

prescribed by experienced clinicians in accordance with cur-

rent guidelines [2]. Once rehabilitation is complete, ongoing

participation in regular exercise is recommended for all

individuals in order to maintain health benefits. Despite

the clear benefits of sustained exercise participation, it

remains a worldwide challenge for many clinicians, with

numerous authors reporting poor adherence during the fol-

low-up period [3–6]. The HF ACTION trial for example,

which is the largest exercise training trial conducted in

patients with HF, reported only 30% of individuals achieved

recommended exercise targets at 3 and 12 months follow-up

[7].

Exercise adherence is a complex domain influenced by

multiple factors [4,8]. For some individuals, structured,

group exercise classes in the maintenance phase have proven

beneficial [9,10]. For others, the type of exercise prescribed

may be an important factor [11]. Some of the exercises com-

monly included in traditional programs for example (exer-

cise bikes, treadmills), may not be enjoyable or may not be

seen to be functionally relevant by some participants, which

may thus impact upon exercise adherence [11]. Additionally,

frailty, chronic pain and multiple co-morbidities are common

in this population [12] and may thus preclude participation

in traditional group programs. Providing structured, alter-

native exercise opportunities in the maintenance phase, that

are perceived to be relevant, pleasurable and easily under-

taken, may enhance long-term exercise participation [9,11].

Aquatic exercise may be one such option.

Aquatic exercise, (exercise conducted in thermoneutral

water (33.5–35.5 8C)) has been shown to benefit a number

of rheumatological [13], respiratory [14] and balance disor-

ders [15]. It has only been in recent years that the benefits for

those with HF have been advocated. Recent small studies

suggest that in appropriately selected patients with stable

HF, aquatic-based exercise rehabilitation may improve a

number of outcomes [16]. To date however, studies investi-

gating aquatic exercise training in HF patients remain few,

methodology is highly variable, and outcome measures have

predominantly focussed upon physiological parameters.

Functional measures specific to patients who are frail or

elderly have not yet been examined, and the role of aquatic

exercise training in maintaining benefits following HF exer-

cise rehabilitation, is yet to be explored.

The purpose of this pilot study was to determine the

feasibility of implementing aquatic exercise training in a
Downloaded for Anonymous User (n/a) at Griffith University from
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clinical HF population. For the purposes of this study, train-

ing was implemented during a maintenance phase following

HF rehabilitation and efficacy was compared to a traditional

land-based training program. The outcomes of this study

were those functionally relevant to a clinical HF population

with the primary outcome being submaximal exercise capac-

ity and secondary outcomes included grip strength, gait

speed and measures of balance.
Methods

Participants
Individuals with stable HF were recruited from Heart Failure

Services at two large, tertiary teaching hospitals in Brisbane,

Australia, during 2010 and 2013. Participants were eligible

for inclusion if they had left ventricular dysfunction of any

cause, were diagnosed by echocardiography, and they had

recently completed a 12-week, land–based exercise rehabili-

tation program at one of the participating sites. Eligible

participants were identified by the clinical staff of the HF

Service at each site. For those interested, further information

was provided by a blinded assessor who completed the

consent process. All participants were on appropriate phar-

macological therapy and had stable HF symptoms for the

preceding three months. Participants were excluded if they

had decompensated HF or any other condition that pre-

cluded them from undertaking the aquatic program, such

as an active skin condition, chlorine sensitivity, incontinence,

active infection or an acute inflammatory or heat sensitive

condition.

Design
The study was conducted as a 2 x 2 crossover trial using

participants as their own controls. Study participants were

randomised at baseline into one of two maintenance exercise

training protocols which included either land-based or

aquatic exercise training, with randomisation defining the

program in which individuals commenced. Training was

undertaken in groups of six to eight attendees, with partic-

ipants remaining in their same group throughout the dura-

tion of the study. Since one participating hospital was unable

to provide the two exercise programs (aquatic + land-based

training) concurrently, randomisation took place by a sealed

envelope allocation at one centre and a block randomisation

at this second facility.

All assessments were undertaken by the external assessor,

blinded to the training protocol and the order in which

participants undertook their training. Assessments were con-

ducted at baseline, week 7 following the initial program and

week 14, following the alternative training program. The
 ClinicalKey.com.au by Elsevier on September 18, 2018.
opyright ©2018. Elsevier Inc. All rights reserved.
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study complied with the Declaration of Helsinki and was

approved by the Human Research Ethics Committee at both

participating sites.

Intervention
Programs took place at each hospital in either the hospital

gymnasium or heated pool, and were prescribed and pro-

gressed by the HF physiotherapist at each centre, and an

accredited exercise physiologist at one of the centres. Staff at

each site were highly experienced in prescribing exercise to

patients with HF and both physiotherapists also had signifi-

cant experience with respect to aquatic exercise training.

Specialist HF nursing staff assisted in collecting pre and post

session observations as well as providing supervision during

the training sessions at both sites.

Training programs were conducted once per week for a

period of six weeks, during which time individuals were also

encouraged to undertake their usual level of physical activ-

ity. Participants commenced in their allocated maintenance

training program (land-based or aquatic) followed by a one-

week break prior to commencing in the alternative training

intervention for a further six weeks. This training frequency

was selected as a means of replicating usual clinical practice

as precisely as possible. As such, consideration was given to a

realistic attendance for this often frail population in a main-

tenance phase of their rehabilitation, as well as the practi-

calities and resources of a busy clinical setting.

Sessions were one-hour duration and included a warm-up

and cool-down period which included walking and stretch-

ing activities. Following the warm-up, individually pre-

scribed upper limb and lower limb endurance and

resistance exercises were undertaken for 45 minutes by

means of moderate intensity interval training. Whilst some

exercises varied depending upon the individual’s condition,

participants undertook approximately six to seven different

exercises, of which 30 minutes was dedicated to endurance

training, and the remaining 15 minutes to resistance

training.

For land-based training, participants used traditional

equipment such as treadmills, exercise bikes, steps, free

weights and multi-station resistance equipment. Balance

activities were included as indicated. As it is not standard

practice for HF patients in Australia to undergo a cardiopul-

monary exercise test prior to commencing rehabilitation,

exercise intensity was prescribed and monitored using a

rating of perceived exertion (RPE) [17] of 9–14. All partic-

ipants had previously completed a HF rehabilitation pro-

gram and were thus very experienced with using this scale.

