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ABSTRACT 

Longitudinal effects of supervised exercise on lung function, exercise capacity and quality of life 

in children with cystic fibrosis 

Introduction: Inspire-CF was a randomised controlled trial that explored the effects of 24-months of 

supervised exercise on lung function, exercise capacity and quality of life in children aged 6-15 

years with CF. A cost of care analysis was completed to understand differences, if any, between 

groups after 24-months. 

 

Methods: Children were randomised into 2 groups: control and exercise. The control group 

continued to receive specialist CF care as delivered by the Cystic Fibrosis Unit at Great Ormond 

Street Hospital for Children. The exercise group continued to receive specialist care plus a once-

weekly, individually supervised exercise training session at a local fitness facility. A MBW, 

spirometry, cycle ergometry-based CPET, 10m-MSWT and the CFQ-R were completed at baseline, 12- 

and 24-month assessment points. Cost of care, length of stay during hospital admissions, and IV-

antibiotic requirements during exacerbations and routine admissions, were also recorded. The 

primary outcome measure was change in FEV1 z-score at 24-month assessment. 

 

Results: 71 children were recruited to Inspire-CF (control=34; exercise=37), of which 4 children 

dropped out at 12-months. There were no significant between-group differences in outcomes at 

baseline. At 24-month assessment, there were no significant between-group differences in FEV1 z-

score, however there was a significant (p<0.05) dose-related effect of exercise on FEV1, FVC and 

FEF25-75, which suggested exercise may help to maintain lung function. A 10m-MSWT showed that 

functional aerobic capacity significantly (p<0.05) improved in the exercise group. CPET markers of 

Wpeak and VO2peak also improved, but between-group differences were not significant. The perception 

of ability to cope with treatment burden significantly improved in the exercise group.  There were 

significant differences in overall length of stay and IV-antibiotic requirement in favour of the 

exercise group, but cost of care was not significantly different. 

 

Conclusion: Inspire-CF demonstrated that supervised exercise slowed the rate of deterioration in 

lung function, particularly in younger children, but this required a commitment to regular 

attendance to exercise.  

 

Keywords: cystic fibrosis, paediatrics, lung function, exercise capacity, quality of life, cost-analysis 
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IMPACT STATEMENT 

A dose of weekly supervised exercise helps to protect lung function in 
children with cystic fibrosis 

Thirty years ago, exercise was considered harmful to children with cystic fibrosis (CF), the most 

common life limiting disease in Caucasian populations, and was not encouraged. However, in 1982 

two landmark studies conducted in children and adolescents with CF, found that exercise was safe 

and provided health benefits. Since then, regular exercise has been actively promoted and is a core 

component of the physiotherapy management of children with CF. Much of what is understood 

about the physiological effects of exercise has been learnt through studies of relatively short 

duration. Supervised and partially supervised exercise programmes have shown that lung function, 

exercise capacity, breathlessness, muscle strength and quality of life could be improved. However, 

the improvements were not maintained when the programmes ended, as children were not motivated 

to continue exercising at the same intensity without supervision, or simply stopped exercising. 

Adherence to daily physiotherapy routines of airway clearance and exercise is poor in CF as the 

routines are time consuming and monotonous, and so the role of the paediatric physiotherapist is to 

find innovative ways to actively engage children in their self-care.  

 

This research reflects the outcomes of 71 children and adolescents with CF (and their families) who 

volunteered to take part in Inspire-CF. The study was a 24-month randomised controlled trial that 

explored the effects of an individually supervised exercise programme in children aged 6-15 years 

with CF. The main finding was that a dose of once-weekly, moderate-to-high intensity exercise 

helped to slow the rate of deterioration in lung function in children who attended at least 52 weeks 

of exercise training. However, attendance levels varied between 16% and 91%, and so this positive 

effect was not realised in all children. Unfortunately, lung function declined at approximately 1.5% 

annually, which was the same rate as the control group. Nevertheless, the results of a modified-bleep 

test showed that there was a significant improvement in functional aerobic fitness, with children 

saying they felt more ‘normal’ because they could run further, and at the same level or even higher, 

than their healthy peers. Despite more regular contact with physiotherapists, children’s perception of 

their ability to cope with their treatment burden improved, as did their overall quality of life.  

 

The exercise prescription and training resources that were developed for Inspire-CF, may be useful 

to physiotherapists and researchers in global CF clinical units. The results of the study were 

presented at numerous international respiratory and physiotherapy conferences, and was the first to 

identify a dose-related effect of exercise in children with CF. This provides a new direction for future 

research into minimum levels of exercise required to maintain or improve lung function. 

Longitudinal supervised exercise programmes are challenging and expensive to implement, so the 

cost-analyses may help to inform healthcare policy makers decisions, when considering the costs of 

rolling out similar programmes into clinical practice.   
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PREFACE 

hildhood should be an energetic and a fun-filled time of life, spent with friends and 

teammates on playgrounds and sport fields. For children with moderate-to-severe cystic 

fibrosis (CF) lung disease, childhood can follow a very different and challenging 

pathway. Impaired lung function caused by inflammation and frequent lung (Bradley et al., 2001, 

van de Weert-van Leeuwen et al., 2012, van de Weert-van Leeuwen et al., 2013, van de Weert-van 

Leeuwen et al., 2014) poor nutritional status (Marcotte et al., 1986), peripheral muscle weakness (de 

Meer et al., 1999), reduced skeletal muscle oxidative capacity (Erickson et al., 2015), genotype 

(Selvadurai et al., 2002b), gender (Selvadurai et al., 2004), and repeated admissions to hospital 

(Britto et al., 2002) can all contribute to reduced exercise tolerance. Historically, the view was that 

exercise was detrimental to health, and was not advocated for children with CF (Dodd and Prasad, 

2005). However, the safety of exercise in CF was confirmed in two exercise studies conducted in 

children and adolescents by Cerny et al. (1982) and Cropp et al. (1982), and since then exercise has 

formed an integral component of physiotherapy in CF (Wilkes et al., 2009, van Doorn, 2010).  

 

Increased exercise capacity has been demonstrated to lower mortality risk (Nixon et al., 1992, 

Pianosi et al., 2005a), to improve and/or maintain lung function (Hebestreit et al., 2010, Paranjape et 

al., 2012, Kriemler et al., 2013), reduce breathlessness (O'Neill et al., 1987), increase aerobic and 

anaerobic capacity (Selvadurai et al., 2002a, Orenstein et al., 2004, Santana-Sosa et al., 2012) and 

improve quality of life (Schmidt et al., 2011, Hebestreit et al., 2014). Regular exercise may also lower 

the risk for hospitalisation for treatment of respiratory exacerbations (Perez et al., 2014) and reduce 

cost of healthcare (Ledger et al., 2013). Whilst exercise has been acknowledged to be safe and is 

actively encouraged in all severities of lung disease (Wilkes et al., 2009), the available evidence on 

the benefits of exercise has been primarily demonstrated through short-term randomised controlled 

trials (Radtke et al., 2015). Supervised exercise programmes have produced better outcomes than 

partially supervised and unsupervised programmes, but supervised exercise programmes are 

expensive and complex to implement (Gulmans et al., 1999). Although longitudinal trials have been  

suggested (Bradley and Moran, 2008, Radtke et al., 2015), they may not have been prioritised by CF 

research groups because of these reasons. 

C 
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Observational 12-month studies conducted in the sickest, and typically least adherent group of 

children who require frequent admissions to hospital, have shown that weekly supervised exercise 

could slow the rate of decline in lung function and improve exercise capacity and quality of life 

(Urquhart et al., 2012, Ledger et al., 2013). Children who participated in these studies also reported 

that they were able to perform exercise at the same level as their peers, and sometimes even higher 

(Ledger et al., 2013). However, motivating children to undertake moderate-to-high intensity exercise 

is highly dependent on the child’s willingness to exercise (Prasad and Cerny, 2002), which has made 

evaluating maximal exercise capacity challenging. 

 

There have been determined efforts to define the most appropriate exercise test to measure exercise 

capacity in children with CF (Godfrey, 1970, McKone et al., 1999, Karila et al., 2001, Werkman et al., 

2011, Hulzebos et al., 2012, Saynor et al., 2013a), and the Godfrey (1970) cycle ergometer based 

cardiopulmonary exercise test (CPET) is currently advocated as the gold standard test (Hebestreit et 

al., 2015). Limitations to exercise are similar in both CF and healthy children, with optimal exercise 

performance determined by 3 key mechanisms: (1) ventilatory ability to supply oxygen (O2), (2) 

circulatory capacity to deliver O2 to, and remove carbon dioxide (CO2) from muscles, or (3) muscular 

consumption of O2 for energy conversion (Urquhart, 2011). However, increased alveolar dead space, 

caused by CF lung disease, may also limit a child’s ability to increase alveolar ventilation during 

exercise (Thin et al., 2004). Consequently, the two key indicators of level of exercise capacity, peak 

oxygen consumption (VO2peak) and peak work rate (Wpeak), are ostensibly lower in children with CF 

than in healthy children (Groen et al., 2010).  

 

Exercise programmes by nature of design should include 3 core components: exercise testing, 

exercise prescription and exercise training. Exercise guidelines for testing, prescription and training 

of healthy children are well documented (Behm et al., 2008, Faigenbaum and Myer, 2010a, 

Thompson, 2010). However, whilst exercise testing in CF has seen significant development and 

resulted in a consensus statement (Hebestreit et al., 2015), disease specific exercise prescription and 

training guidelines are less well defined. The primary reason for this is that previous studies have 

not clearly described their exercise prescriptions and/or published their exercise training protocols. 
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RESEARCH QUESTIONS 

This thesis addresses the following 2 research questions: 

1. Does a weekly supervised, individually tailored exercise training programme, provided in 

addition to current specialist CF care, produce significant improvements in lung function, 

exercise capacity, and quality of life, in children aged 6-15 years, with a wide range of lung 

disease severity? 

2. Is there a health-economic benefit associated with the provision of a weekly supervised, 

individually tailored exercise training programme in children aged 6-15 years with CF, and 

a wide range of lung disease severity? 

 

AIMS AND OBJECTIVES 

The aim of this thesis was to address these questions by undertaking Inspire-CF, an entirely funded, 

24-month, fully powered, single centre, randomised controlled trial focused on supervised exercise 

in children with CF, who were treated at Great Ormond Street Hospital for Children NHS Foundation 

Trust (GOSH) in the United Kingdom (UK). A healthcare economic analysis was completed, as it may 

help healthcare policy decision makers when considering the length of stay, impact of IV-antibiotics 

requirements, and cost of healthcare when considering the implementation of a similar programme 

into clinical practice. 

 

The broad objectives of this thesis were to: 

• Design and implement a 24-month, structured programme of exercise testing, prescription, 

and training.  

• Understand between-group differences, if any, after a 24-month exercise intervention in: 

o lung function; 

o exercise capacity; 

o quality of life; and 

o cost of healthcare. 

• Determine the dose-related effect of exercise, if any, on lung function. 
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STRUCTURE OF THE THESIS 

This thesis is comprised of 10-chapters: Chapter 1 describes the pathophysiology of CF, the 

trajectory of lung function, and the medical and physiotherapy management of the disease.  

Chapter 2 provides a comprehensive review of the published literature prior to the start of Inspire-

CF, related to exercise focused randomised controlled trials conducted in children with CF. Chapter 3 

describes the general methodology employed in the research. The design of the Inspire-CF exercise 

programme is described in Chapter 4, and Chapter 5 provides an overview of the study population. 

The effects of the exercise programme on lung function, exercise capacity and quality of life are 

documented in Chapter’s 6-, 7-, and 8 respectively. Chapter 9 provides a comprehensive analysis of 

health economic outcomes. Chapter 10 provides a summary and synthesis of the findings from 

Inspire-CF and considers the potential impact of the findings on the general population of children 

with CF. The chapter also provides an update on evidence published after Inspire-CF was completed 

in June 2016, primarily related to trajectory of lung function, updated exercise testing protocols, the 

effects of exercise on lung function and exercise capacity, a reflection on the impact of CFTR 

modulator therapies on exercise, recommendations for future research, and the conclusion. 

 

The terms ‘child’ and ‘children’ are used in this thesis to describe children and young people aged 6-

17 years. 

 

The terms ‘physical activity’ and ‘exercise’ are used in this thesis, and are based on Caspersen et al. 

(1985) definitions. ‘Physical activity’ is defined as: “any bodily movement produced by skeletal 

muscles that results in energy expenditure. The energy expenditure can be measured in kilocalories. 

Physical activity in daily life can be categorised into occupational, sports, conditioning, household, 

or other activities.” Chapter 5, Table 5-3, pg.124 outlines the types of general physical activities 

children participated in at baseline and may have continued throughout the study. ‘Exercise’ is 

defined as: "a specific type of physical activity that is planned, structured and repeatedly done to 

improve or maintain physical fitness”. The children enrolled in the Inspire-CF exercise group 

undertook a structured, supervised and individually prescribed exercise programme that is explained 

in Chapter 4, Subheading 4.7, pg.107 
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1. 
 

CHAPTER 1.  INTRODUCTION 

1.1. Pathophysiology of cystic fibrosis 

CF is the most common genetically inherited autosomal recessive disease in Caucasian populations, 

with a current carrier rate of 1:25 and an incidence of 1:2500 live births, and there are 200-300 new 

diagnoses in the UK each year (O'Sullivan and Freedman, 2009). In 2013, there were 10,338 adults 

and children registered with the disease in the UK CF Registry, with a median predicted survival age 

of 36.6 years (Cystic Fibrosis Trust, 2014). The life-limiting disease is caused by a mutation in the 

gene coding protein, the cystic fibrosis trans-membrane conductance regulator (CFTR) on the long 

arm of chromosome-7 (Riordan et al., 1989). Abnormal CFTR function affects the transportation of 

sodium ions across chloride channels that are required for epithelial cell functioning, which results 

in depletion of airway surface liquid and an increase in viscosity of mucociliary secretions (Collins, 

1992). As a consequence of this defect, multiple organs, but primarily the lungs, pancreas, liver and 

digestive system become congested with thick sticky mucous, that triggers recurrent bacterial 

infections and inflammation (Ratjen and Doring, 2003). More than 85% of CF-related deaths are 

caused by lung disease, therefore regular monitoring to preserve or slow the rate of decline in lung 

function is the core focus of CF medical management (Gibson et al., 2003) 

 

Diagnosis of CF in most countries with high prevalence levels, including the UK, is through a new-

born screening process (Mayell et al., 2009). Infants that show markedly high-concentrations of 

immuno-reactive trypsinogen extracted during a heel-prick blood test taken in the first week of life, 

are typically referred to a specialist CF centre for a diagnostic sweat test. A sweat chloride 

concentration of ³60 mmol·L-1 on repeated analysis is suggestive of CF, however, 5% of these tests 

produce false negatives (Rosenstein and Cutting, 1998), therefore a diagnosis is typically only 

confirmed after CFTR genotyping (De Boeck et al., 2006).  
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Globally, of the more than 1,500 CFTR mutations identified, phenylalanine on position 508 

(p.Phe508del, legacy name F508del) accounts for approximately 67% of mutated alleles, whilst no 

other single mutation accounts for more than 6% of the remaining CFTR mutations (Lao et al., 2003, 

Mehta et al., 2010). In the UK, 90.8% of individuals with CF have at least one p.Phe508del mutation, 

with the next most common genotype being the p.Gly551Asp (legacy name G551D), which accounts 

for 5.8% of mutations (Cystic Fibrosis Trust, 2014). The more defective the CFTR, the more negative 

the impact on the function of the mucociliary tract and pancreas, such that gene mutation likely 

plays a significant role in lowered resistance to bacterial infection (Lyczak et al., 2002). 

 

1.2. Lung disease in cystic fibrosis 

Repeated colonisation of the lungs with bacterium such as Pseudomonas aeruginosa (the most 

common isolate), Staphylococcus aureus, Haemophilus influenza, Stenotrophomonas maltophilia and 

Achromobacter xylosoxidans (Rowe et al., 2005), ultimately leads to irreversible bronchiectatic 

changes in the lungs (Zemanick et al., 2010). Eradication of bacterium such as Pseudomonas 

aeruginosa has been shown to improve life expectancy, whilst regular control and treatment of 

chronic infection and exacerbation of symptoms improves prognosis (Doring et al., 2004). Therefore, 

oral and intravenous (IV) antibiotics, corticosteroids, and nebulised mucolytic medications are 

commonly prescribed as prophylaxis against infection, for eradication of early infection, suppression 

of chronic bacterial infection, and the treatment of infective exacerbations (Doring et al., 2012). 

However, colonisation with Methicillin-resistant Staphylococcus aureus, Nontuberculous 

mycobacterium, and Mycobacterium abscesses are increasingly more prevalent and difficult to treat 

because they are highly resistant to antibiotics (Sherrard et al., 2014), whilst colonisation with 

Burkholderia cepacia is associated with increased mortality rates (Parkins and Floto, 2015). 

 

Respiratory exacerbations are a significant clinical event in individuals with CF, and the primary 

cause of morbidity and mortality is worsening lung disease, hence early intervention and prevention 

of exacerbations is important (Doring et al., 2004). Frequent exacerbations have a significant 

negative effect on lung function in children with CF (Konstan et al., 2007, Sanders et al., 2011, 

Konstan et al., 2012), with 50% of decline associated with severe exacerbations that require 
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hospitalisation for IV-antibiotics (Waters et al., 2012). Treatment with oral and/or IV-antibiotics, 

coupled with intensive airway clearance and inhaled mucolytic therapy has been shown to improve 

lung function in those admitted to hospital (Sanders et al., 2010, Wagener et al., 2013); however in 

more than a quarter of cases, baseline lung function does not recover and children are likely to have 

a repeat exacerbation within 3, 6 or 12-months post-discharge from hospital (Sanders et al., 2010).  

 

Children who exhibit persistent or recurring colonisation with pathogens such as Pseudomonas 

aeruginosa may be prescribed a protocol of regularly timed (3 or 4 monthly) elective hospital 

admissions for intensive IV-antibiotic eradication therapy (Doring et al., 2012). This approach has 

been shown to slow the decline in lung function (Doring et al., 2004), however this is at the cost of 

less time at school, socialising with peers, and spending time with family and friends. In some cases, 

parents may be taught to provide outpatient parenteral antibiotic therapy (Rucker and Harrison, 

1974, Patel et al., 2015), such that they can administer their child’s IV-antibiotic treatment at home. 

Typically, a child will be admitted to hospital for 1 to 2 days so that the course can be started. 

During this time children are monitored for any adverse reaction to the drugs, and if none are 

identified they are discharged to complete the remainder of the course at home. 

   

1.3. Monitoring of lung function 

Spirometry, plethysmography and chest x-ray, are the most common lung health assessment 

measures, used both clinically and in research (Corey, 2007), to monitor lung function during periods 

of stability and exacerbation (Waters et al., 2012). The purpose of lung function tests are to assist 

with diagnosis and prognosis of CF, whilst also monitoring for disease progression and the effect of 

therapeutic interventions (Amin et al., 2011). Lung function may be variable throughout childhood, 

with some children experiencing recurrent pulmonary exacerbations and a resultant decline in lung 

function, and this may be accelerated through adolescence and into adulthood with concurrent 

bacterial infections and malnutrition (Waters et al., 2012). Serial measurements and tracking of 

changes in lung function from soon after birth (Hoo et al., 2012, Nguyen et al., 2014), through 

childhood, adolescence and adulthood is a staple component of CF outpatient and inpatient reviews 

(Merkus et al., 2002, Liou et al., 2010, Vandenbranden et al., 2012).  
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Forced expiratory lung volume in one second (FEV1) and forced vital capacity (FVC) are considered 

the two most important outcomes measured by spirometry (Miller et al., 2005). For prognosis, FEV1 

compared to a healthy reference population, is generally regarded as the primary measure for 

assessing and monitoring CF lung disease (VanDevanter et al., 2010), and is typically used to define 

disease stage, identify change in lung function, and to make decisions on treatment (Kerem et al., 

2014). However, reliable forced expiratory manoeuvres are often difficult to achieve, particularly in 

younger children, and most school age children with CF have an FEV1 within normal ranges of 80-

100% (Aurora et al., 2004). Spirometry is also insensitive to changes in the smaller peripheral 

airways as the large total cross-sectional area in the peripheries limits airflow, especially in the 

presence of lung disease (Aurora, 2010).  

 

A multiple breath inert gas washout test (MBW) (Gustafsson et al., 2003) has been shown to be a 

sensitive method of determining early airways disease in infants as young as 3-months (Lum et al., 

2007, Hoo et al., 2012), in pre-schoolers aged 3-6 years (Aurora et al., 2005a), and school-children 

aged 6-16 years (Aurora et al., 2004). The data is used to calculate an individual’s lung clearance 

index (LCI), which is an indicator of ventilation inhomogeneity and abnormalities in the smaller 

peripheral airways. MBW has mostly been the focus of research and has not been fully integrated 

into the clinical environment (Fuchs and Gappa, 2011, Kent et al., 2014) due to gaps in knowledge 

about the reliability and validity of devices, differences in inert gas choice, and standardisation of 

the MBW protocol (Subbarao et al., 2015). 

 

FEV1 remains the primary outcome measure for assessing CF lung disease and is recommended as 

the primary end-point for evaluating the effectiveness of interventions on lung function in CF 

clinical trials, and in regulatory approval of respiratory therapies (European Medicines Agency 

Committee for Medicinal Products for Human Use, 2009). Consequently, FEV1 has been widely 

reported as a common primary outcome in exercise-based trials (Bradley and Moran, 2008, Radtke et 

al., 2015).  
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1.4. Prediction models for rate of change in lung function  

Prior to 2009, there were several reference equations used to predict an individual’s lung function 

(Rosenthal et al., 1993, Wang et al., 1993, Quanjer et al., 1995, Hankinson et al., 1999). Prediction 

models for determining rate of change in lung function in both adults (Liou et al., 2010, Taylor-

Robinson et al., 2012) and children (Corey et al., 1976, Dankert-Roelse and te Meerman, 1995, 

Merkus et al., 2002, Schneiderman-Walker et al., 2005, Que et al., 2006, Konstan et al., 2007, 

Vandenbranden et al., 2012, Waters et al., 2012) between the ages of 5-70 years have been published. 

The range of reference equations has reflected the widespread recognition of the limitations of 

existing equations (Stanojevic et al., 2010). 

 

Each reference equation model accounted for a range of unmodifiable risk factors i.e., gender, 

ethnicity, CFTR mutation, early diagnosis, meconium ileus, pancreatic status; and/or modifiable risk 

factors such as chronic lung infection with Pseudomonas aeruginosa or other microbiology, repeated 

respiratory exacerbations, nutritional status, CF-related diabetes mellitus, liver status, and exercise 

or physical activity levels (Stanojevic et al., 2009). These models have allowed for better 

understanding of disease progression and identified key factors that might slow, modify, or 

accelerate the rate of decline in lung function (Konstan et al., 2007). However all the reference 

equations had limitations, particularly in relation to arbitrary break points between pre-school and 

school age groups (pubertal growth) and ethnicity (Stanojevic et al., 2010). Lung function may have 

been underestimated or overestimated depending on the reference equation used, which has biased 

lung function data and resulted in erroneous diagnoses of severity of lung disease, particularly in 

non-Caucasian populations (Quanjer et al., 2012a). 

 

Standardisation of spirometry measurement (Miller et al., 2005), and a significant effort to collate 

multiple countries existing lung function data, first in children aged 3-7 years (Stanojevic et al., 

2009) and then in ages 3-95 years, have resulted in globally accepted, multi-ethnic reference 

equations to determine upper and lower limits of normal lung function (Quanjer et al., 2012b). 

Conversion of raw data from litres (L) to percentage predicted (%pred.) and z-scores using the Global 

Lung Initiative reference equations, accounts for age, gender, height and ethnicity related variability; 
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and also allows for lung function comparisons against other local, national and international CF 

cohorts (Stanojevic et al., 2010). 

 

1.5. Trajectory of lung function in children with cystic fibrosis up to 2014 

The variable ranges in lung function have been described in 9 studies that reported annual changes 

in FEV1 %pred. in individuals aged 3-22 years with CF, and are presented in Table 1-1, and reflect 

the years 1970–2013 (Corey et al., 1976, Dankert-Roelse and te Meerman, 1995, Merkus et al., 2002, 

Schneiderman-Walker et al., 2005, Konstan et al., 2007, Vandenbranden et al., 2012, Waters et al., 

2012, Schneiderman et al., 2014, Cogen et al., 2015). Rates of decline in lung function in the 1970’s 

(Corey et al., 1976) were between 3.5%-6.7% annually, however, predictions from a 2013 cohort 

suggested that deterioration of between 0.86%-1.5% could be expected (Cogen et al., 2015). These 

changes were echoed by two large international epidemiological studies: (1) a Canadian study (Xu et 

al., 2004) tracked birth cohorts between 1960-1989, and reported a significant deceleration in the 

rate of decline in FEV1 from 2.1% (1960-1964) to 1.88% (1975-1980) to 0.8% per year (1985-1989); 

and (2) a UK based study (Que et al., 2006) that showed that rate of decline in FEV1 changed from 

2.5% (1960-1964) to 1.65% (1975-1980) to 0.65% annually (1985-1989).  

 

The UK Cystic Fibrosis Registry (Cystic Fibrosis Trust, 2014) reported median FEV1%pred. for male 

and female children and adolescents with CF aged 6-19 years are presented in Table 1-2, and show 

that lung function declined with age, and that females had slightly lower lung function than males. 

In Table 1-3 the mean FEV1%pred. calculated in 2008 was compared to 2013 data and showed that 

rate of deterioration had slowed in children. This deceleration was likely due to earlier diagnosis and 

improved medical and therapeutic interventions (Que et al., 2006), however, risk factors such as 

repeated respiratory exacerbations were linked to steeper declines in lung function, especially in 

children (Waters et al., 2012). An update on number of individuals affected by CF, survival and 

trajectory of lung function since 2014 is provided in Chapter 10, Subheading 10.2.1, pg. 227.
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Table 1-1: Studies reporting rate of decline in FEV1 %pred. in children and young adults aged 3-20 years 

Author n Age in years Country Group Annual change in FEV1 %pred. Risk factors 

Corey et al. (1976) 132 5-18 Canada Males 

Females 

-2.47% to -3.15% 

-3.54% to -6.01% 

Age, gender, FEV1 

Dankert-Roelse and te Meerman (1995) 412 5-15 Netherlands New-born screened 

Non-screened 

Late diagnosis 

-0.36% to -0.84%  

-2.7% to -3.7% 

-1.1% to -4.7% 

New-born screening 

Merkus et al. (2002) 52 5-20 Netherlands Males and Females -5.6% to 1.3% Lung function 

Schneiderman-Walker et al. (2005) 109 7-17 Canada Males vs. Females 

(Mean for group) 

-2.66% to 2.66% vs. 1.17% to -3.05% 

(-1.77%) 

Gender, physical activity 

Konstan et al. (2007) 4866 6-17 USA Age group 6-8 yr. 

Age group 9-12 yr. 

Age group 13-17 yr. 

-1.12% 

-2.39% 

-2.34% 

Age, gender, Pseudomonas 
aeruginosa, exacerbations 

Vandenbranden et al. (2012) 4680 14-17 USA Age group 14-17 yr. -1.59% Lung function + risk factors 

Waters et al. (2012) 851 3-10 Canada ≥1 exacerbation in 1-year 

No exacerbation in 1-year 

-2.1% to -2.8% 

-1.0% to -1.5% 

Exacerbations 

Schneiderman et al. (2014) 212 7-17 Canada 9-year longitudinal tracking of 
children aged 7-17 years 

-0.13% to -1.55%  Habitual physical activity 

Cogen et al. (2015) 946 6-12 USA Pseudomonas aeruginosa 
negative 

-0.85% to -1.17% Female, exacerbations, 
Methicillin-resistant 
Staphylococcus aureus 
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Table 1-2: Median FEV1%pred. for male and female children aged 6-19 years based in the UK in 2013 

 Overall Females Males 

Age N Median IQR N Median IQR N Median IQR 

6-7 yr. 421 91.0 78.3-99.9 201 90.6 78.2-100.1 220 91.4 77.7-99.6 

8-11 yr. 858 88.0 77.1-98.0 441 87.5 75.6-97.0 417 89.3 78.1-99.7 

12-15 yr. 919 79.8 67.1-91.3 447 80.0 66.5-91.0 472 79.5 67.3-91.4 

16-19 yr. 952 74.3 56.4-88.4 480 72.2 53.0-86.3 472 77.3 60.6-90.5 

FEV1 %pred. based on Global Lung Initiative equations (Quanjer et al., 2012b) as reported in the UK Cystic Fibrosis Registry Annual Data Report 2013 (Cystic Fibrosis Trust, 2014). 

 

 

Table 1-3: Comparison of mean FEV1%pred. for male and female children aged 6-19 years based in the UK between 2008 and 2013 

 Age groups 

Year 6-7 yr. 8-11 yr. 12-15 yr. 16-19 yr. 

2008 mean FEV1%pred. 88.2 85.5 78.3 69.7 

2013 mean FEV1%pred. 91.0 88.0 79.8 74.3 

Difference (2013-2008) 2.8 2.5 1.5 4.6 

FEV1  %pred. based on Global Lung Initiative equations (Quanjer et al., 2012b) as reported in the UK Cystic Fibrosis Registry Annual Data Report 2013 (Cystic Fibrosis Trust, 2014). 
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1.6. Medical management of cystic fibrosis 

There is no known cure for CF, and medical management of respiratory exacerbations are complex 

and burdensome, and 90% of individuals with CF are required to ingest supplementary pancreatic 

enzymes to improve fat absorption, that is secondary to CFTR dysfunction and pancreatic 

insufficiency (Kerem et al., 2005). A wide range of national and international consensus adopted 

guidelines have defined the standards of care to optimise clinical and health outcomes in individuals 

with CF (Kerem et al., 2005, Cystic Fibrosis Trust, 2009, Flume et al., 2009a, Cystic Fibrosis Trust, 

2011b, Cystic Fibrosis Trust, 2011a, Farrell et al., 2017). These guidelines have advocated intensive 

prophylactic treatment as a response to acute exacerbations, which may lead to decreased hospital 

admissions, and improved survival rates and quality of life (Kerem et al., 2005, Elborn et al., 2016). 

Variations in the level of care between centres have been identified as being inevitable due to 

differences in infrastructure of CF centres, experience of staff in evaluation and assessment of 

patients, documentation of results in a standardised database, and management of exacerbations 

(Kerem et al., 2005). In the UK, specialist CF centres most likely demonstrate adoption of the Cystic 

Fibrosis Trust (2011a) guidelines for CF medical care, with physiotherapy care also provided in 

accordance with the Cystic Fibrosis Trust (2013) guidelines. As an example, the specialist model of 

care delivered by GOSH, the host site for Inspire-CF is outlined below.  

 

1.7. Specialist cystic fibrosis care at Great Ormond Street Hospital for Children  

At GOSH, a highly specialist multidisciplinary team (MDT) that included respiratory consultants and 

doctors, physiotherapists, nurses, pharmacists, dietitians, psychologists, respiratory and sleep 

physiologists, radiographers and play specialists, were all responsible for care and treatment of 

children, which was provided at clinics and during admissions to hospital. Children were typically 

assessed, and treatment escalated, when necessary, at two to three monthly outpatient clinics, at 

annual review, or as a response to acute exacerbation of CF-related symptoms. 

 

There were a number of reasons an individual with CF could be admitted to hospital and included: 

(1) the child had been recently diagnosed with CF and family education was required; (2) a 

bronchoscopy and oesophageal pH impedance study in newly diagnosed patients was required; (3) a 



 

37 
 

deterioration in clinical status that had not responded to oral antibiotics or other dispensed 

medications e.g. exacerbation of respiratory symptoms, distal intestinal obstruction syndrome, CF-

related diabetes; (4) elective 3-, 4-, 6- or 12-month admissions for IV-antibiotics (typically of 14-day 

duration); (5) elective 1-month admission for IV-immunoglobulin (typically delivered overnight); (6) 

elective admission for IV delivered methylprednisolone (typically admitted for 3 nights to start a 1-

month dose); (7) elective surgery e.g. Portacath (implanted venous access device) insertion; 

gastrostomy insertion; bronchoscopy; ear, nose and throat or dental surgery; (8) a lung transplant 

(Cystic Fibrosis Trust, 2011a).  

 

Outside of admissions and clinics, parents or guardians typically reported any CF-related changes in 

health to the CF Unit telephonically, and these were logged on the Central Document Database, and 

disseminated to the relevant member of the multidisciplinary team. Members of the CF outreach 

(community) clinical team could also be contacted directly. For all other health concerns (i.e., 

childhood diseases, cold, flu etc.) parents/carers were advised to contact their local General Medical 

Practitioner (GP).  

 

At outpatient clinics, the physiotherapy team reviewed and reinforced the importance of home 

physiotherapy regimens of airway clearance and inhaled mucolytic therapies, and adaptations to 

therapy techniques were made where necessary. Participation in regular exercise and physical 

activity was actively encouraged. At annual review, a functional field-based exercise test such as the 

10 metre modified shuttle walk test (10m-MSWT) (Selvadurai et al., 2003) or the newly validated 

iStep test (Rand et al., 2015) were planned, but not always performed due to the physiotherapists 

time pressures. Performance of cycle ergometer cardiopulmonary exercise test (CPET) was not 

routinely undertaken at GOSH. 

 

During admissions, the physiotherapy team ensured that airway clearance and nebulised therapy 

were optimised, and home regimens reinforced during twice daily airway clearance sessions. Where 

time permitted, a daily 15-30 minute, moderate-to-intensive exercise session was undertaken. For 

additional guidance for children and their parents or carers, the physiotherapy area of the CF Unit’s 
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web space on the GOSH website provided downloadable leaflets on the appropriate use and cleaning 

guidelines for the variety of types of airway clearance devices. 

 

At home, children maintained a prescribed medication regimen, which may have included oral 

and/or nebulised antibiotics, vitamins, and pancreatic enzymes (CreonÔ). Independently or with 

parental assistance, children also maintained a daily home physiotherapy regimen, and may have 

participated in school physical education (PE) classes, as well as sport at school and/or clubs. Some 

children may have availed of a Nuffield membership and attended weekly exercise training sessions. 

This initiative is explained in more detail in Chapter 4, Subheading 4.4, pg.104. 

 

Home or school visits may have been scheduled on an ad-hoc basis with either the outreach 

specialist CF physiotherapist or clinical nurse specialist to provide support, education and guidance 

for families, carers, or teaching staff, regarding diagnosis, physiotherapy regimens, treatment 

escalation, portable lung function assessment, sputum sample collection, medication and IV-

antibiotic therapy, transition to adult services and liaison with community care workers. 

Additionally, the clinical nurse specialist may have monitored drug levels, flushed a child’s 

implanted Portacath, or removed needles after a course of IV-antibiotics that had been completed at 

home. During these visits, either the outreach physiotherapist or nurse usually checked that both 

nebulised and airway clearance equipment were in good working condition and were being 

maintained and cleaned regularly in accordance with manufacturer and hospital protocols.  

 

1.8. Shared care agreements with local hospitals and care centres 

Shared care agreements were used by GOSH as an approach to seamless prescribing and monitoring 

of medications, which enabled children to receive care in an integrated and convenient manner at 

their local hospital. Shared care was a transfer of clinical responsibility from a specialist CF hospital 

like GOSH, to a general practice or local general hospital, such that prescribing of medications by 

the GP, or other primary care prescriber, was supported by the shared care agreement. When a 

Respiratory Consultant considered a child’s condition to be stable or predictable, they would seek to 

share patient care and would advise on prescription and review of medications, with ongoing 
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monitoring of actions to be taken in the event of deterioration in clinical status. Shared care clinic 

appointments, admissions and treatment were co-ordinated and managed by the GOSH CF MDT. 

Additionally, on-going support was provided locally by the child’s GP, community nurse, 

pharmacist, and other allied health professionals through the shared care network. 

 

1.9. Advances in pharmaceutical therapeutics 

Prior to the start of Inspire-CF, there was an active and significant pipeline of pharmacological 

therapeutics that were undergoing research trials that targeted the CFTR mutation classes, and 

corrected the basic molecular and cellular defects (Ashlock et al., 2009). Results from these trials 

suggested the drugs significantly improved lung function and growth outcomes (Davies et al., 2014). 

Ivacaftor® (trade name Kalydeco®, Vertex Pharmaceuticals, USA) was a drug that targeted the 

p.Gly551Asp mutation, and in Stage 4 trials was demonstrated to improve FEV1 by between 4.9%-

10.5% in adults and 10%-12.5% in children (Kotha and Clancy, 2013). Another randomised, double-

blinded, placebo-controlled trial investigated a combination of Lumacaftor® and Ivacaftor® (trade 

name Orkambi®, Vertex Pharmaceuticals, USA) in patients that were homozygous for p.Phe508del 

mutation and showed significant improvements of 2.6%-4% in FEV1 (Wainwright et al., 2015). 

 

These high-cost drugs were expensive and not available on the National Health Service (NHS) in the 

UK1 when enrolment in Inspire-CF had started. Whiting et al. (2014) undertook a cost-effectiveness 

analysis of Ivacaftor®, anticipated to cost >£150,000 a year per patient. Orkambi® was the next drug 

to undergo a cost effectiveness analysis. These significant pharmaceutical breakthroughs presented a 

substantial practical and financial challenge to the NHS and the drugs were not available to all 

patients because of the cost. This meant that until these new drugs were made available, CF MDT’s 

had a considerable task to manage the expectations of children and their parents and carers, and 

had to continue to maintain, and further optimise, clinical and health outcomes, and ensure that life 

expectancy predictions continued to increase (Bryon and Wallis, 2011). The impact of CFTR 

 

1 Ivacaftor® was first prescribed on the NHS in December 2016, and Orkambi® was first prescribed in October 2019. 
LOPES-PACHECO, M. 2016. CFTR Modulators: Shedding light on precision medicine for cystic fibrosis. Front. Pharmacol., 
7, 275-275. 
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modulator drugs on exercise capacity since Inspire-CF was completed is discussed in Chapter 10, 

Subheading 10.3, pg. 233. 

 

1.10. The role of the paediatric specialist cystic fibrosis physiotherapist 

The role of physiotherapy in CF care in the UK was primarily concentrated on education, provision 

of regular airway clearance and inhaled mucolytic therapies, and exercise, as well as the 

management of secondary complications such as musculoskeletal and postural problems, bone 

health and continence issues (Cystic Fibrosis Trust, 2013). Airway clearance regimens were initiated 

in the infant years and were then individually tailored to reflect the needs of the person as they aged 

and required optimisation of their mucociliary clearance routine (Rand et al., 2013). The rationale 

being that if a regular routine were established, ideally in early childhood, this might be maintained 

through adolescence and into adulthood.  

 

Physiotherapists employ a wide range of airway clearance strategies to maintain airway patency and 

to help clear mucociliary secretions, which may include a combination of low, medium and high-

volume forced expiratory manoeuvres (huffing and coughing), manual chest physiotherapy 

(percussion and chest-wall vibrations), positive end expiratory pressure, oscillation of the airways, 

autogenic drainage, high frequency chest wall oscillations, non-invasive ventilation, intrapulmonary 

percussive ventilation and intermittent positive pressure breathing (Chatham et al., 2004, Elkins et 

al., 2005, Kendrick, 2006, McCool and Rosen, 2006, Flume et al., 2009b, Lester and Flume, 2009, 

Rand et al., 2013). Nebulised mucolytics such as hypertonic saline (concentrations of 3% and 7%) 

and recombinant human DNase (Dornase alfa or Pulmozyme®, Genentech, Roche, USA) may also be 

incorporated into airway clearance regimens to reduce viscosity, improve the rheology of mucous, 

and aid mucociliary clearance rate (Ballmann and von der Hardt, 2002, Elkins et al., 2005, 

Donaldson et al., 2006, van der Giessen et al., 2007, Heijerman et al., 2009). 

 

Regular airway clearance and inhaled mucolytic therapy have been shown to have a short-term 

effect on increasing mucociliary clearance when compared to no chest physiotherapy (van der 

Schans et al., 2000). However, a combination of exercise and regular airway clearance was 
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reportedly more effective at enhancing sputum clearance (Salh et al., 1989, Baldwin et al., 1994). 

The rationale was that shearing forces generated in the airways through increased work of breathing 

and body movement during exercise, may reduce the viscosity of mucous (Kim et al., 1986, Kim et 

al., 1987). This, coupled with an increased peak expiratory flow bias generated during exercise, may 

facilitate the movement of mucous from the periphery of the lungs to the oropharynx, which could 

then be cleared by coughing (Dwyer et al., 2011). Several studies have reported that some patients 

(4%-85%) considered exercise as an optimal form of airway clearance and did not perform 

traditional airway clearance techniques (Abbott et al., 2011, Dwyer et al., 2011). Evidence on the use 

of exercise as an alternative to airway clearance therapy since Inspire-CF concluded is provided in 

Chapter 10, Subheading 10.2.2, pg. 229. 

 

Exercise has been promoted to children by physiotherapists as a fun and interactive way to help 

build self-confidence, keep-up with their peers, and potentially reduce treatment burden (Rand and 

Prasad, 2012), however adherence and motivation to exercise is variable (Prasad and Cerny, 2002), 

therefore this view may not be universally accepted by children. The time required to complete all of 

the components of medical regimens (O'Donohoe and Fullen, 2014), coupled with pathophysiological 

limitations, could have a negative influence on willingness to participate in any form of exercise or 

physical activity (Moorcroft et al., 1998). 

 

1.11. Summary 

Chapter 1 has described the pathophysiology of CF and the impact the disease has on lung function 

in children. Improvements in CF medical care have meant that children in the UK have recorded 

improvements in FEV1 of between 1.5 to 4.6% between 2008-2013. The trajectories of FEV1 in 

international cohorts of CF patients have also improved from an average deterioration of between 

2.5% to 6% annually in 1976, to an average of 0.85% to 1.17% in 2015. Medical management 

remains focused on preserving lung function and reducing the risk of admission to hospital for 

exacerbation of symptoms. The role of the paediatric physiotherapist is to actively promote exercise 

and airway clearance therapy to all children with CF, irrespective of lung disease severity. Inspire-CF 

aimed to improve lung function by increasing exercise capacity. 
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2. 
 