For endurance activities, exercise duration was progressed

on a weekly basis with intensity adjusted to maintain an RPE

between 9 and 14. For resistance exercises, repetitions were

progressed to three sets of 20 repetitions prior to increasing

the load.

Exercises in the aquatic program were replicated as closely

as possible to those performed on land with the aim of

achieving a similar intensity (i.e. 9–14 RPE). Cycling, for

example, was undertaken using floatation equipment and
Downloaded for Anonymous User (n/a) at Griffith University fro
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steps were used for stepping exercises. Equipment such as

hand paddles and floatation rings were used to provide

resistance and the speed of activities was modified to control

exercise resistance and intensity. Pool temperature was

maintained between 33–348 C and participants exercised at

a depth with water at chest level.
Outcome Measures
Submaximal exercise capacity was measured using the

6MWT. This was performed according to recommended

procedure, on a 30-metre track, with standard encourage-

ment provided every minute [18]. Grip strength was mea-

sured using a hand held dynamometer (Saehan SH5001,

Masan, Korea). For this measure, participants were posi-

tioned in a upright sitting position with the elbow 908 flexed

by their side. Three trials were performed on each arm with

the highest (best) result in kilogram strength recorded for the

purposes of analysis. Ten-metre walk speed [19] was mea-

sured on a 14-metre flat track. To account for acceleration and

deceleration effects during this test, the time in seconds taken

for the participant to walk only the middle 10 metres of the

track was recorded. Participants were asked to undertake the

test at both a comfortable ‘‘like a walk in the park’’ and fast

‘‘like hurrying for a bus’’ pace. Two tests were performed for

each test using their usual walking aid and the fastest (best)

result for each test was recorded. Balance was measured

using the Balance Outcome Measure for Elder Rehabilitation

(BOOMER) [20]. This validated tool is a global measure of

standing balance incorporating four commonly used balance

tests including the Timed Up and Go Test (TUGT), Func-

tional Reach Test (FRT), step test and the static standing with

eyes closed test. Performance for each test is scored on a scale

ranging from 0 to 4, with a maximal (best) possible score of

16.

Additional patient information including demographics,

aetiology of HF, left ventricular ejection fraction (LVEF) and

relevant past medical history, was obtained through patient

interview and review of hospital medical records. Atten-

dance and completion of sessions was recorded for each

individual on a separate recording form each week. Blood

pressure, heart rate, oxygen saturation, body weight blood

glucose (in those with diabetes) and body weight were also

recorded on this same recording form prior to and following

each exercise session. Finally, survey data was collected from

all participants to record perceptions about both training

environments and in a small subset of patients, facilitators

and barriers to participation were explored in more detail

through formal patient interviews. Results of these will be

reported elsewhere.
Data Analysis
Participants’ demographic and clinical characteristics are

summarised using standard descriptive statistics and com-

pared between the two allocated groups using chi-square or
m ClinicalKey.com.au by Elsevier on September 18, 2018.
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Figure 1 Flow diagram of study participants.
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Fisher’s exact test and t-tests, as appropriate for the categori-

cal and continuous variables.

Change in outcomes for period 1 (baseline to week 7) and

period 2 (week 7 to week 14) were described for each alloca-

tion group. The effect of treatment (aquatic or land-based

exercise), period 1 or 2 (defined above), and sequence (order

of treatment administration) of the treatment allocation for

each of the six functional outcomes were analysed using the

general linear model. Treatment, period, and sequence were

assumed as fixed effects and subject-within-sequence was

treated as a random effect in the model. Mean values with

95% confidence intervals for each of these functional out-

comes were estimated and compared by the two treatment

interventions. Accounting for a dropout rate of 15% and

assuming alpha 0.05 and 80% power, 50 participants were

calculated as being necessary to detect the minimally impor-

tant difference for 6MWT distance in this study.
Results
Sixty-five individuals were identified as being eligible to

participate in this study, four of whom declined on the basis
Downloaded for Anonymous User (n/a) at Griffith University from
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of not wishing to exercise in water. Of the 61 individuals who

consented to participate, 3 were unable to complete due to

non HF related illness, 3 withdrew after becoming symptom-

atic with immersion, 2 withdrew due to an exacerbation of

HF unrelated to the exercise training, and 2 were lost to

follow-up (Figure 1). Fifty-one participants therefore contrib-

uted data for the analyses, of which 32 were from one facility

and 19 from the other. Baseline characteristics of these par-

ticipants are presented in Table 1. With the exception of age,

there was no significant difference in measured character-

istics between the two randomised groups. Participants were

predominantly male, and most commonly had New York

Heart Association (NYHA) class II symptoms, ischaemic

aetiology, and a number of co-morbid conditions including

atrial fibrillation, chronic obstructive pulmonary disease

(COPD) and diabetes mellitus. Mean age was 69.2 +/- 11.6

years. Participants attended both programs similarly, with a

mean attendance of 5.1 sessions for the aquatic training and

5.3 sessions for land-based training.

As demonstrated in Table 2, the effect of sequence (order of

treatment administration) was non-significant for all out-

come measures, indicating that the order in which the inter-

ventions were undertaken did not influence results. Period
 ClinicalKey.com.au by Elsevier on September 18, 2018.
opyright ©2018. Elsevier Inc. All rights reserved.



Table 2 Statistical significance of functional outcomes
due to period and sequence.

Major functional outcome Period

(p-value)

Sequence

(p-value)

6 minute walking distance (m) 0.057 0.457

Grip Strength (kg) 0.495 0.637

TUG (secs) 0.040* 0.533

BOOMER 0.062 0.699

Walk speed (secs)

Comfortable pace 0.007* 0.093

Fast pace 0.412 0.131

Period = timing of treatment administration, Sequence = order of treat-

ment administration, TUG = Timed Up and Go; BOOMER, Balance Out-

come Measure for Elder Rehabilitation
*p-value < 0.05

Table 1 Baseline characteristics of participants.

Selected Characteristics Overall sample

(n=51)

Mean (95% CI)

Aquatic then Land-based

exercise (n=29)

Mean (95% CI)

Land-based then Aquatic

exercise (n=22)

Mean (95% CI)

p-value

Age (yr) 69.2 (66.0,72.5) 72.9 (69.7,76.1) 68.3 (64.0,74.0) 0.01

Gender, n (%)

Male

43 (84.3) 26 (81.3) 17 (89.5) 0.44

HF aetiology, n (%)

Ischaemic 28 (54.9) 15 (51.7) 13 (59.1)

Dilated CMP 15 (29.4) 7 (24.1) 8 (36.4) 0.17

HFPEF 8 (15.7) 7 (24.1) 1 (4.5)

NYHA, n (%)

I 3 (5.9) 2 (6.9) 1 (4.5)

II 41 (80.4) 22 (75.9) 19 (86.4) 0.66

III 7 (13.7) 5 (17.2) 2 (9.1)

AF, n (%) 17 (34.0) 10 (34.5) 7 (33.3) 0.93

COPD, n (%) 17 (33.3) 9 (31.0) 8 (36.4) 0.69

OSA, n (%) 9 (17.6) 3 (10.3) 6 (27.3) 0.15

DM, n (%) 15 (29.4) 10 (34.5) 5 (22.7) 0.36

CKD, n (%) 6 (11.8) 4 (13.8) 2 (9.1) 0.69

PVD, n (%) 4 (7.8) 2 (6.9) 2 (9.1) 1.00

LBP, n (%) 4 (7.8) 3 (10.3) 1 (4.5) 0.63

Depression, n (%) 6 (11.8) 4 (13.8) 2 (9.1) 0.69

6MWT (m)

394.6 (359.0, 430.3) 375.1 (319.2, 430.9) 419.5 (377.6, 461.5) 0.22

Grip Strength (kg) 30.2 (27.4, 33.2) 29.3 (25.5, 33.1) 31.3 (26.0,36.6) 0.53

TUG (secs) 9.4 (8.2, 10.7) 9.9 (8.1, 11.7) 8.8 (7.1, 10.5) 0.39

BOOMER 13.8 (13.2, 14.5) 13.9 (13.0, 14.8) 13.7 (12.6, 14.8) 0.80

Walk speed time (secs)

Comfortable pace 9.0 (8.1, 9.9) 9.6 (8.2, 11.1) 8.1 (7.3, 8.9) 0.09

Fast pace 7.1 (6.3, 8.0) 7.6 (6.3, 9.0) 6.4 (5.8, 7.2) 0.17

CMP = cardiomyopathy; HFPEF = HF with preserved ejection fraction; AF = Atrial fibrillation; COPD = Chronic obstructive pulmonary disease; OSA = obstruc-

tive sleep apnoea; DM = Diabetes mellitus; CKD = Chronic Kidney Disease; PVD = Peripheral vascular disease; LBP = Low back pain; 6MWT = 6 Minute walk

test; TUG = Timed up and go test; BOOMER = Balance Outcome Measure for Elder Rehabilitation

576 J. Adsett et al.
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effect was statistically significant for TUG and walk speed

performed at a comfortable pace. As depicted in Supplemen-

tary Figure 1, improved performance was observed in period

2 for both parameters. This same trend was observed for all

other outcomes. The non-significant effect of sequence justi-

fied the crossover design. Analysis was undertaken by using

pooled data for all participants (n=51), adjusted for period

and sequence to estimate the overall treatment effect of the

two training protocols.

Table 3 illustrates the overall treatment effect of the train-

ing protocols for each outcome measure. Overall, functional

measures were maintained or slightly improved throughout

the 14-week follow-up period, regardless of initial allocation.

Land-based training was associated with a slightly longer

walking distance compared to the aquatic training protocol

with a mean difference of 10.8 metres (95% CI: 0.7, 22.5,

p=0.038). Figure 2 illustrates the change in 6MWT distance

according to training protocol, for the three assessment time
m ClinicalKey.com.au by Elsevier on September 18, 2018.
Copyright ©2018. Elsevier Inc. All rights reserved.
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Table 3 Mean with 95% confidence interval and significance for the treatment of aquatic and land-based exercise.

Major functional outcome Baseline

Mean (95%CI)

Aquatic exercise

Mean (95%CI)

Land-based exercise

Mean (95%CI)

p value

6MWT (metres) 394.6 (359.0, 430.3) 395.4 (387.7, 403.0) 406.2 (399.3,414.6) 0.038*

Grip Strength (kg) 30.2 (27.4, 33.2) 31.1 (30.2,32.0) 30.9 (30.0,31.8) 0.751

TUG (secs) 9.4 (8.2, 10.7) 9.1(8.9,9.4) 8.9 (8.7,9.2) 0.206

BOOMER 13.8 (13.2, 14.5) 13.8(13.5,14.1) 14.0 (13.7,14.3) 0.301

Walk speed (secs)

Comfortable 9.0 (8.1, 9.9) 8.6 (8.3,8.9) 8.6 (8.4,8.8) 0.883

Fast pace 7.1 (6.3, 8.0) 7.1(6.9,7.4) 7.1 (6.8,7.3) 0.706

6MWT = 6 Minute walk test; TUG = Timed Up and Go; BOOMER = Balance Outcome Measure for Elder Rehabilitation
*p-value < 0.05 land versus aquatic training
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points. There was no significant difference in outcomes

between aquatic and land-based training for any of the other

functional parameters.

Discussion
This study demonstrated that conducting weekly, super-

vised, aquatic exercise training in a clinical setting is feasible

for a select group of HF participants who had recently com-

pleted a land-based rehabilitation program. To the authors’

knowledge, this is the largest trial of aquatic exercise con-

ducted in this population to date. Both training programs

were equally well attended, and for all outcomes perfor-

mance was maintained throughout the study duration. For

the primary outcome of 6MWT, there was a statistically

greater improvement in the distance walked with land-based

training, by a difference of 10.8 metres. The clinical relevance

of this finding however, is questionable since the minimal

important difference for this parameter is 36 metres in this

population [21]. Slightly greater functional gains were

observed in the second period for all parameters. This

occurred regardless of the order in which the interventions

were undertaken and perhaps reflects the cumulative effect

of longer exercise participation.

The consideration of aquatic exercise as a mode of exercise

training has current clinical relevance. With the strong evi-

dence for exercise training, it is now recommended that all

patients with HF have access to specialist exercise interven-

tions [22]. Whilst traditional centre-based rehabilitation pro-

grams provide an ideal environment in which to provide this

training and support, poor uptake has led exercise clinicians

to seek alternative models in which to engage these patients

[4]. This is particularly relevant for select patient groups such

as females, who are not only less likely to be referred to

rehabilitation compared to their male counterparts, but who

are also less likely to complete these programs [23]. In the

current study, 84% of participants were male. Whilst this is

not dissimilar to previously reported studies [8], it is possible

that the requirement of study participants to have previously

completed HF rehabilitation in our study, may have further
Downloaded for Anonymous User (n/a) at Griffith University from
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concentrated the number of male participants. Barriers to

participation, such as exercising in a swim-suit, must also

be considered a contributing factor, however it was not the

experience in this study.