CHAPTER 2.  LITERATURE REVIEW 

2.1. Introduction 

The primary difference in ventilatory response during exercise between healthy individuals and 

those with CF, is that those with CF may have bronchiectatic changes in the lungs that results in 

increased dead space (Thin et al., 2004). Dead space is wasted ventilation and may be greater in 

those with more severe lung disease and may therefore limit a person’s ability to maintain or 

increase alveolar ventilation during exercise. For example, in a healthy person inhaling a tidal 

volume (VT), or normal breath, of 500 millilitres (ml), 70% (350 ml), contributes to alveolar 

ventilation; however, at the same given VT in a person with dead space caused by CF lung disease, 

only 50% (250 ml) may contribute to alveolar ventilation (Urquhart, 2011). Therefore, to meet the 

increased ventilatory demands of exercise at any given level of oxygen uptake (VO2), respiratory rate 

(RR) and/or VT must be increased. A child with CF may have increased metabolic requirements 

during exercise compared to a healthy child at the same workload, therefore the child will have to 

increase their minute ventilation (VE) to meet the demands of maintaining normal alveolar 

ventilation. Gas trapping, obstruction caused by thick secretions, and airway hyper-reactivity may 

also contribute to ventilatory limitations during exercise (Urquhart, 2011).  

 

Exercise induced hypoxemia has been shown in individuals with CF who completed an incremental 

exercise test to self-determined exhaustion, with associated drop in peripheral oxygen saturations 

(SpO2) (Ruf and Hebestreit, 2009). Reduced VO2peak, deficient O2 delivery and altered VO2 kinetics 

during exercise suggest that cardiac dysfunction may also have an adverse effect on exercise 

capacity in CF (Williams et al., 2014). Using tissue Doppler electrocardiography, Ionescu et al. (2001) 

demonstrated that the individuals with CF may have right ventricular dysfunction, and systematic 

review by Labombarda et al. (2016) concluded that there was specific myocardial involvement in CF, 
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that may affect systolic and diastolic function at rest and during exercise. Cardiac arrythmias are 

rarely reported in CF (Chéron et al., 1984, Sullivan et al., 1986), however Ruf and Hebestreit (2009) 

reported exercise induced cardiac arrythmias in 5-7% pf participants, during an incremental exercise 

test. These reports demonstrate the important of cardiac monitoring in CF and help to justify the 

inclusion of CPET as the primary exercise test in CF (Hebestreit et al., 2015).  

 

Lean muscle mass is a major determinant of VO2peak and children with CF have less lean muscle mass 

than healthy children, consequently children with CF have decreased peripheral muscle strength 

when compared to healthy children (de Meer et al., 1999, Hussey et al., 2002). This deficit is 

prevalent irrespective of reduced pulmonary or nutritional status, such that children with CF are 

typically unable to replicate the intensity of work generated during aerobic (de Meer et al., 1999) 

and muscle strength exercises (Hussey et al., 2002). Near-infrared spectroscopy has shown that 

skeletal muscle oxidative capacity is also reduced in children with CF, and that this deficiency may 

accelerate with age, and contribute to further decline in exercise tolerance (Erickson et al., 2015, 

Werkman et al., 2016).  

 

Despite these ventilatory and metabolic limitations, ability to perform exercise to peak exertion 

when health status is stable have been recorded in children with CF (Moorcroft et al., 1997, Pianosi 

et al., 2005b); however, tolerance for exercise at any given intensity in CF may also be limited by 

nutritional status (Marcotte et al., 1986, Milla, 2004). Exocrine pancreatic insufficiency affects 85-

90% of individuals with CF (Mehta et al., 2010), and causes malabsorption of fats, vitamins and 

minerals, which contributes to an inability to meet increased energy demands caused by bronchial 

infections (Wilschanski and Durie, 1998). There is an inverse correlation between energy expenditure 

and lung function (Bowler et al., 1993), and a correlation between nutritional status and lung 

function (Peterson et al., 2003) therefore optimisation of growth and nutritional status in 

conjunction with management of lung function is essential (Sinaasappel et al., 2002). Energy 

expenditure is higher during rest and exercise in individuals with CF, which may increase metabolic 

demand following exercise (Stevens et al., 2011), and elevated levels of pro-inflammatory markers 

following exercise may also impact on exercise metabolism (Stevens et al., 2011, van de Weert-van 
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Leeuwen et al., 2013). It is therefore important to carefully monitor growth outcomes in those who 

exercise regularly, particularly at higher intensities (Ledger et al., 2013), and in children with 

malnutrition where muscle wasting may occur as a result of protein deficiency and decreased fat 

storage (Marcotte et al., 1986). Consequently, high-calorie nutritional supplementation or hormonal 

treatment to help children who regularly exercise should be considered to meet metabolic 

requirements and to help increase peripheral muscle development should be considered (Gruet et al., 

2017). 

 

2.2. Aims and objectives 

It is evident that exercise capacity may be limited in CF because of the myriad of adverse 

physiological effects caused by abnormal CFTR function on the airways, pancreas and 

gastrointestinal tract (Quinton, 1999).  The aim of Chapter 2 was to conduct a literature review that 

employed a systematic search strategy to identify exercise-based randomised controlled trials 

conducted in children with CF and then to synthesise the results of these studies. The objectives were 

to identify the effects that the exercise interventions had on lung function, exercise capacity and 

quality of life. This will help to clearly explain the defined gaps in knowledge that this thesis aimed 

to address.  

 

2.3. Methodology 

This review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines (Moher et al., 2009). 

 

2.3.1. Search strategy   

A systematic search strategy was conducted using 4 databases, PubMed, Medline, CINAHL Complete, 

and Embase, with the aim of identifying peer review journal articles related to exercise training in 

children with CF. Search terms included ‘cystic fibrosis’ OR ‘CF’ AND ‘children’ OR ‘paediatric’ OR 

‘pediatric’ AND ‘spirometry’ OR ‘lung function test’ AND ‘exercise’ OR ‘aerobic training’, OR 

‘anaerobic training’ OR ‘strength training’ OR ‘resistance training’ AND ‘quality of life’ OR ‘health-

related quality of life’ OR ‘Cystic Fibrosis Questionnaire’.  
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2.3.2. Search criteria  

Inclusion criteria for article selection included: 1) randomised control trials; 2) participants aged 6-

18 years with a confirmed diagnosis of CF; 3) peer-reviewed articles published as full manuscripts; 

4) written in the English language; 5) studies that reported endpoint measurements of FEV1 and 

VO2peak and/or Wpeak; and 6) published between January 1982 and December 2014. Articles were 

excluded if they were related to adults, chest physiotherapy techniques, lung transplantation, 

asthma, bronchiectasis, non-cystic fibrosis bronchiectasis, inspiratory or expiratory muscle training, 

videogames, and animal-studies. Abstracts, narrative and systematic reviews, observational studies 

and validation studies were all excluded.  

 

2.3.3. Selection process 

Results were exported into EndNote 8 (Clarivate Analytics, Philadelphia, USA), and then screened for 

duplicates. A systematic process of screening was undertaken based on title and abstract with 

articles excluded if irrelevant. Full texts of eligible articles were then read to identify the final 

included studies. Citation tracking and a search of the grey literature was conducted using Google 

search to identify any additional studies.  

 

2.3.4. Data extraction  

Participant characteristics, study design and sessions, methodology, defined outcome measures, and 

results of statistical analysis were extracted. Where available, mean difference, standard deviation 

(SD), and 95% confidence intervals (95%CI) were recorded to allow for comparisons between studies.  

 

2.3.5. Risk of bias and quality of assessment   

The Critical Appraisal Skills Programme UK (2014) quality appraisal tool for randomised controlled 

studies was used to screen for risk of bias. The appraisal tool consisted of four sections (A, B, C and 

D) with a total of 11 multi-choice questions, with the answer options being ‘Yes’, ‘No’, and ‘Can’t 

tell’. Section A was composed of screening questions related to the validity of the study as a 

randomised controlled trial. If all questions in Section A were answered with a ‘Yes’, then appraisal 

was continued. 
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2.4. Results  

2.4.1. Database search  

A total of 2359 studies were extracted from the databases, of which 1547 duplicates were identified. 

The remaining 812 titles were individually screened with 441 articles excluded as they were not 

relevant. The abstracts of the remaining 371 articles were read, and a further 289 articles were 

excluded as they were also not relevant. A total of 82 abstracts were identified as being related to 

exercise.  

 

The full texts of 82 articles were downloaded into EndNote 8 (Clarivate Analytics, Philadelphia, 

USA) and screened for eligibility. Of these articles, 27 included both adults and children as 

participants, and were excluded. The remaining 55 articles were individually read and categorised 

into supervised, unsupervised, or partially supervised exercise programmes, and a list of outcomes 

generated, with articles that included FEV1 and Wpeak and/or VO2peak selected. A further 47 articles 

were excluded as FEV1 and/or Wpeak and/or VO2peak data was not reported.  

 

Eight (n=8) peer reviewed and full-text published randomised controlled trials, with an exercise 

training protocol conducted in children and adolescents aged 5 to 18 years with CF, were included in 

the final review (Braggion et al., 1989, Cerny, 1989, Schneiderman-Walker et al., 2000, Selvadurai et 

al., 2002a, Klijn et al., 2004, Orenstein et al., 2004, Santana-Sosa et al., 2012, Santana-Sosa et al., 

2014). All 8 studies were included in the qualitative analysis. It was not possible to undertake a 

meta-analysis as mean±SD data for FEV1 and/or Wpeak and/or VO2peak were inconsistently reported, 

and only the studies by Santana-Sosa et al. (2012) and Santana-Sosa et al. (2014) reported mean and 

95%CI. Figure 2-1 illustrates the selection process for inclusion of studies. 
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Figure 2-1: Prisma flow diagram for the selection process of included randomised controlled 
trials 
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2.4.2. Study design and characteristics 

The heterogeneity of study populations, variation in reporting of study design, outcomes, and 

intervention protocols, as well as omission of data, made synthesis of these articles challenging. 

Braggion et al. (1989) compared exercise training in healthy children versus children with CF; Cerny 

(1989) and Selvadurai et al. (2002a) conducted supervised, hospital-based training in children 

admitted for exacerbation of respiratory symptoms; Schneiderman-Walker et al. (2000) and 

Orenstein et al. (2004) considered the effects of partially-supervised, home-based exercise training; 

Klijn et al. (2004) studied the effects of anaerobic exercise training; and the two studies by Santana-

Sosa et al. (2012) and Santana-Sosa et al. (2014) evaluated the effects of a combination of aerobic 

and strength training in children enrolled in a supervised out-patient gym setting.  

 

2.4.3. Risk of bias and quality assessment  

All 8 studies were of low-to-moderate quality, primarily as the methodologies were limited in their 

descriptions of exercise prescription and training protocols, which would make repeating of the 

studies difficult. There was wide variation of reporting of outcomes, with some studies only showing 

change since baseline in graphical format (Braggion et al., 1989, Cerny, 1989), which made precision 

identification of change difficult, whilst others did not report change in some outcomes beyond 

baseline results (Braggion et al., 1989, Klijn et al., 2004). This selective reporting made comparison 

of results between groups difficult and would likely impact on comparison with Inspire-CF results. 

 

There were no adverse events reported in any of the studies, and as exercise is generally considered 

relatively low risk, the positive effects described were likely of health and possibly clinical benefit to 

the participants. However, generalisability to the wider CF population was more difficult as not all 

exercise interventions were carried out during periods of stable clinical status (Cerny, 1989, 

Selvadurai et al., 2002a), which meant that outcomes were measured when participants were 

admitted to hospital and on IV-antibiotics treatment. As such, the conclusions on the effectiveness 

of the exercise programmes were likely masked by the therapeutic effects of IV-antibiotic treatment. 
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All the studies were classified as randomised controlled trials and stated and addressed a clearly 

defined research question. The risk of bias was relatively high in all the studies as none of the 

participants were blinded to their treatment, and assessors were not blinded to each groups 

intervention, outcomes, and analysis of results. One study (Braggion et al., 1989) did not randomise 

participants as the trial compared healthy children to children with CF. In all other 7 studies, 

allocation of participants to group’s was described as performed by blinded randomisation, which 

meant that neither participant nor researcher would be likely to guess the group they would be 

allocated to. However, as is common in physiotherapy research (Opara et al., 2013), it was not 

impossible for participants to be blinded from knowing which intervention they were allocated to.  

All, except 2 studies (Braggion et al., 1989, Santana-Sosa et al., 2012) showed that there were no 

significant between group differences in FEV1 at baseline. Braggion et al. (1989) showed significant 

between-group differences in healthy children when compared to children with CF, however, these 

differences were accounted for in the analysis. Santana-Sosa et al. (2012) showed that there was a 

significant difference in VO2peak at baseline but accounted for these differences in analyses.  

 

The results of these 8 randomised controlled trials were relevant to children recruited to Inspire-CF, 

primarily due to age and outcome measures reported, however the exercise prescription and training 

programmes were poorly described, therefore drawing comparisons to Inspire-CF would likely be 

difficult. Table 2-1 shows the assessment of bias identified by the Critical Appraisal Skills 

Programme UK (2014) tool, Table 2-2 summarises the general characteristics of each of the studies 

exercise testing, prescription, and training protocols, and Table 2-3 shows the changes from baseline 

for FEV1, Wpeak and/or VO2peak as were reported.  
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Table 2-1: CASP appraisal of the methodological quality and risk of bias for randomised controlled trials 

 

CASP Question 

Braggion et 
al. (1989) 

Cerny 
(1989) 

Schneiderman
-Walker et al. 
(2000) 

Selvaduri et 
al. (2002) 

Klijn et al. 
(2004) 

Orenstein et 
al. (2014) 

Santana 
Sosa et al. 
(2012) 

Santana 
Sosa et al. 
(2014) 

1. Did the trial address a clearly focused issue? Y Y Y Y Y Y Y Y 

2. Was the assignment of participants to treatments 
randomised? 

N Y Y Y Y Y Y Y 

3. Were all of the participants who entered the trial properly 
accounted for at its conclusion? 

Y Y Y Y Y Y Y Y 

4. a. Were the participants ‘blind’ to intervention they were 
given? 

N N N N N N N N 

 b. Were the investigators ‘blind’ to the intervention they 
were giving to participants? 

N N N N N N N N 

 c. Were the people assessing/analysing outcome/s ‘blinded’? Can’t tell Can’t tell Can’t tell Can’t tell Can’t tell Can’t tell Can’t tell Can’t tell 

5. Were the groups similar at the start of the randomised 
controlled trial? 

N Y Y Y Y Y N Y 

6. Aside from the experimental intervention, were the groups 
treated equally? 

Y Y Y Y Y Y Y Y 

7. Were the effects of intervention reported comprehensively? N N Y Y Y Y Y Y 

8. Was the precision of the estimate of the intervention or 
treatment effect reported? 

N N Y Y Y Y Y Y 

9. Do the benefits of the experimental intervention outweigh 
the harms and costs? 

Y Y Y Y Y Y Y Y 

10. Can the results be applied to your local population/in your 
context? 

N N N N N Y Y Y 

11. Would the experimental intervention provide greater value 
to the people in your care than any of the existing 
interventions? 

N N N N N N N N 

Critical Appraisal Skills Programme (2017). CASP Randomised Controlled Trial Checklist. [online] Available at: https://casp-uk.net/casp-tools-checklists/  
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Table 2-2: Summary characteristics of exercise training study protocols for children with cystic fibrosis 

Authors N Study 
duration 

Groups Intervention Outcomes Frequency Intensity Time Type Adherence 

Braggion et al. 
(1989) 

20 16-weeks 

8-weeks 
normal 
activity 

+ 8-weeks 
intervention 

2: Healthy 
controls vs. CF  

Aerobic and 
strength 
training 

FEV1      

FVC  

VO2peak        

Wpeak          

3 x per week 165-175 
beats·min-1    

60 min·day-1        Running, 
circuits, 
motor-skills 
and flexibility 

75% 

Cerny (1989) 17 14-days 
(admission) 

mean±SD; 
13±3 days 

2: CF Control 
vs. CF  

Postural 
drainage vs. 
Aerobic 
training  

FEV1     

FVC  

VO2peak      

Wpeak        

3 x per day 10-65% heart 
rate reserve 

5-10 min·day-1      
progressed to 
15-20 
min·day-1        

Cycle 
ergometer 

96% 

Schneiderman
-Walker et al. 
(2000 

72 36-months 2: CF control 
vs. CF 

Control vs. 
home-based 
aerobic 
exercise 

FEV1     

FVC  

VO2peak      

Quality of life 

2 x per week + 
1 airway 
clearance 
session 

70-80% HRpeak 
or 150 
beats·min-1    

20 min·day-1       Aerobic 
activities: 
swimming, 
cycling, 
running, 
football 

>60% 

Selvaduri et al. 
(2002) 

66 14-days 
(admission) 

mean 18 days 
[range 14-36] 

3: CF vs. CF vs. 
CF 

Control vs. 
Aerobic 
training vs. 
strength 
training 

FEV1     

FVC  

VO2peak      

Quality of life 

5 x per week 70% HRpeak   

 

5 x 10 sets at 
70% 
subjective 
maximum 
exertion 

30 min·day-1       

 

30-45 
min·day-1        

Treadmill or 
cycle 

Non-isokinetic 
resistance 
circuit training 

>90% 
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Authors N Study 
duration 

Groups Intervention Outcomes Frequency Intensity Time Type Adherence 

Klijn et al. 
(2004) 

20 12-weeks 2: CF control 
vs. CF 

CF control vs. 
Anaerobic 
training 

FEV1    

FVC  

VO2peak      

Quality of life 

2 x per week Near 
maximum 

30-45 
min·day-1         

Short distance 
multi-
directional 
sprints and 
stop-start 
heavy 
ballgames 

98% 

Orenstein et 
al. (2004) 

67 12-months  2: CF vs. CF CF Aerobic vs. 
CF Strength 

FEV1     

VO2peak      

Quality of life 

 

3 x per week 70% HRpeak     

 

<55% HRpeak     

30-60 
min·day-1         

Stair-stepping 
machine 

Nordic Power 
resistance 
machine 

Not reported  

Santana Sosa 
et al. (2012) 

22 12-weeks (8-
week 
intervention; 
4-week 
detraining) 

2: CF control 
vs. CF 

CF control vs. 
aerobic + 
upper & lower 
body strength 

FEV1     

VO2peak      

Wpeak        

Quality of life 

 

3 x per week HR at GET and 
40-60% 5 
rev·min-1  

60 min·day-1    Cycle 
ergometer + 
11 strength 
exercises (1 
set x 12-15 
repetitions) 

95.1% 

Santana Sosa 
et al. (2014) 

20 12-weeks (8-
week 
intervention; 
4-week 
detraining) 

2: CF control 
vs. CF 

CF control vs. 
aerobic + 
upper & lower 
body strength 
exercise + 
inspiratory 
muscle 
training 

FEV1     

VO2peak      

   

Quality of life 

 

3 x per week HR at GET and 
40-60% 5 
rev·min-1 + 
inspiratory 
muscle 
training at 40-
50% PImax (5-
min x 30 
inspirations) 

60 min·day-1      Cycle 
ergometer + 
11 strength 
exercises (1 
set x 12-15 
repetitions) 

97.5% 

Key:  Wpeak = peak work rate; VO2peak = peak oxygen uptake; HR = heart rate; HRpeak = peak heart rate; GET = gas exchange threshold; RM = repetition maximum.  
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Table 2-3: Summary of change in FEV1, Wpeak and VO2peak outcomes 

    FEV1  Work rate  VO2peak   

Author  Groups Interventions n ∆Mean p-value  ∆Mean p-value ∆Mean p-value 

Braggion et al. (1989) Healthy controls 
CF  

Aerobic & strength 

Aerobic & strength 

10 

10 

No change 

No change 

NR 

NR 

0.2 W·kg-1 

0.3 W·kg-1 

>0.05 

>0.05 

2.1 ml·kg·min-1  

2.1 ml·kg·min-1 

>0.05 

>0.05 

Cerny (1989) CF Control 

CF  

Postural drainage 

Aerobic  

8 

9 

11.3 %pred. 

18.4 %pred. 

<0.01* 

<0.01* 

0.26 W·kg-1  

0.44 W·kg-1 

<0.01* 
<0.02* 

- 

- 

- 

- 

Schneiderman-Walker 
et al. (2000) 

CF control 

CF 

Control 

Aerobic 

36 

36 

-3.5 %pred. 

-1.5 %pred. 

NR 

NR 

-2.5 Wpeak %pred. 

-1.68 Wpeak %pred. 

0.56 

0.56 

-1.9 ml·kg·min-1 

-1.8 ml·kg·min-1  

NR 

 

Selvaduri et al. (2002) CF Control 

CF 

CF 

Control 

Aerobic  

Strength 

21 

21 

22 

-4.5 %pred. 

6.5 %pred. 

10.1 %pred. 

<0.05* 

<0.05* 

<0.01* 

- 

- 

- 

- 

- 

- 

-1.2 ml·kg·min-1 

7.3 ml·kg·min-1 

0.7 ml·kg·min-1 

>0.05 

<0.01* 

>0.05 

Klijn et al. (2004) CF control 

CF 

Control 

Anaerobic 

9 

11 

No change 

No change 

NR 

NR 

-0.3 W·kg-1 

1.4 W·kg-1 

>0.05 

<0.001* 

-0.6 ml·kg·min-1 

1.5 ml·kg·min-1 

>0.05 

>0.05 

Orenstein et al. (2004) CF 

CF 

Aerobic (at 6-months) 

Strength (at 6-months) 

26 

30 

-2.8 %pred. 

-1.3 %pred. 

>0.05 

>0.05 

- 

- 

- 

- 

-1.9 ml·kg·min-1 

-2.2 ml·kg·min-1 

>0.05 

<0.01* 

 CF 

CF 

Aerobic (at 12-months) 

Strength (at 12-months) 

25 

28 

-4.7 %pred. 

-1.0 %pred. 

>0.05 

>0.05 

- 

- 

- 

- 

-0.9 ml·kg·min-1 

-1.7 ml·kg·min-1 

>0.05 

>0.05 

Santana Sosa et al. 
(2012) 

CF control 

CF 

Control 

Aerobic + upper & lower body strength 

11 
11 

0.1 L 

0.07 L 

>0.05 

>0.05 

- 

- 

- 

- 

2.2 ml·kg·min-1  
3.9 ml·kg·min-1  

>0.05 

0.002* 

Santana Sosa et al. 
(2012) 

CF control 

CF 

Control 

Aerobic + upper & lower body strength 
exercise + inspiratory muscle training 

10 

10 

0.002 L 

0.01 L 

>0.05 

>0.05 

- 

- 

- 

- 

-0.6 ml·kg·min-1 

6.9 ml·kg·min-1 

>0.05 

<0.001* 

NR = Not reported; A dash (-) indicates that this outcome was not recorded as an outcome; *statistically significant 
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2.5. Discussion 

This discussion will focus on the synthesis of study designs, interventions, and comparisons of 

results of the 8 randomised controlled trials 

 

2.5.1. Exercise training in healthy children vs. children with cystic fibrosis 

The Italian study by Braggion et al. (1989) compared the effects of exercise training in previously 

non-exercising children with moderate CF lung disease (n=10; age 12.9±1.3 years) and healthy 

controls (n=10; 13.0±0.8 years). Two consecutive periods, each of 8-weeks duration were compared. 

During the first 8-weeks, all children were asked to maintain their usual daily activity, whilst during 

the second 8-weeks children took part in a supervised exercise programme. The 3 x 60 min·week-1 

exercise training sessions consisted of 3-phases: (1) 10-15 minute warm-up; (2) self-paced running 

at a heart rate (HR) ≤150 beats·min-1 for 10 min·day-1 during the first week, and then progressively 

lengthened to 25-30 min·day-1 by the final week; and (3) circuit-training of progressively increasing 

duration and repetition of upper and lower body strength and flexibility exercises, motor-skills 

games and a sprint run at a HR of 165-175 beats·min-1.  

 

Spirometry measurements of FEV1 %pred. and FVC %pred. was recorded at baseline, 8-weeks, and 

16-weeks, as were two cycle ergometer exercise tests. The first was a 6-minute submaximal cycle 

test at a fixed work rate adjusted for weight in kilograms (W·kg-1) of 1.7 W·kg-1 followed by 30-

minutes rest, and then an incremental cycle test (Godfrey, 1970) to voluntary exhaustion with 

VO2peak, Wpeak, ventilatory equivalent of oxygen or ratio of minute ventilation to rate of oxygen 

uptake (VE/VO2) and peak heart rate (HRpeak) all recorded. At baseline there was a significant 

between-group difference in FEV1 %pred. (106±8 vs. 77±22; p<0.05) and FVC %pred. (109±8 vs. 

89±19; p<0.01), and this difference remained throughout the study. p≤ 

 

There were no significant between-group differences in VO2peak between baseline, 8-week and 16-

week measurements for both control (42.7±4.4 vs. 44.6±5.9 vs 44.8±6.3 ml·kg·min-1) and CF groups 

(41.9±6.1 vs. 42.8±6.3 vs. 44.0±6.3 ml·kg·min-1). However, Wpeak improved slightly but non-
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significantly, between each assessment point for both control (3.9±0.5 vs. 4.0±0.5 vs 4.1±0.5 W·kg-1) 

and CF groups (3.9±0.3 vs. 4.0±0.6 vs. 4.2±0.6 W·kg-1). 

  

2.5.2. Exercise training in children admitted to hospital for exacerbations 

Cerny (1989) conducted a trial in 17 children who were admitted to hospital for 2-weeks (range of 

10-14 days) of IV-antibiotic treatment due to acute exacerbation of respiratory symptoms. The 

effects of a postural-drainage regimen (n=8; aged 15.9±4.9 years) was compared to a cycling plus 

postural drainage regimen (n=9; aged 15.4±4.9 years). Baseline spirometry measurements of 

FEV1 %pred. and FVC %pred. was recorded 2-hours after the first airway clearance session on day of 

admission. A cycle ergometer-based exercise test was then performed at an initial load of 0.3 W·kg-1, 

with the load increased by 0.3 W·kg-1 every 2-minutes until volitional exhaustion, or SpO2 decreased 

by more than 15% (or dropped below 75% of resting SpO2), to determine Wpeak and HRpeak. 

 

Each day, the postural-drainage group undertook 3 x 20-40 min·day-1 of airway clearance therapy 

combined with chest percussion and vibration. The supervised exercise group performed 5-10 

min·day-1 of cycling between days 1-4, at an intensity of 25-40% of heart rate reserve (HRR) and 

progressed to a minimum of 15-20 min·day-1 of cycling of least 40% HRR from day 5 onward, with 

all participants having achieved an intensity of 45%-65% HRR by discharge.  

 

FEV1 %pred. was significantly (p<0.05) lower in the postural drainage group at baseline. At final 

assessment, there were no significant between-group differences in lung function, however there 

was a significant within-group change in FEV1 %pred. for both postural-drainage and exercise 

groups (18.4%; p<0.01 vs. 11.3%; p<0.01), as well as in FVC %pred. (22.4%; p<0.01 vs. 14.6%; 

p<0.01). Comparison of cycle test results showed no significant between group difference in Wpeak 

and HRpeak, however there were significant within-group changes in Wpeak (0.26 W·kg-1; p<0.01 vs. 

0.44 W·kg-1; p<0.02) and in HRpeak (9 beats·min-1; p<0.02 vs. 13 beats·min-1; p<0.05). 

  

For the first time, Cerny (1989) proposed that exercise was safe and could be used to supplement 

airway clearance sessions without adversely affecting lung function. However, the results of this 
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study should be interpreted with caution as severity of lung disease was not controlled for, and all 

the children were being treated with IV-antibiotics throughout the duration of the study. It is 

therefore difficult to distinguish the level of influence the exercise may have had on lung function 

because IV-antibiotics are known to have a significant positive effect on lung function (Gibson et 

al., 2003); furthermore, 2-weeks of exercise training may be too short a time for the true 

physiological benefits of exercise to be determined. 

 

Selvadurai et al. (2002a) conducted a study in 66 children (range 14-22 days) admitted to hospital 

with for IV-antibiotic treatment of respiratory exacerbation and compared the effects of aerobic 

exercise to strength training. Children were randomised at baseline to one of 3 groups: control group 

(n= 22; aged 13.2±2.0 years), aerobic training group (n= 22; aged 13.2±2.0 years) or resistance 

training group (n= 22; aged 13.1±2.1 years). Spirometry measurements of FEV1 %pred. and 

FVC %pred. was recorded, as well as skinfold thickness measurements (biceps, triceps, scapular, iliac 

crest) to calculate fat-free mass. A treadmill based CPET (Bruce et al., 1949) was performed to 

determine VO2peak, and dominant quadriceps femoris and hamstring muscle strength were calculated 

using an isokinetic dynamometer. Quality of life was evaluated using the Quality of Well Being Scale 

(Kaplan et al., 1989). All outcomes were recorded at baseline, on the day of discharge and 4-weeks 

after discharge. 

 

The control group received a standardised protocol of regular chest physiotherapy but did not attend 

exercise sessions. Supervised aerobic training consisted of either running on a treadmill or 

stationary cycling at a 70% HRpeak during 1 x 30 min·day-1 session for 5 days. Progressive 

recalculation of HRpeak was completed every 5 days when children performed a maximal treadmill 

test without gas analysis. The recalculated 70% HRpeak were then used for the next 5-days of 

training. Supervised resistance training comprised of 1 x 30-45 min·day-1 session for 5 days, with 5 

sets x 10 repetitions of an unspecified number of upper and lower limb exercises completed, using a 

non-isokinetic resistance machine. Resistance for each exercise was calculated as 70% of maximal 

subjective resistance.  
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FEV1 %pred. significantly improved between baseline and discharge for control (57.4%±17.4%; 

D4.5%±6.9%; p<0.05), aerobic (56.8%±17.9%; D6.54%±7.76%; p<0.05) and resistance groups 

(58.0%±16.8%; D10.1%±7.4%; p<0.01) and these improvements were maintained 4-weeks post 

discharge (D4.7%±7.2% vs. D6.3%±7.9% vs. D9.8%±7.1%; p<0.05). There were no significant 

changes in FVC %pred. for any of the groups. VO2peak did not improve between baseline and 

discharge for control (34.0±17.7; D-1.22±6.2 ml·kg·min-1) and resistance training groups (34.0±17.7; 

D0.7±5.9 ml·kg·min-1) but did significantly improve for the aerobic training group (33.8±17.0; 

D7.3±6.3 ml·kg·min-1; p<0.01) and these changes were maintained 4-weeks post discharge (D7.6±6.8 

ml·kg·min-1; p<0.01). 

 

The control group lost strength, as measured in a Newton metre (Nm) as a unit of torque, between 

baseline and discharge (155±20 Nm; D-6.3±6.1 Nm), the aerobic training group marginally increased 

strength (155±19; D1.8±6.2 Nm), whilst the resistance group significantly improved their strength 

(156±21; D18.3±7.0 Nm; p<0.01). The resistance group lost their strength gains 4-weeks post 

discharge (D15.0±7.2 Nm; p<0.01), but these results were slightly better than baseline measurements. 

Fat-free mass as an indicator of muscle growth, improved significantly in all three groups, but 

mostly in the resistance group, and these changes were maintained 4-weeks post-discharge. Quality 

of life outcomes were selectively reported but suggested a significant positive correlation (r=0.57; 

p<0.05) between improved VO2peak and Quality of Well Being Scale scores. 

 

FEV1 %pred. was significantly increased in all groups, but without a significant change in 

FVC %pred., therefore it was more likely that the IV-antibiotics and airway clearance regimen were 

responsible for the improved lung function. Strength and fat free mass gains from resistance 

training were significantly different, despite the short period of training, and appeared to counteract 

the possible deconditioning that the control group had experienced. Cerny (1989) suggested that 

participation in exercise was potentially more beneficial than airway clearance alone, to maintain 

airway health and patency. Selvadurai et al. (2002a) proposed that a combination of aerobic and 

strength training may be an optimal method of exercise training for children with CF.  
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2.5.3. Partially supervised home-based exercise training 

In the most recent longitudinal study, Schneiderman-Walker et al. (2000) evaluated the effects of 36-

months of home-based exercise on 72 children with an FEV1 %pred. ≥40%, who were randomised to 

a control group (n=36; aged 13.3±3.6) and an exercise group (n=36; aged 13.4±3.9). All children 

continued to receive specialist CF medical care for the duration of the study. The control group were 

also asked to maintain their usual activity level, and the exercise group were asked to self-select 

exercise from a range of physiologist suggested aerobic activities (e.g., swimming, cycling, running 

and football), and to exercise for 3 x 20 min·week-1 at 70-80% HRpeak or at a HR of 150 beats·min-1 

using a self-monitoring technique. A telephone call to monitor and actively encourage children to 

maintain their activity levels was made every 4-6 weeks by the research team. Both groups recorded 

their activity levels in a diary that included date, type of activity, duration in minutes, and level of 

intensity denoted as: 1 (easy), 3 (easy conversation) and 5 (too difficult to talk). 

 

At baseline, spirometry measurements of FEV1 %pred. and FVC %pred. were recorded, and then 

serially measured every 12-16 weeks at scheduled clinic appointments. A cycle ergometer (Godfrey 

et al., 1971) test was completed at baseline, 12-months, 24-months and at 36-months, with VO2peak  

and Wpeak recorded. At baseline, FEV1 %pred. (87.9±17.8 vs. 89.2±19.5) and FVC %pred. (90.1±12.9 

vs. 92.6±15.7) were not significantly different. For each year of the study, there was a significantly 

steeper decline in FVC %pred. in the control group when compared to the exercise group (-2.4±4.2 

vs. -0.25+2.8; p=0.02) and a similar trend was shown for FEV1 %pred. (-3.5±4.9 vs. -1.5±3.6; p=0.7).  

 

Control and exercise group measurements of VO2peak (40.7±7.9 vs. 40.6±7.6 ml·kg·min-1) and Wpeak 

(93.5±17.5 vs. 94.8±15.0 W·kg-1) were recorded at baseline, however Schneiderman-Walker et al. 

(2000) only stated that there were no significant differences between groups for any of the exercise 

parameters at the end of the study. This selective reporting makes independent comparisons to the 

other studies results impossible. The conclusion of the study was that 36-months of partially 

supervised exercise slowed the rate of decline in FEV1, however the interpretation of the results 

should be treated with caution as the results were not statistically significant, and the researchers 

could not explain the significantly steeper decline in FVC.  
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In another home-based exercise study, Orenstein et al. (2004) compared the effects of upper-body 

strength training to aerobic exercise training in children with CF over the course of 12-months. A 

total of 143 children were invited to participate, but those who were already regularly exercising, or 

had a VO2peak >45 ml·kg·min-1 and/or a Wpeak >110% of predicted as measured during a Godfrey 

(1970) cycle protocol were excluded. A total of 67 children (mean age 11.5 years; range 8-18 years) 

were enrolled into the study, but only 62 data sets were analysed (1 set twin; 5 sets sibling data were 

excluded) from those randomised to strength (n=28) and aerobic (n=25) exercise groups.  

 

For the first 8-weeks of the partially supervised study, exercise physiologists completed weekly 

home-visits, followed by once-a-month visits for the remainder of the 12-month to encourage 

adherence to exercise and progress the training programmes. The aerobic exercise group completed 

their programme on a stair-stepping machine, starting with 1 x 5-min·day-1 initially, and 

progressing to 1 x 30 min·day-1 over the course of the study at up to 70% HRpeak. The upper-body 

strength training group performed biceps curls, lateral pull-downs, and military and bench presses 

on a Nordic Power weight resistance machine at individually tailored weight, sets and repetition, at 

<55% HRpeak. 

 

Participants completed assessment at baseline, 6- and 12-months, with all measurements completed 

at least 2-weeks post-discharge from hospital for IV antibiotic treatment. There were no significant 

differences baseline differences in FEV1 %pred., VO2peak, Wpeak, and 1-repetition maximum (1RM) lifts 

of bicep curl, bench press and leg-extension exercises, and the Quality of Well-being scale domains 

of mobility, physical activity, and social activity.  

 

FEV1 %pred. decreased between baseline and 6-months in both aerobic (92.2±18.3 vs. 89.7±19.3; 

p=0.20) and strength (90.3±17.9 vs. 86.1±17.2; p=0.05) groups but increased in both groups between 

6 and 12-month assessments. The increase was not significant for the aerobic group (89.7±19.3 vs. 

90.3±17.9; p=0.36) but was significant in the strength group (86.0±17.7 vs. 90.3±15.8; p=0.05). Over 

the course of 12-months both groups maintained a mean FEV1 %pred. >90% (aerobic group 

91.5±18.2 vs 90.3±17.9, and strength group 91.2±18.1 vs. 90.3±15.8). 
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There were no significant differences in VO2peak between baseline and 12-months for either aerobic 

(34.6±5.5 vs. 33.7±7.2; p=0.56) or strength (32.6±6.2 vs. 30.9±6.7; p=0.07) groups. However, there 

was a significant change in predicted Wpeak between baseline and 12-months for the aerobic group 

(4.59%±0.3% vs 4.68%±0.3%; p=0.003) and strength group (4.56±0.4% vs. 4.64±0.4%). 1-repetition 

maximal strength measurements of bicep curl, bench press and leg-extension exercises were also 

significantly increased by 3-4% (p<0.001) per body-part and in both groups. Lower-limb strength 

was also increased in the group that only trained upper-limb strength. Upper limb strength gains for 

the aerobic group were attributed to use of the upper limbs for stability during stepping, and lower 

limb strength gains for the upper-limb strength group were attributed to the lower limb still bearing 

weight and being manoeuvred during exercise sessions. Quality of life reportedly did not 

significantly change for either group, but data were not presented.  

 

There was a higher number of dropouts in the aerobic group, which was linked primarily to smaller 

children being unable to perform an optimal exercise technique on the stair-stepping machine. It 

may be that children also found using the same exercise single piece of equipment for the full 12-

months boring, despite motivation by telephone. 

 

2.5.4. The effects of anaerobic exercise training  

Klijn et al. (2004) evaluated the effects of anaerobic training on lung function, aerobic and 

anaerobic capacity, and quality of life over a 12-week period, in 20 children randomised to control 

(n=9; aged 14.2±2.1) and anaerobic training groups (n=11; aged 13.6±1.3). All children completed 

spirometry to measure FEV1 %pred. and FVC %pred., a Wingate anaerobic test (Bar-Or, 1987) to 

calculate peak power (Wpeak), an incremental cycle test (completed 45-minutes after the Wingate 

test) to determine VO2peak  and Wpeak, and the disease specific CFQ (Quittner, 1998), at baseline and 

12-weeks end of intervention, and then at a further 12-weeks follow-up.  

 

Children in the control group were asked to maintain their normal physical activity levels and 

physiotherapy regimen. The supervised anaerobic training group completed 2 x 30-45 min·week-1 

high-intensity training sessions a week for 12-weeks. Supervised training sessions consisted of 8 
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basic individual training programmes, repeated every 4-weeks at maximal effort and speed, and 

included short distance multi-directional sprints and stop-start heavy ballgames. The researchers 

provided the exercise programme in an online supplement to the journal publication. There were no 

significant differences between control and anaerobic exercise groups at baseline in FEV1 %pred. 

(82.1±19.1 vs. 75.2±20.7), FVC %pred. (93.2±15.8 vs. 85.0±14.0), Wpeak (647±179 W vs. 547±178 

W), VO2peak (40.7±8.3 vs. 40.2±4.2); VO2peak %pred. (84.2±10.4 vs. 83.1±9.1), and Wpeak (156±26 vs. 

140±20). 

 

After 12-weeks of training, Klijn et al. (2004) reported that there were no significant between-group 

differences in FEV1 %pred. and FVC %pred., however these results were not documented, which is 

poor practice. The results of the Wingate test showed that there was a non-significant decrease in 

Wpeak in the control group (-3.4±53.7 W) but a significant increase in the anaerobic exercise group 

(66.9±23.8 W; p>0.001). The 12-week repeat cycle ergometer test showed that VO2peak and 

VO2peak %pred. had decreased in the control group (-0.6±1.9 ml·kg·min-1 and -2.1±2.8%; p<0.05) but 

had significantly increased in the anaerobic group (1.5±2.6 ml·kg·min-1 and 4.7±5.6%; p<0.05). 

 

Quality of life domains of the Cystic Fibrosis Questionnaire (CFQ-R) were not well documented, 

which made independent interpretation difficult. However, Klijn et al. (2004) reported that there were 

no significant between-group differences in quality of life over the 12-weeks intervention period, 

except in the domain of physical functioning. Within-group analysis showed that the anaerobic 

exercise group perceived their physical functioning to have significantly increased between baseline 

and 12-weeks (70.3±13.8 vs. 88.4±9.0; p<0.001). The control group had recorded a higher physical 

functioning score at baseline, and although this score had increased at 12-week assessment 

(83.2±18.5 vs. 87.1±17.9; p=0.20), this within-group difference was not significant. 

 

At 12-week follow-up, lung function parameters were again not documented but reported as being 

not significantly different. Absolute Wpeak was significantly higher in the anaerobic exercise group 

(54.6±47.7 W; p<0.001) and higher in the control group (24.9±73.5 W; p=0.34), when compared to 

baseline results. The anaerobic groups VO2peak was reported as not significantly different between 
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baseline and 12-week follow-up, however the control groups VO2peak was significantly lower (1.5±1.7 

ml·kg·min-1). CFQ physical functioning domain scores for the exercising group remained 

significantly higher than baseline (8.3±8.4; p<0.01). 

 

Klijn et al. (2004) showed for the first time that high-intensity anaerobic training in children with 

CF, could significantly improve strength and aerobic parameters, but were not maintained and 

returned to baseline levels. The exercise prescription, particularly with reference to the level of 

intensity of exercise expected of the children, was poorly reported. It may be that too much reliance 

on the children’s ability to self-determine maximal speed during the exercise programme, had an 

impact on the results of the study. 

 

2.5.5. The effects of combined aerobic and strength training  

Santana-Sosa et al. (2012) evaluated the effects of chest physiotherapy versus a combination of 

aerobic and strength training in an 8-week study followed by 4-weeks detraining. Children were 

randomised to control (n=11; aged 10±2 years) and exercise groups (n=11; aged 11±3), with the 

control group asked to complete 2 x daily airway clearance sessions and maintain their normal 

physical activity level, and the exercise group were asked to maintain the same airway clearance 

regimen, but also completed 3 x 60 min·week-1 supervised exercise training sessions in the hospital 

gym.  

 

The supervised and individually tailored sessions included a 10-minute warm-up, followed by 20-40 

minutes on a cycle ergometer followed by 3 circuits (1 set x 12-15 reps per circuit) on 11 upper and 

lower body strength exercise stations. Aerobic exercise was performed at HR calculated at 

ventilatory threshold, which was the increase in both VE/VO2 and end tidal pressure of oxygen with 

no rise in ratio minute ventilation to rate of carbon dioxide uptake (VE/VCO2) during an incremental 

treadmill test. Strength training was progressed from 40% of a 5-repetition maximum (5RM) to 60% 

of 5RM by the end of the study. During the detraining period, all children were asked to maintain 

their airway clearance regimen and return to their usual physical activities as at baseline. 
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Measurements of FEV1 %pred., VO2peak, 5RM of upper and lower body strength were completed at 

baseline, 8-weeks, and 4-weeks after end of intervention. The Spanish version of the CFQ-R was 

undertaken at baseline and 8-weeks. At baseline there were no significant between-group differences 

in FEV1 (1.8±0.2 vs. 1.9 vs. 0.2 L) and FVC (2.3±0.2 vs. 2.4±0.2 L), and this was similar to the results 

of FEV1 (1.9±0.2 vs 1.9±0.2 L) and FVC (2.4±0.2 vs. 2.5±0.3 L) after 8-weeks training, and again for 

FEV1 (1.8±0.2 vs. 1.9±0.3 L) and FVC (2.4±0.2 v. 2.6±0.3 L) after 4-weeks detraining. These results 

suggested that the exercise programme had no effect on lung function, and that lung function could 

remain stable without training. 

 

Santana-Sosa et al. (2012) reported that there was a significant between-group differences in VO2peak 

at baseline, in favour of the control group (p=0.02), however this data was not documented. After 8-

weeks there was a non-significant decline in VO2peak for the control group (-2.2 ml·kg·min-1; 95%CI -

5.3, 0.1; p=0.16) and again during the 4-week detraining period (-0.7 ml·kg·min-1; 95%CI -4.4, 5.9; 

p=0.8); however, in the exercise group there was a significant increase in VO2peak after 8-weeks 

training (3.9 ml·kg·min-1; 95%CI 1.8, 6.1; p=0.002) but the effects of training were lost within 4-

weeks of completing the study (-3.4 ml·kg·min-1;  95%CI -5.7, -1.7; p=0.001).  

 

Bench press and leg press strength in the control group was reported as unchanged throughout the 

intervention and detraining period, however again these results were not documented. The exercise 

group significantly increased strength in both bench press (10.5 kg; 95%CI 7.0, 14.0; p<0.001) and 

leg press (24.9 kg; 95%CI 14.3, 34.4; p=0.001) after training, but after detraining the strength gains 

in bench press (-1.2 kg; 9%% -3.6, 3.0; p=0.6) and leg press (1.0 kg; 95%CI -4.1, 3.3; p=0.8) had 

started to decline. There were no significant differences in baseline and after-training total CFQ-R 

scores for either control (649 vs. 638) or exercise groups (696 vs. 719). Neither group showed 

improvements in quality of life domains of the CFQ. 

 

This study showed that 8-weeks of a combination of aerobic and strength training could 

significantly improve aerobic capacity and upper and lower body strength, however these gains in 

VO2peak strength gains were not sustained after 4-weeks of detraining. These were important findings 
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as this would suggest that a regular exercise programme would need to be maintained to at least 

preserve the short-term gains of exercise.  

 

In a follow-up study, Santana-Sosa et al. (2014) considered the effects of inspiratory muscle training 

combined with aerobic and strength training with standard airway clearance regimens in a hospital-

based gym setting. Following the same format as the previous Santana-Sosa et al. (2012) study, 

children randomised to the control group (n=10; aged 10±1 year) and exercise groups (n=10; aged 

11±1 year) were assessed at baseline and 8-weeks, and then after 4-weeks detraining. The control 

group completed 2 x daily airway clearance sessions, inspiratory muscle training at 10% of their 

maximal inspiratory pressure (PImax) and maintained their normal physical activity level. The 

exercise group performed the same daily airway clearance regimen plus 2 x 5 minute (30 

inspirations) inspiratory muscle training sessions and completed 3 x 60 min·week-1 supervised 

exercise training sessions in the hospital gym, as previously described. Inspiratory muscle training 

was progressively loaded from 40% of PImax (Week 1-2), to 50% PImax (Week 3-4), and then adjusted 

to 40% of the PImax assessed at week 4 (Week 5-8).  

 

Measurements of FEV1 %pred., VO2peak, 5RM of upper and lower body strength were completed at 

baseline and 8-weeks, and after 4-weeks. The Spanish version of the CFQ-R were completed at 

baseline and 8-weeks. There were no significant differences in FEV1 %pred. between baseline, 8-

weeks training and after 4-weeks training for control (1.6±0.3 vs. 1.6±0.3 vs 1.6±0.3 L) and exercise 

groups (1.7±0.2 vs. 1.7±0.2 vs. 1.7±0.2 L), and this was similar for FVC %pred. in control (1.9±3 vs. 

1.9±0.3 vs. 1.9±0.3) and exercise groups (2.2±0.3 vs. 2.3±0.3 vs. 2.3±0.3). PImax remained unchanged 

for the control group (69.5±9.7 vs. 71.8±10.0 vs. 66.7±9.4) but was significantly improved by 36.5% 

in the exercise group with inspiratory muscle training effects maintained after detraining (68.3±6.3 

vs. 107.6±8.4 vs. 103.2±8.1; p<0.001). There was a trend towards improved total CFQ-R scores for 

the exercise group (629 vs. 688; p=0.07) but not for the control group (636 vs. 638).  

 

Baseline VO2peak was significantly higher in the control group at baseline (36.2±2.1 vs. 31.1±0.9 

ml·kg·min-1), but there were no significant changes in VO2peak in the control group at the 3 
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assessment points (36.2±2.1 vs. 35.6±1.5 vs. 32.1±1.4 ml·kg·min-1). However, after training, VO2peak 

had significantly increased in the exercise group (6.9 ml·kg·min-1; 95%CI 3.4, 10.5; p=0.002), but 

then significantly decreased by -1.5 ml·kg·min-1 (95%CI-2.7, -0.4; p=0.014) during the 4-week 

detraining period. Strength measurements were static for the control group, but the exercise group 

significantly increased leg-press strength (62.5±6.5 vs. 89.5±9.3 vs. 88.6±9.2 kg; p=0.05) and 

showed non-significant increases in bench-press (26.4±2.7 vs. 38.4±3.2 vs. 35.9±2.9 kg; p=0.4), and 

these gains were maintained despite a 4-week detraining period.  

 

As with the first Santana-Sosa et al. (2012), there was a significant clinical and health benefits to 

participation in exercise, and the exercise group also seemed to benefit from inspiratory muscle 

training. The increased VO2peak remained above baseline level after detraining, and strength gains 

were also mostly maintained. A 3rd group may have been appropriate in this study to evaluate for 

any difference between regular airway clearance regimens and the addition of 10% of PImax to the 

regimen. Of all the 8 randomised controlled trial, these two trials had well-described methodologies 

and were of good quality as the reporting of results were mostly clear and consistent.  

 

2.6. Conclusion 

This review of 8 randomised controlled trials focused on exercise training in children with CF has 

shown that supervised programmes for children with CF produced the most significant 

improvements in exercise parameters, with lesser effects shown in partially supervised and 

unsupervised programmes. Children admitted to hospital for exacerbations also benefited from 

increased exercise capacity, but it was likely that IV-antibiotics had a significant therapeutic effect 

on increased lung function. These mostly short-term studies demonstrated that exercise could 

increase FEV1, VO2peak and/or Wpeak, and these improvements could be maintained after 4-weeks of 

no training. However, there was evidence that the aerobic benefits were not maintained and returned 

to baseline levels. Importantly, the exercise programmes produced similarly beneficial results in both 

males and females. No single modality of exercise produced optimal outcomes, but each exercise 

type had benefits. Inspire-CF would therefore incorporate both aerobic and strength training modes. 

It should be noted that a comprehensive Cochrane review has since been published (Radtke et al., 
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2022) on the effects of exercise on FEV1, VO2peak, and CFQ-R physical and respiratory domains, and 

is discussed in Chapter 10, Subheading 10.2.3, pg. 230  

 

2.7. Novel approach to supervised exercise to optimise physiotherapy regimens 

Although observational studies are not considered high quality evidence, 3 such studies (Black et al., 

2009, Urquhart et al., 2012, Ledger et al., 2013) have shown that 12-months of supervised exercise 

had a positive effect on the clinical and health status of the sickest group of children with CF, and 

also demonstrated a cost-benefit to host institutions. The results of these studies were relevant to the 

research presented in this thesis, particularly as the Frequent Flyer Programme (Ledger et al., 2013) 

was a pilot study undertaken between January 2011 and April 2012 and hosted by the GOSH CF 

Unit, and its positive results underpinned the application for funding of Inspire-CF. 

 

In 2009, a Brisbane based research group proposed a novel approach to physiotherapy management 

of the 10-15% of children with CF who required frequent hospital admissions for intensive IV-

antibiotic treatment as part of a pre-planned admission protocol, or as a response to acute 

exacerbations (Black et al., 2009). The observational study was based on provision of weekly, 

individually supervised exercise training sessions, in addition to current specialist CF care. Black et 

al. (2009) enrolled 10 children (n=3 males; n=7 females; n=7 homozygous for the p.Phe508del 

mutation) aged 3-18 years (mean 13.2) in their study, who had been admitted to hospital for >40 

days of IV-antibiotic treatment in the previous year. A comparison of lung function, functional 

exercise capacity, and admission data from the intervention year was made with the previous year’s 

data. The study demonstrated a significant 48% reduction in IV-antibiotic requirement (67.7 days vs. 

34.9 days; p<0.001), and significantly more levels of the 20m incremental shuttle walk test were 

completed (5.9 vs. 7.6; p=0.05). There was also a non-significant increase of 4% in FEV1 %pred. 

(62% vs. 66%; p=0.09). 

 

In September 2010, the Frequent Flyer Programme  (Ledger et al., 2013) was established with the aim 

of replicating and confirm the findings of the Black et al. (2009) study. The Frequent Flyer 

Programme, so named because the children enrolled in the programme spent so much time in 
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hospital, was undertaken as a quality improvement initiative and included physiotherapy and 

dietetic monitoring. Physiotherapy included a physiotherapist supervised, once-weekly exercise 

session at a local gym facility, and 1 x per month home-based review of airway clearance and 

mucolytic therapy regimens. Dietetic management included 1-2 monthly monitoring of growth, 

absorption, appetite and intake, and nutritional education sessions. 

 

An age appropriate individualised exercise prescription was determined from spirometry, nutritional 

status, cycle ergometer CPET (Godfrey and Mearns, 1971) and a 10 metre modified shuttle walk test 

(10m-MSWT) (Selvadurai et al., 2003). Exercise training comprised of cardiovascular training (e.g., 

treadmill, bike, and cross-trainer) interspersed with periods of recovery. This allowed time for 

recovery from breathlessness and huffing and coughing was performed to improve airway patency. 

Strength, core-conditioning and stretching components were also included in the exercise 

programme.  

 

Based on published general exercise and training recommendations (Williams et al., 2010), children 

with a baseline FEV1 ≥70% predicted, exercised for 45-60 minutes, of which 20-30 minutes was at 

65-85% HRpeak; whilst children with a baseline FEV1 = 39-69% predicted exercised for 30-45 

minutes for 15-25 minutes at 60-80% HRpeak. In addition, children were also encouraged to exercise 

independently, and actively participate in school physical education lessons and sport for an 

additional 2-hours per week. Free membership to a local fitness facility was negotiated for each of 

the children, and this was where the physiotherapist provided the weekly training sessions.  

 

Sixteen children (n=4 male; n=12 females; n=9 homozygous for the p.Phe508del mutation; n=15 

pancreatic insufficient) aged 4-15 years (mean±SD; 10.9±2.93) who had been admitted to hospital 

for >40 days of IV-antibiotic treatment in the previous year, were enrolled in the study. The primary 

outcome for the intervention was total number of IV-antibiotic days required in the 12-month study 

period, compared to the 12-months pre-enrolment. Secondary outcome measures included exercise 

capacity, lung function, growth and body composition, quality of life, and cost of health care.  
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There were statistically significant and potentially clinically important increases in VO2peak of 5 

ml·kg·min-1 (95%CI 1.01, 8.71; p=0.02) as measured by a Godfrey cycle ergometer test. The 10m-

MSWT distances and incremental levels attained improved by 229 meters (95%CI 108.76, 349.70; 

p<0.001) and 2 levels (95%CI 0.83, 2.56; p<0.002) respectively. There was a 9% (95%CI −3.3 to 23.0; 

p=0.13) decline in FEV1 %pred. in the 12-months preceding enrolment into the Frequent Flyer 

Programme, however FEV1 %pred. was maintained between baseline and 12-month assessments 

(0.6%; 95% −7.4 to 8.6; p=0.88). Although this result was not significant, it did appear to show that 

rate of deterioration in FEV1 may have slowed.  

 

The Frequent Flyer Programme demonstrated a 21% reduction (478 vs. 619 days in previous year) in 

inpatient IV-antibiotic requirement, a 24% decrease in shared-care inpatient IV requirement (189 vs. 

249 days in previous year), and a 20% reduction (243 vs. 304 days in previous year) in home IV-

antibiotic requirements during the intervention year. Healthcare cost analyses showed savings of 

£220,338 with the cost of setting up and running the programme being £100,000.  

 

Feedback from both children and parents who participated in the Frequent Flyer Programme was 

very encouraging; with families reporting that their children had been able to spend more time at 

home and school and experienced less of a dip in their general quality of health. Importantly, 

children reported they were able to exercise at the same level or even higher than their peers. 

 

Urquhart et al. (2012) also undertook a similar observational study, based on the Black et al. (2009) 

study, and enrolled 12 children (n=6 male; n=6 females; n=7 homozygous for the p.Phe508del 

mutation) aged 10.6-16.8 years (mean age 13.2 years). Children participated in a weekly supervised 

exercise session, led by local gym instructors, and were reviewed every 2-weeks by an outreach 

physiotherapist. The study demonstrated a 30% reduction in hospital based IV-antibiotic requirement 

(224 vs. 318 days in previous year) and a 7% reduction in home based IV-antibiotic requirement 

(378 vs. 406 days in previous year) with an associated healthcare cost saving of £66,384. 
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Participants significantly improved their 10m-MSWT distances by 208 meters (735 meters vs. 943 

meters in previous year; p=0.04) and incremental shuttle level attained by 2 (9.4 vs. 11.1 in previous 

year; p=0.04). All children maintained their FEV1 between baseline and 12-month assessment points. 

 

These 3 studies represented a novel approach to physiotherapy, and focussed on incorporating 

structured, supervised exercise training into children’s CF management. However, they were 

observational studies, and their results should not be over-interpreted, as there were no comparisons 

to a control group. It is plausible that the studies offered clinicians an opportunity to monitor 

children more closely for subtle changes in their clinical status, and that a Hawthorne effect was 

observed (Franke and Kaul, 1978), such that it was the closer monitoring rather than the exercise 

intervention that led to improved outcomes. Nevertheless, children had significantly improved their 

aerobic fitness as measured by gold-standard CPET and the 10m-MSWT, and so the Hawthorn effect 

may not be the primary reason positive changes were recorded.  

 

2.8. Summary 

Chapter 2 has provided a comprehensive account of the current knowledge related to randomised 

controlled trials that have evaluated children’s physiological response to different exercise training 

modes. However, the review of 8 randomised controlled studies did not provide sufficient evidence 

to clearly define the benefits of exercise in children CF, and it was evident that there is lack of good 

quality longitudinal studies. The 3 observational studies that focussed on individually supervised 

exercise training in the sickest children with more advanced lung disease, demonstrated marked 

improvements in clinical outcomes and reductions in associated healthcare costs. These studies also 

showed that providing supervised exercise could be cost-neutral, or even cost-saving. It is evident 

that a randomised controlled trial is warranted to address the gap in the understanding of 

longitudinal response to exercise in children with a wide range of CF lung disease severity. 

Therefore, Inspire-CF was designed to address this gap in knowledge. 
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3. 
 

CHAPTER 3.  GENERAL METHODOLOGY 

Chapter 3 describes the participants, equipment and general methods used for data collection and 

processing in Chapters 5-9.  

 

3.1. Administrative information 

3.1.1. Grant award 

The Inspire-CF research programme was funded through a competitive, peer-reviewed process, by 

Great Ormond Street Hospital Children’s Charity (#V1252) (Appendix A). Sean Ledger and Professor 

Eleanor Main were co-lead investigators.  

 

3.1.2. Ethical approval and trial registration 

Ethical approval was granted by the South-East Kent Research Ethics Committee (#REC 

107522/338653/1/748) (Appendix B) and the Joint Research and Development Office at UCL Great 

Ormond Street Institute of Child Health (#11AR13). The study was registered as a clinical trial at the 

U.S. National Institutes of Health, ClinicalTrials.gov (#NCT01889927) (Appendix C). 

 

3.1.3. Study design, setting and pathway 

Inspire-CF was a single centre, non-blinded, randomised controlled trial with parallel groups 

(control vs. exercise intervention) and intention to treat analysis. The 4-years of research was hosted 

by the Great Ormond Street Hospital NHS Foundation Trust (GOSH) CF Unit between May 2012 and 

July 2016, with each participant enrolled in the study for 24-months. The exercise intervention was 

undertaken in private and public sector fitness facilities and school gyms. The study pathway is 

illustrated in Figure 3-1. 
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Figure 3-1: Consort diagram of the Inspire-CF study pathway 
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3.2. Participants 

3.2.1. Eligibility to participate  

To determine and justify the age range for eligibility for participation in Inspire-CF the research 

team needed to consider two key limitations identified during the pilot Frequent Flyer Programme. 

 

Limitation 1: The youngest participant in the Frequent Flyer Programme was aged 4.7 years at 

baseline. However, this precluded the child from performing a CPET and 10m-MSWT at baseline, as 

GOSH CF exercise protocols and the Cystic Fibrosis Trust (2013) clinical guidelines suggested a 

minimum age of 6 years for safe and effective clinical exercise testing, and CPET (Godfrey and 

Mearns, 1971) and the 10m-MSWT (Selvadurai et al., 2003) had only been validated in children with 

CF of 6 years of age and older. Additionally, the ability of the child to actively engage in structured 

exercise training was only realised in the latter stages of the programme when the child was aged 

5.2 years. 

 

Limitation 2: The oldest participant to complete the Frequent Flyer Programme was aged 17 years, 

however, this was typically the age when transition to adult care occurs in the UK. 

 

Therefore, in view of published exercise guidelines, experience with young participants, and typical 

transition to adult services upper age limit, the clinical research team determined that only children 

aged 6-15 years at baseline were eligible for participation in Inspire-CF . A provision was made with 

the GOSH CF Unit, such that those individuals who were already aged 15 years at baseline and not 

within 6-months of their 16th birthday, would not fully transition to adult care until they had 

completed the 24-month enrolment period. 
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3.2.2. Inclusion criteria 

1. Children with a documented diagnosis of CF;  

2. Male or female, aged 6 years or older at baseline, and projected to be aged less than 17 

years and 6 months at the end of the study; 

3. Under the primary care of the GOSH CF Unit; 

4. Able to perform spirometry with a baseline FEV1 %pred. greater than or equal to 40%, as 

measured on at least 3 occasions in the previous 12-months, during times of clinical 

stability (i.e., not during an exacerbation, and not during or within 2 weeks of IV-

antibiotics); 

5. The child’s parent or legal guardian gave informed consent; and assent was sought from 

children where appropriate. 

 

3.2.3. Exclusion criteria  

1. Children who had undergone lung transplantation; 

2. Children who were listed for lung transplantation; however, children would not be 

withdrawn if they were listed during the study; 

3. Clinically significant medical condition (e.g., unstable cardiac arrhythmias or undergone 

cardiac surgery) other than CF or CF-related conditions, that in the opinion of the CF 

multidisciplinary team, would compromise the safety of the patient during exercise; 

4. Orthopaedic impairment that compromised exercise performance; 

5. Mental impairment leading to inability to cooperate; 

6. Unable to understand both verbal and/or written instructions in English. Children needed to 

be able to understand exactly what the fitness instructors were asking them to do, to ensure 

safe and effective exercise training sessions. Information sheets and questionnaires were 

only available in English.  

7. Children, parents, or legal guardians who were unwilling to sign consent to participate. 
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3.2.4. Eligibility to undertake a cardiopulmonary exercise test 

The following criteria did not preclude a child from participation in the study, however, based on the 

GOSH cardiorespiratory exercise laboratory infection control protocol, a participant would be 

excluded from performing a cycle ergometer based CPET if the test could not be performed in the 

final test session of the day, following which a deep clean of the laboratory would be performed: 

• Patients with Methicillin-resistant Staphylococcus aureus; 

• Patients with Burkholderia cepacia; 

• Patients with Nontuberculous mycobacterium. 

 

3.2.5. Invitation to participate  

All children received a formal written invitation to participate, and were invited to participate in the 

study at:  

• Routine attendance at CF outpatient clinics (approximately 12 children per weekly clinic);  

• Routine attendance at CF annual review clinics (approximately 2 children per twice-weekly 

clinics);  

• During routine hospital admissions for IV-antibiotics (approximately 3-4 patients on Badger 

Ward, which is the CF ward, at any time or;  

• Pre-scheduled outreach physiotherapist and/or clinical nurse specialist home visits (10-15 

children per week). 
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3.2.6. Recruitment to the study 

During an initial consultation the structure of the two-arm study was carefully explained to the 

child and parents or legal guardian, by a member of the research team, so that they fully understood 

that the process of randomisation meant that they would not be able to choose the group they were 

in. No children or parents changed their decision after this was explained to them. 

 

The research team stressed that the child was under no obligation to take part in the research. 

Children were advised that if they wished to take part, they were also free to withdraw at any time 

without affecting their current medical care. At the end of the initial consultation, the child and 

parent or legal guardian were given the relevant age-appropriate participant (Appendix D) and 

parent/legal guardian (Appendix E)  information sheets. 

 

Children were given at least 48-hours to consider their participation in the research and were 

encouraged to discuss the information with their family and friends. They were also given the 

opportunity to ask any questions related to their participation with their CF medical team, and again 

with the research team. 

 

3.2.7. Informed consent and assent 

Written informed consent to participate in the study was obtained from all parents or legal 

guardians, and written assent of the child was also obtained, prior to baseline assessment.  

 

Every child had the right to dissent (refuse participation) if he/she wished to, and the clinical 

research team recommended that parents not overrule their child’s decision if this option was taken. 

Those who signed consent/assent forms completed baseline testing. 
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3.3. Interventions 

All children enrolled in Inspire-CF were randomised to one of two arms of the controlled trial, after 

baseline assessments were completed.  

 

3.3.1. Control group: Specialist cystic fibrosis care 

Participants randomised to the control group received 24-months of specialist CF care at GOSH, as 

described in Chapter 1, Subheading 1.7, pg. 34. 

 

3.3.2. Exercise group: Specialist cystic fibrosis care plus supervised and individualised exercise 

Participants randomised to the exercise group also received 24-months of the specialist CF medical 

care at GOSH (as described in Chapter 1, Subheading 1.7, pg. 34.), plus a weekly, structured, 

individually prescribed and individually supervised exercise intervention, at a local fitness facility or 

a school gym, as described in Chapter 4, Subheading 4.6, pg. 106. 

 

3.4. Assessment points 

Over the course of the study, participants in Inspire-CF were assessed at 4 main assessment points: 

• Baseline; 

• 6-months;  

• 12-months; 

• 24-months.  

 

Baseline, 12- and 24-month assessments required the participant to attend the hospital, therefore 

these were scheduled, where possible, on days when the child had a pre-planned appointment at an 

outpatient clinic, to minimise inconvenience to both children and parents/legal guardians.  

 

The 6-month reassessment could be completed at the hospital in similarly pre-planned 

appointments, or the research team could complete the assessments at the child’s school or local 

gym. 
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3.4.1. Assessments point pathways 

At baseline each participant was scheduled into the first available appointment. Depending on 

availability of lung function and CPET slots, participants followed one of two pathways for testing: 

• Pathway 1: Participant first completed an MBW; followed by spirometry; then a cycle 

ergometer based CPET, followed by a minimum 2-hour lunch break, then a 10m-MSWT and 

then finally, completed an age appropriate CFQ-R; or 

• Pathway 2: Participant first completed an MBW; followed by spirometry; then a 10m-

MSWT followed by a minimum 2-hour lunch break, then a cycle ergometer based CPET, and 

then finally, completed an age appropriate CFQ-R. 

 

For the duration of the 24-month study, the participant followed the same pathway that they were 

assigned at baseline. Total assessment time at baseline, 12- and 24-month assessment points were 

approximately 4-hours per session.  

 

3.4.2. 6-month assessment point 

At 6-months, spirometry and a 10m-MSWT, were performed to determine any early changes in lung 

function or functional exercise capacity. This assessment was approximately 1-hour in duration. 
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3.4.3. Pre-assessment day instructions 

After consent and/or assent were signed and a baseline assessment date had been booked, all 

participants received the following general instructions prior to attendance:  

 

Thank you for agreeing to participate in Inspire-CF. Please ensure you follow these instructions 

prior to attending your first assessment. 

• Please arrive 10-minutes prior to your first scheduled appointment; 

• Your assessments will take approximately 4-hours to complete; 

• You will perform two lung function tests, two exercise tests and complete a 

questionnaire; 

• Lung function tests will be performed before the exercise tests;  

• Regular breaks have been scheduled between tests; 

• Refrain from eating a large meal at least two hours before lung function tests; 

• On the morning of your assessments, complete your normal airway clearance routine and 

take your all medications but avoid taking any short-acting bronchodilators (e.g., 

Salbutamol) and long-acting bronchodilators (e.g., Seretide®); 

• After you have completed your lung function tests, please take your prescribed doses; 

• If are currently taking a short-acting bronchodilator, ensure you take your prescribed 

dose at least 10 minutes prior to exercise tests; 

• Wear comfortable clothing and running shoes suitable for exercise; 

• Avoid strenuous exercise for at least 24-hours before the tests; 

• Bring snacks and bottles of water/juice; 

• Refrain from consuming any caffeine-based products throughout the day; 

• Do not smoke cigarettes <1-hour prior to your test. 
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3.5. Power calculation and participant sample size 

The European Medicines Agency Committee for Medicinal Products for Human Use (2009) 

principally recommends FEV1 measured by spirometry, as the primary end-point for determining the 

effectiveness of interventions on lung function in CF clinical trials. FEV1 is typically expressed in 

litres (FEV1 L); however, to compare FEV1 across age, gender and ethnicity, the Global Lung 

Initiative (GLI) all-age multi-ethnic reference equations (Quanjer et al., 2012b) were used to convert 

the raw FEV1 in litres (L) data to z-scores and %pred. values. The z-score shows how many standard 

deviations the group is away from the mean, and accounts for the %pred. value, as well as between 

participant variability of measurements (Stanojevic et al., 2009). A standard deviation of ±2 z-scores 

is within a normal range. 

 

FEV1 z-score was the primary outcome measure for Inspire-CF and a power calculation to determine 

the minimum sample size of participants required was performed by a medical statistician based on 

published methods for determining sample size (Kirkwood and Sterne, 2012) i.e., difference between 

two means (0.7 z-score or 0.8 z-score) with a given power (80% or 90%), and significance level 

(p=0.05). Therefore, a sample size of 33 participants per group would provide 80% power at 5% 

significance, to detect a mean within group improvement of 0.7 in FEV1 z-score over 24-months, 

and 90% power for a difference of 0.8 in FEV1 z-score. To allow for 20% losses due to non-

recruitment or subsequent dropout, this required a participant pool of 83 children with CF, and a 

recruitment success rate of 80%. The study was powered on between-group differences anticipated 

at 24-months. 

 

The hypothesis was that there if there were no between-group differences in FEV1 z-score at 

baseline, the 24-month individually supervised exercise programme would elicit an increase in FEV1 

z-score by 0.7 (80% power; p=0.05). 
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3.5.1. Justification of power 

A FEV1 z-score is the mathematical combination of the percentage predicted and between-

participant variability, producing a single number that accounts for age and height related lung 

function variability that could be expected in a healthy population; with the lower limit of normal 

(LLN) lung function determined as -1.64 z-score (Stanojevic et al., 2010).  

 

To explain the approximate relationship between FEV1 z-score and FEV1 %pred.: 1 z-score equates 

to approximately 15% in FEV1 %pred.; 0.7 z-score equates to approximately 10.5% in FEV1 %pred.; 

0.5 z-score equates to approximately 7.5% in FEV1 %pred.; and 0.2 z-score equates to approximately 

3% in FEV1 %pred. (Quanjer et al., 2012). 

 

Annual rates of decline of between 1% and 4% in FEV1 have previously been anticipated in children 

(Merkus et al., 2002, Schneiderman-Walker et al., 2005, Konstan et al., 2007, Vandenbranden et al., 

2012, Waters et al., 2012). However, diminished rates of annual decline of between 0.85% and 1.55% 

in FEV1 have been reported in children (Schneiderman et al., 2014, Cogen et al., 2015) and in young 

adults (Que et al., 2006) as a result of earlier diagnosis, and better drug and therapeutic 

interventions. 

 

Two CF interventional studies that have used FEV1 to detect a treatment response to either 

hypertonic saline or recombinant deoxyribonuclease, also known as DNase, in paediatric patients 

have reported improvements of between 7±14% and 15%±16% in FEV1 (Eng et al., 1996, Ballmann 

and von der Hardt, 2002).  

  

Using these interventional studies as reference points and given the wide range of disease severity in 

the GOSH CF cohort, the research team aimed for the exercise intervention to improve FEV1 by 10% 

in the exercise group over the course of the 24-month trial, which equates to approximately 0.7 z-

score. 
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3.5.2. Allocation to groups and randomisation strategy 

It was not possible for the clinical research team or participants to guess which group they were 

allocated to by randomisation. Group allocation was not openly shared with clinicians in the CF 

Unit; however, this may have become apparent over the course of the research as children attended 

routine clinic appointments. Lung function and exercise tests were conducted according to 

standardised, quality-controlled protocols. Therefore, it is unlikely that the respiratory physiologists 

(lung function team) and cardiac physiologists and technicians (exercise laboratory team) would be 

influenced by group allocation. 

 

The clinical research team knew all eligible participants; therefore, to minimise selection bias, 

allocation concealment was carried out by an independent statistician. Randomisation by 

minimisation was performed using the customised software package, SiMin (Wade et al., 2006). This 

randomisation strategy was designed to avoid a large imbalance in the numbers of participants who 

consented to participate in Inspire-CF, and to ensure an even distribution of potential confounders, 

which were accounted for in analysis.  

 

3.5.3. Minimisation factors  

• Age (6–8; 9–11; and 12-15 years);  

• Gender (male or female);  

• Disease severity based on FEV1 %pred.  

o Mild to moderate CF lung disease: FEV1 %pred. ≥70%;  

o Moderate to severe: FEV1 %pred. 40% to <70%; 

• Area lived in (either London; Herefordshire/Bedfordshire; Essex); and 

• If the child had signed-up for a Nuffield Health gym membership or not (described in 

Chapter 4, Subheading 4.3, pg. 104). 
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3.6. Outcome measures, equipment, and test procedures 

This section describes the outcome measures, equipment and test procedures used to measure lung 

function, exercise, and quality of life outcomes. Each of the result chapters will provide further 

detail on primary and secondary outcome measures and the variables recorded and analysed. 

 

3.6.1. Age 

Age was calculated to the nearest decimal point (0.1) of a year.  

Equation 3-1: Decimal age = (date of assessment - date of birth)/365 

 

3.6.2. Height 

Height was calculated to the nearest 0.1 cm without shoes on, using a calibrated stadiometer 

(Harpenden Stadiometer, Holtain Ltd, Dyfed, UK), and in a method recommended by the Child 

Growth Foundation (Martin et al., 2007). Children removed any caps or hair ornaments, and stood 

with their feet flat on the floor, with their head, shoulders, buttocks, and calves pressed against the 

back board of the stadiometer. The child breathed in and then relaxed, maintaining an upright 

position, with height then recorded to the nearest 0.1 cm.  

 

3.6.3. Weight 

Weight was measured wearing light clothing and no footwear on, to the nearest 0.1 kg, on calibrated 

weighing scales (Marsden MBF-6010 Body Composition Scale, Rotherham, UK). 

 

3.6.4. Body mass index  

BMI was calculated using the following equation. 

Equation 3-2: BMI = weight (kg) / height (m2) 

 

  



 
 

  83 

3.6.5. Spirometry 

Spirometry is a non-invasive, diagnostic outcome measure that requires a person to perform 

maximal inspiratory and expiratory manoeuvres, from which airway function and limitations are 

calculated. The test is used to determine the volume of air inhaled and exhaled as a function of time, 

with FEV1 and FVC the two most important outcomes measured (Miller et al., 2005).  

 

Spirometry was performed according to GOSH laboratory protocols, which are based on the 

American Thoracic Society and European Respiratory Society standards (Miller et al., 2005). The 

tests were carried out by highly specialised paediatric respiratory physiologists and were performed 

by children at assessment points; clinic and annual reviews; during admissions; and when ordered 

by the CF medical team. Quality of all spirometry tests were checked and verified by a highly 

specialised senior paediatric respiratory physiologist.  

 

Forced expiratory manoeuvres were measured using a Jaeger Master spirometer (Erich Jaeger AG, 

Wurzburg, Germany) in a seated, upright position with feet flat on the floor. The participant wore a 

nose-clip and breathed through a circuit comprised of pneumotachograph; filter; elbow; and rigid 

mouthpiece. Participants were asked to ensure a tight seal round the mouthpiece throughout the test 

procedure. 

 

Initially, the participant breathed normally through the mouthpiece to become accustomed to the 

apparatus, and to attain a stable breathing pattern. At end-expiration, the participant was requested 

to take a maximal inspiratory breath to total lung capacity, then make a maximal expiratory effort, 

blowing as hard and as fully as possible, until no further breath could be exhaled. Once fully 

expired, the participant returned to a normal breathing pattern, removed the mouthpiece, and then 

rested. 

 

A minimum of three reproducible, maximal forced expiratory manoeuvres were performed, allowing 

adequate time to recover before each attempt. After each attempt, the pneumotachograph was re-
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zeroed. The respiratory physiologist monitored the participant to ensure that the mouthpiece was not 

blocked by tongue or teeth, and that there were no leaks from round the outside of the mouthpiece. 

 

The shape of volume/time and flow/volume curves were assessed for technical acceptability, that 

included: (1) a rapid rise at start of the manoeuvre until peak inspiratory flow was reached; (2) time 

to peak expiratory flow was <300 ms.; back extrapolation volume was >5% of FVC; or 0.150 L, or, 

whichever was greater; (3) the curves showed a relatively smooth, continuous change in flow or 

volume until residual volume was reached; (4) the shape were reproducible on superimposed curves; 

and (5) there were no indicators of early inspiration and plateau on the volume-time curve. The 

results were taken as the greatest values from three technically acceptable tests.  

 

All raw spirometry measurements of FEV1, FVC and FEF25-75 were converted to z-scores and 

percentage of predicted, using the Global Lung Initiative reference equations (Quanjer et al., 2012b), 

to allow for comparison across age, gender, and ethnicity. 

 

3.6.6. Multiple breath inert gas washout test 

MBW measures the functional residual capacity (FRC) and efficiency with which an inhaled inert gas 

mixes with the lungs. The test determines non-uniformity of ventilation distribution across the lung, 

which is referred to as ventilation inhomogeneity (Gustafsson et al., 2003) and is expressed as the 

Lung Clearance Index (LCI). MBW was performed by highly specialist paediatric respiratory 

physiologists and using GOSH lung function unit laboratory protocols, which are based on published 

standards (Gustafsson et al., 2003, Aurora et al., 2004, Aurora et al., 2005b, Robinson et al., 2009b) 

to determine LCI scores; the test is typically performed once-yearly, at GOSH CF annual review 

clinics. The GOSH CF Unit agreed that MBW measurements completed by Inspire-CF participants 

would inform the annual review.  

 

Normal ranges for LCI are age and height dependent (Lum et al., 2013) and also variable based on 

equipment and inert gas used (Subbarao et al., 2015), but broadly considered to be 5.49 to 7.81. 

Upper limits of normal for individuals aged >5-years are between ranges of 7.63 to 7.81. A higher 



 
 

  85 

value is suggestive of more severe peripheral airway disease (Lum et al., 2013). It is important that 

clinicians are aware of their local centre guidelines for adopted normal ranges for LCI.  

 

Prior to each test session, the equipment was calibrated. Participants were assessed in an upright, 

seated position, and watched a television programme of their choice to distract them from the test, 

and children were encouraged to maintain their normal breathing pattern. The respiratory 

physiologist monitored their breathing pattern throughout the test, such that if tidal volume dropped 

below 8 ml·kg-1 or increased above 15 ml·kg-1 of body weight, the participant was asked to either 

increase or decrease their VT accordingly.  

 

All participants wore a nose-clip and breathed through a Fleish No. 1 pneumotachometer attached to 

a mouthpiece. The pneumotachometer was connected to a differential pressure transducer (Validyne, 

Model MP 45-14-871, Validyne Corp, California, USA), and the flow signal demodulated and 

amplified (Validyne MC1-10, Validyne Corp, California, USA). A short connector linked the 

mouthpiece and pneumotachometer, into which a sampling tube from a respiratory mass 

spectrometer (AMIS 2000, Innovision A/S, Odense, Denmark) was attached. The external dead space 

for the mouthpiece was measured as 15 ml. 

 

The MBW consisted of two phases: wash-in and wash-out.  

1. During the wash-in phase, the participant inhaled a dry gas mixture containing 4% sulphur 

hexafluoride (SF6); 4% helium (He); 21% O2; and balanced nitrogen (N2). A bias flow of the 

gas was applied at the external opening of the pneumotachometer using a T-piece, and at a 

level greater than the maximum inspiratory flow produced by the participant. The wash-in 

phase continued until inspiratory and expiratory SF6 concentrations were stable and equal. 

The bias flow was stopped at this point by the respiratory physiologist, by disconnecting the 

T-piece, and the wash-out phase began. 

 

2. The wash-out phase continued until the end tidal SF6 concentration was <0.1% (1/40th) of 

the starting concentration. Evidence for gas leakage was continuously monitored; which 
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was identified by any sudden drop in tracer gas concentration, or failure of the tracer gas to 

equilibrate during the wash-in phase. All signals were digitally recorded at 100 Hertz (Hz) 

by a computer connected through a 16-channel AD conversion board (DAS-1602, Keithley 

Metrobyte, Taunton, MA, USA). 

 

LCI and FRC were calculated from an average of three technically acceptable washouts as 

determined by the highly specialist paediatric respiratory physiologists.  

 

FRC was determined from the cumulative volume of exhaled SF6 marker gas, divided by the 

difference in end tidal SF6 concentration at the start (Cetstart) of the wash-out phase, and at the 

completion of wash-out (Cetend). 

 

Equation 3-3: FRC = net volume of inert gas exhaled / (Cetstart – Cetend) 

 

To calculate the number of lung volume turnovers at each breath during the wash-out phase, the 

cumulative expired volume at that breath was divided by the FRC. The cumulative expired volume 

was corrected for the external dead space (15 ml) in each breath.  

 

The LCI was calculated as the total number of lung volume turnovers (cumulative expired volume 

divided by FRC) required to lower the end tidal SF6 concentration to <0.1% (1/40th) of the starting 

concentration. 

 

Equation 3-4: LCI = Cumulative Exhaled Volume (L) / FRC (L) 
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3.6.7. 10 metre incremental shuttle walk test 

The 10 metre incremental walk test was first validated in adult patients with chronic obstructive 

pulmonary disease (Singh et al., 1992). The simple, non-invasive, painless, incremental field-based 

exercise test has since been modified to include additional intensity level increments, and is 

commonly known as the 10m-MSWT, and has been validated to measure functional aerobic capacity 

in children with CF (Selvadurai et al., 2003).  

 

The test is carried out over a 10 metre circuit and participants follow the cues of an audio recording. 

The recently validated 25-level version of the test was performed (Elkins et al., 2009), with results 

recorded on an assessment (Appendix F). The test was completed on a flat, non-slippery, pre-marked 

course. Participants were fitted with a portable SpO2 monitor and soft sensor finger probe (Nonin 

PalmSAT Model 2500 Digital Pulse Oximeter). 

 

Prior to the test session, participants sat for a 3-minute rest period, during which they listened to the 

explanation of the test procedure on the pre-recorded audio track.  

 

The standardised procedure was: “Walk at a steady pace aiming to turn around at each end when 

you hear the signal. You should continue to walk or run until you feel that you are unable to 

maintain the required speed without becoming unduly breathless”. 