Maintaining functional performance over time is an impor-

tant result. Unless an individual continues to partake in

regular aerobic activity, the benefits of exercise training

are short-term only. From the few studies that report the

rate of decline in exercise capacity following HF rehabilita-

tion, it is known that detraining can occur within as little as

three to six weeks [24,25]. There was little clinical improve-

ment observed in this study over the 12 weeks, which may

have been the consequence of individuals being recruited

following an intense period of rehabilitation. Importantly

there was also no deterioration in measured outcomes over

this same period which would suggest that as a maintenance

program, whose primary aim was to prevent deterioration in

performance, both aquatic and land-based programs were

similarly effective.

Attending a structured program as little as once per week

was sufficient to maintain exercise performance, regardless

of exercise type. Similar results have been reported in
 ClinicalKey.com.au by Elsevier on September 18, 2018.
opyright ©2018. Elsevier Inc. All rights reserved.
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previous studies in which exercise training less than twice

per week was sufficient to maintain health benefits [7,26].

Furthermore, as exercise outcomes are dose dependent, rec-

ommendations relating to specifics such as frequency, inten-

sity and duration are often targeted for best outcomes. This

may deter less active individuals. Tailoring advice to

enhance participation and thus lessen sedentary behaviour

should also be encouraged [27].

Three participants withdrew from the aquatic program

due to symptoms which occurred during the training ses-

sions. One participant with concomitant oxygen dependent

COPD, experienced increasing shortness of breath when in

the water. For two participants, dizziness was the primary

symptom and occurred immediately upon first immersion on

each individual’s first attendance. Both participants had a

history of biventricular HF and moderate to severe tricuspid

regurgitation. These cases are similar to a case described by

Svealv et al., in 2012 [28]. In this case report of a patient with

biventricular failure, echocardiography during immersion

demonstrated a reduction in right ventricle (RV) systolic

function and an increase in RV pressure. The patient experi-

enced no symptoms other than a perception of feeling cold

for several hours afterwards. These haemodynamic changes

led the authors to propose that aquatic exercise training may

not be safe for those with biventricular failure and pulmo-

nary hypertension. Our experience would appear to support

this finding.

There are several limitations to our study. As aquatic

training is not commonly employed as an exercise inter-

vention for patients with HF in Australia, the sample was

carefully selected and a conservative approach was under-

taken in order to ensure safety. This conservative approach

may have resulted in a low training stimulus. Whilst the

majority of participants were recruited to the study imme-

diately following their rehabilitation program, there was a

small number for whom there was a delay, the duration of

which was not recorded. Additionally, as the training dura-

tion was for a 12-week period only, we are unable to

comment on the effect of the interventions beyond this

time. A small difference in age was noted at baseline

between the two randomised groups, however since all

individuals completed both training programs and there

was no sequence effect, it is unlikely that this influenced

results. Furthermore, heated pools are not commonplace in

many health facilities, thus limiting generalisability of

results, however referral to appropriately tailored aquatic

programs in the community may be a valid and worthwhile

option for clinicians. Finally, we did not capture systematic

data on other exercise being undertaken by participants at

home.

Despite these limitations, this study adds to the practical

application of aquatic exercise for HF patients. This study

was conducted in a ‘‘real world’’ clinical setting using

patients recruited to standard heart failure rehabilitation

programs. Participants who attended the aquatic exercise

training were not disadvantaged for doing so, when com-

pared to the traditional land-based training program.
Downloaded for Anonymous User (n/a) at Griffith University fro
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Conclusion
This pilot study demonstrates that it is feasible for aquatic

exercise training to be undertaken in stable HF patients

during a maintenance phase in a clinical setting. Attending

one session per week was sufficient to maintain functional

performance throughout the study duration. Future studies

are warranted to further explore aquatic exercise as a viable

option for HF rehabilitation, in particular, as a stand-alone

intervention. Improved understanding of the haemodynam-

ics and physiology of HF in the aquatic environment may

help to enhance patient selection and exercise intensity to

optimise this promising mode of exercise training.
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A B S T R A C T

Background: Aquatic exercise training may be suitable for people with stable heart failure (HF) to engage in
physical activity.
Objectives: Acceptability, experiences and preferences regarding aquatic and traditional land-based exercise
training, were explored in people with HF.
Methods: As part of a comparative intervention study, participants completed a questionnaire assessing
acceptability, benefits and challenges of aquatic compared to land-based programs. Semi-structured inter-
views explored participant experiences in greater depth.
Results: Forty-eight participants, (mean age 70 + /- 11 years), completed the questionnaire and 14 partici-
pated in semi structured interviews. Aquatic exercise was regarded as acceptable and beneficial. Motivators
were similar for both programs and included: a skilled and compassionate workforce, tailored care, per-
ceived health benefit, sense of safety and an inclusive and enjoyable environment. Few barriers were identi-
fied for either program.
Conclusions: Aquatic and land-based exercise training are equally acceptable for people with stable HF and
motivators are similar for both programs.
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Introduction

In people with stable heart failure (HF), regular exercise is associ-
ated with improvements in symptoms, exercise capacity, quality of
life and clinical outcomes.1�4 Despite strong evidence and recom-
mendations, uptake of structured, centre-based exercise training pro-
grams and sustained participation in physical activity outside of the
health care facility remains poor.5,6

Several factors contribute to poor exercise participation in people
with HF. These include poor self-efficacy, presence of co-morbid con-
ditions such as depression and pain, older age, sedentary habits, poor
social support and disease severity.5,7�9 Socioeconomic variables
such as transport, education and financial constraints, and health sys-
tem variables such as poor referral systems and resources are also
potential barriers.6,10,11 Whilst some strategies enhance short term
exercise participation, few have successfully demonstrated improve-
ments in the long term.12 It is possible that alternative modes of exer-
cise training may appeal to a broader population. Aquatic exercise
training is one such example.

Aquatic exercise [exercise conducted in thermoneutral water
(32�34 °C)], uses the properties of buoyancy and turbulence to both
assist and resist movement, thereby making it suitable for individuals
of all functional abilities.13 It may also prove appealing to those lim-
ited by pain or disability or those unaccustomed to equipment such
as treadmills and exercise bikes. Whilst studies on aquatic exercise
training and HF are limited, existing literature suggests that it is safe
and at least as effective as land-based training for improving exercise
outcomes.14,15 In people who share similar symptoms, such as those
with chronic lung disease, this form of exercise has been shown to be

mailto:Julie.adsett@health.qld.gov.au
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acceptable.16 Whether people with HF also perceive this mode of
exercise to be acceptable remains unclear.