 

After the rest period, children walked to either end of the 10 meters course to position themselves to 

start. There is a triple bleep to start the test. Thereafter the audio-track emits a single bleep at 

regularly spaced intervals. The participant aimed to be at the opposite end of the 10 metre course by 

the time the next bleep sounded.  

 

After every minute, the speed of walking was increased by a small increment, such that the 

participant walked progressively faster; the change in incremental speed was indicated by a triple 

bleep. 
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The first speed of walking was referred to as Level 1, the second as Level 2, and so on. Each level 

lasted for 1-minute and the audio-recording continued for up to a maximum of 25-levels. Each level 

contained a pre-set number of shuttles (each of 10 meters in length), the number of which is dictated 

by the speed of that level. The clinical researcher initially walked alongside the participant from the 

start of Level 1, until the participant had established the correct adjustments to incremental changes 

in speed (typically by end of Level 2). 

 

The endpoint of the test was determined by the participant when: 

• The participant became too breathless to maintain the required speed.  

 

The endpoint of the test was determined by the clinical researcher when: 

• SpO2 dropped ≥5% below resting measurements; 

• Undue signs of distress including severe wheezing or chest pain; 

• Failure of the participant to complete the shuttle in the time allowed i.e., if the individual 

was more than 0.5 meters away from the cone. If the patient was less than 0.5 meters away 

from the cones when the bleep sounded, another 10 meters length was permitted to give the 

patient the opportunity to recover the ‘lost’ distance. If he/she was unable to do this, the test 

was discontinued, and the last completed shuttle was recorded. 
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3.6.8. Cardiopulmonary exercise test 

The validated Godfrey cycle ergometer protocol (Godfrey and Mearns, 1971) was performed, which 

was a continuous incremental step cycle test to volitional exhaustion; and was monitored using 

published standards for exercise testing in children with lung disease (Roca et al., 1997, American 

Thoracic Society and American College of Chest Physicians., 2003). The protocol was recommended 

by the European Cystic Fibrosis Exercise Working Group (Hebestreit et al., 2015) to assess aerobic 

capacity in CF, and is a non-invasive, painless and objective method to monitor for cardiac, 

pulmonary and metabolic limitations to exercise. As this was the first time that CPET would be 

performed by children enrolled in Inspire-CF, the research team carefully explained all the test 

procedures in advance, including the requirement for electrocardiogram (ECG) monitoring and the 

wearing of a facemask. Results informed an individualised exercise prescription that has been 

described in Chapter 4, Subheading 4.6.1, pg. 106.  

 

Prior to each test, participants attended a 30-minute familiarisation session. This included an 

introduction and explanation of all equipment and test procedures, with a focus on face-mask size 

and fit; ergometer cycle size; cadence; and ECG monitoring. To overcome some of the participants 

concerns at having to wear a facemask, during the pre-test familiarisation sessions, children were 

able to fit the mask and take-off and re-apply as often as they felt necessary, and they were able to 

self-apply the ECG electrodes. Children were able to take the facemasks home to continue to 

desensitise and prepare themselves for testing. The team also showed a video-clip of one of the 

Frequent Flyer Programme participants undertaking CPET, particularly for the benefit of younger 

participants, so that any questions or concerns could be addressed. At the assessment point, 

familiarisation with cycle-equipment, setup and testing of each participant was limited to 60-

minutes. 
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Height recorded prior to lung function tests determined the appropriate step protocol, adjusted to the 

height of the participant: 

• Height <120 cm = 10 W; 

• Height 120-150 cm = 15 W; 

• Height >150 cm = 20 W. 

 

Adjustments were made to the cycle ergometer seat height, handlebar height and pedal cranks. 

Participants with a height <132 cm were tested on a Corival Paediatric (Lode B.V., Groningen, 

Netherlands) cycle ergometer, and participants taller than 132 cm were tested on an Excalibur 

Sport (Lode B.V., Groningen, The Netherlands) cycle ergometer. 

 

All equipment was calibrated and maintained according to manufacturer guidelines, and GOSH 

infection control protocols. Participants wore an adjustable neoprene face mask into which a silicone 

mouth-coupler was fitted. A preVent™ pneumotachometer (Medical Graphics UK Ltd, Gloucester, 

England) was then inserted into the mouth-coupler. Twelve lead ECG were fitted to the chest, and 

then a SpO2 probe (Nonin Medical B.V. Europe, Amsterdam, The Netherlands) were fitted to the 

forehead. The participant was then positioned on the seat and feet strapped to the pedals. 

 

Participants sat rested for 3-minutes, then started to cycle at a cadence of between 60-70 revolutions 

per min (rev·min-1) which was maintained throughout the test. After 3-minutes of unloaded cycling, 

work rate was incrementally increased every minute (10 W, 15 W or 20 W), in line with the adjusted 

height-based protocol. Respiratory gas exchange analysis (Medgraphics, St. Paul, Minnesota); ECG; 

SpO2; blood pressure; and OMNI scale of perceived exertion (Robertson et al., 2002) were 

continuously monitored. 
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Participants were verbally encouraged throughout the tests to make a maximal effort as based on the  

Hebestreit et al. (2015) protocol. A test was considered maximal when the participant achieved a 

plateau of VO2 despite an increase in work rate, defined as an increase in VO2 during the final 

completed stage of an incremental exercise test of <2 ml·kg·min-1 for a 5-10% increase in exercise 

intensity (Sheehan et al., 1987). However, as a levelling-off of VO2 is not typically demonstrated in 

children (Rowland, 1993), the test was also considered maximal if at least one of the following 

secondary criteria were met: 

• VO2peak %pred. and/or Wpeak %pred. were achieved (American Thoracic Society and 

American College of Chest Physicians., 2003), and based on pre-test calculations of these 

outcomes using published normal reference equations (Bongers et al., 2014a);    

• a HR of 180 beats·min-1 (Gulmans et al., 1997, Klijn et al., 2003) or 95% age-predicted 

HRmax (Stevens et al., 2009, Stevens et al., 2011);  

• RER ≥1.03 (Rowland, 1996) were achieved;  

• or minute ventilation (VE) approached or exceeded maximum voluntary ventilation 

(American Thoracic Society and American College of Chest Physicians., 2003). 

 

The test was stopped if there was: 

• A severe drop in SpO2 <80% when accompanied by signs and symptoms of severe 

hypoxemia or any other signs of respiratory distress; 

• Systolic blood pressure >250 mmHg; 

• Decrease in systolic blood pressure >20 mmHg or increase in diastolic blood pressure >120 

mmHg; 

• Loss of coordination; 

• Complex cardiac ectopy; or, second- or third-degree heart block; 

• Volitional exhaustion defined as a drop in cadence of ≥10 rev·min-1 for 5 consecutive 

seconds; 

• Participant choice. 
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On completion of the test, the participant cycled for 3-minutes of unloaded recovery at a cadence of 

30-40 rev·min-1, followed by 3-minutes of rest whilst sitting in a chair, or until HR had returned to 

near resting HR. Blood pressure (BP) measurements were recorded every 3-minutes throughout the 

test, and during active recovery. 

 

3.6.9. Rationale for choice of exercise tests 

The decision to include a field-based and a laboratory-based exercise test was based on children’s 

feedback from the Frequent Flyer Programme, where the group suggested that the incremental 

shuttle walk/run concept was more familiar and meaningful to them, as the 20m version of the 

Progressive Aerobic Cardiovascular Endurance Run test (Leger et al., 1988), was conducted annually 

during school physical education lessons. In addition, some of the participants in the Frequent Flyer 

Programme had refused participation in a CPET primarily due to the mask being claustrophobic, 

despite desensitisation strategies. Children with CF did not routinely perform CPET at GOSH, 

therefore the decision was made to include a functional exercise test and a maximal exercise test. 

 

Cycle ergometer CPET was performed in the cardiac unit exercise laboratory with assistance from 

highly specialised cardiac physiologists, and advisory support from a consultant cardiologist. The 

choice for use of the Godfrey cycle protocol (Godfrey and Mearns, 1971) was in keeping with 

published guidance on the gold-standard maximal exercise test in CF (Hebestreit et al., 2015), and as 

the GOSH exercise laboratory already used a modified version of the protocol, this meant 

implementation of the original version of the test for the study could be accommodated.  

 

However, the laboratory was a very busy clinical unit within GOSH, and its use required extensive 

planning and coordination to ensure the study protocol could be facilitated and run-on time, 

without affecting the demands for cardiac patient testing. The research team typically booked 

sessions in the early morning, lunchbreak, and late afternoons as these were the least busy 

laboratory times, but also suited parents and carer schedules for bring children to GOSH for testing.  
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Children randomised to the exercise group would be undertaking an individualised exercise training 

programme, therefore the research team determined that the 10m-MSWT (Selvadurai et al., 2003) 

provided sufficient opportunity to monitor HR, SpO2 and rating of perceived exhaustion (RPE), to 

enable safe prescription of exercise in the event that CPET was refused. Both cycle ergometer CPET 

and the 10m-MSWT are considered maximal exercise tests, therefore comparison of HR outcomes 

between tests would be possible, and a safe target heart rate training range could be determined.  

 

The recently validated 25 level version (Elkins et al., 2009) of the 10m-MSWT was selected, as the 

shorter 15-level version had been completed by 2 of the boys previously enrolled in the Frequent 

Flyer Programme. The 25-level version was considered more appropriate as it was possible that 

children enrolled in Inspire-CF would achieve higher levels of intensity of exercise over the 24-

month intervention period. 
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3.6.10. Children’s OMNI scale of perceived exertion 

The children’s OMNI scale of perceived exertion (Robertson et al., 2002, Utter et al., 2002, Robertson 

et al., 2005) was validated in CF (Higgins et al., 2013); and also for mixed gender and ethnicity 

(Robertson et al., 2000).The tool and was used to determine RPE during both exercise tests, and 

during the exercise training sessions.  

 

A cycle format (Figure 3-2) was used during CPET, and a walk/run format (Figure 3-3) during the 

10m-MSWT; either format was used during exercise training sessions. 

 

 

Figure 3-2: OMNI scale of perceived exertion (cycle format) 

 

Figure 3-3: OMNI scale of perceived exertion (walk/run format) 

Reprinted from: Robertson, R.J. et al. (2000) Children's OMNI scale of perceived exertion: mixed gender and race validation. 
Med Sci Sports Exerc., 32: 452– 458. Copyright © 2000 Lippincott, Williams, and Wilkins. 
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The following standardised instructions were given to the participant depending on version:  

 

Please use the numbers on this scale to tell me how your body feels when you are 

cycling/walking/running: 

• Please look at the person at the bottom of the hill who has just started to cycle/walk/run. 

If you feel like this person when you are cycling/walking/running, you will not be feeling 

tired at all, and your rating will be zero (0); 

• Now look at the person who is barely able to cycle/walk/run at the top. If you feel like 

this person when you are cycling/walking/running you will feel very, very tired and your 

rating should be the number 10;  

• If you feel somewhere between not tired at all and very, very tired give a number 

between 0 and 10; 

• I will ask you to point to the number that tells me how your whole body feels during the 

test;  

• There are no right or wrong answers.  

• Use both the pictures and the words to help you select a number.  

• Use any of the numbers to tell how you feel when you are cycling/walking/running; 

• How do you feel now? Please point to a number on the scale. 
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3.6.11. Cystic Fibrosis Questionnaire, UK version 

Quality of life was measured by the disease specific CFQ-R (Bryon et al., 2009). The CFQ-R comprises 

of 3 developmentally appropriate questionnaires, each designed to encompass a range of domains 

related to quality of life i.e., physical symptoms; role functioning (such as ability to attend school or 

go to work); energy/fatigue; psychological; and emotional functioning and social functioning; and 

domains that are CF specific i.e., body image; eating disturbances; social marginalisation; and 

treatment burden. Nine of the domains are common to all versions as shown in Table 1. 

 

The 3 age-appropriate versions of the CFQ-R are: 

1. CFQ-R Child version for those aged 6-13 years of age (Appendix G), which was provided in 

two age-dependent formats:  

a. An interviewer administered version for children aged 6-11 years; or 

b. A self-administered, self-reported version for children aged 12 or 13 years.  

2. CFQ-R Teen/Adult version that was self-administered, and self-reported for those aged 14 

years and older (Appendix H); 

3. CFQ-R Parent/Carer version that was self-administered and self-reported and was used in 

conjunction with the child version (Appendix I).  

 

During Inspire-CF, all parents filled in this questionnaire irrespective of the age of the child, to 

determine parent vs. child differences in perceptions of quality of life. 

 

The CFQ-R was completed after lung function and exercise tests. For all participants, a quiet place 

was provided to complete the questionnaire on their own, so that answers obtained were the 

participants’ responses, and not a parent’s opinion. Similarly, parents completed the questionnaire 

on their own, and without input from the child. Participants and parents were asked to complete all 

questions and reassured that there were no right or wrong answers, and that they should respond to 

the questions based on their health status in previous two-week period. 
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Table 3-1: Domains measured by the Cystic Fibrosis Questionnaire 

Domains Child Version Teen / Adult Version Parent / Carer Version 

Physical Functioning ü ü ü 

Energy, Well-being ü ü ü 

Emotional State ü ü ü 

Eating Disturbances ü ü ü 

Body Image ü ü ü 

Treatment Constraints (Burden) ü ü ü 

Social Limitations ü ü  

Role Limitations / School Performance  ü ü 

Embarrassment  ü  

Respiratory Symptoms ü ü ü 

Digestive Symptoms ü ü ü 

Weight  ü ü 

Health Perceptions  ü ü 

 

 

For children aged 6-11 years, the clinical researcher read the questions to the child, whilst those 

aged 12 years and older completed the questionnaire independently. The clinical researcher reviewed 

the completed questionnaire to ensure that all questions had been answered.  

 

The minimum or maximum score for each domain depends on the number of items in the domain; 

however, the score is standardised for each domain, in a scale that ranges from 0 to 100. The 

interpretation of the CFQ-R scores is such that, the maximum score always corresponds to the 

highest quality of life, and the minimum score always corresponds to the lowest quality of life. 

Independent hierarchical item-analysis of the individual domains scores are appropriate and valid, 

and should be pre-defined in the methodology section of a study e.g. physical, respiratory, treatment 

burden and body image could be selectively reported in exercise studies (Quittner et al., 2005); with 

the minimal clinically important difference between serially repeated questionnaires considered to be 

a difference of 5 (Quittner et al., 2009).  
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It is considered appropriate to select the domain/s of interest that may be more related to a study, 

but results of all domains should be reported (Abbott and Hart, 2005, Quittner et al., 2005, Abbott et 

al., 2011). Physical functioning, respiratory symptoms and treatment burden were identified as the 

primary domains of interest for Inspire-CF, with the other domains considered secondary. Physical 

functioning was selected as the intervention was exercise; the respiratory symptom domain reflected 

change in lung function (FEV1 z-score was primary endpoint) and associated respiratory symptoms; 

and treatment burden was identified as children in the intervention group would undertake weekly 

exercise training under supervision, and it was theorised that this may place additional burden on 

children’s already intensive home medical regimen.  

 
 
3.7. Infection control and patient safety during assessments 

As is standard clinical practice for all individuals with CF, all participants were tested in isolation. 

All single-use equipment was disposed of immediately following testing. For the entire research 

period, any equipment considered re-usable (i.e., neoprene facemasks), were laundered, sterilised, 

labelled with the participant’s unique identification code, and stored according to hospital storage 

protocols; and then disposed of on completion of the research. All test sessions with participants 

colonised with Methicillin-resistant Staphylococcus aureus, Burkholderia cepacia or Nontuberculous 

mycobacterium were followed with a deep clean of the laboratory, in accordance with GOSH 

infection control protocols; and all consumables were disposed of immediately. The CF and cardiac 

medical teams were aware of test session times and could be contacted if any adverse symptoms or 

arrhythmias were detected. Crash-carts and defibrillators were in situ.  

 
 
3.8. Infection control and patient safety during exercise training sessions 

Personal trainers may have had to manage the training times of children who were colonised with 

Methicillin-resistant Staphylococcus aureus, Burkholderia cepacia or Nontuberculous mycobacteria in 

accordance with GOSH infection control protocols, such that the children were trained in the last 

session of the day to mitigate the risk of these pathogens being passed onto other children enrolled 

in the study. Care was taken when accessing or using equipment or swimming pools during training 

sessions if a child had a Portacath, gastrostomy tube or IV lines in situ. Previous or current 
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musculoskeletal injuries were monitored under treatment guidance from the GOSH musculoskeletal 

physiotherapy team, when required.  

 
3.9. Trial monitoring 

3.9.1. Confidentiality 

Participants were assigned a unique identification code after informed consent was obtained, and 

this was used for all computerised data entries and analysis. All information remained confidential 

and was stored securely.  

 
3.9.2. Data collection, access, transfer & storage  

All data were de-identified prior to data analysis, and these data were only available to the clinical 

research team and statistician. Members of the CF Unit were consulted where appropriate. All data 

were transferred, accessed, and stored in compliance with the UK Data Protection Act 1998. All non-

personally identifiable data will be retained for 15-years as per standardised research governance 

guidelines. 

 
 
3.9.3. Research governance 

A Data and Safety Monitoring Committee was established for the study. This committee included 3 

independent, highly experienced researchers, and ensured that baseline and post-intervention data 

were appropriately collected, stored, managed, monitored, and audited according to best practice. A 

decision to stop the trial could be undertaken by the Data and Safety Monitoring Committee. The 

committee met at 6- and 12-month assessments points and determined that protocols were being 

maintained, no adverse events had been detected, and that the trial could continue. 

 

3.9.4. Data integrity 

The entire digital versions of the spirometry database were checked and cleaned of duplicates. 

Spirometry measurements that were repeated on the same day were also removed, as these were 

related to bronchodilator reversibility tests. Data that corresponded with times when children were 

on oral or intravenous antibiotic for exacerbation of symptoms were identified and categorised. Oral 

and intravenous antibiotics have been shown to improve lung function (Que et al., 2006), therefore 
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only data collected during periods of stable health status were incorporated in the analysis. The data 

points from baseline, 6-, 12-, and 24-month were included for analysis, and crosschecked against 

admission dates. All data that were transferred from paper formats to digital formats were manually 

inputted and multi-cross checked to minimise the risk of imputation errors. 

 

3.10. Statistical analysis 

3.10.1. Databases 

All raw spirometry data were digitally retrieved from the Jaeger software databases (Erich Jaeger 

AG, Wurzburg, Germany) and exported into Microsoft Excel® (Redmond, Washington, USA). Raw 

spirometry measurements of FEV1, FVC and FEF25-75 were converted to z-scores and %pred. values, 

using GLI 2012 Desktop Software for Large Data Sets (Quanjer et al., 2013) to allow for comparison 

across age, gender, and ethnicity (Table 3-2). LCI and FRC were calculated, and data were manually 

entered into Microsoft Excel® spreadsheets (Redmond, Washington, USA).  

 

Table 3-2: Global Lung Initiative ethnicity classifications 

Group Country/region 

Caucasian 
Europe, Israel, Australia, USA, Canada, Mexican Americans, Brazil,  
Chile, Mexico, Uruguay, Venezuela, Algeria, Tunisia 

Black  African American 

South East Asian 
Thailand, Taiwan and China (including Hong Kong) south of the Huaihe River and 
Qinling Mountains 

North East Asian Korea and China north of the Huaihe River and Qinling Mountains 

 

 

Height, weight and BMI were converted to z-scores using a Microsoft Excel® Add-in, LMSGrowth-

277 (Pan and Cole, 2011). The LMS method normalised height and weight data, that may be skewed 

in the general distribution of measurements. The CFQ-R questionnaires were digitally scored using a 

Microsoft Excel® calculation database (Quittner et al., 2002). All data were transferred from the 

Microsoft Excel® databases for analysis in IBM® SPSS® Statistics 24 (Chicago, IL, USA). Numeric 

data were expressed as mean, SD, or median (IQR) as appropriate, and measurements are presented 

with 95%CI. A p-value ≤0.05 was established for statistical significance.  
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3.10.2. Normality distribution tests 

The Kolmogorov-Smirnov Test and the Shapiro-Wilk Test (p>0.05) were performed to assess for 

normal distribution of data.  

 
3.10.3. Independent t-tests 

Independent t-tests determined between-group differences at each assessment point, and were 

considered robust (Lumley et al., 2002, Rasch and Guiard, 2004) to detect the time-point specific 

between-group differences, in data collected at each of the 4 assessment points.  

 

For independent t-tests performed at each assessment point, the mean difference was calculated as 

exercise group (coded 1) minus control group (coded 0). 

 

3.10.4. Simple linear regression  

Simple linear regression was used to determine the relationship between the continuous dependent 

variables (e.g., FEV1, Wpeak, VO2peak) and the minimisation factors of gender, disease severity, area 

lived in and Nuffield membership status. The change in the continuous dependent variable since 

baseline was calculated as assessment point minus baseline data (e.g., 24-month minus baseline; 12-

month minus baseline). 

 

The following assumptions related to the analysis of the data were met:  

• There was a linear relationship between the variables;  

• There was homoscedasticity of data, such that the residual plots from the fitted model were 

randomly dispersed around the horizonal axis. 

 

3.10.5. Model-coefficients (B) 

The letter ‘B’ signifies the model-coefficient and represents the slope of the line between the 

predictor variable and the dependent variable. The model coefficients give the average change in the 

outcome for a unit of change in that predictor i.e. If the model-coefficient were positive, the 

interpretation was that for every 1-unit increase in the predictor variable, the outcome variable 
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increased by the value of the model-coefficient, however if the model-coefficient were negative, the 

interpretation was that for every 1-unit decrease in the predictor variable, the outcome variable 

decreased by the value of the model-coefficient.  

 

3.10.6. Multilevel mixed model analysis 

The main interest of the study was to consider the longitudinal effects of the weekly-supervised 

exercise training sessions on the primary outcome measure of FEV1 z-score. To model the trajectories 

and account for the repeated measurements required a multilevel mixed effects model with child as a 

random effect. Interest lay in the interaction between time (i.e., number of days in the study), 

number of weeks trained and group membership. The anticipation was that there would be no 

differences in the groups at baseline, but if the exercise programme was effective, then there would 

be an interaction between time, exercise, and group (i.e., the differences between the exercise group 

and control group would increase with time and as more exercise sessions were completed). The 

model was a priori adjusted for minimisation factors.  

 

3.10.7. Odds Ratio and Relative Risk 

Odds ratios were used to determine the association between exercise and any potential change in 

exercise capacity (i.e., that it increased or decreased). The odds ratio represented the odds (likelihood) 

that a change in exercise capacity would occur, given the exercise groups exposure to exercise, 

compared to the odds of that change happening if they had not undertaken exercise.  

 

The relative risk or risk ratio, was used to determine the ratio of the probability of the exercise group 

being admitted to hospital for an exacerbation of respiratory symptoms, compared to the probability 

of the control group being admitted to hospital for the same reason. 
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4. 
 

CHAPTER 4.  THE DESIGN OF THE INSPIRE-CF EXERCISE PROGRAMME 

4.1. Aims and objectives 

The aim of Chapter 4 is to describe the design and development of the Inspire-CF exercise 

prescription and exercise training programme.  

 

The objectives were to explain the:  

• Recruitment of a team of exercise professionals to implement the exercise programme;  

• Development of a network of private and public sector fitness facilities, that offered free 

access to the centre for each child recruited to the exercise group; 

• Design of the exercise prescription that would be documented at baseline, and then adapted 

after 6- and 12-month assessments; 

• Design of the 3-phase exercise training programme; 

• Design of the pre-exercise training health screening checklist that was used to assess for 

any change in health status that may affect the participants ability to exercise. 
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4.3. Personal training team 

The full-time co-lead investigator, a Band 7 CF Specialist Physiotherapist, recruited 3 part-time (0.5 

WTE) staff members to work on Inspire-CF: a Band 7 CF Specialist Physiotherapist, a Band 5 

Physiotherapist and Research Assistant, and a Band 5 Sports and Exercise Scientist. For ease of 

reference for the children enrolled on the study, this core team of 4 were referred to as “personal 

trainers”.  

 

The lead personal trainer (co-lead investigator) provided a 5-day (x 5-hour/day) training programme 

that included: (1) CPET training in the laboratory with assistance from the cardiac technicians; (2) 

10m-MSWT protocol training; (3) interpretation of exercise outcomes; (4) documentation of exercise 

prescriptions; (4) pre-exercise checklist documentation; (5) time spent in the gym going through 

each exercise and how to adapt, regress, or progress the exercise programme. All elements of the 

exercise programme were discussed in detail to ensure that children were treated equally, irrespective 

of group allocation. 

 

An additional 6 independent and highly experienced personal trainers who worked for some of the 

network of fitness facilities volunteered to provide free personalised training sessions. This highly 

valued team would train participants who lived in geographical locations that were further than was 

reasonably expected for the research team to travel to on a weekly basis. These trainers underwent a 

2-hour training session on CF, followed by a 1-hour pre-exercise checklist assessment and 

documentation session, and then 3-hours in the gym going through each exercise, to understand 

reasons for adaptations, regressions, or progressions of the exercise training programme.  

 

Each of the 4-core personal trainers were assigned 8 –11 children who they trained each week, with 

6 children assigned to the 6 independent personal trainers. Every 3-month the core personal trainers 

switched to work with another group of children for 1-week, to ensure there was consistency in 

application of exercise prescriptions and implementation of exercise training protocols. The 

independent personal trainers were linked to one of the 4 core personal trainers who would be 

available telephonically to discuss any concerns and/or arrange site visits. 
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4.4. Great Ormond Street Children’s Hospital and Nuffield collaboration 

All children enrolled in the Frequent Flyer Programme between January 2011 and April 2012 were 

able to access Nuffield Health, a UK national fitness provider and charity fitness facility, when they 

were admitted to hospital for routine IV-antibiotics or for exacerbations. The facility was within 5-

minutes walking distance of GOSH. The arrangement meant that children could continue to exercise 

in a similar environment as during their weekly individualised exercise training sessions, and this 

arrangement was highly regarded by the Nuffield management team and the GOSH CF Unit. 

 

In 2011, a mutually beneficial collaboration was formally established between GOSH and Nuffield 

Health national fitness centres. The collaborative arrangement was such that all children treated by 

the GOSH CF unit could avail of a free membership at their closest Nuffield centre. Children could 

take part in children’s group classes, a weekly personal training session and any other exercise or 

physical activities offered by the centre. Families could also sign-up to a reduced cost membership. 

This meant that on completion of the Frequent Flyer Programme, all children admitted to the CF 

ward could continue to access and use the centre within walking distance of the hospital, under the 

supervision of the physiotherapy team or local personal trainers. 

 

4.5. Network of private and public sector fitness facilities 

The success of the Frequent Flyer Programme to provide weekly exercise training sessions at a centre 

local to the child, required access to a network of private and public health sector fitness facilities 

and schools – all of whom provides free access to the centres for the lead physiotherapist and child. 

In total, 12 facilities formed this network, and it was on the backbone of this network that the 

Inspire-CF network of fitness facilities was developed. 

 

Free access and/or membership to a public or private sector health and fitness facility with a gym 

was negotiated for each participant in the Inspire-CF exercise group. In some cases, schools that had 

a fitness suite were also used. A network of 46 fitness facilities and schools provided access to 

fitness facilities within the London, Hertfordshire, Bedfordshire, and Essex counties. The 

arrangement was such that the participant and personal trainer could freely access all equipment 
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and facilities at the centre, at a pre-arranged session time each week, and for the 24-month duration 

of the study. Flexibility of these hours was arranged with the centre, based on each child’s school 

mid-term breaks and holiday periods.  

 

Most of the exercise sessions were scheduled either pre-school or after school, or at times that were 

convenient to the child’s school if the fitness facility was used at school, and always arranged to fit 

into family schedules. Experience gained through the Frequent Flyer Programme suggested that some 

schools either lacked a physical education programme that provided an inclusive environment for 

children with CF to participate, and/or had limited extramural sporting clubs. In these cases, the 

personal trainers worked with the schools to schedule in an exercise training session during school 

hours. These arrangements were well received during the Frequent Flyer Programme by both parents 

and school staff, and often reduced the burden of care placed on both parties. For this reason, 

similar arrangements were made, where appropriate, for Inspire-CF participants. The trainers also 

coordinated with physical education teachers and sports club staff, where necessary, to encourage 

each child to take part in more intensive, daily physical activity to achieve targets outlined in the 

child’s exercise prescription. 

 

Some children in the exercise group may have availed of a Nuffield membership prior to enrolling in 

Inspire-CF, therefore this membership was accounted for in the randomisation by minimisation 

process (Chapter 3, Subheading 3.52, pg. 79). It should be noted that a new gym membership might 

have been negotiated with an alternative fitness facility, if that centre was more local to the child’s 

home or school for the duration of Inspire-CF, than the Nuffield the child held a membership with. 

 

4.6. Admission to hospital protocol for both groups 

When a participant in either group was admitted to GOSH for any CF-related treatment, the child 

would receive the usual standard of specialised CF medical care and follow inpatient treatment 

pathways. Where possible, children in the exercise group, continued to receive a once per week, 

exercise training session that followed their individually prescribed exercise training programme. If 

their clinical status was considered unstable the session was delayed until medical clearance was 
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given to continue with exercise. When a child was admitted to a shared-care hospital for CF-related 

therapy, the trainer would co-ordinate with the clinicians at the shared-care hospital. If training 

sessions could be coordinated during the admission, then this was arranged, if not, then the exercise 

sessions continued after the admission.  

 

4.7. Inspire-CF Exercise Programme 

Appendix J includes all the resources created for exercise prescription and exercise training, and 

monitoring of health status prior to each session. Children randomised to the exercise group 

completed spirometry, CPET and 10m-MSWT and then a baseline exercise prescription was 

documented. The exercise prescription was reviewed and adapted at 6- and 12 months. At each 

training session the personal trainer completed a 6-point health screening questionnaire and 

recorded the components of exercise training completed, as well as the intensity of exercise 

achieved. 

 

4.7.1. Inspire-CF Exercise Prescription 

Children are not miniature adults therefore exercise training in children should account for 

anatomical and physiological differences (Plowman, 2001a, Plowman, 2001b, Faigenbaum et al., 

2009, Faigenbaum and Myer, 2010a, Faigenbaum and Myer, 2010b). This statement would also be 

true in CF, therefore, the exercise prescription for Inspire-CF needed to reflect this. Exercise in CF 

should be fun, to keep children motivated to exercise and establish a routine of regular exercise 

(Rand and Prasad, 2012), and this may help with increasing adherence to exercise too (Sawicki et al., 

2015).  

 

The Inspire-CF exercise prescription included previously published CF parameters (Williams et al., 

2010), but was constructed using the acronym: FITT-CF-KIDZ, which reflected the following 

principles: F – Frequency; I – Intensity; T- Time; T – Type; CF – Cystic Fibrosis; K – Kids (Children); 

I – Individualised; D – Dynamic; Z – Training zones that children needed to understand. 
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Frequency 

• Each participant would receive 1 x weekly individualised training session at a fixed time 

each week at a local fitness facility; 

• Each participant would be actively encouraged to undertake a minimum of 2-3 hours 

additional exercise or physical activity each week; 

• Participants would be encouraged to actively participate in school physical education 

lessons and individual or group sports. 

 
Intensity 

• Participants with a FEV1 ≥55%: Target heart rate training range of 70-85% of HRpeak 

during the aerobic/anaerobic component; Participants with a baseline FEV1 ≤55%: Target 

heart rate training range of 60-80% of HRpeak during the aerobic/anaerobic component;  

• High intensity interval training (Chapter 4, Subheading 4.6.5.1, pg. 112) would be 

performed for half of each of the exercise training sessions, therefore an upper limit of 5% 

higher than the target heart rate training range was documented.  

 

Time 

• Participants with a FEV1 ≥ 55%: 45-60 minutes in duration. Comprised of 20-30 minutes 

aerobic/anaerobic training; 15-25 minutes of muscle strength and core-conditioning; 5-10 

minutes stretching; Participants with a baseline FEV1 ≤ 55%: 30-45 minutes in duration. 

Comprised of 15-25 minutes aerobic/anaerobic training; 10-20 minutes of muscle strength 

and core-conditioning; 5-10 minutes stretching. 

 

Type 

Children would undertake a wide range of exercise that would include:  

• High intensity exercise training e.g., treadmill, stationary bike, X-trainer etc, trampolines, 

obstacle courses, games; Swimming where available; 

• Strength training and stretching e.g., weights, resistance bands, body weight; Swiss ball, 

mat-work, balance boards. 
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Cystic Fibrosis 

• All children enrolled in Inspire-CF, were diagnosed with CF and therefore the associated 

limitations of the disease should be accounted for, when training the children; 

• Periods of time to allow for airway clearance may need to be included at regular intervals 

during the exercise session. 

 

Kids 

• Children are not miniature adults; therefore, it was important to consider growth parameter, 

muscle development, epiphyseal plates, fat, and physiological response to exercise. 

 

Individualised 

• Keep the exercise programme individualised to the child and aim to meet their exact needs 

and capabilities, and to include training that was specific to their preferred sports or 

physical activities. 

 

Dynamic 

• Make it fun, avoid regimentation, and offer a variety of activities that can be performed 

indoors and outdoors and in swimming pools. 

 

Zones 

• Children should exercise in and out of “comfort zones”; 

• Teach children to use target heart rate ranges and breathlessness zones. 

  



 
 

  110 

4.7.2. Exercise prescription adjusted for lung function status 

The personal trainers could safely guide the child through an exercise training session and 

adaptations to training could be made in consultation with the lead personal trainer and based on 

the following pre-determined criteria. 

 

4.7.2.1. Participants with a baseline FEV1 ≥55% predicted 

• Frequency: 1 x individualised exercise training session per week plus 3-4 hours additional 

exercise or physical activity including physical education sessions; 

• Intensity: Heart rate training range of 70-85% of HRpeak during the aerobic/anaerobic 

component, with an upper limit of 90% HRpeak; 

• Time: 45-60 minutes in duration; 

• Type: Comprised 20-30 minutes aerobic/anaerobic training; 20-30 minutes of muscle 

strength and core conditioning. 

 

4.7.2.2. Participants with a baseline FEV1 <55% predicted 

• Frequency: 1 individualised exercise training session per week;  

• Intensity: Heart rate training range of 60-80% of HRpeak during the aerobic/anaerobic 

component, with an upper limit of 85% HRpeak; 

• Time: 30-45 minutes in duration; 

• Type: Comprised 15-25 minutes aerobic/anaerobic training; 15-25 minutes of muscle 

strength and core conditioning. 
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4.7.2.3. Exercise prescription after decrease in FEV1 <55% predicted 

If a participant with a baseline of FEV1 >55% demonstrated an FEV1 <55% during the intervention 

period, and the drop was ≥10% predicted, the trainer could: 

• Continue to exercise the participant as prescribed if the participant was maintaining 

exercise tolerance; or 

• If the participant struggled to maintain exercise tolerance, the trainer could adapt the 

aerobic/anaerobic component of the prescription, such that the participant maintained a 

heart rate training range of 60-70% of HRpeak, and/or 

• The trainer could reduce the duration of the session or stop the session if the child could not 

continue. 

 

4.7.2.4. Exercise prescription after an increase in FEV1 ≥55% 

If a participant with a baseline or 12-month measurement of FEV1 ≤ 55% demonstrated an increase 

in FEV1 ≥ 55% during the intervention period, the trainer could: 

• Adapt the aerobic/anaerobic component of the prescription such that the participant 

maintained a heart rate training range of 70-85% of HRpeak; and/or 

• The trainer could increase the duration of the session, to a maximum of 60 minutes. 
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4.7.3. Target heart rate training range 

A target heart rate training range (THRR) was determined for personal training sessions with 

recommendations for additional exercise or physical activities. The rationale for using HR instead of 

VO2peak, was that children would be able to understand change in HR and as the programme 

progressed, and children became more involved in determination of all components of their training 

session, they could use the THRR to monitor their own training level intensity. To determine THRR, 

HRpeak was recorded during CPET and the 10m-MSWT, and an age-predicted HRpeak based on 

published references (Bongers et al., 2014a) was documented. If a maximal effort CPET was 

performed (Chapter 3, Subheading 3.6.8, pg. 87), THRR was determined using the HRpeak recorded 

during the CPET. However, if the participant did not achieve a maximal effort, the HRpeak was cross 

matched to the HRpeak recorded during the 10m-MSWT, and the average of the ranges of both tests 

was used to determine the THRR.  

 
4.7.4. Inspire-CF 6-point Pre-exercise Health Screening Checklist  

The personal trainers were tasked with providing one supervised, individualised training session per 

week and to actively promote an additional 3-hours exercise or physical activity per week, but not if 

FEV1 <55%. The trainers would not provide clinical assessments i.e., chest auscultation, lung 

function or any other assessment that may have been undertaken by the outreach physiotherapy 

team. However, as with the Frequent Flyer Programme, more regular contact with clinicians, meant 

that early changes in health status could be identified. This meant that oral antibiotics could 

potentially be prescribed earlier, or admissions to hospital brought forward if an exacerbation was 

identified or pushed back if health was being maintained. It was therefore important to design a pre-

exercise questionnaire that all personal trainers, including the 6 independent personal trainers, could 

complete prior to the exercise session. The 6-point checklist questionnaire (Appendix J) used a 

cascading series of questions to assess for any changes in health status, that may be a 

contraindication to moderate to high intensity exercise. If a child’s health status had deteriorated 

this triggered a referral to the CF Unit or CF outreach physiotherapist for follow-up. Any red flags 

(serious concerns) were reported immediately to the CF Unit and the exercise sessions did not 

continue, until the CF multidisciplinary team (MDT) had reviewed and escalated treatment for the 

child.  



 
 

  113 

4.7.5. Inspire-CF 3-Phase Exercise Training Programme 

Children randomised to the intervention group participated in a comprehensive, 3-phase exercise 

programme. As the child progressed through the study, and completed each of the assessment points, 

the exercise training programme was adapted.  

 

• Phase 1: 6-month duration (Year 1); 

• Phase 2: 6-month duration (Year 1); 

• Phase 3: 12-month duration (Year 2). 

 

Each phase included 2 primary components: 

• High Intensity Interval Training; 

• Muscle strength training. 

 

4.7.5.1. High Intensity Interval Training 

High intensity interval training (HIIT) consists of repeated short-burst bouts of high-intensity 

exercise interspersed with recovery periods (Buchheit and Laursen, 2013). HIIT was adopted as the 

aerobic component of the exercise training programme for Inspire-CF, as short-burst intervals of 

movement is similar to normal activity patterns in children, and also in individuals with chronic 

obstructive pulmonary disease (Butcher and Jones, 2006).  

 

The HIIT method was used during the Frequent Flyer Programme (Ledger et al., 2013) and was well 

tolerated by children with advanced lung disease, with no adverse effects reported. The benefits of 

HIIT have not been widely studied in children with CF, but positive benefits to cardiovascular health, 

metabolic capacity, and aerobic performance have been shown in healthy children (Baquet et al., 

2004, Gamelin et al., 2009). A single case-report of a 16-year-old female with CF who participated 

in HIIT whilst on IV-antibiotics demonstrated improved lung function and exercise capacity 

(Hulzebos et al., 2011).  

 



 
 

  114 

Breathlessness is a common physiological limitation to exercise in CF (O' Neill et al., 1987), however 

in children with mild CF lung disease, breathlessness is uncommon as lung function is typically 

within normal ranges , and they do no demonstrate ventilatory limitations during sub-maximal 

(Parazzi et al., 2015) and maximal exercise (Bongers et al., 2014b). Nevertheless, the short-burst 

bouts in HIIT allow for breathing rate to recover to tolerable levels during the recovery periods, 

which may be of benefit to those with ventilation limitations (Keochkerian et al., 2005), and mimics 

physical activity patters in children. There are a wide range of HIIT methods with different durations 

of interval work-to-recovery periods, however research in health populations has shown that the 

optimal work-to-recovery ratio is 2:1 i.e., for every length of duration of intense work, there should 

be at least half that time to recover (Helgerud et al., 2007, Dunham and Harms, 2012, Laurent et al., 

2014). 

 

For Inspire-CF the aim was to design a HIIT session that ensured progressive intensity but that was 

adaptable for each child and could be completed on a treadmill, spinning-bike, stationary-bike, or 

cross-trainer. The maximum duration of workout was 30-minutes. The session incorporated a warm-

up period (in addition to pre-exercise warm-up), intervals of work-to-recovery, and a cool-down 

period. HIIT was always performed prior to muscle strength training. In each single bout of HIIT that 

children performed, work-to-recovery ratios of 2:1 and 1:1 were adopted, where the final 1:1 

component aimed to elicit maximal effort (i.e., 90% HRpeak in individuals with and FEV1 ≥55% 

predicted or 85% HRpeak in in individuals with and FEV1 <55% predicted) by the end of the training 

session.  
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In each single bout of HIIT, the personal trainer adapted the intensity of the session based on the 

participants HR achieved during exercise. Intensity was increased if HR was below the prescribed 

THRR or decreased if HR was above the THRR. Perceived exhaustion was monitored using the OMNI 

Scale, and adaptations were made if the:  

• HR > 90% THRR (FEV1 ≥ 55% predicted) or HR > 85% THRR (FEV1 <55% predicted); 

• Child became too breathless to maintain the required speed; 

• Child stated an OMNI score of >9. 

• SpO2 dropped ≥5% below resting measurements; 

• Undue signs of distress such as wheezing or chest pain. 

   

4.7.5.2. Muscle-strength training exercise 

Guidelines for strength training in CF are not available, but inclusion of strength exercises have 

been shown to be safe (Orenstein et al., 2004, Santana-Sosa et al., 2012, Santana-Sosa et al., 2014). 

Guidelines from healthy children were used to define the parameters of strength training (Benson et 

al., 2008, Dahab and McCambridge, 2009, Faigenbaum et al., 2009, Faigenbaum and Myer, 2010b, 

Faigenbaum et al., 2012, Faigenbaum et al., 2013).  