The specific aims of this study were to describe the motivators and
barriers experienced by people with HF participating in aquatic exer-
cise training programs. In so doing, we sought to describe acceptabil-
ity, expectations, perceived benefits and concepts contributing to
participant preference compared to land-based training.

Methods

Design and participants

This mixed methods study was nested within a larger crossover
design trial (ACTRN12611000036910), undertaken to investigate the
efficacy of aquatic exercise training compared to land-based training
in people with stable HF.17 In brief, participants were recruited from
HF services at two large metropolitan hospitals in Brisbane, Australia
from 2010 � 2013. Participants were eligible if they had documented
evidence of symptoms (dyspnoea, fatigue + /- peripheral oedema),
with or without signs of HF, in addition to echocardiographic evi-
dence of reduced ejection fraction (EF< 45%) or HF with preserved
ejection fraction (EF> 50% plus objective diastolic dysfunction). For
inclusion in the study, participants were also required to have com-
pleted a 12 week, land�based exercise training program in the pre-
ceding 12 months. Participants were randomised to either six weeks
of aquatic or land-based exercise training, after which time they
rested for one week prior to crossing over to the alternate program
for an additional six weeks.

Training sessions in both programs were conducted weekly for
one hour, and included 10 minutes warm up and five minutes cool
down, undertaken in the respective training environment. Sessions
incorporated a range of individually prescribed upper limb and lower
limb endurance and resistance exercises. Where appropriate, balance
activities were also included. All exercises were prescribed and pro-
gressed by a HF physiotherapist at each site, experienced in land and
aquatic exercise training. Exercise intensity was maintained at 9�14
on the rating of perceived exertion scale (RPE 6�20 scale) and pro-
grams were also supervised by HF nurses. For the aquatic program,
pool temperature was maintained between 33�34 °C and partici-
pants exercised in chest deep water. Exercises were replicated as
close as possible to those performed on land, and water turbulence
and hydrotherapy equipment were used to control exercise resis-
tance and intensity.

Thirty-six participants commenced in the aquatic program and 25
participants in the land-based program. Measures of balance, grip
strength, walk speed and six minute walk distance were assessed in
the 61 participants at baseline and following completion of each
training regime. Results of the main study have been reported previ-
ously and showed no significant differences between programs.17

The current study reports results of a questionnaire provided to all
participants following completion of the crossover trial, as well as
semi-structured interviews conducted with a selection of program
participants and non participants. The study was approved by the
Human Research Ethics Committees at the two participating hospitals
and Griffith University.

Questionnaire

As there is no validated tool specific to aquatic exercise training in
people with HF, a questionnaire was purposefully designed by the
research team, and piloted and revised in consultation with four HF
patients to ensure ease of comprehension and relevance to the study.
Part A of the questionnaire explored participants’ experience with
the aquatic program and included 13 statements about acceptability,
perceived benefits and discomfort, generated from clinical experience
Downloaded for Anonymous User (n/a) at Griffith University 
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and previous literature from other clinical and non-clinical popula-
tions.16,18 Part B of the questionnaire comprised eight statements
which included four specific to land-based exercise training and four
comparing the two programs. A 10-point Likert scale ranging from 1
“not at all true” to 10 “very true” was used to quantify all statement
responses. Regardless of the order in which participants undertook
the training programs, the entire questionnaire was completed at the
final assessment, one week following completion of the crossover
trial.

Qualitative evaluation

Participants’ perceptions regarding motivators and preferences
relating to the aquatic and land-based exercise programs were
explored using qualitative methods. Seven participants declined par-
ticipation in the crossover trial and were invited to contribute to this
component of the study. Participants who had completed the aquatic
program were sought who were similar in terms of age and gender
and from across both training sites to ensure diverse views and differ-
ing perspectives were represented.

Staff of the respective HF services invited individuals to partici-
pate, within 12 weeks of them completing the intervention study.
The lead investigator contacted interested participants via telephone
and upon consent, then conducted a single, semi-structured inter-
view of approximately 30 minutes duration at a venue determined by
each participant. Support persons were invited to be present if
requested. Participants were asked to speak freely about their experi-
ences with land-based and aquatic exercise training, including
expectations, perceived benefits and preferences. Comparisons
between the two exercise programs were also explored. For the seven
participants who declined the intervention trial but consented to
semi structured interviews, open discussion about their expectations
and perceptions regarding the different forms of exercise was encour-
aged. These participants were familiar with land-based exercise train-
ing, however unaccustomed to aquatic exercise training. Field notes
were taken immediately following all interviews.

Descriptive characteristics (age, body mass index, HF aetiology,
left ventricular ejection fraction and comorbid conditions) were col-
lected from medical notes, prior to interviews being conducted. Char-
acteristics of participants who did and did not complete the
questionnaire were compared using chi-square tests for categorical
variables and t-tests for continuous variables.

Data analysis

Participant characteristics were summarised using standard
descriptive statistics. Questionnaire responses were summarised for
each question using median and interquartile range, as they were
non-normally distributed.

For the qualitative component of the study, all interviews were
audio recorded and transcribed verbatim within one week of the
interview. Participants reviewed their respective de-identified tran-
script for accuracy and approval. Data were analysed using the the-
matic framework approach described by Braun and Clark19 and
included preliminary familiarisation with the data followed by gener-
ation of initial codes. Researchers then moved back and forth
between transcripts searching for themes. This was continued until
no new themes were identified, and researchers confirmed that data
saturation had been achieved. Findings were subsequently reviewed,
defined and summarised into major conceptual themes which were
then crosschecked with original transcripts.

The researchers employed several steps to ensure trustworthiness
of the acquired data. The lead investigator was trained in the inter-
view process by researcher SK, an experienced qualitative researcher,
who was also present at the first two interviews. Researcher AM
from ClinicalKey.com.au by Elsevier on December 19, 2018.
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n=68

Declined = 7
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Fig. 1. Flow of participants.
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independently reviewed and coded two transcripts to ensure consis-
tency of coding and generation of themes. All researchers were con-
sulted for final summation of themes to ensure consensus. With the
exception of the lead investigator, the research team had non- clinical
roles and therefore no association with any participants. Triangula-
tion with questionnaire data was also used to explore consistency of
responses.

Results

From the 61 participants in the crossover trial, 48 participants
completed the questionnaire and thus contributed data for the survey
analysis. Fourteen people participated in semi-structured interviews.
This included seven who declined participation in the intervention
trial but who consented to the interview (NA 1�7) and seven who
completed the aquatic exercise program within the crossover trial
Table 1
Participant characteristics

Questionnaire participants
(n = 48)

Age, mean (SD) 70 (11)
Male gender, n (%) 39 (83)
NYHA, I n (%) 3 (6)

II 38 (79)
III 7 (15)

HF aetiology, n (%)
HFrEF ischaemic 28 (58)
other 14 (29)
HFpEF 6 (13)

Average EF, mean % (SD) 38 (12)
BMI, mean (SD) 29.8 (6)
Co-morbidities, n (%)

Atrial fibrillation 18 (37)
Hypertension 21 (44)
D1X XDM 14 (29)
COPD 9 (19)
Peripheral vascular disease 4 (8)

NYHA, New York Heart Association; HF, Heart Failure; HFrEF, Heart failure with reduced ejec
BMI, Body Mass Index; T2DM, D2X XDiabetes mellitus; COPD, Chronic obstructive pulmonary disea
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(A 1�7). No individuals declined participation in the interview pro-
cess. Fig. 1 demonstrates the flow of participants through the study.

As summarised in Table 1, questionnaire participants were pre-
dominantly male, had New York Heart Association class II symptoms
and had HF with reduced ejection fraction. Mean age was 70 years.
Approximately half of participants had HF from ischaemic origin.
Baseline characteristics from the 13 participants who did not supply
a post program questionnaire did not significantly differ from the
study cohort (data not shown). A similar profile was observed for
interview participants, however co-existing hypertension was more
common in these individuals and atrial fibrillation was more common
in those who did not attend the aquatic program.

Questionnaire data

Table 2 reports responses to part A of the questionnaire. Results
indicate a high degree of acceptability for the aquatic program, as
indicated by a high level of agreement that it was enjoyable, and that
participants felt confident and safe. Respondents reported fatigue to
be a common symptom, however seldom associated chest pain,
breathlessness or dizziness with exercising in the water environment.
There was moderate agreement that exercising in the water eased
muscle and joint pain, with similar results reported for improving
balance. Few barriers to participation were reported.

Table 3 demonstrates median scores for statements pertaining to
land-based exercise and comparisons with the aquatic program. Par-
ticipants rated enjoyment and safety of land-based training very
highly, although there was variability in confidence about continuing
the exercise outside of the hospital environment. Opinions were
evenly divided around preference for the aquatic or land-based pro-
gram.

Qualitative data

Five major themes emerged as being important motivators for
exercise participation and were identical for both aquatic and land-
based exercise training programs. Central to all themes was the
importance of having a skilled and compassionate workforce. As
depicted in Fig. 2, other themes were sense of safety, tailoring care to
the individual, inclusiveness and enjoyment, and perceived health
benefit.
Interview participants

Attended aquatic
program (n = 7)

Did not attend aquatic
program (n = 7)

70 (11) 74 (6)
4 (57) 5 (72)
0 (0) 0 (0)
6 (86) 6 (96)
1 (14) 1 (14)

3 (43) 5 (72)
4 (57) 1 (14)
0 (0) 1 (14)

39 (13) 39 (13)
29.6 (5) 29.2 (4.6)

2 (28) 4 (57)
6 (86) 6 (86)
3 (43) 4 (57)
1 (14) 1 (14)
0 (0) 1 (14)

tion fraction; HFpEF, Heart failure with preserved ejection fraction; EF, Ejection fraction;
se.
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Table 2
Summary of questionnaire responses

Questionnaire statement Median (IQR)
(n = 48)

I enjoyed the water-based exercise program 10 (10�10)
I felt confident exercising in the hospital pool 10 (10�10)
I felt safe to exercise in the hospital pool 10 (10�10)
Exercising in water improved my balance 7 (5�10)
Exercising in the water eased my muscle and joint pain 7 (1�10)
Exercising in the pool gave me chest pain+ 1 (1�1)
Exercising in the water made me more breathless+ 1 (1�1)
Exercising in the water made me dizzy+ 1 (1�1)
Exercising in water made me feel tired and fatigued+ 2 (1�5.3)
I felt nervous about wearing a swimsuit in front of other people+ 1 (1�1)
The temperature of the water was neither too warm nor too cool 10 (8�10)
The change rooms were too cold+ 1 (1�1)
I didn't like getting my hair wet+ 1 (1�1)

+ denotes reverse/ negative answer statement.
Results refer to a 10-point Likert scale in which 1 = “not at all true” and 10 = “Very true”.
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Theme 1. Skilled and compassionate workforce
The role that staff play in creating a safe, supportive and enjoyable

environment for exercise training was highlighted by all participants.
This was a key motivator that underpinned all other themes. Avail-
ability of experienced staff and processes that reinforced a sense of
safety were important factors expressed.

“At the hospital you had the professionals around you, so they could
sort of help you if anything was wrong, whereupon I think at an ordi-
nary gym, sometimes there's nobody there.” (A2)

Participants also expressed the importance of staff possessing
skills that extend beyond professional knowledge and experience.
Being empathetic, understanding, and encouraging were staff traits
that motivated all participants. This relationship of trust and rapport
was illustrated by one participant who stated:

“I was encouraged by and enjoyed the company of the staff in the
gym. There wasn't ever any occasion I felt excluded. There was
always a feeling, a warmth there. Everyone was always interested
without being nosey. They treat you the right way which encouraged
you to keep coming.” (A6)
Table 3
Questionnaire responses according to land-based training and land versus and aquatic
exercise training

Questionnaire statement Median (IQR)
(n = 48)

Land-based exercise training
I enjoyed the land-based exercise program 10 (9�10)
I felt confident exercising in the hospital gymnasium 10 (10�10)
If available, I would continue to attend the gym program

at the hospital
10 (10�10)

I feel confident to continue land-based exercises outside
of the hospital

10 (5�10)

Land versus aquatic exercise training
I felt safer exercising in the gymnasium compared to the

exercising in the pool +
2.5 (1�5)

Exercising in the gymnasium was harder work than
exercising in the pool +

5 (1�7)

Exercising in the gymnasium made me fitter than
exercising in the pool +

5 (1.5�7)