Muscle strength training maintenance, progression and regression was determined by the child’s 

personal trainer, and was based on the following parameters: 

• Sets: 3-4 

• Repetitions: 8-20 

• Tempo: 2:1 or 3:1 (e.g., 2-3 seconds concentric contraction of muscle; 1-second eccentric 

contraction) 

o Extended eccentric contraction could be introduced after 6-months, and only once 

children understood the need for controlled movement; this was mainly achieved in 

children aged 10-years and over. 

• Weight:  

o Upper body (e.g., biceps, triceps, and deltoids) 

§ Starting point of up to a maximum of 10% of the child’s body weight; 

• e.g., Child’s weight = 30 kg (starting range of weights = 0.5-3 kg). 

o Lower body and back (e.g., quadriceps, hamstrings, latissimus dorsi) 

§ Starting point of up to a maximum of 50% of the child’s body weight; 

• e.g., Child’s weight = 30 kg (starting range of weights = 1-15 kg). 
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4.8. Discussion 

CF specialist physiotherapists based in the UK would typically look to the Standards of Care and 

Good Clinical Practice for the Physiotherapy Management of Cystic Fibrosis (Cystic Fibrosis Trust, 

2013) and the European Cystic Fibrosis Exercise Working Group Statement on Exercise Testing 

(Hebestreit et al., 2015) as the primary guidelines for implementing the three core components of 

exercise: (1) exercise testing, (2) exercise prescription and (3) exercise training, into clinical practice. 

The Cystic Fibrosis Trust (2013) physiotherapy guidelines on exercise testing state that all children 

aged 10 years and over should perform an exercise test at annual review, but children over the age 

of 5 years could start to be tested to familiarise them with exercise testing protocols. Regular 

participation in structured exercise, sport and physical activities should also be actively encouraged, 

irrespective of the severity of lung disease.  

 

The protocols for exercise tests in children with CF have been documented, and the European Cystic 

Fibrosis Exercise Working Group’s Statement on Exercise (Hebestreit et al., 2015) provided a list of 

the most important outcomes to be reported from CPET, and the most important outcomes to be 

reported from 10m-MSWT are also well defined (Singh et al., 1992, Selvadurai et al., 2003), therefore 

these guidelines were adopted for the Inspire-CF research programme (described in Chapter 7). Prior 

to the Frequent Flyer Programme, the GOSH CF specialist physiotherapy team advocated exercise, 

however there was no single preferred field-based exercise test undertaken at annual review, 

outpatient clinics or during admissions to hospital, and CPET had only been performed as part of 

research. CPET and a 10m-MSWT were both completed by children enrolled in the pilot Frequent 

Flyer Programme and each test had provided important information on physiological responses to 

exercise, and the clinical and health benefits the children achieved. The Inspire-CF research team 

agreed that both CPET and a 10m-MSWT should be performed by the children. Both tests had been 

validated in children aged 6 years and over and would help to determine limitations to exercise and 

provide measurements of maximal and functional exercise capacity, that would inform individual 

exercise prescriptions.  
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Based on the results of exercise tests, the 4 standardised exercise prescription principles of (1) 

frequency, (2) intensity, (3) time, and (4) type, commonly known as FITT principles, are 

recommended to be included to guide an age appropriate, individualised exercise training 

programme in CF (Williams et al., 2010). Table 4-1 shows the only defined guidelines for exercise 

prescription and training in children and adolescents with CF, with recommendations of activities to 

participate in and to avoid.  

 

Table 4-1: General exercise and training recommendations in cystic fibrosis 

 Patients with mild to moderate CF lung disease Patients with severe CF lung disease 

Recommended 
activities 

Cycling, walking, hiking, aerobics, running, rowing, 
tennis, swimming, strength training, climbing, roller-
skating, trampolining 

Ergometric cycling, walking, 
strengthening exercises, gymnastics, 
and day-to-day activities 

Method Intervals and steady state Intervals 

Frequency 3–5 times per week 5 times per week 

Intensity 

70%–85% HRpeak; 

60%–80% VO2peak; 

Lactate threshold 

Gas exchange threshold 

60%–80% HRpeak; 

50%–70% VO2peak; 

Lactate threshold 

Gas exchange threshold 

Time 45-60 minutes 30-45 minutes 

Oxygen 
supplementation 

Indicated, if SpO2 dropped below 90% during 
exercise 

Indicated, if SpO2 dropped below 
90% during exercise 

Activities to avoid Bungee-jumping, high diving, and scuba diving 
Bungee-jumping, high diving, scuba 
diving, and hiking in high altitude 

Potential risks 
associated with 
exercise, and 
training 

Dehydration; hypoxemia; bronchoconstriction; pneumothorax; hypoglycaemia*; haemoptysis; 
oesophageal bleedings; cardiac arrhythmias; rupture of liver and spleen; spontaneous 
fractures** 

 
*Depending on the existence of an impaired glucose tolerance. 

**Depending on the existence of untreated CF-related bone disease. 

Adapted from: Williams, C. A., Benden, C., Stevens, D., and Radtke, T. (2010) Exercise training in children and adolescents with 
cystic fibrosis: theory into practice. Int J Pediatr. 2010, 1-7. 
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The translation of exercise programmes from CF research into clinical practice have not been 

effective as clinicians have had limited access to the resources used and/or developed. If the exercise 

prescription and training programmes were published as comprehensively as exercise test 

methodologies, this may enhance the translation of research outcomes to clinical practice. As such, 

it is recommended that exercise prescription and training programmes should be published in full as 

supplementary information if authors are unable to fully describe in published papers. Therefore, the 

Inspire-CF research team planned to extend the exercise prescription recommendations of Williams 

et al. (2010) and developed a set of exercise prescription and training exercise resources that could 

be disseminated to the wider CF community (Appendix J). Children would need access to a fitness 

facility to be able to undertake an age-appropriate and disease specific exercise programme, that was 

progressive and adaptable, and that could be continued when children were admitted to hospital for 

IV-antibiotic treatment. 

 

Exercise training by definition is planned, structured and repetitive skeletal muscle movement that 

results in either low, medium or high energy expenditure; and may comprise of single or multiple 

components of aerobic, anaerobic, muscle strength and conditioning and flexibility movements, and 

performed over varied duration (Caspersen et al., 1985). The 8 randomised controlled trials showed 

that aerobic or strength training or a combination of both, improved exercise capacity. However, 

scant detail was provided on the structure and content of the exercise training programmes. The 

Inspire-CF exercise programme was designed to be disease specific and provide a structure that 

could be adapted and individualised for each child. The exercise training programme will be 

published when the results of Inspire-CF are disseminated.  

 

In addition to lung disease, children with CF may be affected by growth, pancreatic, and nutritional 

deficiencies (Penafortes et al., 2013), peripheral muscle weakness (Moser et al., 2000, Hussey et al., 

2002) and CF-related hypoglycaemia, and previously prescribed steroid use (Ruf et al., 2010). It was 

therefore important that consideration was given to these when designing the Inspire-CF exercise 

prescription and training programme. Microbiology was also considered so that all precautions, such 

as regular use of bacterial wipes on equipment, could be employed to limit cross-infection. Children 
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with Methicillin-resistant Staphylococcus aureus and Burkholderia cepacia were not excluded from 

participation in Inspire-CF, but they would need to be exercise tested and trained at the end of a day 

to limit the risk of cross-infection. Gastrostomy tubes, Portacath or a peripherally inserted central 

catheter that were in situ, as well as incontinence issues and any musculoskeletal injuries or 

concerns, would also need to be accounted for. 

 

Injuries to the epiphyseal plate or growth, particularly of the lower limb have been reported in 

healthy children, and these may cause damage to the growing cells, resulting in growth disturbances 

(Caine et al., 2006) because the epiphysis is often replaced by bony tissue that may lead to angular 

and rotational deformities and adversely affect joint mechanics (Shaw et al., 2018). Velocity and 

intensive controlled eccentric contractions during strength training exercise have been shown to 

increase the risk of physeal injuries in healthy children (Risser, 1991). Therefore, no velocity type 

resistance training or intensive controlled eccentric contractions were included in Inspire-CF to 

reduce the risk of physeal injuries. Tempo of concentric and eccentric contraction during strength 

training would be carefully monitored to reduce stress on the epiphyseal plate. 

 

4.9. Summary 

Chapter 4 provided a description of the exercise prescription and exercise training programme that 

was designed for Inspire-CF and linked to the resources that were developed to monitor for change 

in health status and exercise capacity, and to track responses to exercise training. The exercise 

training programme will be published when the results of Inspire-CF are disseminated. The research 

team wanted sessions to be adaptable and fun to ensure that children would want to remain actively 

engaged and would want to attend the sessions. It was important that the research team understood 

the current level of self-reported participation in exercise and/or physical activities, and it was also 

essential that adherence to the supervised exercise training sessions was tracked. 
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5. 
 

CHAPTER 5.  OVERVIEW OF THE STUDY POPULATION 

5.1. Aims and objectives 

The aim of Chapter 5 was to provide an overview of the Inspire-CF population, recruitment rates 

and reasons for participant dropout, self-reported level of participation in physical activity and 

exercise over the duration of the study, as well as attendance levels to the once weekly supervised 

exercise sessions by children randomised to the exercise group. Change in anthropometric 

measurements following 24-months of enrolment in Inspire-CF are also reported. 

 

The objectives were to determine the: 

• Population characteristics of the control and exercise groups; 

• Types of exercise and physical activities children participated in; 

• Differences, if any, in self-reported minutes of weekly activity completed; 

• Differences, if any, weekly energy expenditure defined as a metabolic equivalent task (MET); 

• Exercise groups levels of attendance to individually supervised training sessions, and 

identified reasons for non-attendance; 

• Differences, if any, in anthropometric measurements of height, weight and BMI. 
 
 
 
5.2. Methods 

The methodology related to the Inspire-CF population was described in Chapter 3. The methods of 

statistical analysis were described in Chapter 3, Subheading 3.10, pg. 99. Statistical significance was 

accepted at p£0.05, and all data are presented as mean±SD, 95%CI and p-value unless otherwise 

stated. 

 

  



 
 

  121 

5.3. Results 

5.3.1. Recruitment pool 

In the week that Inspire-CF recruitment started, the GOSH CF Unit were treating 176 children with 

CF, and of these, 84 children were aged 6 to 15 years, and provided the recruitment pool for the 

study (Figure 5-1). Children were invited to participate, and those who met the inclusion criteria and 

signed assent forms, and who had consent of their parents/legal guardians to participate in Inspire-

CF, were scheduled for baseline assessments.  

 

A total of 71 children (n=36 male vs. n=35 female) were recruited to Inspire-CF (a recruitment rate 

of 84.5%). The 13 children (n=8 male; 5=female) who were excluded from participation included: 1 

child (female, aged 11 years) who had undergone previous cardiac surgery; 4 children who lived 

outside the counties of London, Essex, and Hertfordshire and Bedfordshire, and their parents 

declined their child’s participation; parents of 3 children diagnosed with autism declined their 

participation; and the other 5 children were not interested in participation. 

 

 

Figure 5-1: Flow diagram of the recruitment of the control and exercise groups to Inspire-CF  
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5.3.2. Study population 

The 71 children were randomised into a control group (n=34) and an exercise group (n=37). Table 

5-1 summarises baseline group characteristics after randomisation by minimisation. The groups 

demographics were similar at baseline.  

 

Table 5-1: Baseline group demographics for control and exercise groups after minimisation 

Variable Category Control  Exercise 

Group Participants 34 37 

Age Mean age±SD [range] 10.3±3.2 [6 to 16.6] 9.8±2.9 [6.1 to 15.0] 

Age group* 6-8 years 13 17 

 
9-11 years 10 10 

12-15 years 11 10 

Gender* Male/Female 18/16 18/19 

Disease severity* FEV1 %pred. ≥70% 29 35 

 FEV1 %pred. <70% 5 2 

Area lived in* London 13 10 

 Hertfordshire/Bedfordshire 12 17 

 Essex 9 10 

Nuffield membership* Active vs. No membership 14 vs. 20 13 vs. 24 

Ethnicity Caucasian 32 35 

 Black 1 1 

 South East Asian 1 1 

*Minimisation criteria 
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CFTR genotypes, endocrine status and microbiology profiles for each group are shown in Table 5-2. 

The most prevalent CFTR genotype was p.Phe508del, with 91.5% of participants carrying at least 

one copy of the mutation. Three children (4%) had one copy of the p.Gly551Asp mutation and had 

not been prescribed Ivacaftor® (Kalydeco®, Vertex Pharmaceuticals, Massachusetts, USA). Sixty-eight 

children (96%) were pancreatic insufficient, and 3 children (4%; control=1; exercise=2) were 

pancreatic sufficient.  

 

Table 5-2: CFTR genotype, endocrine status, and microbiology profiles 

Variable Category Control  Exercise  

CFTR mutations  p.Phe508del p.Phe508del 23 19 

(Allele 1 and 2) p.Phe508del p.Gly551Asp 1 2 

 p.Phe508del other 7 13 

 other mutation other mutation 3 3 

Endocrine Pancreatic insufficiency 33 (97%) 35 (95%) 

 CF-related diabetes 6 4 

 CF-related diabetes on oral glucose 
tolerance test; 

1 3 

 Impaired glucose tolerance 4 2 

 Indeterminate glycaemia 2 3 

Microbiology Chronic Pseudomonas aeruginosa  23 (68%) 21 (57%) 

 Chronic Staphylococcus aureus 12 (35%) 7 (19%) 

 History of Nontuberculous mycobacterium 2 (<1%) 1 (<1%) 

 History of Methicillin-resistant 
Staphylococcus aureus 

3 (<1%) 2 (<1%) 

 History of Allergic Bronchopulmonary 
Aspergillosis 

7 (21%) 8 (22%) 

 

5.3.3. Drop-outs from Inspire-CF 

There were 4 drops outs (5.6%) from the study; 1 male (aged 12 years) dropped out of the control 

group after 3-months in the study, due to social circumstances. His mother had passed away in the 

12-months prior to enrolment, and he had developed behavioural concerns at home and had refused 

attendance at school and CF outpatient appointments. He and his father decided that withdrawal 

from Inspire-CF was in his best interests. The 3 other participants dropped out of the exercise group 

after 12-month assessment (1 male, aged 9 years moved hospitals and out of the catchment area for 

GOSH; and 1 male and 1 female (both aged 15 years) no longer wanted to participate in exercise.  
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5.3.4. Participation in exercise and physical activities 

Analysis of the self-reported records of participation in exercise and physical activity at baseline 

showed that children in each group partook in a diverse range of sports and general physical 

activities, and these are shown in Table 5-3. All children reported that they participated in at least 

one school physical education class of between 30 – 90 minutes duration and football was the most 

popular sport. Gym based exercise was also reported, which suggested that some children were 

actively using their Nuffield memberships. Over the duration of the study, the same diverse range of 

activities were reported.  

 

Table 5-3: Types of general physical activities children participated in at baseline 

School or club sport Gym-based Dance or Martial arts 

Athletics Aerobics Ballet 

Badminton Body weight Cheerleading 

Basketball Cardio-stepper Irish dancing 

Boxing Cross-trainer  Karate 

Cricket Kickboxing Modern dance 

Cross country/running Resistance machines School sports and activities 

Football Rowing machine Dodgeball 

Golf Treadmill Indoor/outdoor football 

Gymnastics Weight training Handball 

Hockey Yoga Multisport 

Horse riding Zumba PE class 

Netball Cycling or Skating Rounder’s 

Rugby BMX/Cycling Tag or touch rugby 

Skiing Ice-skating Home-based activities 

Squash Roller skating Dog walking 

Swimming Skateboarding Trampolining 

Tennis/Table tennis Scootering Walking to and from school 
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5.3.5. Analysis of weekly activity and energy expenditures 

Table 5-4 shows the mean and ranges of weekly activities and energy expenditures at each 

assessment point. At baseline the exercise group were less physically active than the control group 

(-106.1±62.3 min·week-1; 95%CI -230.4, 18.2; p=0.09) However, there was a wide range of self-

reported activity levels in both groups at baseline; e.g., 5 children (2 control; 3 exercise) reported 

zero participation in any type of physical activity and 1 child spent up to 1779 min·week-1 (30 

hr·week-1) participating in cycling/BMX and skateboarding activities.  

 

In Table 5-5 the change in activity and energy expenditure levels show that the control group 

initially decreased, and then increased duration of exercise per week, between baseline and 24-

month assessments, but maintained the same mean energy expenditure. The exercise group 

increased their level of activity level between baseline and 12-month assessment, to match the level 

of activity of the control group. The exercise group continued to increase their level of activity 

between 12- and 24-month assessment. Analysis of the MET conversion scales showed the level of 

intensity of activity was different between groups at 12- month assessment, with the exercise group 

maintaining a higher energy expenditure than the control group. Figure 5-2 illustrates the mean 

change in weekly activity and energy expenditure during Inspire-CF.  

 

Table 5-4: Analysis of weekly activity and energy expenditure 

Variable Assessment Control Range Exercise Range 

Activity level in min·week-1   
baseline 362±327 0  to 1780 256±184 0 to 711 

12-month 331±258 0 to 930 335±172 45 to 771 

 24-month 383±339 0 to 1481 385±192 45 to 785 

MET exp·week-1  baseline 38±37 0 to 203 26±18 0 to 66 

 12-month 36±29 0 to 100 33±16 6 to 74 

 24-month 39±32 0 to 141 40±20 6 to 83 

 

Table 5-5: Differences in activity level and energy expenditure 

Variable Duration Control Range Exercise Range 

∆Activity level in 
min·week-1      

baseline to 12-month -36±211 920 to 250 79±131 -315 to 480 

baseline to 24-month 16±397 -1300 to 1321 119±150 -315 to 405 

∆MET exp·week-1 baseline to 12-month -2±24 -111 to 35 8±11 -26 to 36 

baseline to 24-month 0±38 -150 to 96 13±16 -28 to 48 
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Figure 5-2: A: Mean weekly activity performed in minutes; B: Mean difference in weekly 
activity performed in minutes; C: Mean energy expenditure in METS; D: Mean difference in 
energy expenditure in METS.  
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5.3.6. Attendance to individually supervised training sessions 

Attendance and reasons for non-attendance to supervised exercise training sessions were 

systematically recorded throughout Inspire-CF (Table 5-6). There was a total of 3848 potential 

weekly training sessions available (i.e., 37 participants in the exercise group x 104 training sessions), 

however an adjustment was made to this total to account for the 3 dropouts from the exercise group 

at 12-months. Therefore, there was a total of 3692 (3848 minus 156 weeks) potential weekly training 

sessions available, of which children attended 2274 sessions (61.6%).  

 

There were 1418 sessions (38.4%) missed between baseline and 24-month assessment points. The 

major and minor reasons for non-attendance to exercise sessions are shown in Table 5-7. Despite 

best efforts to secure gym membership or similar facilities, this was the primary reason for non-

attendance between baseline and 12-month assessment. Nine children (5=male; 4=female) were 

affected by between 10–19 weeks, because an agreement could not be reached with their local 

fitness facility, and no other facility was available within a 30-minute drive from home. Eight 

children started training in the week following baseline testing, and the remainder of the children 

(n=20) started within 2-9 weeks of completing baseline testing. The primary reason for these 

children not starting exercise training in the week following baseline testing was that family 

schedules required adaptations to accommodate training. Family holidays, trainer holidays, and 

unexplained non-attendance accounted for other major reasons.  

 

The 2 most common minor reasons were child illness not related to admissions, and trainers 

undertaking Inspire-CF related assessments. Children missed 41.4% of sessions in the first 12-

months, and 35.2% of sessions in the second 12-months, and a total of 38.4% of all potential 

exercise training sessions. 
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Table 5-6: Attendance to exercise training between baseline and 24-month assessment points 

Percentage of attended exercise training sessions No. Mean±SD Individual ranges Total 

Between baseline and 12-month assessment 37 59%±17% 9% to 92% 796 

Between 12-month and 24-month assessment 34 65%±15% 11% to 91% 622 

Between baseline & 24-month assessment for those participants that completed the study 34 66%±14% 16% to 92% 1418 

Total number of weeks of exercise completed  No. Mean±SD Individual ranges Total 

Between baseline and 12-month assessment 37 30±9 5 to 49 1120 

Between 12-month and 24-month assessment 34 34±9 6 to 50 1154 

Between baseline and 24-month assessment by participants that completed the study 34 65±15 17 to 99 2274 

Gender differences in attended exercise training sessions No. Female  Male 

Between baseline and 12-month assessment 37 54% (n=18)  61% (n=19) 

Between 12-month and 24-month assessment 34 60% (n=17)  67% (n=17) 

Attendance between baseline & 24-month assessment for those participants that completed the 
study 34 58% (n=17)  66% (n=17) 
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Table 5-7: Reasons for non-attendance to exercise training sessions 

 Baseline to 12-month assessment point 12-month to 24-month assessment point Baseline to 24-month assessment point  

Major reasons for non-attendance Mean weeks±SD  Range Total Mean weeks±SD Range Total  Mean weeks±SD Range Total 

No membership agreement in place with fitness 
centre 

6±5 0 to 19 224 - - - 6±5 0 to 19 224 

Family holidays 3±3 0 to 12 116 4±3 0 to 12 118 6±5 0 to 20 234 

Personal trainer holidays 2±2 0 to 7 53 5±3 0 to 10 157 6±4 0 to 14 240 

Unexplained non-attendance (i.e., did not arrive 
for session) 

2±7 0 to 38 85 2±6  0 to 34 56 4±10 0 to 45 141 

Minor reasons for non-attendance 

Child illness 1±4  0 to 16 52 2±3 0 to 14 55 3±6 0 to 30 107 

GOSH admissions  1±3 0 to 16 24 0.4±1 0 to 3 13 1±3 0 to 16 37 

Shared care Hospital admissions 1±2 0 to 9 19 1±1 0 to 4 16 1±3 0 to 13 35 

Clinic appointments  1±1 0 to 3 20 0.4±1 0 to 3 15 1±1 0 to 4 35 

Public holidays 1±1 0 to 5 25 2±2 0 to 6 57 2±3 0 to 11 82 

Family event (family outing; no reason; parent 
sickness) 

1±2 0 to 8 50 1±2  0 to 6 38 2±3 0 to 10 88 

School events (parent/teach evenings; sports day) 1±2 0 to 10 37 1±1 0 to 6 35 2±3 0 to 11 72 

Personal trainer event (conference; assessments; 
training) 

2±2 0 to 5 59 2±2 0 to 5 61 4±3 0 to 10 120 

Arrived but risk to training based on 6-point pre-
training checklist 

0.1±0.1 0 to 2 2 0.1±0.1 0 to 1 1 0.1±0.1  0 to 3 3 

Total weeks missed   796    622   1418 

Percentage of weeks missed   41.4%   35.2%   38.4% 
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5.3.7. Anthropometric measurements 

At baseline, there were no significant between group differences in anthropometric measurements of 

height, weight, and BMI, and there were no significant between-group differences for all other 

anthropometric measurements throughout the duration of the study. Table 5-8 shows the analysis of 

between group differences in anthropometric measurement and shows the adjusted differences. 

Figure 5-3 illustrates the mean between-group differences in anthropometric measurements. 

 

Table 5-8: Analysis of between-group differences in anthropometric measurements 

Variable Assessment Control Exercise Mean diff. (95%CI) p-value 

Height in cm baseline 136.4±17.2 136.7±15.3 0.2 (-7.5, 7.9) 0.95 

 6-month 139.8±17.1 139.1±14.4 -0.7 (-8.5, 7.2) 0.87 

 12-month 141.8±17.0 142.0±14.3 0.2 (-7.3, 7.8) 0.95 

 24-month 147.0±17.3 145.7±13.1 -1.3 (-8.8, 6.1) 0.72 

Height z-score baseline -0.2±0.8 -0.4±1.1 -0.2 (-0.7, 0.3) 0.39 

 6-month -0.3±0.9 -0.3±1.0 0.0 (-0.5, 0.4) 0.86 

 12-month -0.5±1.1 -0.1±0.9 0.4 (-0.1, 0.8) 0.13 

 24-month -0.3±0.8 -0.2±1.0 0.1 (-0.3, 0.6) 0.62 

Weight in kg baseline 32.9±11.2 33.9±12.5 1.0 (-4.6, 6.7) 0.72 

 6-month 35.4±12.3 34.9±12.1 -0.5 (-6.6, 5.5) 0.86 

 12-month 36.8±13.4 37.6±12.9 0.8 (-5.5, 7.1) 0.81 

 24-month 40.1±14.5 39.4±13.3 -0.7 (-7.5, 6.1) 0.83 

Weight z-score baseline 0.0±0.9 -0.3±1.1 -0.2 (-0.7, 0.2) 0.31 

 6-month -0.2±1.2 -0.2±1.0 0.0 (-0.5, 0.6) 0.92 

 12-month -0.3±1.1 0.0±0.9 0.3 (-0.1, 0.9) 0.14 

 24-month -0.1±0.9 -0.3, 1.1 -0.2 (-0.6, 0.3) 0.52 

BMI in kg.m2  baseline 17.1±2.0 17.5±2.8 0.4 (-0.8, 1.6) 0.50 

 6-month 17.5±2.3 17.5±3.0 0.0 (-1.3, 1.3) 0.98 

 12-month 17.6±2.6 18.1±3.0 0.5 (-0.9, 1.8) 0.50 

 24-month 17.9±2.7 18.1±93.2 0.2 (-1.3, 1.6) 0.81 

BMI z-score baseline 0.1±1.0 -0.1±0.9 -0.1 (-0.6, 0.3) 0.60 

 6-month -0.1±1.3 0.0±1.0 0.1 (-0.5, 0.6) 0.77 

 12-month -0.1±0.9 0.1±0.9 0.2 (-0.2, 0.7) 0.36 

 24-month 0.1±1.0 -0.2±1.3 -0.3 (-0.9, 0.2) 0.23 

Mean differences were calculated as exercise minus control group; *statistically significant p£0.05  
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Table 5-9: Adjusted differences in anthropometric measurements 

Variable Duration B 95%CI p-value 

∆Height in cm baseline to 6-month -0.05 -0.74, 0.64 0.89 

 baseline to 12-month -0.49 -1.50, 0.52 0.34 

 baseline to 24-month -0.83 -2.63, 0.97 0.36 

∆Height z-score baseline to 6-month 0.1 -0.6, 0.8 0.85 

 baseline to 12-month 0.5 -0.2, 1.2 0.34 

 baseline to 24-month 0.4 -0.2, 1.1 0.17 

∆Weight in kg baseline to 6-month -0.29 -1.50, 0.92 0.63 

 baseline to 12-month -0.27 -1.63, 1.08 0.69 

 baseline to 24-month -0.53 -3.04, 1.98 0.67 

∆Weight z-score baseline to 6-month 0.1 -0.6, 0.9 0.70 

 baseline to 12-month 0.5 -0.1, 1.3 0.24 

 baseline to 24-month 0.2 -0.5, 0.9 0.51 

∆BMI baseline to 6-month -0.09 -0.60, 0.42 0.74 

 baseline to 12-month 0.10 -0.40, 0.59 0.69 

 baseline to 24-month 0.03 -0.71, 0.78 0.93 

∆BMI z-score baseline to 6-month 0.1 -0.7, 0.9 0.75 

 baseline to 12-month 0.2 -0.6, 0.9 0.67 

 baseline to 24-month -0.1 -0.9, 0.6 0.77 

B is the model co-efficient (average change in the variable, reflected as assessment point minus baseline data) after adjusting 
for minimisation factors of gender, disease severity, Area lived in, and Nuffield membership status. 
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Figure 5-3: A and B show the mean height in meters and z-score; C and D show the mean 
weight in kg and z-score; E and F show the mean BMI in kg.m2 and z-score 
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5.4. Discussion 

At the start of Inspire-CF, the UK Cystic Fibrosis Registry Annual Data Report (Cystic Fibrosis Trust, 

2012) indicated that there were 31 paediatric clinical centres in the UK, and that GOSH treated 

children with a similarly wide range of lung disease severity as other specialist CF hospitals (Cystic 

Fibrosis Trust, 2014). Inspire-CF recorded an 85% recruitment rate, and after randomisation the 

control and exercise groups were similar at baseline and representative of the age, gender, lung 

disease severity, and regional distribution of the GOSH CF cohort. There was a 6% dropout rate over 

the 24-month intervention period and this was recognised as an important achievement, as dropout 

rates of 20% or more from randomised controlled trials that included children with CF have been 

reported (Karlson and Rapoff, 2009). Effective between-group comparisons could be made and type 

II errors could be avoided (Jones et al., 2003), as the defined sample size of 33 participants per group 

and 80% statistical power at 5% significance was maintained (Chapter 3, Subheading 3.5, pg. 77) 

Meaningful comparisons could be made between the Inspire-CF cohort and the wider UK CF cohort 

of children aged 6 years and over, when summarising and synthesising the results of Inspire-CF in 

Chapter 10.  

 

The GOSH specialist CF physiotherapy team actively encouraged all children to participate in regular 

physical activity, and this included school or club level sport, physical education classes at school, 

gym-based exercise, and recreational activities. Some children and their parents had availed of 

Nuffield Health memberships and the Inspire-CF research team were provided with a list of those 

children with an active membership status. However, of those with active memberships, there was no 

simple method of obtaining reliable attendance levels from the fitness facilities once registered. 

Membership cards were provided to families; however, children and parents or carers had reported 

that they were mostly given immediate access through the main entrances to the facilities by the 

receptionists, without swiping their access cards. Therefore, it was important that the Inspire-CF 

research team recorded current levels of activity and recorded if the child had a Nuffield 

membership.  
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To assess for types and levels of participation in regular physical activity at baseline, all the children 

enrolled in Inspire-CF recorded their current weekly physical activities, with assistance from parents 

or carers. Data was recorded as frequency of participation in the activity over a week and duration 

of the activity in minutes. These data were then cumulatively recorded as total minutes of physical 

activity per week and coded according to published metabolic equivalent (MET) values (Ainsworth et 

al., 2011). This process was repeated at 12- and 24-month assessment points. Children allocated to 

the exercise group were asked to include the once per week supervised training session on their 

forms at 12- and 24-month assessment. 

 

All children randomised to the exercise group were offered 24-months of weekly personalised 

exercise training session (i.e., a total of 52 sessions in each 12-month period). However, some 24-

month assessments were delayed for participants, mostly due to admissions to hospital or inability 

for the participant to attend the precise assessment date. There was no more than a 4-week delay in 

any assessment point. In the case of the exercise group, training was maintained until the 

participant completed the associated assessment, which was not within two-weeks preceding or 

following an admission to hospital for IV-antibiotic treatment.  

 

Analysis of self-reported exercise and physical activity showed that children were already 

participating in a wide range of physical activities, though of varying intensities, at the start of 

Inspire-CF. There were significant differences in the number of minutes of activity that each group 

performed each week, with the exercise group performing less at baseline. Inspire-CF introduced 

children in the exercise group to structured exercise in a fitness facility, and therefore there was an 

expectation that children in this group would report an increase in activity level over the duration of 

the study. The control group reported similar levels of activity throughout the study, whilst the 

exercise group reported consecutive increases in activity each year. However, it is important that the 

self-reported minutes of activity are treated with caution, as self-reported outcomes have been 

shown to be overestimated in CF (Daniels et al., 2011).  
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Tomezsko et al. (1994) found that children with CF have higher resting energy expenditure than 

healthy children, and this would contribute to higher energy expenditure during physical activity. 

Conversion of MET values related to energy expenditure in healthy individuals (Ainsworth et al., 

2011) may therefore not be appropriate and may result in lower classification of energy expenditure 

for children in CF. Additionally, conversion of estimated physical activity to energy expenditure is 

known to be problematic, without the inclusion of an objective tool such as accelerometery (Hills et 

al., 2014). Inspire-CF did not include a quantifiable outcome measurement of daily activity and 

participation in physical activities such as accelerometery and relied solely on self-report by children 

with the assistance of their parents or carers. It is therefore important that the results of MET 

conversions are also not overinterpreted. Nevertheless, the analysis undertaken in Chapter 5 was an 

attempt at an objective between-groups comparison of self-reported activities levels that may 

contribute to the interpretation of exercise test results that are reported in Chapter 7. 

 

The analysis of attendance levels to once weekly individualised exercise training illustrated the 

significant challenges of implementing a supervised exercise programme in children with CF. Home, 

school, and medical care impacted on adherence to participation in the exercise training sessions, 

despite advanced planning with families. It was recognised during the planning stages of Inspire-CF 

that it was unlikely that 100% attendance could be achieved in a long-term supervised exercise 

intervention, and that attendance levels should be tracked. Average attendance over the duration of 

the study was 66%, with males attending more sessions (66%) than females (58%). There was one 

male (aged 6 years at baseline) who attended 95% (99/104 sessions) of his scheduled sessions, 

however by contrast, there was also a female (aged 15 years at baseline) who attended only 17% 

(18/104) of her scheduled sessions. In Chapter 6, Subheading 6.3.5, pg. 145 this wide variation in 

levels of attendance will be considered in analysis that was aimed at identifying the dose-related 

effect of exercise, if any, on lung function.  

 

In Chapter 2, Table 2-3 levels of adherence during 8 randomised controlled trials (Braggion et al., 

1989, Cerny, 1989, Schneiderman-Walker et al., 2000, Selvadurai et al., 2002a, Klijn et al., 2004, 

Orenstein et al., 2004, Santana-Sosa et al., 2012, Santana-Sosa et al., 2014) showed that studies of 
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shorter-duration had high-adherence rates. The 2 studies of 14-day duration, which were completed 

whilst children were admitted to hospital, reported 90% adherence to the interventions (Cerny, 1989, 

Selvadurai et al., 2002a). The 3 studies of 12-weeks duration reported adherence rates above 95% 

(Klijn et al., 2004, Santana-Sosa et al., 2012, Santana-Sosa et al., 2014), of which the latter 2 were 

outpatient based supervised exercise programmes, whilst Braggion et al. (1989) reported a 75% 

adherence rate in a 16-week community-based programme. Orenstein et al. (2004) did not report 

levels of adherence to a 12-month exercise intervention, however, Schneiderman-Walker et al. 

(2000) reported 60% adherence to a 36-month partially supervised intervention.  

 

Inspire-CF adherence rate was 66%, which was less than all previous studies of 12-month duration 

or less (Braggion et al., 1989, Cerny, 1989, Selvadurai et al., 2002a, Klijn et al., 2004, Orenstein et 

al., 2004, Santana-Sosa et al., 2012, Santana-Sosa et al., 2014), but was slightly more than the study 

of 36-month duration (Schneiderman-Walker et al., 2000). It was not possible to compare the major 

and minor reasons for non-attendance identified in Inspire-CF to the other studies as similarly 

comprehensive data was not published. However, child illness, school examinations and dehydration 

were reported as a reason for missing sessions in 2 studies (Santana-Sosa et al., 2012, Santana-Sosa 

et al., 2014).  

 

Overall, males attended more of the Inspire-CF exercise training sessions than females, however, 

comparisons of gender differences in attendance levels were not possible with the 8 previous 

randomised controlled trials, as this data was not reported. In a randomised controlled trial that 

included 159 children aged 9-17 years with CF, and assessed gender differences in habitual physical 

activity, Selvadurai et al. (2004) reported that there were no significant differences in activity levels 

in prepubescent males and females. However, pubescent females participated in significantly less 

physical activity than males, and this difference was more evident as disease severity worsened. 

Another study in 344 children, adolescents and adults by Gruber et al. (2011b), also reported that 

males participated in more organised sport and that daily activity levels were higher than females, 

however precise differences were not reported. In a study of 109 children aged 7-17 years, 

Schneiderman-Walker et al. (2005), also found that females had lower physical activity levels than 
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males, and suggested that lower activity levels may partly contribute to higher mortality rates in 

females with CF. The gender differences identified during Inspire-CF were comparable to these 

studies and again raises the importance of encouraging increased activity levels in females with CF.  

 

During the first 12-month period of the study, securing membership of a gym proved more difficult 

for 9 of the participants. Despite assurances to centres that children would always be supervised, 5 

of the 51 fitness facilities that were approached, rejected requests for access to the centres. The most 

common reason for rejecting the request for access was due to centre managers concerns for the 

safety of children in areas where free-weights and resistance machines were located. The second 

most cited reason was that additional insurance cover would be required to provide access for 

children. Consequently, one child who lived the furthest distance from GOSH, was delayed a start of 

19 weeks. There were no other viable alternative centres within reasonable driving distance for the 

child to train in, and the school gym was undergoing refurbishment. A local personal trainer 

responded to a request for help in training the child and provided once weekly training for the 

remainder of the study at a university fitness centre. Other major reasons for missing training 

sessions were family and personal trainer holidays, and this included typical holiday periods of 

Easter and Christmas. Where possible, personal trainers did increase their allocated number of 

children trained in a week, when other personal trainers were on holiday. 

 

Unexplained non-attendance or refusal to train in the first 12 months were primarily related to 3 

female participants who refused more than 11 consecutive sessions each due to unwillingness to 

exercise. One of these participants (aged 15 years) attended 5 training sessions but refused 38 

sessions, and then withdrew after the 12-month re-assessment. Both the child and family had 

expressed enthusiasm for her allocation to the exercise group after randomisation. One reason for 

the change in focus may have been that this participant was a carrier of the p.Gly551Asp mutation 

and was prescribed and started Ivacaftor® in the first 3-months of the study. It may have been the 

positive publicity surrounding the drug that reassured the child and her parents that she was likely 

to benefit from increased lung function, and therefore the exercise programme was considered less 

important. However, the opposite was true of one girl (aged 6 years) who was also prescribed 
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Ivacaftor® 3-months after starting exercise training, and she and her parents were determined that 

she continue to participate in the Inspire-CF exercise programme. 

 

During the Frequent Flyer Programme, nutritional status of the children was monitored every 2-3 

months by a dietician (Ledger et al., 2013), as exocrine pancreatic insufficiency, which causes the 

malabsorption of fat, vitamins, and minerals, may have limited the ability of the children to meet 

the increased energy demands of the weekly exercise (Boucher et al., 1997). Children’s weight was 

more variable after starting exercise, and 13 of the 16 children required high calorie oral 

supplementation to maintain their weight. As tolerance for exercise at any given intensity may be 

limited by the nutritional status of the child (Marcotte et al., 1986, Marin et al., 2004), growth 

outcomes were tracked for all children enrolled in Inspire-CF. 

 

More than 95% of the children enrolled in Inspire-CF were pancreatic insufficient and may therefore 

have had decreased fat storage. It was therefore important that growth parameters were monitored 

for the duration of the study. Importantly, there were no significant changes in weight and BMI z-

scores for either group throughout the duration of the study, with both groups tracking near 

identical trajectories. During the Frequent Flyer Programme, weight was variable after starting 

exercise, and 82% of children required high calorie oral supplementation to maintain their weight. 

The analysis of between-group differences in Inspire-CF did not show that the exercise intervention 

affected weight or BMI. There was variation over the 24-months in both groups, but the GOSH CF 

dieticians did not report any overall concerns to the Inspire-CF research team.  

 

One 16-year-old female (∆p.Phe508del/∆p.Phe508del; pancreatic insufficient) in the exercise group, 

and in the final 12-months of the study, was identified at annual review with weight loss. She 

reported that her and her mother were intentionally limiting calorie intake, and independently 

training 2-4 x per week, in addition to the weekly Inspire-CF session. Despite increased support 

from the clinical team, including during a 14-day admission for IV-antibiotic treatment for 

respiratory exacerbation, she continued to lose weight. Her perceptions of physical, weight, body 

image and health improved in the CFQ-R, despite the weight loss. Body image due to the increased 
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exercise and active calorie limitation may have contributed to her developing an eating disorder. 

Members of the clinical team suggested that exercise be discouraged, whilst others advocated on-

going exercise with closer monitoring and support, and referral to an Eating Disorder Service. She 

agreed to be referred to an Eating Disorder Service and her weight and body image concerns were 

addressed; she was able to safely continue with Inspire-CF exercise training sessions until the end of 

the study.  

 

5.5. Summary  

Inspire-CF recruited a representative sample of children aged 6-15 years with a wide range of lung 

disease severity, and the control and exercise groups were similar at baseline. Children partook in a 

wide range of organised sport and physical activities, including physical education classes at school. 

The control group self-reported higher activity levels at baseline and maintained these levels 

throughout the 24-month intervention period, whilst the exercise group consecutively increased 

their activity levels. Self-reported outcomes are problematic as children with CF and their parents 

and carers are known to over report adherence. Children with CF have higher resting expenditure 

levels, therefore using MET conversion tables for comparison to healthy populations to identify 

intensity of energy expenditure in CF, may result in misclassification. Growth parameters in both 

groups were maintained, which was important, as exercise had impacted on weight during the pilot 

Frequent Flyer Programme. There was wide variation in levels of attendance to Inspire-CF exercise 

training sessions, and these results may help explain any dose-related effect of exercise on lung 

function, which will be explored in Chapter 6.  
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6. 
 

CHAPTER 6.  THE EFFECTS OF SUPERVISED EXERCISE ON LUNG FUNCTION 

6.1. Hypothesis, aims and objects 

The primary hypothesis of Chapter 6 was that a 24-month, individually supervised exercise 

intervention would elicit a between-group difference, in favour of the exercise group, of an increase 

in FEV1 z-score of 0.7 z-score.  

 

The aim was to consider the effects of 24-months of once weekly, supervised and individually 

prescribed exercise training on lung function parameters of FEV1, FVC, FEF25-75 and LCI. 

Additionally, associations between changes in lung function and levels of attendance to training 

sessions were explored to identify any dose-related effects of exercise.  

 

The objectives were to determine: 

• Between-group differences, if any, in FEV1, FVC and FEF25-75; 

• Between-group differences, if any, in LCI; 

• Determine the dose-related effect of exercise, if any, on lung function. 

 
 
6.2. Methods 

The methodology related to the Inspire-CF population was described in Chapter 3. Spirometry data 

collected during periods of health stability were incorporated in the analysis i.e., not during an 

exacerbation, and not during or within 2 weeks of completing IV-antibiotics. FEV1, FVC and FEF25-75 

raw data were converted to z-scores and %pred. The methods of statistical analysis were described in 

Chapter 3, Subheading 3.10, pg. 99. Statistical significance was accepted at p£0.05, and all data are 

presented as mean±SD, 95%CI and p-value unless otherwise stated. 
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6.3. Results 

6.3.1. Participants 

All 71 participants completed spirometry assessment at baseline, and 69 participants successfully 

performed a MBW test. One child from the control group was unable to perform a MBW due to 

equipment failure and an alternative test date could not be rescheduled due to the distance of travel 

between home and the hospital; and one child from the exercise group could not maintain an 

acceptable technique.  

 

6.3.2. Variability of FEV1  

Figure 6-1 illustrates that there was a wide range of CF lung disease severity in the control and 

exercise groups, and there was variation in FEV1 even during periods of stability.  

 

A B 

  
C D 

  
 

Figure 6-1: A & C: Variation in FEV1 z-score and FEV1 %pred. for the control group; B & D: 
Variation in FEV1 and FEV1 %pred. for the exercise group over the 24-month duration of 
Inspire-CF. 
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6.3.3. Spirometry 

Table 6-1 shows the results of the between-group analysis of spirometry measurements. At baseline, 

the primary outcome measure of FEV1 z-score was slightly lower in the control group (-1.3±1.1) 

than in the exercise group (-0.9±1.3), however this difference was not significant (0.4; 95%CI -0.1, 

1.0; p=0.14), and both group means were within normal ranges. At 12-month assessment, the 

exercise group had maintained their FEV1 z-score, however the control group recorded a decrease in 

their FEV1 z-score, and this difference was statistically significant (0.6; 95%CI 0.1, 1.2; p=0.03). At 

24-month assessment, the control group (-1.5±1.3) and the exercise group (-1.1±1.3) had recorded 

lower FEV1 z-scores than baseline, but the between-group difference was not significant (0.5; 95%CI 

-0.2, 1.1; p=0.17). A significant between-group difference in FEV1 %pred., FVC z-score and 

FVC %pred. was recorded at 12-months, but these differences were not maintained at 24-months. 

 

Table 6-2 shows the adjusted between-group difference in spirometry measurements between 

baseline and 12-month assessment, and baseline and 24-month assessment. After adjusting for 

baseline differences and accounting for the minimisation factors there were no significant 

differences in FEV1 z-score at 12-month (0.2; 95%CI -0.2, 0.6; p=0.26) and 24-month (0.1; 95%CI -

0.4, 0.6; p=0.64) assessments. There were also no significant adjusted differences in any of the other 

spirometry measurements between baseline and 12-month, and baseline and 24-month assessments.  

 

Overall, between baseline and 24-month assessment, each group had shown a deterioration of 0.2 z-

score or 3% in FEV1 %pred., which was an annual deterioration of 0.1 z-score or 1.5 in FEV1%pred. 

per year. Figure 6-2: A-H illustrates the mean and mean changes in FEV1, FVC and FEF25-75 

outcomes and illustrates the trajectory of FEV1 z-score between baseline and 24-month assessment 

for the control and exercise group. 
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Table 6-1: Analysis of between-group differences in spirometry measurements 

  Control Exercise Mean diff. (95%CI) p-value 

FEV1 z-score baseline -1.3±1.1 -0.9±1.3 0.4 (-0.1, 1.0) 0.14 

 12-month -1.6±1.2 -0.9±1.3 0.6 (0.1, 1.2) 0.03* 
 24-month -1.5±1.3 -1.1±1.3 0.5 (-0.2, 1.1) 0.17 

FEV1 %pred. baseline 83.8±13.9 89.2±16.3 5.4 (-1.9, 12.6) 0.14 

 12-month 80.9±14.0 88.6±15.2 7.7 (0.7, 14.7) 0.03* 
 24-month 81.3±16.5 86.8±16.2 5.4 (-2.5, 13.4) 0.18 

FEV1 L baseline 1.7±0.6 1.7±0.6 0.1 (-0.2, 0.4) 0.70 

 12-month 1.8±0.7 1.9±0.7 0.1 (-0.2, 0.4) 0.53 

 24-month 2.0±0.9 2.0±0.7 0.0 (-0.4, 0.4) 0.91 

FVC z-score baseline -0.7±0.8 -0.3±1.3 0.4 (-0.2, 0.9) 0.19 

 12-month -1.0±1.1 -0.3±1.3 0.6 (0.1, 1.2) 0.03* 
 24-month -0.9±1.3 -0.6±1.2 0.3 (-0.3, 1.0) 0.28 

FVC %pred.  baseline 92.0±10.2 96.3±16.0 4.3 (-2.1, 10.7) 0.19 

 12-month 88.6±12.5 96.2±14.7 7.5 (1.0, 14.1) 0.03* 
 24-month 89.5±15.1 93.4±14.5 3.9 (-3.3. 11.1) 0.28 

FVC L baseline 2.1±0.8 2.2±0.9 0.1 (-0.3, 0.5) 0.72 

 12-month 2.3±0.9 2.4±0.9 0.1 (-0.3, 0.6) 0.56 

 24-month 2.6±1.1 2.5±0.9 -0.1 (-0.6, 0.4) 0.79 

FEF25-75 z-score baseline -1.8±1.4 -1.3±1.1 0.5 (-0.1, 1.1) 0.11 

 12-month -1.8±1.3 -1.4±1.2 0.4 (-0.1, 1.0) 0.14 

 24-month -1.8±1.3 -1.2±1.3 0.6 (-0.1, 1.2) 0.09 

FEF25-75 L baseline 1.6±0.8 1.7±0.7 0.1 (-0.2, 0.5) 0.47 

 12-month 1.7±0.8 1.9±0.8 0.2 (-0.2, 0.5) 0.41 

 24-month 1.9±1.1 2.1±0.8 0.2 (-0.3, 0.6) 0.50 

Mean differences were calculated as exercise minus control group; *statistically significant p £0.05 

 

Table 6-2: Adjusted differences in spirometry measurements 

  B 95%CI p-value 
∆FEV1 z-score baseline to 12-month 0.2 -0.2, 0.6 0.26 
 baseline to 24-month 0.1 -0.4, 0.6 0.64 

∆FEV1 %pred. baseline to 12-month 2.6 -2.2, 7.4 0.28 
 baseline to 24-month 1.4 -4.9, 7.6 0.67 

∆FEV1 L baseline to 12-month 0.03 -0.1, 0.2 0.55 
 baseline to 24-month 0.00 -0.2, 0.2 0.97 

∆FVC z-score baseline to 12-month 0.3 -0.1, 0.7 0.09 
 baseline to 24-month 0.2 -0.3, 0.7 0.45 

∆FVC %pred. baseline to 12-month 3.8 -0.6, 8.2 0.09 
 baseline to 24-month 2.0 -3.9, 7.9 0.49 

∆FVC L baseline to 12-month 0.1 -0.1, 0.2 0.42 
 baseline to 24-month -0.01 -0.2, 0.2 0.93 

∆FEF25-75 z-score baseline to 12-month 0.01 -0.5, 0.5 0.98 
 baseline to 24-month 0.2 -0.4, 0.7 0.58 

∆FEF25-75 L baseline to 12-month 0.01 -0.2, 0.2 0.89 
 baseline to 24-month 0.1 -0.2, 0.4 0.51 

B is the model co-efficient (average change in the variable, reflected as assessment point minus baseline data) after adjusting 
for minimisation factors of gender, disease severity, Area lived in, and Nuffield membership status. 
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Figure 6-2: (A) Mean FEV1 z-score, (B) Mean change in FEV1 z-score, (C) Mean FVC z-score, (D) 
Mean change in FVC z-score, (E) Mean FEF25-75, (F) Mean change in FEF25-75, and trajectory of 
FEV1 score for the (G) control group and (H) exercise group   
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6.3.4. Multiple breath inert gas washout test 

Table 6-3 shows the analysis of between group difference in LCI and FRC and  

 

Table 6-4 shows the adjusted changes in LCI and FRC. At baseline the between-group difference in 

control group (9.6 ±2.9) and exercise group (8.6 ±2.0) LCI, approached significance (-1.1; 95%CI -

2.2, 0.1; p=0.08). Both groups had an LCI above the normal range of 5.49 - 7.81, however the 

control groups small airways disease was worse than the exercise group. At 12-months the 

difference remained (-0.9; 95%CI -2.0, 0.3; p=0.14) but was not significant. LCI had increased in the 

exercise group (8.9 ±2.0) at 24-month assessment, but more so in the control group 10.3 ±3.2, and 

the difference again approached statistical significance (-1.3; 95%CI -2.8, 0.1; p=0.07). After 

adjusting for baseline differences and accounting for the minimisation factors there were no 

significant differences LCI between baseline and 12-months, and baseline and 24-month 

assessments. There were no significant between group differences or adjusted differences in FRC. 

 

Table 6-3: Analysis of between-group differences in multiple inert gas washout test 
measurements 

  Control Exercise Mean diff. (95%CI) p-value 

LCI Baseline  9.6 ±2.9 8.6 ±2.0 -1.1 (-2.2, 0.1) 0.08 

 12-months 9.3 ±3.1 8.4 ±1.5 -0.9 (-2.0, 0.3) 0.14 

 24-months 10.3 ±3.2 8.9 ±2.0 -1.3 (-2.8, 0.1) 0.07 

FRC   Baseline  1.2 ±0.5 1.1 ±0.4 0.1 (-0.2, 0.2) 0.82 

 12-months 1.3 ±0.5 1.3 ±0.5 -0.1 (-0.3, 0.2) 0.65 

 24-months 1.4 ±0.6 1.3 ±0.5 -0.1 (-0.4, 0.2) 0.56 

Mean differences were calculated as exercise minus control group. 

 

 

Table 6-4: Adjusted differences in differences in multiple inert gas washout test measurements 

  B 95%CI p-value 

LCI baseline to 12-month 0.2 -0.56, 1.0 0.64 

 baseline to 24-month -0.8 -1.9, 0.3 0.15 

FRC baseline to 12-month -0.04 -0.1, 0.1 0.45 

 baseline to 24-month 0.02 -0.2, 0.2 0.84 

B is the model co-efficient (average change in the variable, reflected as assessment point minus baseline data) after adjusting 
for minimisation factors of gender, disease severity, Area lived in, and Nuffield membership status. 

  



 
 

  146 

Figure 6-3: A and B show the mean and mean changes in LCI respectively, over the duration of the 

24-month intervention. Figure 6-3: B also illustrates that the exercise group maintained their LCI, 

more so than the control group. 

 

A B 

  
Figure 6-3: (A) Mean Lung Clearance Index, and (B) mean change in Lung Clearance Index from 
baseline 

 

 

6.3.5. Multilevel mixed effects model analysis 

In Chapter 5, Subheading 5.3.6, pg. 126 levels of attendance and reasons for non-attendance were 

described. Participants in the exercise group attended a mean of 63±15% of training sessions, 

however there was a wide range of attendance levels from 17 to 99 weeks out of a total of 104 

weeks. This created a theoretical possibility that exercise may have a dose-related effect on lung 

function i.e., that children who exercised more frequently might demonstrate a different effect on 

lung function than those who exercised less frequently.  

 

Multilevel mixed models with random intercept were used to determine the associations between 

lung function and number of weeks trained by each participant. As in the analysis of all lung 

function measurements, only data collected at each of the 4 main assessment points were included 

in this analysis as the data was not confounded by exacerbation of symptoms and the associated 

effects of IV-antibiotics or prescribed oral antibiotics. 
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Table 6-5 shows the results of the multilevel mixed model analysis of FEV1 z-score. There were no 

significant between-group differences in FEV1 z-score (-0.2; 95%CI -0.6, 0.2; p=0.33), after 

controlling for minimisation factors of gender, age group, disease severity, area lived in, and the 

status of Nuffield membership. There was significant variation between the children at baseline (var 

=0.63, p<0.005) and there was significant variance in the slopes (p=0.007). 

 

There was a significant interaction between group and time, which suggested that children in the 

exercise group did experience a deterioration of -0.002 in FEV1 z-score (95%CI -0.005, -0.00001; 

p=0.05) for every week that they were in the study. However, there was also a significant positive 

interaction between FEV1 z-score and the total number of weeks of exercise training completed 

(0.02; 95%CI 0.01, 0.04; p=0.01). It appeared that for children who exercised more regularly, there 

was some offset of the deterioration in FEV1 z-score that they might otherwise have experienced.  

 

The multilevel mixed model suggested that for each weekly training session completed, children 

could expect to see an increase in their FEV1. Using the mixed model as a predictor, and 

extrapolating the weekly data, children who attended at least 52 weeks of training over 24-months 

might expect an improvement in their FEV1 of 1.0 z-score (95%CI 0.5, 2.1; p=0.01), which equates to 

15% in FEV1 over 24-months or 7.5% annually. Figure 6-4 illustrates that 11 children did experience 

an increase in FEV1 z-score after completing at least 52-weeks or more of exercise training over the 

duration of Inspire-CF, which would suggest a dose-related effect of exercise on FEV1. 

 

The multilevel mixed model analysis was performed on FVC z-score (Table 6-6 and Figure 6-5), 

FEF25-75 (Table 6-7 and Figure 6-6) and LCI (Table 6-8 and Figure 6-7). The results of these analyses 

demonstrated that there was also a significant dose-related effect of exercise on both FVC and FEF25-

75. However, a dose-related effect was not demonstrated in LCI. 
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Table 6-5: FEV1 z-score mixed model for associations between group, weeks in study, number of 
weeks trained and minimisation factors 

Variable Estimate (95%CI) p-value 

Group   

 Control vs. exercise -0.2 (-0.6, 0.2) 0.33 

Days in Study   

 Group x weeks in study -0.002 (-0.005, -0.00001) 0.05* 

Dose related effect of exercise training   

 Number of weeks trained by exercise group 0.02 (0.01, 0.04) 0.01* 

Gender   

 Males vs. Females 0.3 (-0.1, 0.7) 0.18 

Disease severity   

 FEV1 ≥ 70%pred. vs. FEV1 < 70%pred. 2.2 (1.2, 2.6) <0.001* 

Age group   

 Age 6-8 years 0.5 (0.001, 1.0) 0.05* 

 Age 9-11 years -0.02 (-0.6, 0.5) 0.93 

 Age 12-15 years Baseline  

Area lived in   

 London 0.1 (-0.4, 0.7) 0.61 

 Hertfordshire/Bedfordshire 0.2 (-0.3, 0.7) 0.50 

 Essex Baseline  

Nuffield   

 Member vs non-member 0.05 (-0.4, 0.5) 0.81 

*Statistically significant p£0.05. 

 
 
 

 
Figure 6-4: The exercise groups change in FEV1 z-score plotted against total number of weeks 
trained during Inspire-CF  
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Table 6-6: FVC z-score mixed model for associations between group, weeks in study, number of 
weeks trained and minimisation factors 

Variable Estimate (95%CI) p-value 

Group   

 Control vs. exercise -0.2 (-0.7, 0.2) 0.24 

Days in Study   

 Group x weeks in study -0.002 (-0.003, -0.0007) 0.003* 

Dose related effect of exercise training   

 Number of weeks trained by exercise group 0.02 (0.001, 0.04) 0.001* 

Gender   

 Males vs. Females 0.3 (-0.1, 0.7) 0.18 

Disease severity   

 FEV1 ≥ 70%pred. vs. FEV1 < 70%pred. 1.6 (0.9, 2.4) <0.001* 

Age group   

 Age 6-8 years 0.2 (-0.3, 0.7) 0.47 

 Age 9-11 years -0.2 (-0.7, 0.4) 0.58 

 Age 12-15 years Baseline  

Area lived in   

 London 0.1 (-0.4, 0.7) 0.64 

 Hertfordshire/Bedfordshire 0.3 (-0.3, 0.8) 0.30 

 Essex Baseline  

Nuffield   

 Member vs non-member 0.04 (-0.4, 0.7) 0.86 

*Statistically significant p£0.05. 

 
 
 
 
 

 
Figure 6-5: The exercise groups change in FVC z-score plotted against total number of weeks 
trained during Inspire-CF  
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Table 6-7: FEF25-75 z-score mixed model for associations between group, weeks in study, number 
of weeks trained and minimisation factors 

Variable Estimate (95%CI) p-value 

Group   

 Control vs. exercise -0.2 (-0.6, 0.2) 0.41 

Days in Study   

 Group x weeks in study -0.002 (-0.003, -0.0003) 0.02* 

Dose related effect of exercise training   

 Number of weeks trained by exercise group 0.02 (0.001, 0.04) 0.03* 

Gender   

 Males vs. Females 0.4 (-0.05, 0.8) 0.08 

Disease severity   

 FEV1 ≥ 70%pred. vs. FEV1 < 70%pred. 2.2 (1.5, 2.9) <0.001* 

Age group   

 Age 6-8 years 0.5 (-0.04, 1.0) 0.07 

 Age 9-11 years -0.06 (-0.6, 0.5) 0.82 

 Age 12-15 years Baseline  

Area lived in   

 London 0.01 (-0.5, 0.5) 0.94 

 Hertfordshire/Bedfordshire -0.13 (-0.7, 0.4) 0.62 

 Essex Baseline  

Nuffield   

 Member vs non-member 0.06 (-0.4, 0.5) 0.79 

*Statistically significant p£0.05. 

 

 

 

Figure 6-6: The exercise groups change in FEF25-75 z-score plotted against total number of weeks 
trained during Inspire-CF. 
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Table 6-8: LCI mixed model for associations between group, weeks in study, number of weeks 
trained and minimisation factors 

Variable Estimate (95%CI) p-value 

Group   

 Control vs. exercise -0.3 (-0.6, 1.3) 0.44 

Days in Study   

 Group x weeks in study -0.0001 (-0.003, 0.003) 0.93 

Dose related effect of exercise training   

 Number of weeks trained by exercise group -0.01 (-0.05, 0.03) 0.68 

Gender   

 Males vs. Females -0.2 (-1.1, 0.7) 0.70 

Disease severity   

 FEV1 ≥ 70%pred. vs. FEV1 < 70%pred. -3.9 (-5.5, -2.3) <0.001* 

Age group   

 Age 6-8 years -1.0 (-2.1, 0.1) 0.08 

 Age 9-11 years -0.7 (-1.9, 0.5) 0.25 

 Age 12-15 years Baseline  

Area lived in   

 London -0.02 (-1.2, 1.2) 0.98 

 Hertfordshire/Bedfordshire -0.2 (-1.4, 0.9) 0.71 

 Essex Baseline  

Nuffield   

 Member vs non-member 0.8 (-0.2, 1.8) 0.10 

*Statistically significant p£0.05. 

 

 

 
 
Figure 6-7: The exercise groups change in LCI z-score plotted against total number of weeks 
trained during Inspire-CF. 
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6.4. Discussion 

The Inspire-CF exercise programme had aimed to increase exercise capacity, with the objective of 

improving improve FEV1 z-score by 0.7 z-score over 24-months. This was not achieved; therefore, 

the primary hypothesis must be rejected. A once-weekly, supervised exercise programme did not 

demonstrate any significant effect of exercise on FEV1, FVC and FEF25-75, and that the exercise group 

recorded the same annual rate of deterioration of 1.5% in FEV1 as the control group.  

 

There was an average of 66% attendance to all exercise training sessions, and wide variation in 

levels of attendance. The realisation of a dose-related effect of exercise on lung function in some 

children who attended regular training sessions throughout the 24-month intervention period, might 

explain the reason some children recorded an increase in lung function, whilst others did not. For 

the first time in an exercise-based randomised controlled study in children with CF, a dose-related 

effect of up to 7.5% annual improvement in the primary outcome measure of FEV1 z-score was 

achieved. However, this benefit was only realised in children who attended 52 sessions of more of 

exercise, out of the potential 104 training sessions. Inspire-CF demonstrated that at least one 

moderate-to-high intensity training session per fortnight that combined high intensity interval 

training and strength training exercise may offer some level of protection from deterioration in lung 

function that would otherwise be expected in CF. The same dose-related effect was also 

demonstrated in FVC and FEF25-75 z-scores.  

 

Not all children who completed at least 52 sessions of exercise realised an increase in lung function, 

however rate of deterioration in FEV1, FVC and FEF25-75 may have slowed. Analysis of LCI data may 

help to explain this finding. The exercise groups LCI were maintained over the duration of Inspire-

CF, whilst the control group recorded an increase in LCI. There was a trend towards a significant 

between-group difference in LCI at baseline and this was maintained at 24-month, however, there 

was no significant dose-related effect of exercise on LCI. The minimally clinically important change 

in LCI has yet to be determined, however, it is plausible maintenance of LCI being maintained may 

be clinically important.  
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Prior to Inspire-CF, no other CF-related study in children had considered the dose-related effect of 

exercise on lung function. Understanding more about the minimum dose of exercise required to at 

least maintain lung function, would help CF clinicians when prescribing exercise to children with 

CF. The term “dose” refers to the product of exercise variables i.e., frequency of exercise, exercise 

intensity, exercise duration, and type of exercise (Blair et al., 1992, Strath et al., 2013). Frequency is 

the number of exercise sessions over an extended period; intensity refers to the metabolic cost of 

performing an activity at a percentage of measurable maximal capacity; duration is the accrued time 

of a single bout of exercise; and type refers to mechanism or exercise i.e., aerobic or strength (Wasfy 

and Baggish, 2016). “Dose response” refers to the physiological effects of these exercise variable on a 

physiological parameter e.g., FEV1 (Blair et al., 1992). A minimum dose of 60 min·week-1 of 

moderate-to-vigorous vigorous intensity of physical activity is recommended for healthy children 

aged 6-17 years (Thompson, 2010). Inspire-CF has shown that children with CF age 6-17 years, 

should establish a routine of at 45-60 min·week-1 of moderate-to-high intensity exercise to preserve 

lung function. 

 

Two randomised controlled studies that have used hypertonic saline or recombinant 

deoxyribonuclease, also known as DNase, in paediatric patients reported significant improvements in 

FEV1 of between 7±14% and 15%±16% (Eng et al., 1996, Ballmann and von der Hardt, 2002). More 

recently, the CFTR modulator drug, Ivacaftor® (which was made available on the NHS during 

Inspire-CF), improved FEV1 by between 4.9%-10.5% in adults and 10%-12.5% in children with the 

p.Gly551Asp mutation (Kotha and Clancy, 2013). The Lumacaftor-Ivacaftor® combination CFTR 

modulator drug for use in p.Phe508del mutations, improved FEV1 by between 2.6%-4% (Wainwright 

et al., 2015). The dose-related effect of exercise demonstrated in Inspire-CF, was of a similar 

magnitude to these drug studies but only in those children who did at least 52 weeks of training 

over the duration of 24-months. This may be an important consideration for clinicians when 

prescribing the drugs. Regularly maintained moderate-to-high intensity exercise may offer some 

protection of lung function, particularly in children aged 6-12 years with CF, who have not been 

prescribed the drug.  
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In 2005, the mean range for FEV1 %pred. for children aged 6-15 years in the UK was 78.3% to 

88.2%, however improvements in medical management and advances in drug therapy have been 

reflected in the 2014 mean range, which was 79.3% to 91% (Cystic Fibrosis Trust, 2014). The annual 

rate of deterioration in FEV1 in children aged 6 and over with CF was variable. Merkus et al. (2002) 

reported deterioration of 1.3% to 5.6% per year in Dutch children, whilst Konstan et al. (2007) 

reported 1.1% to 2.3% in American children. Both Inspire-CF groups demonstrated an annual 

deterioration of 1.5% per year, and these were comparable to the predictions in decline of between 

0.86%-1.5% that were reported by Cogen et al. (2015). Studies in children aimed at determining the 

effects of exercise and physical activity on lung function in children with CF have produced variable 

results. A 9-year epidemiological study in children aged 7-17 years by Schneiderman et al. (2014) 

suggested that long term participation in physical activity may have a positive effect on FEV1, such 

that deterioration was 1.9% annually in children with low physical activity levels, whilst 

deterioration was at a lesser rate of 1.39% annually in children with high physical activity levels. 

The rate of deterioration in the exercise group was concerning, as it was theorised that exercise 

would help to maintain lung function, as had been demonstrated in the Frequent Flyer Programme. 

 

Comparison of Inspire-CF results to the 8 randomised controlled trials that included FEV1 as an 

outcome measure is difficult. The only two studies that showed a significant benefit of exercise on 

FEV1 included participants who were undergoing IV-antibiotic treatment. Cerny (1989) reported 

18.4% increase in FEV1 %pred. and Selvadurai et al. (2002a) reported a 10.1% and 6.5% increase in 

FEV1 %pred. after 2-weeks either aerobic or strength training respectively. However, children in both 

studies were being treated with IV-antibiotics for exacerbations of respiratory symptoms, and it is 

likely the therapeutic effects of IV-antibiotics masked the effects, if any, of 14-days of exercise. 

Braggion et al. (1989) compared CF and healthy children who completed an aerobic and strength 

training programme, but there were no changes in FEV1. Three studies reported no change in FEV1 

after anaerobic training (Klijn et al., 2004) or a combination of aerobic and strength training 

(Santana-Sosa et al., 2012, Santana-Sosa et al., 2014). The findings of Inspire-CF similarly did not 

demonstrate between group differences when dose effect was not accounted for. The two studies of 

longest duration, (Schneiderman-Walker et al., 2000, Orenstein et al., 2004) also reported no between 
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group differences in FEV1, but each of the studies exercise groups recorded a deterioration of ~1.5% 

annually. This annual deterioration was equivalent to both Inspire-CF groups. 

 

The 3 observational studies tracked FEV1 over 12-months in children with moderate-to-severe lung 

disease. Black et al. (2009) reported a non-significant increase of 4% in FEV1 %pred. whilst (Ledger 

et al., 2013) and Urquhart et al. (2012) reported that FEV1 was maintained over the duration of the 

studies. These were important findings in a group of children who typically required multiple 

admission to hospital for prophylactic routine IV-antibiotics or exacerbation of respiratory 

symptoms over a course of a year. In the year preceding the Frequent Flyer Programme, the same 

group of children saw an average deterioration of 9% in FEV1. Inspire-CF included children with 

milder, and a wider range of lung disease severity, and overall FEV1 deteriorated. For children with 

milder lung disease to be able to increase their FEV1 by as much as 7.5% annually, requires regular 

and consistent exercise of at least one session per fortnight. Without this frequency and intensity of 

exercise, lung function is unlikely to be protected and may deteriorate. 
 

Levels of attendance were variable, and it was not possible to determine if the dose-related effect of 

exercise was linear. It was evident that some children who attended more sessions benefitted from 

increased FEV1, however variation in the intensity of exercise at each session, despite best efforts to 

control, varied depending on the motivation, energy levels and current health status of the child. 

Children may have attended multiple consecutive exercise sessions, but then gone on an extended 

family holiday, and therefore not maintained their fitness levels. Previous studies (Santana-Sosa et 

al., 2012, Santana-Sosa et al., 2014) have shown that any improvements in physiological markers 

were not sustained beyond 4 weeks, therefore these breaks may have affected the outcomes. Several 

children were affected by the unavailability of a fitness centre within proximity of their home and 

had a delayed start to their training programme. It is also plausible that these events had a negative 

impact on the children’s outcomes at the next assessment point. 

 

Inspire-CF included high intensity interval training and strength training, and there were no adverse 

effects of the programme on lung function. Dose-related effects of exercise in CF have not been 
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previously explored, and this opens a new opportunity for future research. It was reassuring that the 

dose-related effect was evident in all the parameters of spirometry recorded in Inspire-CF. This study 

identified that a regular and sustained routine of exercise is important, and clinicians should educate 

children and their parents and carers on this important finding.  

 

LCI has not previously been reported in other randomised controlled trials, however given the 

exercise groups maintenance of LCI, this outcome should be considered in future studies. Spirometry 

does not detect small airway changes, therefore an MBW may be a more appropriate test, especially 

in children with FEV1 and FVC above 80% of predicted. Inspire-CF enrolled representative sample of 

children aged 6-15 years, and the findings of the study may be comparable to children with CF 

treated by other specialist centres in the UK, however, this study was limited to a single hospital. The 

Nuffield collaboration and extensive network of fitness facilities that was developed for Inspire-CF, 

was a challenge to manage and establish, but may be replicable in other national and international 

centres, without the associated costs of gym memberships.  

 

6.5. Summary  

Chapter 6 has shown that once-weekly supervised exercise may offer some protection of lung 

function to children who establish a routine of regular exercise and that is sustained. This provides a 

new direction for further research into minimum levels of exercise required to maintain or improve 

lung function. However, Inspire-CF did not replicate the maintenance of FEV1 that was 

demonstrated in sicker children and lung function declined at the same rate as the control group. 

Inspire-CF has demonstrated the significant challenge in eliciting a positive change in the trajectory 

of lung function in children with CF. Clinicians should continue to advocate exercise, however 

caution should apply when educating children and parents and carers on the effects of exercise on 

lung function. It is important that the clinician’s emphasise that sporadic and inconsistent 

participation in exercise will not preserve or slow the deterioration of lung function. Moderate-to-

high exercise needs to be performed at regularly and consistently, in addition to the specialist CF 

care they already receive, to potentially benefit from an increase in lung function.  
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7. 
 

CHAPTER 7.  THE EFFECTS OF SUPERVISED EXERCISE ON EXERCISE CAPACITY 

 
7.1. Hypothesis, aims and objectives 

The primary hypothesis of Chapter 7 was that a 24-month, individually supervised exercise 

intervention would elicit a between-group difference, in favour of the exercise group, of an increase 

in Wpeak and VO2peak.  

 

The aim of was to consider the effects of the 24-month exercise individually supervised exercise 

programme on exercise capacity, using a functional 10m-MSWT and a laboratory based, cycle 

ergometer CPET. 

 

The objectives were to determine: 

• Between-group differences, if any, in distance run/walked in meters and level completed in 

the 10m-MSWT. 

• Between-group differences, if any, in peak work rate (Wpeak) and peak oxygen uptake 

(VO2peak) during CPET. 

• Likelihood of children increasing initial fitness levels. 

 

 

  



 
 

  158 

7.2. Methods 

The methodology related to the Inspire-CF population was described in Chapter 3. The methods of 

statistical analysis were described in Chapter 3, Subheading 3.10, pg. 99. Statistical significance was 

accepted at p£0.05, and all data are presented as mean±SD, 95%CI and p-values unless otherwise 

stated. 

 

7.3. Results 

7.3.1. Participants 

All 71 children completed the 10m-MSWT at baseline, 6-, and 12-months assessments; however, 4 

children had dropped out after 12 months (Chapter 5, Subheading 5.3.3, pg. 122), therefore 67 

children completed the 24-month assessments. Fifty-nine children (control=29; exercise=30) 

completed CPET and their data were included in analysis. The 4 dropouts (control=1; exercise=3) 

also declined to perform CPET after baseline tests. An additional, 3 children in the control group (1 

male; age 6 years, and 2 females; age 7 and 14 years) declined to perform CPET due to the anxiety 

of wearing the facemask despite desensitisation strategies being implemented, and 1 child (1 male; 

age 14 years) declined re-testing without explanation. There were 3 children in the exercise group 

(male=2; age 6 years; and female=1; age 14 years) who had poor cycling technique and were unable 

to maintain cadence after each incremental increase in resistance and repeatedly stopped cycling. 

One boy (age 6 years) in the exercise group was diagnosed with ataxia and despite best efforts could 

not maintain balance, coordination, and cadence after each incremental increase in resistance. The 

data from these 12 children (control= 5; exercise=7) were not included in analysis of CPET data.  

 

7.3.2. 10 metre modified shuttle walk test (25-level) 

Analysis of the 10m-MSWT is shown in Table 7-1 and Table 7-2, and Figure 7-1 illustrates the 

mean changes in distance and levels completed for the 10m-MSWT. At baseline, the exercise group 

(916.2m±238.5m) covered less distance than the control group (962.6m±254.5m), however this 

difference was not statistically significant (-46.4m, 95%CI -163.5, 70.7, p=0.43). At 12-months, the 

exercise group (1057.0m±237.7m) covered more distance than the control group (1018.5m±222.7m), 

but these differences were not significant (38.5m, 95%CI -71.3, 148.4). At 24-month assessment, 
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there was a significant improvement in 10m-MSWT distance (157.0m, 95%CI 29.9, 284.3, p=0.002) 

in the exercise group (1181.8m±220.8m) when compared to the control group (1024.8m±291.3m). 

After adjusting for minimisation factors (gender, age group, disease severity, area, and Nuffield 

membership) the difference at 24-months further increased to 224.8m (95%CI 148.2, 301.5, p<0.001). 

  

The minimally clinically important difference for the 10m-MSWT test in children was reported as 

60m in (del Corral et al., 2020), which confirmed the clinical importance of the Inspire-CF results. At 

baseline and 12-month assessments there were small but non-significant differences in levels 

completed, however at 24-month assessment, the exercise group (12.7 levels) were able to complete 

a significant 1.0 level (0.2, 1.8, p=0.02) more than the control group (11.7 levels). There are no 

studies that have identified the minimally clinically important difference in level change for the 

10m-MSWT. 

 

There were no significant between group differences in HRpeak at any of the assessment points. 

However, there was a significant between-group-difference in HRrecovery at 24-months (-6.8 

beats·min-1, 95%CI -12.6, -1.0), which indicated that the children in the exercise group (107.6±10.7) 

were cardio vascularly fitter that the control group (114.4±12.8). The adjusted difference in HRrecovery 

was -5.1 beats·min-1 (95%CI -11.9, 1.8, p=0.14), but this difference was no longer significant. All 

children maintained an SpO2 within the normal range of 94-98% across all assessment points, and 

there were no between-group differences detected.  

 

There were no between-group differences in OMNI perceived exertion scales at baseline and 12-

month assessment points, however at 24-month assessment the exercise group (9.2±0.7) reported a 

significantly higher exertion score (0.8, 95%CI 0.4, 1.3, p<0.001) than the control group (8.3±1.1), 

likely due to increased incremental pace and further distance covered. The adjusted difference 

showed a significant increase of 1.3 (95%CI 0.3, 2.3, p=0.01) in level achieved. OMNIrecovery at 3-

minutes was also lower for the exercise group (2.2±1.3) when compared to the control group 

(3.0±1.8), and this difference approached statistical significance (-0.7, 95%CI -1.5, 0.0, p=0.06). 

However, the adjusted difference was not significant, and remained at -0.7 (95%CI -1.7, 0.3, p=0.18). 
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Table 7-1: Analysis of between-group differences in 10m-MSWT 

Variable Assessment Control Exercise Mean diff. (95%CI) p-value 

Distance in meters baseline 962.6±254.5 916.2±238.5 -46.4 (-163.5, 70.7) 0.43 

 12-month 1018.5±222.7 1057.0±237.7 38.5 (-71.3, 148.4) 0.49 

 24-month 1024.8±291.3 1181.8±220.8 157.0 (29.9, 284.3) 0.02* 

Levels completed baseline 11.1±1.9 10.8±1.7 -0.3 (-1.1, 0.6) 0.51 

 12-month 11.6±1.6 11.8±1.7 0.2 (-0.6, 0.9) 0.70 

 24-month 11.7±2.0 12.7±1.4 1.0 (0.2, 1.8) 0.02* 

HRpeak baseline 182.2±13.6 180.6±11.3 -1.6 (-7.6, 4.4 0.59 

 12-month 180.5±9.5 181.4±12.5 0.8 (-4.4, 6.1) 0.75 

 24-month 182.2±13.8 185.8±13.8 3.6 (-2.5, 9.7) 0.24 

HRpeak %pred. baseline 89.6±6.7 88.7±5.8 0.9 (-3.9, 2.1) 0.55 

 12-month 89.1±4.9 89.4±4.9 0.3 (-2.4, 3.0) 0.82 

 24-month 90.2±5.5 91.8±7.0 1.6 (-1.5, 4.6) 0.32 

HRrecovery baseline 113.8±11.2 114.4±10.8 0.6 (-4.7, 5.8) 0.83 

 12-month 114.1±10.0 112.5±10.6 -1.6 (-6.5, 3.3) 0.52 

 24-month 114.4±12.8 107.6±10.7 -6.8 (-12.6, -1.0) 0.02* 

OMNIpeak baseline 8.3±1.5 8.0±2.0 -0.3 (-1.1, 0.5) 0.49 

 12-month 8.5±1.3 8.9±1.1 0.4 (-0.2, 1.0) 0.21 

 24-month 8.3±1.1 9.2±0.7 0.8 (0.4, 1.3) <0.001* 

OMNIrecovery baseline 3.6±2.0 3.6±2.0 0.0 (-0.9, 1.0) 0.99 

 12-month 3.8±2.4 3.4±2.3 -0.4 (-1.5, 0.7) 0.46 

 24-month 3.0±1.8 2.2±1.3 -0.7 (-1.5, 0.0) 0.06 

Mean differences were calculated as exercise minus control group; *Statistically significant p≤0.05 

 
Table 7-2: Adjusted differences in 10m-MSWT outcomes from baseline to 12 and 24 months 

Variable Duration B 95%CI p-value 

∆Distance in meters baseline to 12-month 118.5 25.4, 159.4 0.01* 

 baseline to 24-month 224.8 148.2, 301.5 <0.001* 

∆Levels completed baseline to 12-month 0.4 -0.1, 1 0.12 

 baseline to 24-month 1.4 0.8, 1.9 <0.001* 

∆HRpeak baseline to 12-month 2.3 -3.5, 8.1 0.43 

 baseline to 24-month 5.2 -2.5, 12.8 0.18 

∆HRpeak %pred. baseline to 12-month 1.1 -1.7, 4.0 0.43 

 baseline to 24-month 2.5 -1.3, 6.3 0.19 

∆HRrecovery  baseline to 12-month -1.6 -8.4, 5.2 0.64 

 baseline to 24-month -5.1 -11.9, 1.8 0.14 

∆OMNIpeak  baseline to 12-month 0.8 -0.2, 1.7 0.11 

 baseline to 24-month 1.3 0.3, 2.3 0.01* 

∆OMNIrecovery baseline to 12-month -0.4 -1.9, 1.1 0.61 
 baseline to 24-month -0.7 -1.7, 0.3 0.18 

B is the model co-efficient (average change in the variable, reflected as assessment point minus baseline data) after adjusting 
for minimisation factors of gender, disease severity, Area lived in, and Nuffield membership status. *Statistically significant 
p≤0.05 
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A B 

  
C  

 

 

Figure 7-1: A: Mean between-group differences in distance walked/run during the 10-MSWT, B: 
Mean between-group differences in levels completed during the 10-MSWT, C; Mean change in 
distance walked/run during the 10-MSWT between baseline and 24-months 
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7.3.3. Cardiopulmonary exercise tests 

Between-group differences in work rate and VO2 were considered the two most important endpoints 

for determining change in exercise capacity, with all other outcomes considered secondary.  

 

7.3.3.1. Peak work rate 

Analysis of work rate is presented in Table 7-3 and Table 7-4 and Figure 7-2: A-H. There were no 

significant between-group differences in peak work rate (Wpeak) at baseline (control=89.7±47.6 vs. 

exercise=87.0±42.6) and 24-month assessment (control=112.5±46.3 vs. exercise 117.2±45.4). Both 

groups had increased Wpeak >20 and at a near identical rate. There were also no between-differences 

in work rate adjusted for body mass in kg (W·kg-1) at baseline and this was maintained at 12- and 

24-month assessment. Figure 7-2: G illustrates a positive relationship between Wpeak and age, and in 

Figure 7-2: H. there is a small but positive relationship between W·kg-1 and age. This may explain 

the increase in Wpeak in both groups. 