If given the choice, I would prefer to exercise in the
gymnasium than in the pool+

5 (1�9.5)

+ denotes reverse/ negative answer statement.
Results refer to a 10 point Likert scale in which 1 = “not at all true” and 10 = “Very true”.
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Theme 2. Sense of safety
No participant expressed concerns regarding safety of aquatic

exercise specifically related to their HF diagnosis. Symptoms such
as chest pain, shortness of breath and dizziness were seldom
reported for either program. Almost all participants highlighted
the sense of safety that they felt by being in a hospital environ-
ment and through regular physiological and physical monitoring.
For example:

“There's someone there that can check out the blood pressure, and all
the rest of it to make sure you're not going to cark it on the spot. I
find that is probably far better for you than some outside place that
really doesn't have any idea of what your problems are.” (NA 3)

The company of others also promoted a sense of safety as con-
veyed by one participant who stated “If I was by myself I would have
worried a bit.” (A2) For some individuals, safety of the physical envi-
ronment, by ensuring dry and non-slip floors surrounding the pool,
was also an important consideration.

In some cases, this sense of safety promoted confidence about
continuing to exercise independently, as illustrated by the comment.

“Going into the pool and doing the exercises, it made me feel like I
could go over to [local pool] and get back in the pool and do exer-
cises.” (A1)

Theme 3. Tailoring care to the individual
For many, receiving individualised care was a key motivator

for exercise participation. An important component of this was
having the exercise program prescribed in accordance with HF
recommendations with due consideration of comorbidities and
functional level. For some individuals who perceived themselves
to be more fragile than others, this theme was often closely
linked to a sense of safety.

“Because of the irregular heart beat I'd have to go and sit down.
They'd keep an eye on me or they'd take me off the machine they
thought was causing a bit of a problem and put me on something else
that was not as strenuous from that point of view.” (A2)

Conversely, others who identified with a history of exercise
behaviour, still appreciated a tailored approach to ensure safety. “I’D13X Xd
been a sportsman all of my life.” “Training was second nature”. “I knew I
needed to get fit, in a safe way, rather than being stupid about it.” (NA 6)

In some cases, individuals referred to the impact of gender on
exercise perceptions and behaviours. This was illustrated by one par-
ticipant who’ d been a lifelong exerciser. “But the nurses would say
“Slow down, don't go too fast. You know you just get yourself into trou-
ble.” And that's just a male I think, like, I don't know what it is. A male
wanting to be Arnold Schwarzenegger.” (A4)

Whilst familiarity was a key driver for some, exercise variety was
also highlighted by some participants, as illustrated by the statement:
“There is a range of exercises that I did, in the gym. Various things. You
know, the weights, the leg movements, the bike, the walking, all those
sorts of things. Even rolling that ball up and down, you know up your
back. They were all different. I couldn't imagine that those things would
be available in the pool.” (NA 2)

Theme 4. Inclusiveness and enjoyment
Almost all participants emphasized the importance of enjoyment,

shared humour, inclusiveness and social interaction in relation to
both programs.

“I think in the gym we had good friendly communication that went
on. It wasn't only in the gym, it was in the pool as well.” (A4)
from ClinicalKey.com.au by Elsevier on December 19, 2018.
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Fig. 2. Conceptual framework summarising interview findings related to shared motivators for land-based and aquatic exercise training.

ARTICLE IN PRESS

J.A. Adsett et al. / Heart & Lung 00 (2018) 1�7 5
Social interaction and overcoming social isolation were important
motivators, as was peer support.

“Because when something like this happens, you'll be at work with a
lot of people around you and all of a sudden you're not working any-
more. There's only you, so I think this sort of thing gets you out of the
house, gets you in with another group of people that have something
in common.” (A2)

Theme 5. Expected and perceived health benefit
Almost all participants perceived both aquatic and land-based

training to be beneficial, with expectations of both programs centred
largely around general improvements in health. For most partici-
pants, the land-based program was associated with observable
improvements in fitness, the mental health benefits of “achieving
something” and having purposeful activity outside of the home envi-
ronment. Fewer participants in the aquatic program specifically men-
tioned improved fitness, however, nearly all perceived aquatic
exercise training to be “harder work” than land-based training. This
surprised some participants with one individual stating: “I don't know
why I’ m so tired, I’ m only playing around in the water. . .. As much as I
don't like to admit it, I think the water one was harder than the gym,
even though I’m a gym person.” (A4)

Interviewees who had not chosen to participate in the aquatic
exercise program generally assumed that the aquatic program would
be easier, as demonstrated by statements such as: “I think the gym is
going to be harder because of all the bikes and things like that. But the
pool is easier.” (NA 6)
Downloaded for Anonymous User (n/a) at Griffith University from
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“Being easier” was viewed as a potential benefit for those at a
lower functional level or for those with musculoskeletal conditions.

“I think, pool exercise is good for the legs, for the back even. I just
think it's just a gentler way of getting exercise and strengthening, you
know, building up.” (NA 7)

The experience was quite different for the participants who
attended the aquatic program and. almost all described significant
post exercise fatigue. One participant stated “but what I did find I was
absolutely knackered either that afternoon or the next morning. I mean,
I’ d come home and have a sleep whereupon with the gym, I wouldn't
necessarily do that.” (A2)

This finding was viewed in a positive manner by several partici-
pants who attributed this to an underestimation of the volume and
intensity of exercise that they had undertaken. One participant
described this as follows: “the hard part in the pool was the water resis-
tance and you didn't notice it. Like in the gym, with weights, you know
‘oh my weight is too heavy.’ But in the pool, you got in there and the
water resistance was there all the time.” (A4) For one individual, fatigue
was associated with “a warm bath” making them “a little bit sleepy”
whilst for others, it was attributed to the combined physical and cog-
nitive effort of having to maintain balance.

“Yes, you had to really concentrate, and not being a very good swim-
mer, I probably had to concentrate a little bit more than others. . ..I
think, using all the muscles which you, you don't use otherwise, you
know, it just seemed like it was a total, a total exercise.” (A3)
 ClinicalKey.com.au by Elsevier on December 19, 2018.
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Almost half of participants commented that they believed the gym
to be more beneficial, despite differing perceptions regarding exercise
intensity. This appeared to relate to personal preference and common
stereotypes regarding the two exercise modalities.

“When you go to the pool you go for a swim, you go to relax, you have
fun. In the gym, you go to the gym, you work hard, you sweat, you
build big muscles. And that's ah, how people look at the two.” (A4)

Exercise training preferences

Participants identified that personal preference plays a key role in
motivating individuals to exercise. Of those who were familiar with
both programs, three expressed a preference for land-based training
and four for the aquatic program. One participant summed this up by
stating:

“I think if you really adore the water, then you'd head for that. But I
think the other [gym program] would be as beneficial too no matter
what.” (NA 7)

Few barriers to exercise were reported by any participants, and for
the land-based program related only to the cost of parking and a dis-
like for specific gymnasium equipment. For the aquatic program,
almost half of participants identified a fear of water or distant expo-
sure to pools as a concern, and for two participants, this was the pri-
mary reason for declining the intervention study. A small number of
individuals expressed some anxiety relating to exposing themselves
in front of others.

“Well I was a bit worried about wearing togs. I changed about 4 times.
Different togs. And um. . .first time I walked out I felt embarrassed
because I should have had shorts on or something but after 2 weeks I
didn't worry about it.” (A1)

Other reported barriers included the inconvenience of changing
clothes, showering and managing wet togs and the smell of chlorine
and its impact upon respiratory function. These were the predomi-
nant reasons that four participants declined participation in the origi-
nal study. Almost all of those unfamiliar with the aquatic program
were unsure of the exact nature of the exercise and perceived it to be
“swimming” or “aqua aerobics.”

Discussion

This study is the first to explore acceptability, experiences and
preferences relating to aquatic and land-based exercise training for
people with stable HF. Questionnaire data corresponded very closely
with results from semi-structured interviews and suggested that peo-
ple with HF perceive aquatic exercise, undertaken in a health facility,
to be an acceptable mode of exercise training. For both programs, par-
ticipants reported feeling safe, found the programs to be enjoyable
and very few symptoms were experienced. Questionnaire respond-
ents reported fatigue to be the most common symptom experienced
following aquatic exercise, a finding strongly reinforced by interview
participants. Given fatigue was not associated with the land-based
program, these results most likely reflect the constant resistance
imposed by the water and subsequent work required by the individ-
ual to maintain stability. Both modes of exercise training were con-
sidered beneficial, and participants were almost equally divided
regarding their preference for the two training modalities.

Exercise behaviour is complex. Despite well established guide-
lines, adherence to traditional exercise approaches by people with HF
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is poor. In the HF ACTION trial for example, only 30% of participants
met recommended physical activity targets at follow up.4 In our
study, results from semi structured interviews very closely reflected
questionnaire data from the larger study group and enabled more in
depth exploration of perceptions and motivators for both modes of
exercise training. Underpinning both the aquatic and land-based pro-
grams was the importance of a skilled and compassionate workforce,
whereby staff not only deliver an individually tailored service with
perceived health benefit, but who also possess the skills and person-
ality to create a safe, inclusive and enjoyable environment.

Similar themes were also reported by Albert et al, who describe
the fear of worsening HF that some individuals associate with exer-
cise, and the importance of emotional and peer support.20 The
authors of this qualitative study emphasize the importance of
patients’ knowledge about exercise and an expectation of clinical
benefit.20 These findings are also supported in a recent study which
highlights the association between exercise confidence and exercise
adherence.21 Attending an exercise program under the supervision of
experienced clinicians most likely assists individuals to become
familiar and confident with the exercise regime. Whether this initial
boost in confidence assists long term adherence and transition to
exercise participation external to the healthcare setting requires fur-
ther investigation.

Personal preference and experience also influence exercise partic-
ipation. For some people in our study, a fear of water or distant expo-
sure to being in a pool were significant barriers. It follows therefore
that previous experience may also influence an individual's choice.
For example, culture, lack of access to a pool or perhaps memory of a
specific event, may deter some individuals from aquatic exercise. For
these individuals, land-based exercise training would likely be a pre-
ferred option. For others however, a dislike of gymnasiums, and a
preference for social activities, may be the motivation for choosing an
alternative exercise modality.10 Several people in our study reported
that they preferred the aquatic environment, perceiving it to be a
comfortable and social atmosphere in which to exercise, sufficiently
different from traditional gymnasiums.

Interestingly, no participant in our study expressed a concern spe-
cifically related to the effects of water immersion on HF symptoms or
severity. This may relate to the trust that patients have in the health-
care professionals caring for them or a lack of awareness about this
mode of exercise. Indeed, several interviewees who declined the
aquatic program assumed that it involved standard swimming. Due
to the physiological consequences of water immersion on cardiac
workload,22 immersion depth, water temperature, and exercise
intensity are carefully controlled in hospital settings to ensure safety.
Our findings highlight the need for education about safe exercise
parameters for people with HF, particularly for other forms of water-
based exercise undertaken outside of the health facility.

There are several limitations to our study. Questionnaire partici-
pants had previous exercise experience, were clinically stable, and
were motivated to participate. The order in which participants under-
took the aquatic and land-based programs may also have influenced
recall of their experiences. Participants were predominantly an older
Australian population, the majority of whom had HF with reduced
ejection fraction and NYHA class II symptoms. Results can therefore
not be generalized to all HF patients and cultural differences should
also be considered, particularly with reference to swimwear and
exposure. The study was undertaken in a health facility, under the
supervision of experienced clinicians and may therefore not apply to
exercise undertaken outside of the hospital environment. The ques-
tionnaire was developed based on clinical experience and literature
review but has not been validated. Finally, the sample size for the
qualitative component of this study was small and whilst the lead
author had no direct clinical role at the time, five of the interview par-
ticipants were known to this investigator from previous clinical
from ClinicalKey.com.au by Elsevier on December 19, 2018.
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exposure. Strengths of the study were involvement of two geographi-
cally separate training programs and staff, and participants with char-
acteristics representative of stable HF patients attending exercise
training programs in a clinical environment. Inclusion of those who
declined to participate in aquatic exercise training also enabled more
diverse views to be obtained.

For many people with HF, aquatic exercise training is perceived to
be beneficial, safe and enjoyable, providing a potential alternative to
traditional land-based exercise training. Broadening exercise oppor-
tunities may assist more individuals with HF to meet recommended
exercise guidelines. In both settings, experienced and supportive staff
are central to providing tailored, inclusive and enjoyable exercise
experiences in a group setting. Models to support continuing exercise
participation to maintain exercise benefits external to health facilities
need to be explored.
Supplementary materials

Supplementary material associated with this article can be found
in the online version at doi:10.1016/j.hrtlng.2018.11.004.
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