 

However, there was a significant between-group difference in Wpeak %pred. at baseline (11.8, 95%CI 

0.4, 23.2, p=0.04), in favour of the exercise group (86.6±20.2) vs. control group (75.0+23.2). This 

difference was maintained at 12-month assessment (8.5, 95%CI -2.9, 20.0, p=0.14), but was no 

longer significant. At 24-months, there was a statically significant difference of 8.3 (95%CI 0.5, 

16.0, p=0.04) in favour of the exercise group in Wpeak %pred. Neither the control group (76.6±15.5) 

or the exercise group (84.9±13.3) had improved on their baseline Wpeak %pred. This suggested that 

the exercise groups lower limb, peripheral muscle strength was greater than the control group at 

baseline and they maintained this strength through the 24-months. Analysis of work rate at the gas 

exchange threshold (WGET) showed both groups progressively increased their ability to work harder 

between baseline and 24-month assessment, but again there were no significant between-group 

differences. Adjusted differences for all work rate outcomes were not significant and did not further 

explain the results. Normal ranges for W·kg-1 in healthy children have been reported as between 

3.4±0.7–4.0±0.6 W·kg-1 for males, and 3.1±0.5–3.7±0.7 W·kg-1 in females, aged 8-18 years 

respectively (Bongers et al., 2014a). This would suggest that at baseline, Inspire-CF groups presented 

with lower-than-normal W·kg-1 but these had increased to near normal ranges after 24 months. 
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Table 7-3: Analysis of between-group differences in peak work rate measurements 

Variable Assessment Control Exercise Mean diff. (95%CI) p-value 

Wpeak   baseline 89.7±47.6 87.0±42.6 -2.7 (-26.0, 20.7) 0.82 

 12-month 105.9±54.5 102.0±45.8 -3.8 (-30.1, 22.5) 0.77 

 24-month 112.5±46.3 117.2±45.4 4.7 (-19.9, 29.3) 0.70 

Wpeak %pred. baseline 75.0±23.2 86.8±20.2 11.8 (0.4, 23.2) 0.04* 

 12-month 77.1±25.8 85.6±17.2 8.5 (-2.9, 20.0) 0.14 

 24-month 76.6±15.5 84.9±13.3 8.3 (0.5, 16.0) 0.04* 

W·kg-1   baseline 2.5±0.7 2.6±0.6 0.1 (-0.3, 0.4) 0.85 

 12-month 2.8±0.8 2.7±0.6 -0.1 (-0.4, 0.4) 0.98 

 24-month 2.9±0.5 3.0±0.5 0.1 (-0.2, 0.3) 0.73 

W·kg-1 %pred. baseline 77.7±17.2 82.0±18.2 4.3 (-4.9, 13.6) 0.35 

 12-month 81.6±22.7 83.8±16.5 2.2 (-8.1, 12.5) 0.67 

 24-month 85.0±13.5 87.4±14.4 3.7 (-5.1, 9.8) 0.52 

WGET  baseline 53.7±27.0 48.3±26.7 -5.4 (-19.3, 8.5) 0.44 

 12-month 73.8±28.0 65.1±35.8 -8.6 (-25.4, 8.2) 0.70 

 24-month 74.2±26.3 76.6±27.0 2.4 (-11.9, 16.7) 0.74 

Mean differences were calculated as exercise minus control group; *Statistically significant p≤0.05 

 

 

 
Table 7-4: Adjusted differences in peak work rate measurements 

Variable Duration B 95%CI p-value 

∆Wpeak   baseline to 12-month -0.4 -8.1, 7.2 0.91 

 baseline to 24-month 1.9 -6.0, 9.8 0.64 

∆Wpeak %pred. baseline to 12-month -0.7 -8.0, 6.6 0.85 

 baseline to 24-month -1.8 -10.2, 6.5 0.66 

∆W·kg-1 baseline to 12-month -0.1 -0.3, 0.2 0.62 

 baseline to 24-month 0.0 -0.2, 0.2 0.83 

∆W·kg-1 %pred. baseline to 12-month -0.5 -7.4, 6.5 0.89 

 baseline to 24-month -1.0 -8.2, 6.1 0.77 

∆WGET  baseline to 12-month -0.2 -0.6, 0.3 0.51 

 baseline to 24-month 0.1 -0.2, 0.5 0.40 

B is the model co-efficient (average change in the variable, reflected as assessment point minus baseline data) after adjusting 
for minimisation factors of gender, disease severity, Area lived in, and Nuffield membership status. *Statistically significant 
p≤0.05 
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Figure 7-2: A-F: mean differences in peak work rate and work rate at the gas exchange 
threshold, and G: shows the change in peak work rate with age, and H: shows peak work rate 
adjusted for weight with age  
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7.3.3.2. Peak oxygen uptake 

Analysis of VO2 parameters are presented in Table 7-5 and Table 7-6 and in Figure 7-3: A-H. There 

were no significant between-groups differences in VO2peak in ml·kg·min-1, VO2peak in ml·min-1, and 

VO2 at GET at baseline, 12- and 24-month assessments, which suggested that there was no effect of 

the exercise intervention on VO2 parameters. However, each group had increased their VO2peak >5 

ml·kg·min-1, between baseline (control= 36.9±7.3 vs. exercise=36.1±8.6) and 24-month assessment 

(control=42.5±7.5 vs. exercise=43.5±8.7). This equated to an increase in VO2peak %pred. >10% 

between baseline (control= 84.4±14.0 vs. exercise=83.2±17.3) and 24-month assessment 

(control=96.0±15.9 vs. exercise=98.4±8.7). 

 

Figure 7-3: G illustrates a negative relationship between VO2peak  in ml·min-1 and age, however, 

Figure 7-3: H illustrates no relationship between VO2peak in ml·kg·min-1 and age in the exercise 

group, but a marginal positive relationship between VO2peak in ml·kg·min-1 and age in the control 

group. This would suggest that improvements in VO2peak were less likely to be a consequence of 

growth. Again, adjusted differences for all VO2 outcomes were not significant and did not further 

explain the outcomes. Normal ranges for VO2peak in ml·kg·min-1 in healthy populations are reported 

as between 46.4±6.0–48.1±64 ml·kg·min-1 for males, and 40.7±4.9–42.2±7.6 ml·kg·min-1 in females, 

aged 8-18 years respectively (Bongers et al., 2014a). Comparatively, this would suggest that at 

baseline both Inspire-CF groups presented with lower-than-normal VO2peak in ml·kg·min-1 but had 

increased to near normal ranges after 24 months 
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Table 7-5: Analysis of between-group differences in VO2 measurements 

Variable Assessment Control Exercise Mean diff. (95%CI) p-value 

VO2peak ml·kg·min-1 baseline 36.9±7.3 36.1±8.6 -0.8 (-4.6, 3.0) 0.68 

 12-month 39.5±7.4 37.6±9.6 -1.9 (-6.2, 2.4) 0.37 

 24-month 42.5±7.5 43.5±8.7 1.0 (-3.1, 5.2) 0.63 

VO2peak %pred. baseline 84.4±14.0 83.2±17.3 -1.2 (-8.8, 6.4) 0.75 

 12-month 89.7±15.3 85.4±19.7 -4.2 (-12.9, 4.5) 0.34 

 24-month 96.0±15.9 98.4±17.4 2.4 (-6.2, 11.0) 0.58 

VO2peak ml·min-1   baseline 119.5±39.3 120.1±52.4 0.6 (-21.5, 22.7) 0.96 

 12-month 117.7±45.7 112.4±49.7 -5.3 (-29.0, 18.3) 0.65 

 24-month 122.2±41.5 125.7±56.7 3.5 (-21.9, 28.9) 0.78 

VO2 at GET ml·kg·min-1  baseline 23.1±6.6 20.8±7.3 -2.3 (-5.6, 1.1) 0.19 

 12-month 27.4±7.5 23.5±8.4 -3.9 (-7.9, 0.0) 0.05* 

 24-month 28.6±5.9 26.2±6.6 -2.3 (-5.5, 0.9) 0.16 

VO2 at GET ml·min-1  baseline 771.5±311.7 695.1±391.1 -76.4 (-228.3, 75.5) 0.32 

 12-month 1005.7±373.5 849.5±390.7 -156.2 (-345.7, 33.2) 0.10 

 24-month 1024.3±408.7 1008.5±357.7 -15.7 (-217.0, 185) 0.88 

Mean differences were calculated as exercise minus control group; *Statistically significant p≤0.05 

 

 

 
Table 7-6: Adjusted differences in VO2 measurements 

Variable Duration B 95%CI p-value 

∆VO2peak  ml·kg·min-1  baseline to 12-month -1.8 -4.9, 1.2 0.24 

 baseline to 24-month 1.5 -1.8, 4.9 0.37 

∆VO2peak %pred. baseline to 12-month -3.1 -10.3, 4.0 0.38 

 baseline to 24-month 3.7 -4.2, 11.7 0.35 

∆VO2peak  ml·min-1 baseline to 12-month -7.0 -19.4, 5.5 0.27 
 

baseline to 24-month 3.5 -9.2, 16.2 0.35 

∆VO2 at GET ml·kg·min-1 baseline to 12-month -2.1 -6.5, 2.2 0.32 

 baseline to 24-month -0.5 -4.2, 3.2 0.79 

B is the model co-efficient (average change in the variable, reflected as assessment point minus baseline data) after adjusting 
for minimisation factors of gender, disease severity, Area lived in, and Nuffield membership status. *Statistically significant 
p≤0.05 
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Figure 7-3: A-C: mean differences in peak oxygen uptake and oxygen uptake at the gas 
exchange threshold; D: shows the change in oxygen uptake with age, and E: shows peak oxygen 
uptake adjusted for weight with age 
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A B 

  
Figure 7-4: A & B show change in peak work rate versus peak oxygen uptake between baseline 
and 24-months 

 

 

7.3.3.3. Heart rate 

Mean HRpeak of >85% pred. was achieved by both groups at baseline, 12- and 24-month assessment 

points. At baseline, the exercise group achieved a slightly higher HRpeak %pred. (93.6±7.9) than the 

control group (89.9±8.6), this difference approached significance (3.7, 95%CI -0.6, 8.0, p=0.09). 

HRpeak %pred. was not significantly different at 12-months (2.6, 95%CI -1.1, 6.3; p=0.16), but again 

there was a significant between-group difference (control=93.6±6.9 vs. exercise=97.5±5.1) at 24-

month assessment (3.9, 95%CI 0.6, 7.2, p=0.02). These results suggest that children in both groups 

were exerting themselves at a level that would be considered maximal. HRpeak was not significantly 

different at baseline and 12-month assessment points, but the exercise group (183.3±9.7 beats·min-1) 

recorded a significantly higher HRpeak at 24-month assessment (7.1, 95%CI 0.8, 13.5, p=0.03) when 

compared to the control group (176.2±13.4 beats·min-1). The adjusted differences in HR parameters 

were not significant.  
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Table 7-7: Analysis of between-group differences in HR, RER and VE/VCO2  

Variable Assessment Control Exercise Mean diff. (95%CI) p-value 

HRpeak  baseline 168.8±17.2 174.4±15.7 4. (-2.9, 14.2) 0.19 

 12-month 174.0±15.7 178.2±11.5 4.3 (-2.9,11.5) 0.24 

 24-month 176.2±13.4 183.3±9.7 7.1 (0.8, 13.5) 0.03* 

HRpeak %pred. baseline 89.9±8.6 93.6±7.9 3.7 (-0.6, 8.0) 0.09 

 12-month 92.6±8.1 95.2±5.9 2.6 (-1.1, 6.3) 0.16 

 24-month 93.6±6.9 97.5±5.1 3.9 (0.6, 7.2) 0.02* 

RER baseline 1.1±0.1 1.1±0.1 0.0 (-1.0, 0.1) 0.78 

 12-month 1.1±0.1 1.2±0.2 0.1 (-0.01, 0.1) 0.11 

 24-month 1.2±0.1 1.1±0.1 0.1 (-0.1, 0.01 0.69 

VE/VCO2    baseline 33.5±3.9 31.9±3.5 -1.6 (-3.5, 0.3) 0.10 

 12-month 33.1±4.6 32.6±3.9 0.4 (-2.7, 1.8) 0.69 

 24-month 32.5±3.7 32.6±4.5 0.1 (-2.2, 2.2) 0.98 

Mean differences were calculated as exercise minus control group; *Statistically significant p≤0.05 

 

 
 

Table 7-8: Adjusted differences in HR, RER and VE/VCO2  

Variable Duration B 95%CI p-value 

∆HRpeak  baseline to 12-month -1.7 -8.9, 5.6 0.65 

 baseline to 24-month -0.6 -8.6, 7.3 0.87 

∆HRpeak %pred. baseline to 12-month -0.5 -4.4, 3.4 0.79 

 baseline to 24-month -0.9 -5.2, 3.4 0.67 

∆RER baseline to 12-month 0.05 -0.03, 0.13 0.25 

 baseline to 24-month -0.03 -0.09, 0.03 0.33 

∆VE/VCO2   baseline to 12-month 1.2 -1.1, 3.6 0.29 

 baseline to 24-month 1.9 -0.3, 4.2 0.09 

B is the model co-efficient (average change in the variable, reflected as assessment point minus baseline data) after adjusting 
for minimisation factors of gender, disease severity, Area lived in, and Nuffield membership status. *Statistically significant 
p≤0.05 
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7.3.4. Oxygen saturation and OMNI exertion scales 

All children maintained an SpO2 within normal range of 94-98% across all assessment points, and 

there were no between-group differences detected. Similarly, there were no significant between-

group differences in OMNI exertion scales, with each group reporting similar levels of exertion.  

 
 
7.3.5. Odds ratio for change in initial fitness level  

After baseline measurements of CPET were completed, participants were categorised according to 

initial fitness level (Nixon et al., 1992, Gruber et al., 2011a). One child (exercise=1) had a low 

VO2peak %pred. (≤58%); 28 children (control=13; exercise=15) had a medium VO2peak %pred. (59 to 

81%); and 31 children (control=17; exercise=14) had a high VO2peak %pred. (≥ 82%). At 24-month 

assessment 2 children in the control group has dropped from a high to medium fitness level, and 6 

children in the control group had increased from medium to high fitness levels. In the exercise 

group, 14 children had increased from medium to high fitness levels. Adjusted odds for participants 

moving from a lower to higher fitness category between baseline and 24-month assessment were 3.5 

times higher (95%CI 2.35, 4.65; p=0.02) in the exercise group and this difference was statistically 

significant.  

 

7.3.6. Cardiac monitoring 

Except for an 11-year-old girl (genotype p.Phe508del/unknown; FEV1 1.43L; and FEV1 %pred.; 

pancreatic insufficient), there were no abnormal ECG traces reported in any children who completed 

CPET. This girl performed baseline spirometry testing and 10m-MSWT followed by CPET, and at rest, 

her ECG detected a delta wave, but she was asymptomatic (SpO2 95%; HR 110 beats·min-1, BP 

118/60) and as per protocol, CPET was performed. She remained asymptomatic throughout the test, 

however the delta wave remained unresolved, so she was referred for cardiac monitoring and review, 

and a diagnosis of Wolff Parkinson White syndrome was confirmed (Douglas et al., 2015). 
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7.4. Discussion 

The primary hypothesis was that a 24-month individually supervised exercise programme would 

elicit a significant between-group increase CPET outcomes of Wpeak and VO2peak, in favour of the 

exercise group. This was not achieved therefore this hypothesis should be rejected. However, Inspire-

CF has shown that 24-months of individually supervised exercise had a significant effect on 

functional exercise capacity, and this may be clinically important too. Children were able to cover 

more distance and completed more levels of the 10m-MSWT, which suggested improved endurance 

fitness. Children who exercised achieved up to 90% of their age predicted HR during the 10m-MSWT 

and demonstrated significantly quicker recovery of HR, and perception of exertion to near resting 

levels, than the control group. However, the study did not demonstrate any significant impact of the 

exercise intervention on gold standard CPET parameters of Wpeak, WGET, VO2peak and VO2 at GET. This 

outcome was contradictory and therefore difficult to explain. 

 

Wpeak %pred. and W·kg-1 %pred., were significantly higher in the exercise group at baseline and 24-

month assessments, however there was no relative change in these measurements in either group, 

including at the gas exchange threshold. This outcome was counter-intuitive given the significant 

increase in distance covered in the 10m-MSWT. At baseline, children demonstrated slightly lower 

than normal ranges of VO2peak  in ml·kg·min-1 (~36.5 ml·kg·min-1), but both groups demonstrated 

increases of 5.ml·kg·min in VO2peak (~43.5 ml·kg·min-1), which is an important outcome as a VO2peak  

of 45 ml·kg·min-1 and above is a significant predictor of lower mortality (Pianosi et al., 2005a). Wpeak 

and peripheral muscle strength have been demonstrated to be significantly lower in children with CF 

compared to healthy controls (Hussey et al., 2002). The results of Inspire-CF showed that the 

exercise intervention had no effect on peripheral lower limb muscle strength, despite improvements 

and progression of training reported by the personal trainers.  

 

Ledger et al. (2013) reported a significant increase of 229m (95CI 18.8, 349.7, p<0.01) in distance 

covered and 2 levels (95%CI 0.8, 2.6, p=<0.01) completed, whilst Urquhart et al. (2012) reported an 

increase of 208m (95% CI 55.43, 360.57, p=0.04). CPET was also undertaken during the Frequent 

Flyer Programme and showed an increase in VO2peak by 4.9 ml·kg·min-1 (95%CI 1.9, 8.7, p=0.02) and 
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VO2peak %pred. by 14% (95%CI 1.9, 25.8, p=0.03). All children maintained an SpO2 >94% during 

testing and no arrhythmias were detected. These changes were achieved in supervised exercise 

programmes that ran over 12-months, in the sickest group of children with significant lung disease 

and lower initial exercise capacity. Inspire-CF demonstrated a significant change of >200m in the 

10m-MSWT and change of 5 ml·kg·min-1, which replicated the Frequent Flyer Programme results. 

However, children in Inspire-CF took 24-months, rather than 12-months, to achieve the same effect. 

This may suggest that once-per week supervised training sessions may not be a high enough dose of 

exercise for children with milder CF lung disease to elicit a change in VO2peak and Wpeak.  

 

All 8 randomised controlled trials included CPET parameters of Wpeak and/or VO2peak but did not 

include a 10m-MSWT (Braggion et al., 1989, Cerny, 1989, Schneiderman-Walker et al., 2000, 

Selvadurai et al., 2002a, Klijn et al., 2004, Orenstein et al., 2004, Santana-Sosa et al., 2012, Santana-

Sosa et al., 2014). In Chapter 2 a comprehensive overview of these studies was undertaken. A 

tabulated summary of the changes in Wpeak and VO2peak from the randomised controlled trials are 

provided Table 2-3 for ease of reference.  

 

Braggion et al. (1989) reported there were no significant between-group differences in VO2peak after a 

16-week exercise intervention, whilst Cerny (1989) did not report VO2peak and there was no 

significant between group difference in Wpeak. Schneiderman-Walker et al. (2000) found no 

significant between group differences in VO2peak and Wpeak %pred. at baseline and there was no 

change in either outcome after the 36-month exercise intervention. Relatively high fitness levels 

shown in VO2peak measurements were suggested as the reason no changes were shown. Inspire-CF 

was a structured, 24-month supervised exercise programme, and both groups had lower than normal 

VO2peak measurements at baseline, and both groups increased their VO2peak by 10% over the 12-

months. However, the analysis of VO2peak was lower at baseline in Inspire-CF, but similar Wpeak 

outcomes were achieved.  
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Table 7-9: Summary of change in Wpeak and VO2peak outcomes 

    Work rate  VO2peak   

Author  Groups Interventions n ∆Mean p-value ∆Mean p-value 

Braggion et al. (1989) Healthy controls CF  Aerobic 

Strength 

10 

10 

0.2 W·kg-1 

0.3 W·kg-1 

>0.05 

>0.05 

2.1 ml·kg·min-1  

2.1 ml·kg·min-1 

>0.05 

>0.05 

Cerny (1989) CF Control 

CF  

Postural drainage 

Aerobic  

8 

9 

0.26 W·kg-1  

0.44 W·kg-1 

<0.01* 
<0.02* 

- 

- 

- 

- 

Schneiderman-Walker et al. 
(2000) 

CF control 

CF 

Control 

Aerobic 

36 

36 

-2.5 Wpeak %.pred. 

-1.68 Wpeak %pred. 

0.56 

0.56 

-1.9 ml·kg·min-1 

-1.8 ml·kg·min-1  

NR 

 

Selvaduri et al. (2002) CF Control 

CF 

CF 

Control 

Aerobic  

Strength 

21 

21 

22 

- 

- 

- 

- 

- 

- 

-1.2 ml·kg·min-1 

7.3 ml·kg·min-1 

0.7 ml·kg·min-1 

>0.05 

<0.01* 

>0.05 

Klijn et al. (2004) CF control 

CF 

Control 

Anaerobic 

9 

11 

-0.3 W·kg-1 

1.4 W·kg-1 

>0.05 

<0.001* 

-0.6 ml·kg·min-1 

1.5 ml·kg·min-1 

>0.05 

>0.05 

Orenstein et al. (2014) CF 

CF 

Aerobic  (at 6-months) 

Strength (at 6-months) 

26 

30 

- 

- 

- 

- 

-1.9 ml·kg·min-1 

-2.2 ml·kg·min-1 

>0.05 

<0.01* 

 CF 

CF 

Aerobic (at 12-months) 

Strength (at 12-months) 

25 

28 

- 

- 

- 

- 

-0.9 ml·kg·min-1 

-1.7 ml·kg·min-1 

>0.05 

>0.05 

Santana Sosa et al. (2012) CF control 

CF 

Control 

Aerobic + upper & lower body strength 

11 
11 

- 

- 

- 

- 

2.2 ml·kg·min-1  
3.9 ml·kg·min-1  

>0.05 

0.002* 

Santana Sosa et al. (2012) CF control 

CF 

Control 

Aerobic + upper & lower body strength 
exercise + inspiratory muscle training 

10 

10 

- 

- 

- 

- 

-0.6 ml·kg·min-1 

6.9 ml·kg·min-1 

>0.05 

<0.001* 

NR = Not reported; A dash (-) indicates that this outcome was not recorded as an outcome; *statistically significant
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Selvadurai et al. (2002a) compared a control group to strength and aerobic training groups in a 2-

week in hospital intervention in children with CF and found that VO2peak did not improve between 

baseline and end of study for the control group and strength training groups but did significantly 

improve for the aerobic training group. However, children in this study were being treated with IV-

antibiotic treatment during the intervention, so comparison with Inspire-CF outcomes were not 

feasible, as IV-antibiotic treatment likely masked the true effects of the exercise programme.  

 

Klijn et al. (2004) compared a control group to an anaerobic exercise group in a 12-week study and 

found no significant between group differences in baseline VO2peak. VO2peak decreased in the control 

group but significantly increase in the exercise group. This study included a standardised, 2-day per 

week, supervised exercise programme of 30–45-minute duration, which was 1-session more than the 

Inspire-CF exercise group. Physiological benefits of exercise were demonstrated after 3-months of 

regular exercise training in the (Klijn et al., 2004) study; although the exercise group increased their 

VO2peak the between-group differences did not suggest the once-per week training session was as 

effective as 2-sessions.  

 

Orenstein et al. (2004) reported no significant differences in VO2peak between baseline and 12-months 

for either an aerobic exercise group or a strength training group. However, there was a significant 

increase in Wpeak %pred. between baseline and 12-months for the aerobic and strength training 

groups. Adherence was poor, as children reported they were bored with the training programme as it 

was focused on two single pieces of exercise equipment. The Inspire-CF exercise programme 

attempted to provide variation in exercise modes, and motivation to exercise was maintained, with 

34/37 children completing the exercise intervention, despite the wide variation in attendance. 

 

The same research team conducted the final 2-studies, Santana-Sosa et al. (2012) and Santana-Sosa 

et al. (2014) implemented 8-week intrahospital weight and aerobic training exercise programmes, 

with 4-weeks of detraining. After 8-weeks there was a non-significant decrease in VO2peak for the 

control group, however the exercise group significantly increase their VO2peak, but the effects of 

training were lost within 4-weeks of completing the study. These studies demonstrated that 3 x 
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weekly intensive aerobic and strength training had a significant impact on VO2peak, but that the 

benefits were not maintained. The loss of exercise capacity after 4-weeks illustrated that regular 

exercise is important to be maintained in children with CF.  

 

There is no consensus on a single standardised test to determine exercise capacity in children with 

CF (Radtke et al., 2009), however, there is agreement that exercise capacity should be measured and 

any physiological limitations to exercise identified (Hebestreit et al., 2015) as this is important when 

prescribing exercise in children with CF (Williams et al., 2010). The European Cystic Fibrosis Exercise 

Working Group (Hebestreit et al., 2015) has advocated CPET as the gold-standard exercise test for 

determining maximal exercise capacity in children with CF. However, there have been differences in 

opinion in the CPET protocol that should be used, with some research groups promoting the Godfrey 

(1970) cycle test (Hebestreit et al., 2015), whilst others have proposed a steep ramp test (Bongers et 

al., 2015), or a maximal incremental test followed by a supramaximal verification phase (Saynor et 

al., 2013a). Inspire-CF included CPET, using the Godfrey (1970) that is widely used in paediatric 

population (Takken and Hulzebos, 2013, Takken et al., 2017), however the incremental step increases 

were likely too steep for some children (particularly 6-8 year olds), and they either stopped cycling 

or could not maintain cycle cadence, and therefore true exercise capacity may not have been 

determined. Peripheral muscle weakness rather than respiratory limitations appeared to limit some 

children’s’ ability to perform CPET. Saynor et al. (2013a) have proposed supramaximal verification 

VO2peak post-traditional CPET, and this may be a more viable alternative in future studies. 

Nevertheless, consideration of modification of the rate of incremental increases in Watts should also 

be considered for children with CF.  

 

Only 2 out of 16 (12.5%) of paediatric CF units in the UK have access to CPET laboratories (Stevens 

et al., 2010), and there are considerable costs associated with setting up a CPET laboratory. However, 

the advantage of CPET is that continuous measurement of changes in gas flow, oxygen consumption 

(VO2), work rate (W), respiratory exchange ratio (RER), minute ventilation to carbon dioxide 

production (VE/VCO2), heart rate (HR) and peripheral oxygen saturation (SpO2) can be undertaken, 

and electrocardiogram (ECG) monitoring can be used to determine arrythmias (Radtke et al., 2009, 
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Hebestreit et al., 2015). In the absence of CPET, and/or to add to understanding of a child’s exercise 

capacity, a field-based test could be performed as they are no-cost or low-cost, and do not require a 

dedicated space. Functional field-based incremental tests such as the 10m-MSWT (Selvadurai et al., 

2003) may provide sufficient information about sub-maximal exercise capacity and limitations to 

exercise in CF (Radtke et al., 2009, Urquhart, 2011). CPET has not been adopted as a routine annual 

exercise test at GOSH, despite CPET being advocated as the gold-standard exercise test in CF 

(Hebestreit et al., 2015). The physiotherapy team reported that they were more likely to adopt the 

10m-MSWT as the primary exercise test at annual review, following the publication of results of 

Inspire-CF.  

 

Inspire-CF was the first 24-month randomised controlled trial that provided an individually 

supervised exercise programme to children with a wide range of disease severity, with less than a 5% 

dropout rate. The field of knowledge around the understanding of exercise capacity has been 

extended, but the study has also provided foundation level knowledge of dose response to exercise, 

which will help clinicians prescribe exercise. Chapter 6 illustrated that children needed to complete 

at least 52 weeks of training to realise an increase in FEV1. Clinicians could use this minimum level 

of exercise to prescribe and educate children and parents and carers on the importance maintaining 

a regular exercise routine.  

 

Transparent and comprehensive reporting of 10m-MSWT and CPET data, as suggested by the 

European consensus document (Hebestreit et al., 2015), will provide an opportunity for comparative 

analysis of data for future research. The Inspire-CF research team demonstrated that with carefully 

coordinated, collaborative working with cardiologists and laboratory clinicians, CPET could be 

integrated into CF annual review, which may pave the way towards permanent clinical integration. 

This was also the first study to incorporate the newly validated 25-level 10m-MSWT (Elkins et al., 

2009), which provided an opportunity to study functional exercise capacity at a level beyond the 

15-level 10m-MSWT (Bradley et al., 1999), which some of the children enrolled in the Frequent Flyer 

Programme had maximally achieved. The test was reportedly more relatable to children than CPET, 

as they had already undertaken bleep tests during school physical education sessions, and this 
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should be considered as the primary field-based, incremental exercise test in hospitals and clinical 

settings where CPET is not available. 

 

CPET was not routinely performed by children prior to enrolling in Inspire-CF, and despite 

significant time dedicated to preparation for testing, as recommended by Saynor et al. (2013b), there 

were challenges. The Inspire-CF research team were limited to 60-minutes laboratory time per 

session, and so a series of short videos on both exercise tests were developed to show to children in 

advance of testing, and this enabled children to ask questions about the tests. The neoprene masks 

used by the laboratory induced a sense of claustrophobia in several children, and this required a 

period of desensitisation with the mask. Children were provided with a mask and silicon mouth-

coupler, to practice fitting at home and to wear for up to 30-minutes, and in most cases, children 

were able to perform, and repeat, an optimal CPET. Inspire-CF did not include a specific strength 

measurement test for upper limb and lower limb. Integration of a functional strength test may have 

provided additional information on changes in peripheral muscle strength that was not achieved 

during CPET. 

 

Wolff Parkinson White (WPW) syndrome is a heart condition in which there is an abnormal extra 

electrical pathway that can lead to episodes of rapid heart rate (Dalili et al., 2014). Individuals with 

WPW are at higher risk of sudden cardiac death than the general population, although this is rare. 

Risk for WPW syndrome is stratified by the persistence or loss of pre-excitation during episodes of 

increased heart rate, such as with exercise. Low risk is associated with a disappearance of the delta 

wave during exercise. The single case of WPW identified during CPET was asymptomatic and was 

only identified when an ECG was performed. Arrythmias are not widely reported in children with CF, 

however cardiac monitoring is inexpensive and could be considered at annual review (Douglas et al., 

2015). 
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7.5. Summary 

Inspire-CF has demonstrated that a 24-month individually supervised exercise programme could 

significantly increase functional exercise capacity as demonstrated by a 10m-MSWT. However, 

counterintuitively the same positive effects were not demonstrated in CPET outcomes of Wpeak and 

VO2peak, which are considered the primary outcomes for evaluating aerobic fitness in children with 

CF. Wpeak was maintained in the exercise group despite strength training and demonstrating an 

increase in distance covered during the 10m-MSWT, and VO2peak increased in both groups. Inspire-

CF did recruit children with a wide range of milder lung disease severity, when compared to children 

in the Frequent Flyer Programme, where children with more severe lung function and lower baseline 

exercise capacity, demonstrated significant improvements in VO2peak. Children enrolled in Inspire-CF 

demonstrated VO2peak and Wpeak ranges that were comparable to healthy children, and this is 

important as children with CF compare themselves to their healthy peers. Comparison with 8 

randomised controlled trials was difficult as these studies were confounded by multiple variables 

such as simultaneous IV-antibiotic treatment with exercise, smaller sample sizes, and shorter-

durations. However, some studies did demonstrate significant improvements in VO2peak and Wpeak, 

and these studies included 2-3 weekly sessions of exercise. Once-weekly exercise may not be enough 

to elicit a change in VO2peak in children with milder lung disease. The Inspire-CF individually 

supervised exercise programme did not demonstrate clearly defined physiological benefits of 

exercise on cardiac, pulmonary, and metabolic outcomes, which had been the programmes 

objectives. 
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8. 
 

CHAPTER 8.  THE EFFECTS OF SUPERVISED EXERCISE ON QUALITY OF LIFE 

8.1. Hypothesis, aim and objectives 

The primary hypothesis of Chapter 8 was that a 24-month, individually supervised exercise 

intervention would elicit a between-group difference, in favour of the exercise group, of an increase 

in CFQ-R domains of physical functioning, respiratory symptoms and treatment burden.  

 

The aim was to undertake an evaluation of the quality of life children enrolled in Inspire-CF.  

 

The objectives of this chapter were to:  

• Determine differences, if any, in quality of life 

• Determine differences, if any, in parents/carers and children’s perceptions of quality of life 

 

8.2. Methods 

The methodology related to the Inspire-CF population was described in Chapter 3. The methods of 

statistical analysis were described in Chapter 3, Subheading 3.10, pg. 99. Children completed age-

appropriate versions of the CFQ-R and their parents or carers completed the associated parent/carer 

version. The 3 primary quality of domains of interest were related to respiratory function, physical 

functioning, and treatment burden. Statistical significance was accepted at p£0.05, and all data are 

presented as mean±SD, 95%CI and p-values unless otherwise stated. 
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8.3. Results 

8.3.1. Participants quality of life 

All 71 children completed an age appropriate CFQ-R at baseline, and all but the 4 drop-outs 

(Chapter 5, Subheading 5.3.3, pg. 122), completed the CFQ-R at subsequent assessments. After 

discussion with the GOSH CF Units Clinical Psychologist, who had previously validated the United 

Kingdom English language version of the CFQ-R (Bryon et al., 2009), a decision was made such that 

children would complete the baseline version of the questionnaire at 12- and 24-month, as all 

versions included the primary domains of interest. There are no published thresholds for what 

constitutes a low, moderate or high quality of life, however the minimally clinically import 

difference of the CFQ-R is considered a change of 4.0 points in children with stable health status 

(Quittner et al., 2009).  

 

At baseline, the exercise group generally perceived that they had a lower quality of life than the 

control group. There were no significant between-group differences in any of the domains except for 

treatment burden and social interaction. The exercise group perceived that they had a significantly 

lower ability to cope with treatment burden (-10; 95%CI -19, -1; p=0.04) and when interacting 

socially (-12; 95%CI -20, -5; p=0.001). There were no significant differences in all domains at 12- 

and 24-month assessments, except the exercise group still perceived that they had a lower ability to 

interact socially (-9; 95%CI -17, -2; p=0.02). 

 

After adjusting for baseline differences and accounting for minimisation factors, at 24-month the 

exercise group reported higher perceptions of quality of life in all domains. The exercise group 

showed significant and clinically important improvements in their perceived ability to cope with 

treatment burden (13; 95%CI 3, 22; p=0.01). The exercise group also showed an increase in their 

perception of physical functioning (9; 95%CI -0.5, 18; p=0.06), which approached statistical 

significance, but the change of >4.0 points indicated this was also clinically important. There were 

also clinically important improvements in respiratory symptoms, social limitations, body image and 

the 14+ domains of health perception and weight. Figure 8-1 shows the between-group differences 

in the 8 common domains of the CFQ-R.  
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Table 8-1: Analysis of between-group differences in CFQ domains 

 Assessment Control Exercise Mean diff. (95%CI) p-value 

Primary domains      

Physical functioning baseline 89±11 84±15 -5 (-11, 2) 0.16 

 12-month 87±15 85±16 -2 (-10, 5) 0.57 

 24-month 85±15 88±16 3 (-5, 11) 0.43 

Respiratory symptoms baseline 82±11 80±17 -2 (-9, 4) 0.49 

 12-month 84±12 80±13 -4 (-10, 2) 0.17 

 24-month 78±16 81±16 3 (-5, 11) 0.40 

Treatment burden baseline 77±18 67±20 -10 (-19, -1) 0.04* 

 12-month 71±22 64±25 -7 (-18, 5) 0.23 

 24-month 71±20 75±19 4 (-5, 14) 0.39 

Secondary domains      

Emotional state baseline 78±14 73±12 -5 (-11, 1) 0.11 

 12-month 78±13 74±12 -4 (-10, 2) 0.20 

 24-month 75±14 74±13 -2 (-8, 5) 0.62 

Social limitations baseline 80±16 68±17 -12 (-20, -5) 0.001* 

 12-month 79±15 69±15 -9 (-17, -2) 0.02* 

 24-month 77±16 71±16 -6 (-13, 2) 0.16 

Eating disturbances baseline 88±16 89±14 1 (-6, 8) 0.86 

 12-month 86±21 88±16 2 (-7, 11) 0.40 

 24-month 86±22 90±19 4 (-6, 14) 0.26 

Body Image baseline 86±19 87±19 1 (-8, 10) 0.86 

 12-month 86±22 84±23 -2 (-12, 9) 0.80 

 24-month 83±25 88±21 5 (-6, 16) 0.36 

Digestive symptoms baseline 80±20 73±22 -7 (-17, 3) 0.16 

 12-month 74±19 79±24 5 (-6, 15) 0.38 

 24-month 81±22 74±23 -7 (-18, 4) 0.20 

Health perceptions baseline 78±12 61±23 -17 (-36, 3) 0.08 

 12-month 64±25 59±21 -5 (-31, 12) 0.99 

 24-month 58±13 61±14 3 (-13, 18) 0.89 

Role limitations baseline 76±21 79±21 3 (-19, 25) 0.67 

 12-month 81±14 79±22 -3 (-23, 18)  0.78 

 24-month 72±18 78±19 6 (-16, 28) 0.56 

Vitality baseline 59±12 60±18 1 (-16, 18) 0.91 

 12-month 55±13 49±9 -6 (-19, 6) 0.28 

 24-month 53±13 49±6 -5 (-17, 8) 0.29 

Weight perceptions baseline 83±36 79±31 -4 (-40, 31) 0.65 

 12-month 96±12 71±30 -24 (-53, 4) 0.06 

 24-month 92±15 83±28 -8 (-34, 17) 0.63 

Mean differences were calculated as exercise minus control group; *Statistically significant p≤0.05  
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Table 8-2: Adjusted changes in CFQ domains  

 Assessment B 95%CI p-value 

Primary domains     

∆Physical functioning baseline to 12-month 2 -7, 10 0.70 

 baseline to 24-month 9‡ -0.5, 18 0.06 

∆Respiratory symptoms baseline to 12-month -1 -9, 7 0.78 

 baseline to 24-month 6‡ -4, 17 0.21 

∆Treatment burden baseline to 12-month 2 -8, 12 0.72 

 baseline to 24-month 13‡ 3, 22 0.01* 

Secondary domains     

∆Emotional state baseline to 12-month 2 -5, 9 0.63 

 baseline to 24-month 3 -5, 11 0.49 

∆Social limitations baseline to 12-month 3 -6, 11 0.54 

 baseline to 24-month 6‡ -3, 15 0.17 

∆Eating disturbances baseline to 12-month 1 -9, 10 0.87 

 baseline to 24-month 4 -5, 14 0.38 

∆Body image baseline to 12-month -2 -12, 9 0.78 

 baseline to 24-month 6‡ -5, 17 0.30 

∆Digestive symptoms baseline to 12-month 13‡ 0, 26 0.05* 

 baseline to 24-month 1 -14, 15 0.93 

∆Health perceptions# baseline to 12-month 20‡ -14, 54 0.22 

 baseline to 24-month 20‡ -10, 49 0.16 

∆Role limitations# baseline to 12-month -7 -34, 21 0.60 

 baseline to 24-month 4 -24, 33 0.73 

∆Vitality# baseline to 12-month -7 -3, 19 0.55 

 baseline to 24-month -4 -13, 23 0.56 

∆Weight perceptions# baseline to 12-month -6 -53, 41 0.78 

 baseline to 24-month 10‡ -55, 74 0.73 

B is the model co-efficient (average change in the variable, reflected as assessment point minus baseline data) after adjusting 
for minimisation factors of gender, disease severity, Area lived in, and Nuffield membership status. *Statistically significant 
p≤0.05; ‡ Minimally clinically important increase achieved. 
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Figure 8-1: Between-group differences in the 8 common domains of the CFQ-R  
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8.3.2. Parent versus their child’s perception of quality of life 

Table 8-3 and Table 8-4 show the results of analysis of between parent and child CFQ-R scores at 

baseline and 24-month. At baseline, both the control and intervention groups parents overestimated 

their child’s physical functioning and respiratory symptoms, and significantly (p£0.05) 

underestimated how children coped with their treatment burden. Both groups’ parents also 

significantly overestimated (p<0.05) their emotional state and significantly underestimated (p<0.05) 

the impact of disturbances to eating. The control group parents significantly underestimated their 

child’s perception of their body image. 

 

After 24-months, children in the control group and their parents significantly (p=0.02) differed in 

their perception of physical functioning, with parents overestimating their child’s level of physical 

activity. However, the exercise group and their parents agreed on their perception of levels of 

physical functioning. Parents of the control group again overestimated their child’s respiratory 

symptoms, whilst the exercise group’s parents again agreed with their child’s perception of their 

respiratory symptoms. Notably, both groups still significantly underestimated (p<0.05) their child’s 

ability to cope with their treatment burden. The between-group analysis of treatment burden in 

children in the control and exercise groups, had showed that the exercise group had significantly 

improve their perception of being able to manage their treatments burden. However, the significant 

widening of perception in treatment between the parents and children in the exercise group is 

difficult to interpret. Both groups’ parents also significantly underestimated their children’s 

perception of body image.  

 

Figure 8-2 shows child and parent differences in perceptions of the 3 primary quality of domains of 

interest related to respiratory function, physical functioning, and treatment burden. 
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Table 8-3: Baseline differences in CFQ-R scores between parents and children 

 Group Child Parent Mean diff. (95%CI) p-value 

Primary domains      

Physical functioning Control 89±11 93±9 4 (0, 7) 0.03* 
 Exercise 84±15 87±15  3 (-2, 8) 0.28 

Respiratory symptoms Control 82±11 83±14 1 (-3, 5) 0.66 

 Exercise 80±17 82±18 3 (-2, 8) 0.26 

Treatment burden Control 77±18 61±25 -16 (-25, -7) 0.001* 
 Exercise 67±20 60±21 -8 (-15, 0) 0.05* 

Secondary domains      

Emotional state Control 78±14 85±14 6 (1, 11) 0.03* 
 Exercise 73±12 82±15 9 (3, 14) 0.003* 
Social limitations Control 80±16 77±20 -3 (-10, 5) 0.52 

 Exercise 68±17 74±23 6 (-1, 14) 0.08 

Eating disturbances Control 89±16 84±16 -5 (-9, -0.4) 0.03* 
 Exercise 89±14 81±24 -9 (-15, -2) 0.02* 
Body image Control 86±19 73±22 -13 (-20, -6) 0.001* 
 Exercise 87±19 83±23 -5 (-11, 2) 0.19 

Digestive symptoms Control 80±20 75±19 -5 (-11, 1) 0.10 

 Exercise 73±22 73±22 0 (-9, 9) 0.95 

Mean differences were calculated as exercise minus control group; *statistically significant p≤0.05 

 

Table 8-4: 24-month differences in CFQ-R scores between parents and children 

 Group Child Parent Mean diff. (95%CI) p-value 

Primary Domains      

Physical functioning Control 85±15 91±11 6 (1,11) 0.02* 
 Exercise 88±16 87±20 -1 (-6, 5) 0.79 

Respiratory symptoms Control 79±15 83±13 4 (-0.5, 9) 0.08 

 Exercise 81±16 82±20 1 (-5, 6) 0.90 

Treatment burden Control 72±20 64±20 -8 (-15, -2) 0.02* 
 Exercise 75±19 58±23 -17 (-26, -8) 0.0004* 

      

Emotional state Control 76±14 82±13 6 (1, 12) 0.02* 
 Exercise 74±13 78±17 6 (-2, 11) 0.17 

Social limitations Control 77±16 77±2 0 (-8, 9) 0.91 

 Exercise 71±16 75±26 4 (-6, 13) 0.43 

Eating disturbances Control 86±22 82±22 -4 (-9, 2) 0.17 

 Exercise 90±19 84±23 -6 (-13, 1) 0.11 

Body image Control 83±25 73±25 -11 (-18, -4) 0.004* 
 Exercise 88±21 74±27 -14 (-23, -6) 0.002* 

Digestive symptoms Control 80±22 80±19 0 (-8, 8) 0.93 

 Exercise 74±23 77±17 3 (-4, 11) 0.32 

Mean differences were calculated as parent minus child; *Paired t-test test, statistically significant p≤0.05 
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Physical Functioning  

  

Respiratory Symptoms  

  

Treatment Burden  

 
 

 

Figure 8-2: Differences between child and parent perceptions of physical functioning, respiratory 
symptoms, and treatment burden  
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8.4. Discussion 

The primary hypothesis of Inspire-CF was that a 24-month, individually supervised exercise 

intervention would elicit a between-group difference, in favour of the exercise group, of an increase 

in CFQ-R domains of physical functioning, respiratory symptoms and treatment burden. This was 

not achieved for physical functioning or respiratory symptoms and therefore rejected; however, this 

hypothesis was achieved for perception of treatment burden, and the hypothesis should be accepted.  

At the start of Inspire-CF, the exercise group had a lower perception of their quality of life than the 

control group. Once weekly, individually supervised exercise training had a statistically and 

potentially clinically significant effect on the exercise groups perception of their treatment burden. 

This was unexpected. as the research team had theorised that the children in the exercise group may 

view the weekly exercise training sessions and contact with the personal trainer as additional 

burden. Additionally, the exercise group also demonstrated clinically significant improvements in 

their perceptions of physical functioning and respiratory symptoms, the two other primary domains 

of interest, and in perceptions of social limitations and body image. Children in the exercise group 

aged 14+ years also showed clinically important improvements in perceptions of their health and 

weight.  

 

For the first time in a randomised controlled study in children with CF, positive and clinically 

significant changes in domains related to physical functioning, respiratory symptoms and treatment 

burden have been demonstrated, which suggested that individually supervised exercise had a 

positive effect on quality of life. Furthermore, all 8 common domains showed positive changes in the 

exercise group, as did 3 of the 4 domains common only to the 14+ age group.  

 

Irrespective of age and disease severity, treatment burden is high in children with CF, as regimens 

may include regular airway clearance and inhaled mucolytic therapies, exercise, supplemental 

pancreatic enzyme replacement, gastrostomy tube feeding, diabetes maintenance, plus regular clinic 

appointments, hospital admissions and oral and IV-antibiotics (Sawicki and Tiddens, 2012). 

Adherence to daily treatment regimens is variable in both children (Prasad and Cerny, 2002) and this 

could have an adverse effect on health status, which in turn may impact on a quality of life. 
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Frequency of exacerbations of respiratory symptoms (Britto et al., 2002, Yi et al., 2004) changes in 

lung function and nutritional status (Bradley et al., 2001, Steinkamp and Wiedemann, 2002), age 

and gender (Gee et al., 2003), and exercise capacity and physical activity levels (Schneiderman et al., 

2014) have all been associated with altered perception of health related quality of life.  

 

Evaluation of health-related quality of life is therefore an important component of CF management 

(Orenstein et al., 1989, Quittner, 1998). Heath-related quality of life in CF was historically assessed 

using a non-disease specific questionnaire such as the Quality of Well-being Scale (Orenstein et al., 

1989) as there were no disease specific quality of life questions. The Cystic Fibrosis Questionnaire 

(Henry et al., 2003) was subsequently developed, and has been translated into multiple languages, 

including United States English (Quittner et al., 2005), German (Wenninger et al., 2003) and Spanish 

(Olveira et al., 2010). The CFQ was revised (CFQ-R) to included age-appropriate versions, which are 

regularly completed at annual reviews in the UK (Bryon et al., 2009), to determine health-related 

quality of life in children. Parent or carers typically complete an associated version of the CFQ-R to 

the child version. 

 

Comparisons of Inspire-CF results with 8 randomised controlled trials that evaluated the effects of 

exercise on quality of life in children with CF was difficult. This was primarily due to poor reporting 

of the outcomes or non-use of the disease specific CFQ-R in the previous trials. Nevertheless, good 

and very good quality of life as represented by the CFQ-R have been considered to be scores above 

50 and 70 respectively (Santana-Sosa et al., 2012), and the Inspire-CF cohort reported scores above 

the very good range for all 8-common domains at each assessment point, though lower scores were 

reported in the health perception and vitality domains for children aged 14+. The Inspire-CF exercise 

group reported a clinically important change of 9 in perception of physical functioning, which was 

similar to the change of 12 reported by (Klijn et al., 2004). As was identified in Chapter 2, there 

were significant differences in the previous studies design, duration of study, level of supervision, 

and the structure of exercise prescription and training modes, when compared to Inspire-CF. These 

differences may have been the reason for between study differences in outcomes.  
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Schneiderman-Walker et al. (2000) created their own quality of life questionnaire, whilst Selvadurai 

et al. (2002a) and Orenstein et al. (2004) used the non-disease specific Quality of Life Scale (Kaplan 

et al., 1989), therefore direct comparisons with Inspire-CF were not feasible. Klijn et al. (2004) 

showed that after 12-weeks of interval type anaerobic training, the intervention group had a 

significant improvement (70±14 vs. 88±9; p,0.001) in CFQ-R physical functioning scores over the 

control group (83±19 vs. 87±18; p<0.2); but no changes in other domains. After 12-weeks of aerobic 

and strength training, Santana-Sosa et al. (2012) reported no change in CFQ-R domains; however in 

the same research groups later study of the same duration and exercise type, Santana-Sosa et al. 

(2014) found an overall trend (p=0.07) towards improved quality of life in the intervention group 

(629 vs. 688) but not in the control group (636 vs 638), on analysis of averaged CFQ-R scores. 

Reporting of averaged CFQ-R scores is not considered appropriate because the tool was designed 

such that researchers or clinicians could independently select the domains of interests (Quittner et 

al., 2005, Abbott et al., 2011). However, whilst domains could be prioritised, all domains should be 

reported, to allow for comparison to other studies.  

 

Vitality, as a representative of energy and well-being in the 14+ age group did not improve, and 

reasons for this are not clear, but this may be due to children undertaking higher intensity of   

exercise but not with additional nutritional supplementation, as was required during the Frequent 

Flyer Programme. Hebestreit et al. (2014) reported similar findings and suggested that overload in 

intensity of exercise could be the reason why energy was decreased in this age group. Given that 

children in thee exercise group were under close supervision, and adaptations made as required to 

exercise intensity, it would seem less likely that this were the reason. Nevertheless, it is important 

that intensity and nutritional status be considered in future exercise-based studies. 

 

One other randomised controlled trial that evaluated the effects of exercise on children with CF and 

included the CFQ-R as an outcome measure has been published since the conclusion of Inspire-CF. 

In a partially supervised 4-month study, Hommerding et al. (2015) used a graphically illustrated 

educational manual with instructions on how to perform a wide range of aerobic exercise such as 

jogging, swimming, walking, dancing, skipping and playing ball games, plus two-weekly telephone 
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calls to encourage children in their intervention group to exercise. There were no between-group 

differences in CFQ-R domains at baseline and after assessment at 1-month and 4-months there were 

again no improvements or differences between the two groups. 

 

Children enrolled in the Frequent Flyer Programme (Ledger et al., 2013) showed clinically significant 

improvements in physical functioning (10; 95%CI -1, 21; p=0.07) and respiratory symptoms domains 

(6; 95%CI -9, 20; p+0.4) and these changes were comparable to the changes demonstrated in 

Inspire-CF. However, the Frequent Flyer Programme showed a worsening in perception of ability to 

cope with treatment burden (-4; 95%CI -20, 11; p=0.5), which was contrary to what was shown in 

Inspire-CF. This could be explained in part by the greater requirement for children with moderate-

to-severe CF, to complete regular intensive home and hospital medical regimens. Urquhart et al. 

(2012) reported statistically and clinically significant improvements in the domains of physical 

functioning (59 to 83; p=0.001); respiratory symptoms (54 to 76; p=0.002) and treatment burden (41 

to 61; p=0.002). These changes were higher than in both Inspire-CF and the Frequent Flyer 

Programme and may reflect the potentially positive impact of individually supervised exercise on 

quality of life as measured by the CFQ-R, in some sicker CF cohorts. 

 

Parents and carers of children with CF have reported a lower perception of their children’s quality of 

life (Thomas et al., 2006). In the 3 primary domains that were relevant in Inspire-CF, showed that 

parents in both groups, but more so in the parents of the control group, overestimated the physical 

functioning and respiratory symptoms of their children at baseline. The difference widened between 

parents and children in the control group, over the duration of the 24-months, whilst parents and 

children in the exercise group agreed in their scores. However, both sets of parents significantly 

underestimated their child ability to cope with treatment burden. The difference widened between 

parents and children in the exercise group, which was not expected. Children in the exercise group 

had reported a significant increase in the ability to cope with treatment burden over the duration of 

Inspire-CF. The reasons for this difference are unclear and difficult to interpret. Nevertheless, there 

were marked differences in parents and child perceptions of CFQ-R quality of life domains. 
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In line with published guidance on the reporting of quality of life measures (Abbott and Hart, 2005), 

Inspire-CF’s primary and secondary domains of interest were clearly identified and related directly 

to the exercise intervention. For standardisation, and to allow for comparison with future studies, all 

analyses at each assessment point were presented with both statistically and clinically significant 

results highlighted. Clinically important changes were indicated as these are considered important 

markers of clinical and health status and may be useful to clinicians.  

 

Limitations of this analysis were that Inspire-CF was powered to show change in the primary 

endpoint of FEV1 z-score over 24-months, therefore as the CFQ-R was a secondary endpoint, it was 

possible that the sample size for the study was not powered to clearly demonstrate statistically 

significant benefits of the exercise intervention on quality of life. Nevertheless, important clinical 

improvements were demonstrated. CF management guidelines recommend completion of a CFQ-R at 

annual review (Kerem et al., 2005, National Institute for Health & Care Excellence, 2017), and this 

was defined in the Inspire-CF protocol. All data for Inspire-CF were collected during periods of 

clinical stability (i.e., not within 2-weeks before or 2-weeks after IV-antibiotics or additionally 

prescribed oral antibiotics), and the CFQ-R was designed such that responses reflect the previous two 

weeks health status; therefore, it is plausible that the results reported by children do not reflect 

overall quality of life over the full 24-months periods. 
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8.5. Summary of Chapter 8 

The results of Chapter 8 have shown that contrary to initial concerns, supervised exercise did not 

have a negative impact on the exercise groups perception of their ability to cope with their 

treatment burden. Children experienced clinically important increase in their health-related quality 

of life, which would suggest that once weekly, individually supervised exercise programme, does 

promote a sense of positive wellbeing. The CFQ-R domains account for the perception of quality of 

life in the 2-weeks prior to completion of the questionnaire, and therefore these results may not 

reflect the overall quality of life across the duration of the 24-months. There were wide differences 

in children and parents’ perceptions of their quality of life, with either over or underestimation of 

children’s quality of life, and clinicians should closely monitor for these differences. Inspire-CF 

demonstrated that exercise could positively impact on quality of life, and clinicians should continue 

to actively promote regular exercise as a mechanism to improve quality of life in children aged 6 

years and over with CF.  
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9. 
 

CHAPTER 9.  THE EFFECTS OF SUPERVISED EXERCISE ON HEALTH ECONOMICS 

9.1. Introduction 

There are significant healthcare costs associated with maintaining optimal levels of CF medical 

treatment in the United Kingdom (Angelis et al., 2015). These healthcare costs, which exceeded £140 

million between 2013-2014 and averaged £13,828 per patient excluding high cost drugs, were met 

by the NHS and were primarily related to acute hospitalisation and management of exacerbations  

(Department of Health, 2013).  

 

Costs of care for adults and children with CF were individually categorised using an increasing 

complexity-adjusted structure that represented an NHS Commission on Specialised Services annual 

financial care package (Table 9-1). Categorisation of between Band 1 - Band 5 (Table 9-2) was 

based on an individual’s annual therapy, hospitalisation, supplemental feeding, and CF-related 

complications requirements (Cystic Fibrosis Trust, 2012). The tariffs excluded high-cost drugs such as 

Colomycin®, Tobramycin®, Dornase alfa®, Cayston®, Bronchitol® and Ivacaftor® as these costs were 

met through bespoke negotiated agreements between the NHS and drug companies (Department of 

Health, 2013).  

 

Specialist CF centres, such as GOSH, were paid a lump sum, and then used the tariff payments to 

meet all the healthcare costs for each child under their care, as well as costs incurred when care was 

provided by shared care hospitals (Chapter 1, Subheading 1.8, pg. 36). Any costs incurred over the 

allocated payment were borne by the specialist centres, and any surplus absorbed by the hospital. 

Annual reviews of the financial packages were undertaken in consultation with the Cystic Fibrosis 

Trust and the specialist CF centres, and an individual’s banding may have been adjusted (increased 

or decreased) if their health status had changed.  
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Table 9-1: Banding tariffs for 2013-2014 with high-cost drugs excluded and adjusted for staff 
and cost changes and efficiency requirements. 

  Children   Adults   

Band Tariff Proportion No.  Cost in £ Proportion No.  Cost in £ 

1 £5,210 21% 920 £4,795,440 10% 596 £3,102,555 

1A £7,707 6% 263 £2,026,787 1% 60 £458,952 

2 £7,707 28% 1227 £9,458,339 13% 774 £5,966,374 

2A £12,457 22% 964 £12,011,787 35% 2084 £25,963,502 

3 £19,067 20% 877 £16,714,132 30% 1787 £34,063,196 

4 £34,388 2.70% 118 £4,069,510 8% 476 £16,382,443 

5 £41,458 0.30% 13 £545,131 3% 179 £7,406,472 

Total   4383* £49,621,126#  5955* £93,343,494# 

*Patient numbers reported in the UK Cystic Fibrosis Registry Annual Data Report 2013 (Cystic Fibrosis Trust, 2014). Total cost 
of £142,949,620; #extrapolated using Department of Health (2013) banding tariffs; Average cost per UK patient of £13,828 
excluding high cost drugs  

 

Table 9-2: Cystic Fibrosis Banding Definitions Matrix 

Banding definitions Band 

1 1A 2 2A 3 4 5 

Therapies 
  

Maximum number of total days of 
IV-antibiotics 

0 14 28 56 84 112 ≥113 

Nebulised antibiotics (Pseudomonas 
aeruginosa infection) 

  Yes           

Long-term (>3 months) nebulised 
antibiotics or DNase 

    Yes         

Long-term (>3 months) nebulised 
antibiotics and DNase 

      Yes       

Hospitalisations Maximum numbers of days in 
hospital 

0 7 14 14 57 112 ≥113 

Supplemental 
feeding 

Nasogastric feeds       Yes       

Gastrostomy         Yes     

Complications 
  

CF Related Diabetes or Allergic 
bronchopulmonary aspergillosis 
 w/o other complications 

      Yes       

CF Related Diabetes and Allergic 
bronchopulmonary aspergillosis 

        Yes, and 
FEV1≥60% 

Yes, and 
FEV1<60% 

  

Massive Haemoptysis or 
Pneumothorax 

        Yes, and 
FEV1≥60% 

Yes, and 
FEV1<60% 

  

CF Related Diabetes and 
Gastrostomy 

        Yes, and 
FEV1≥60% 

Yes, and 
FEV1<60% 

  

Nontuberculous mycobacterium 
treated or difficult to treat infections 
(e.g., Methicillin-resistant 
Staphylococcus aureus or 
Burkholderia cepacia) requiring other 
nebulised antibiotics e.g., 
Meropenem®, Cayston®, 
Vancomycin®. 

        Yes     

Adapted from: UK CF Registry Banding Matrix (Cystic Fibrosis Trust, 2012) 
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Despite the highest quality of medical management, admissions to hospital are associated with 

reductions in physical and social functioning (Yi et al., 2004) and quality of life (Britto et al., 2002). 

Admissions are also worrying and stressful periods for children and their families, who spend many 

days in isolated hospital rooms (Emerson et al., 2002). There is no consensus on specific length of 

stay required for IV-antibiotic therapy (Cystic Fibrosis Trust, 2009, Collaco et al., 2010), but mean 

length of stay has been previously reported as between 10-15 days (Agrawal et al., 2017, Cogen et 

al., 2017). However, length of stay depends on clinical status at admission, medications, intensity of 

therapy required and microbiology (Collaco et al., 2010), and all of these factors may impact on costs 

(Heimeshoff et al., 2012). 

 

9.2. Hypothesis, aims and objectives 

The primary hypothesis of Chapter 9 was that a 24-month, individually supervised exercise 

intervention would elicit a between-group difference, in favour of the exercise group, of a decrease 

in hospital admissions, IV-antibiotic requirement, exacerbation of symptoms, and cost of healthcare.  

 

The aim was to consider the number of, reasons for, and length of stay of admissions to hospital, the 

total IV-antibiotic requirement, and associated cost of healthcare in children enrolled in Inspire-CF. 

Understanding the cost of healthcare related to Inspire-CF may inform policy makers decisions, 

when considering the roll out of a similar programme into clinical practice.  The objectives were to 

determine: 

• Reasons for admission to hospital; 

• Between-group differences, if any, in total number of annual admissions to hospital; 

• Between-group differences, if any, in annual length of stay in hospital; 

• Between-group differences, if any, in length of stay during routine admissions and for 

exacerbations of respiratory symptoms; 

• Between-group differences, if any, in total IV-antibiotic requirement, and during to routine 

and exacerbation related admissions; 

• Between-group differences, if any, in cost of healthcare. 
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9.3. Methods 

9.3.1. Study perspective  

Inspire-CF included an analysis of healthcare outcomes related to length of stay, IV-antibiotic 

requirements, and associated healthcare costs. The Consolidated Health Economic Evaluation 

Reporting Standards (CHEERS) (Husereau et al., 2013) was used for the reporting of health economic 

outcomes.  

 

9.3.2. Setting and location 

All financial data related to children enrolled in Inspire-CF were received directly from the GOSH 

Financial Services Department following each annual audit. The reasons for admissions were 

collated from the GOSH Patient Information Management System. 

 

9.3.3. Health outcomes 

The following data were recorded for each participant: 

• Reasons for admission to hospital, total number of admissions, length of stay, IV-antibiotic 

requirement (routine vs. exacerbation) and investigations related to endocrinology, 

gastroenterology and bronchoscopy, surgical procedures, sleeps studies and computed 

tomography (CT) scans.  

• Healthcare costs related to staff resources (medical, nursing, pharmacy, therapies), ward 

admissions and outpatient clinics (including clinical supplies and overheads), surgical 

interventions, pathology, imaging, and high- and low-cost drugs. 

• Costs related to the high-cost drug, Ivacaftor®. 

• Spirometry and MBW costs. 
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9.3.4. Calculation of length of time in the study 

Rolling admission was implemented for the study, therefore calculation of health economic 

outcomes was based on participants initial enrolment date into the study. The year preceding 

enrolment was defined as 365 days prior to each participant's baseline test. If the participant was 

already admitted to the hospital for IV-antibiotic treatment or any other reason at enrolment, a 

pragmatic decision was made to include the data for analysis if the patient had spent less than 7-

days in hospital.  

 

9.3.5. Data management 

Healthcare costs were provided in the currency of British pounds (£) in a Microsoft Excel® 

spreadsheet, from the GOSH Financial Services Department. This data was cross referenced against 

participant data extracted from the GOSH Patient Information Management System. Any differences 

were flagged with the GOSH CF Unit Manager, who clarified any reasons for differences in coding or 

date inaccuracies, and where appropriate, these differences were reported to the financial services 

manager and updated in Inspire-CF databases.  

 

9.3.6. Data analysis 

Statistical processes were described in Chapter 3, Subheading 3.10, pg. 99. In brief, data were 

transferred for analysis into IBM® SPSS® Statistics 24 (Chicago, IL, USA), where independent t-tests 

were used to determine between-groups differences, and multiple linear regression was performed to 

model the changes in length of stay, IV-antibiotic requirements, and overall cost of healthcare. 

Relative risk was calculated to determine the likelihood of children to be admitted to hospital for an 

exacerbation of respiratory symptoms. Statistical significance was accepted at p£0.05, and data are 

presented as mean±SD, 95%CI and p-values unless otherwise stated.  
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9.4. Results 

9.4.1. Hospital admissions  

At baseline, 41 of the 71 children (control=20 vs. exercise=21) had been admitted to hospital for at 

least 1-day in the 12-months preceding enrolment in Inspire-CF. Thirty children (control=14; 

exercise=16) had never been admitted to hospital, and of those, 13 children (control=4 vs. 

exercise=9) maintained a zero-admission status throughout the duration of the study. Therefore, the 

58 children (control=30 vs. exercise=28) who had recorded at least 1 admission day were included in 

admission analysis.  

 

9.4.2. Reasons for admissions 

Table 9-3 shows the admission categories and total number of admissions to hospital for each 

group. There was a total of 241 individual hospital admissions to GOSH (n=227; 94.2%) and/or 

shared-care hospitals (n=14; 5.8%) during the 12-months preceding enrolment into Inspire-CF, and 

throughout the 24-month intervention period. In 97% of cases (n=236) children either started and/or 

ended their admission in GOSH. Planned IV-antibiotic treatment accounted for 49.0% of admissions 

(n=118), treatment of respiratory exacerbations accounted for 34.8% (n=84). All other categories 

accounted for the remaining 16.2% (n=39) of admissions. Seventeen children (control=10 vs. 

exercise=7) were admitted to hospital for the first time, and for at least one day, following enrolment 

into Inspire-CF. 
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Table 9-3: Descriptive statistics for admission category and number of admissions to hospital 

   Control Exercise Total 

Admission Type Assessment No. (%) No. (%) No. (%) 

 Routine baseline 17 (65%) 9 (35%) 26 (11%) 

  12-month 24 (57%) 18 (43%) 42 (17%) 

  24-month 26 (52%) 24 (48%) 50 (21%) 

 Exacerbation (Respiratory) baseline 19 (46%) 22 (55%) 41 (17%) 

  12-month 11 (45%) 10 (55%) 21 (9%) 

  24-month 12 (55%) 10 (45%) 22 (9%) 

 Exacerbation (Abdominal) baseline 0 (0%) 0 (0%) 0 (0%) 

  12-month 0 (0%) 1 (100%) 1 (0.4%) 

  24-month 0 (0%) 0 (0%) 0 (0%) 

 Endocrinology baseline 0 (0%) 0 (0%) 0 (0%) 

  12-month 5 (83%) 1 (17%) 6 (2.5%) 

  24-month 5 (71%) 2 (29%) 7 (3%) 

 Gastroenterology baseline 1 (33%) 2 (67%) 3 (1.2%) 

  12-month 1 (100%) 0 (0%) 1 (0.4%) 

  24-month 1 (33%) 2 (67%) 3 (1.2%) 

 Bronchoscopy  baseline 2 (100%) 0 (0%) 2 (0.8%) 

  12-month 1 (100%) 0 (0%) 1 (0.4%) 

  24-month 0 (0%) 1 (100%) 1 (0.4%) 

 Surgical procedure baseline 1 (100%) 0 (0%) 1 (0.4%) 

  12-month 2 (50%) 2 (50%) 4 (1.7%) 

  24-month 1 (100%) 0 (0%) 1 (0.4%) 

 Sleep Study baseline 2 (100%) 0 (0%) 2 (0.8%) 

  12-month 2 (50%) 2 (50%) 4 (1.7%) 

  24-month 0 (0%) 1 (100%) 1 (0.4%) 

 CT scan baseline 0 (0%) 0 (0%) 0 (0%) 

  12-month 1 (100%) 0 (0%) 1 (0.4%) 

  24-month 0 (0%) 0 (0%) 0 (0%) 

 Total   134 (56%) 107 (44%) 241 (100%) 
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9.4.4. Annual number of admissions to hospital for routine treatment and exacerbations 

Table 9-4 and Table 9-5 show the analysis of total number of annual admissions required to 

hospital for routine treatment and exacerbations of respiratory symptoms.  

 

There were no significant between-group differences in the number of admissions required for 

routine IV-antibiotic treatment at baseline, 12- and 24-months assessments, however, each group 

did require more routine admissions between baseline and 24-months (Figure 9-1: A). After 

adjusting for minimisation factors, the exercise group were admitted to hospital slightly more often 

between baseline and 24-month assessments (0.2, 95% -0.3, 0.8; p=0.40), but this difference was not 

significant. 

 

There were also no significant between-group differences in number of admissions for exacerbations 

at each assessment point, and each group required fewer admissions to hospital (Figure 9-1: B). The 

adjusted difference at 24-months, showed that the exercise group required slightly less admissions 

for exacerbations than the control group (-0.3; 95%CI -1.2, 0.5; 0.47), but this difference was not 

significant.  

 

 

A B 

  
 

Figure 9-1: Mean number of admissions required annually for (A) routine treatment; and (B) 
exacerbation of respiratory symptoms 
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Table 9-4: Analysis of number of routine and hospital admissions annually 

Variable Assessment Control Total Range Exercise Total Range Mean diff. (95%CI) p-value 

Number of hospital admissions per year  

Routine baseline 0.9±1.2 17 0 - 4 0.6±0.6 8 0 - 2 -0.5 (-1.1, 0.1) 0.11 

12-month 1.0±1.6 24 0 - 5 0.8±1.2 17 0 - 3 -0.2 (-1.1. 0.6) 0.57 

24-month 1.2±1.6 26 0 - 4 1.1±1.5 26 0 - 4 -0.1 (-1.0, 0.9) 0.85 

Exacerbations baseline 1.2±0.4 19 1 - 2 1.5±0.5 22 1 - 2 0.3 (-0.1, 0.6) 0.10 

12-month 0.5±0.6 11 0 - 2 0.6±0.7 10 0 - 2 0.1 (-0.4, 0.5) 0.77 

24-month 0.6±0.8 12 0 - 2 0.6±0.8 10 0 - 2 0.0 (-0.6, 0.5) 0.86 

 

 

Table 9-5: Adjusted differences in number of routine and hospital admissions annually 

Variable Duration B 95%CI p-value 

∆Number of hospital admissions per year 

∆Routine baseline to 12-month 0.1 -0.2, 0.4 0.60 

 baseline to 24-month 0.2 -0.3, 0.8 0.40 

∆Exacerbations baseline to 12-month -0.3 -1.0, 0.5 0.48 

 baseline to 24-month -0.3 -1.2, 0.5 0.47 
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9.4.5. Length of stay 

The total number of days all children had spent in hospital was 2443 days (control=1302; vs. 

exercise=1141) and there was a wide range of total days spent in hospital each year (control=1 to 

136 days vs. exercise=1 to 69 days). The shortest lengths of stay in hospital were related to 1-day 

admissions for starting of IV-antibiotics, before children were discharged to finish the course at 

home and day-case procedures or tests. The longest lengths of stay were related to exacerbation of 

respiratory symptoms.  

 

Table 9-6 and Table 9-7 show the analysis of total number days spent in hospital annually, average 

length of stay during all admissions, and average length of stay during admissions for routine 

treatment and exacerbations of respiratory symptoms. 

 

9.4.6. Annual length of stay in hospital 

At baseline the control group had spent an average of 21.5±18.6 days in hospital in the year 

preceding enrolment into Inspire-CF, whilst the exercise group had spent 20.6±13.5 days in hospital 

each year, but this difference was not significant (0.9 days; 95%CI -11.3, 9.4; p=0.85) (Figure 9-2: 

A). After 24-months of exercise, the exercise group (18.1±18.2 days) were spending less time in 

hospital annually than the control group (20.3±29.8 days), but these differences were not significant 

(-2 days; 95%CI -17.2, 9.8; p=0.67). After adjusting for minimisation factors the exercise group were 

spending less time in hospital but again, this difference was not significant (-3.3 days ; 95%CI –13.0, 

6.4; p=0.50). 

 

9.4.7. Length of stay during all admissions 

There were no significant between-group differences in average length of stay of all admissions, at 

baseline, 12- and 24-month assessments. However, after adjusting for minimisation factors, the 

exercise group had spent less time in hospital during all admissions than the control group between 

baseline and 12-month assessments (-4.1 days; 95%CI -9.0, 0.9; p=0.10), and significantly less time 

between baseline and 24-month assessments (-4.7 days; -9.5, -0.02; p=0.05), and this difference is 

illustrated in Figure 9-2: B.  
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Table 9-6: Analysis of length of stay in hospital 

Variable Assessment Control Total Range Exercise Total Range Mean diff. (95%CI) p-value 

Length of stay in hospital annually (in days) 

All admissions  baseline 21.5±18.6 430 0 - 67 20.6±13.5 432 0 – 62 -0.9 (-11.3, 9.4) 0.85 

 12-month 19.3±19.6 406 0 - 60 18.2±16.0 346 0 - 69 -1.1 (-12.7, 10.4) 0.85 

 24-month 20.3±29.8 466 0 - 136 18.1±18.2 363 0 -  56 -2.2 (-17.2, 13.0) 0.78 

Length of stay during admissions (in days) 

All admission types baseline 12.2±5.4 231 0 - 28 14.8±7.3 297 3 - 35 2.7 (-1.5, 6.8) 0.20 

 12-month 11.4±4.2 182 0 - 17 12.3±3.8 185 4 -19 1.0 (-2.0, 3.9) 0.50 

 24-month 10.6±4.8 181 0 - 23 9.8±4.4 156 2 - 14 -0.9 (-4.1, 2.4) 0.59 

Routine baseline 12.4±2.3 218 0 - 49 13.6±0.7 109 0 - 27 1.2 (-0.7, 3.2) 0.20 

12-month 13.2±1.8 320 0 - 70 12.3±2.3 213 10 - 42 -1.0 (-3.0, 1.1) 0.33 

24-month 12.2±2.7 328 0 - 57 13.2±1.4 317 10 - 54 1.0 (-1.0, 3.0) 0.24 

Exacerbations baseline 15.1±5.5 283 10  - 31 16.2±4.6 356 13 -62 1.0 (-2.7, 4.8) 0.57 

12-month 13.0±3.7 146 0 - 32 14.4±2.6 161 0 - 28 1.5 (-1.8, 4.5) 0.37 

24-month 17.2±10.2 231 0 – 88  12.2±0.7 123 0 - 26 -5.0 (-12.9, 1.20) 0.08 

Mean differences were calculated as exercise minus control group 

 
Table 9-7: Adjusted differences in length of stay in hospital 

Variable Duration B 95%CI p-value 
∆ Length of stay in hospital annually (in days) 
∆All admissions  baseline to 12-month -1.1 -8.2, 6.0 0.76 
 baseline to 24-month -3.3 -13.0, 6.4 0.50 
∆ Length of stay during admissions (in days) 
∆All admission types baseline to 12-month -4.1 -9.0, 0.9 0.10 
 baseline to 24-month -4.7 -9.5, -0.02 0.05* 
∆Routine baseline to 12-month -0.2 -11.2, 10.8 0.96 
 baseline to 24-month 1.9 -4.4, 8.2 0.56 
∆Exacerbations baseline to 12-month -2.4 -12.9, 8 0.51 
 baseline to 24-month -6.5 -39.5, 26.5 0.24 

B is the model co-efficient (average change in the variable, reflected as assessment point minus baseline data) after adjusting for minimisation factors of gender, disease severity, Area lived in, and Nuffield 
membership status. *Statistically significant p≤0.05
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9.4.8. Length of stay during routine admissions and admissions for exacerbations 

There were no significant between-group differences in average length of stay of all routine 

admissions, at baseline, 12- and 24-month assessments. However, Figure 9-2: C shows the 

variability in both groups over the 24-month intervention period. After adjusting for minimisation 

factors, the exercise group had spent slightly less time in hospital between baseline and 12-month 

assessments (-0.2 days; 95%CI -11.2, 10.8; p=0.96), but 1.9 days (95%CI -4.4, 8.2; p=0.56) more in 

hospital between baseline and 24-months, however these differences were not significant. Similarly, 

there were no significant between-group differences in average length of stay during exacerbations, 

at baseline, 12- and 24-month assessments, although the exercise group had spent between 1.0 

and1.5 days more in hospital at baseline and 12-months respectively. However as is illustrated in 

Figure 9-2: D, at 24-months the exercise group were spending less time in hospital (-5 days; 95%CI 

-12.9, 1.2; p=0.08) than the control group and this difference approached statistical significance. 

After adjusting for minimisation factors, this difference remained but was not significant (-6.5 days; 

95%CI -39.5, 26.5; p=0.24). 

A B 

  
C D 

  
Figure 9-2: Mean length of stay in days in hospital (A) annually; (B) during all admissions; (C) 
during routine admissions; and (D) during admissions for exacerbation of respiratory symptoms. 
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9.5. Total IV-antibiotic requirement 

Thirty-one children (control=15 vs. intervention=16) had not required any IV-antibiotic treatment in 

the 12-months preceding enrolment in Inspire-CF, and 22 of these children (control=8 vs. 

intervention=14) maintained this status throughout the duration of the study. Nine children 

(control=6 vs. intervention=3) who had not required any IV-antibiotic treatment in the 12-months 

preceding enrolment in Inspire-CF received IV-antibiotic treatment during the subsequent 24-

months. A total of 49 children (control=26 vs. exercise=23) who had received IV-antibiotic treatment 

in the 12-months preceding enrolment and/or during the 24-month intervention period were 

included in analysis. IV-antibiotics were mostly delivered in hospital, but some children (control=10 

vs. exercise=10) did complete parenteral IV-antibiotics at home. 

 

Table 9-8 and Table 9-9 show the analysis of total IV antibiotic, and the requirements during 

routine admission and during admissions for exacerbations. 

 

At baseline the exercise group had spent more time on IV-antibiotics than the control group, 

however these differences were not statistically significant (1.8; 95%CI –1.9, 5.4; p=0.33). There were 

no between group differences at 12-month assessments (-0.1; 95%CI -1.9, 1.6; 0.86). At 24-month 

assessment the exercise group had spent less time (-1.4; 95%CI -3.7, 0.9; p=0.23) on IV-antibiotics 

than the control group, but this difference was not significant. However, after adjusting for 

minimisation factors, there was a significant decrease in the exercise groups total IV-antibiotic 

requirement at both 12-month (-4.8, -9.6, -0.02; p=0.05) and 24-month assessments (-5.0; -9.5, -0.5; 

p=0.03). 
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Table 9-8: Analysis of IV-antibiotic requirement 

Variable Assessment Control Total Range Exercise Total Range 
Mean diff. 
(95%CI) p-value 

Total IV-antibiotics 
(During admissions and home) 

Baseline 14.5±5.1 276 8 - 28 16.3±6.0 326 12 - 35 1.8 (-1.9, 5.4) 0.33 

12-month 13.3±1.9 213 9 – 17 13.2±2.8 197 8  - 19 -0.1 (-1.9, 1.6) 0.86 

 24-month 13.4±3.3 241 5 - 23 12.0±3.3 191 0 - 14 -1.4 (-3.7, 0.9) 0.23 

Routine baseline 12.4±2.3 112 8 – 16 13.6±0.7 96 12 - 14 1.2 (-0.7, 3.2) 0.20 

12-month 13.2±1.8 146 10 -17 12.3±2.3 98 8 - 14 -1.0 (-3.1, 1.1) 0.33 

24-month 12.2±2.7 135 5 -14 13.3±1.1 120 11 -15 1.1 (-0.8, 3.0) 0.24 

Exacerbation baseline 15.2±5.5 243 10 - 28 16.2±4.7 243 12 - 31 1.0 (-2.7, 4.8) 0.57 

12-month 13.0±3.7 130 7 - 19 14.4±2.6 115 11 - 19 1.4 (-1.8, 4.5) 0.37 

24-month 17.2±10.2 155 10 - 44 12.2±0.7 86 11 - 13 -5.0 (-12.9, 2.8) 0.18 

Mean differences were calculated as exercise minus control group; *Statistically significant p≤0.05 

 

Table 9-9: Adjusted-differences in IV-antibiotic requirement 

Variable Duration B 95%CI p-value 

∆Total IV-antibiotics 
(During admissions and home) 

baseline to 12-month -4.8 -9.6, -0.02 0.05* 

baseline to 24-month -5.0 -9.5, -0.5 0.03* 

∆Routine baseline to 24-month -0.2 -11.2, 10.8 0.96 

 baseline to 24-month 1.9 -4.4, 8.2 0.44 

∆Exacerbation baseline to 12-month -2.4 -12.9, 8.0 0.51 

 baseline to 24-month -6.5 -39.5, 26.5 0.24 

B is the model co-efficient (average change in the variable, reflected as assessment point minus baseline data) after adjusting for minimisation factors of gender, disease severity, Area lived in, and Nuffield 
membership status. *Statistically significant p≤0.05 
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9.5.1. Comparison of routine IV-antibiotic requirements 

Sixteen children (control=9 vs. exercise=7) had received IV-antibiotic treatment during a planned 

admission. Twelve of these children (control=8 vs. intervention=4) were on a regular regimen of 3, 4 

or 6-monthly admissions for prophylactic IV-antibiotic treatment, typically pre-scheduled as a 14-

day admission, and these regimens were maintained for the duration of Inspire-CF. Seven children 

(control=3 vs. exercise=4) were admitted for routine IV-antibiotics for the first time after enrolment.  

A total of 25 children (control=11 vs. exercise=14) had been admitted for at least one planned set of 

IV-antibiotics and were included in analysis.  

 

Total IV-antibiotic requirement decreased in both groups (Figure 9-1: A), and there were no 

significant between-group differences in IV-antibiotic requirement during routine admissions, at 

baseline, 12- and 24-month assessments. However, Figure 9-3: B shows the variability in both 

groups over the 24-month intervention period. After adjusting for minimisation factors, the exercise 

group had spent slightly less time in hospital between baseline and 12-month assessments (-0.2; -

11.2, 10.8; 0.96), and 1.9 days (95%CI -4.4, 8.2; 0.44) more in hospital between baseline and 24-

months, however these differences were not significant.  

 

9.5.2. Comparison of IV-antibiotic requirements during exacerbations  

A total of 42 children (22=control vs. exercise=20) had received treatment for at least one 

exacerbation and were included in analysis. There were no significant between-group differences in 

IV-antibiotic requirement during exacerbations, at baseline, 12- and 24-month assessments, 

although the exercise group had spent 1-1.4 days on IV-antibiotics at baseline and 12-months. 

However as is illustrated in Figure 9-3: C, the exercise group required less IV-antibiotics at 24-

months (-5; 95%CI -12.9, 2.8; p=0.88) than the control group, but this difference was not 

significant. However, after adjusting for minimisation factors, the exercise group had required few 

IV-antibiotic days between baseline and 12-months (-2.4; -12.9, 8.0; p=0.81) and between baseline 

and 24-months (-6.5; -39.5, 26.5; p=0.24), but again these differences were not significant.  
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A 

 
B 

 
C 

 
Figure 9-3: Mean of the (A) total IV-antibiotic requirement; (B) during routine admissions; and 
(C) during admissions for exacerbations of respiratory symptoms 
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9.5.3. Similarity of length of stay and IV-antibiotic requirements 

The results of analysis of total length of stay and total IV-antibiotic requirement were similar, as 

would be expected, given that children were typically admitted to hospital to complete a course of 

14-days of IV-antibiotics. The slight variation in outcomes may be because some children completed 

part of their IV-antibiotic course at home. This would also be true of the analysis of routine 

admissions and admissions for exacerbations. 

 

 
9.5.4. Relative risk for respiratory exacerbation 

At baseline, 30 of the 71 children (control=15 vs. intervention=15) had received IV-antibiotic 

treatment for an exacerbation of respiratory symptoms in the 12-months preceding enrolment in 

Inspire-CF. The relative risk (1.0; 95%CI 0.53, 1.66) suggested that both groups were just as likely to 

have been hospitalised for an exacerbation in the year preceding enrolment, and this result was not 

significant.  

 

During the 24-months programme, 28 children (control=15 vs. exercise=13) were admitted for a 

respiratory exacerbation, of which 12 children (control=7 vs. exercise=5) were admitted for their first 

time. At 24-month assessment, the relative risk for requiring hospitalisation for an exacerbation 

after enrolment in Inspire-CF was lower in the exercise group (0.82; 95%CI 0.46, 1.47) though this 

was not significant. The relative risk of requiring hospitalisation for a first-time exacerbation was 

lower in the exercise group (0.66; 95%CI 0.23, 1.87), but again this was not significant.  
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9.5.6. Overall health care costs  

Overall cost of care for the 71 children enrolled in Inspire-CF was £5,028,015 (control=£2,532,213 

vs. exercise=£2,495,802) that included £464,852 (control=£156,730 vs. exercise=£308,122) in costs 

related to Ivacaftor®. There was an adjustment to the GOSH accounting algorithms in the first 12-

months of the study, such that ward overheads were included in cost allocations. Consequently, there 

was a steep increase in costs for both groups at 12-month assessments. 

 

No children were prescribed Ivacaftor® at baseline, however 3 children (control=1 vs. exercise=2) 

were prescribed and subsequently started the drug in the first 12-months of the study. One child 

(female; aged 15 years) in the exercise group who had been prescribed Ivacaftor®, dropped-out of 

Inspire-CF at 12-months. The total cost of the drug was £464,852, with allocated costs between 

baseline and 12-month assessment of £385,328 (control=£106,872 vs. exercise=£278,456) and 

between 12- and 24-month assessment of £79,524 (control=£49,857 vs. exercise=£29,666). 

 

Figure 9-4: A illustrates the total annual cost of care for each group including Ivacaftor® costs, and 

Figure 9-4: B illustrates the total cost of care for each group excluding Ivacaftor® costs. 

 

 

A B 

  
Figure 9-4: Total annual costs per group including (A) Ivacaftor® costs and (B) excluding 
Ivacaftor® costs  
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Table 9-10: Total costs of healthcare  

 Staffing Setting Clinical Intervention Drugs  

Assessment Medical Nursing Pharmacy Therapies Ward Outpatients Supplies Overheads Surgical Imaging Pathology Lo-cost Hi-cost Ivacaftor Total Cost 

Baseline £292,237 £177,026 £11,837 £86,962 £247,369 £16,854 £62,902 £15,084 £43,538 £18,422 £33,530 £40,426 £17,791 £0 £1,063,978 

 Control £150,290 £82,451 £4,262 £40,270 £123,477 £8,008 £22,382 £0 £21,431 £7,817 £18,899 £20,763 £8,545 £0 £508,595 

 Exercise £141,948 £94,575 £7,575 £46,691 £123,892 £8,846 £40,520 £15,084 £22,107 £10,605 £14,631 £19,663 £9,246 £0 £555,383 

12-month £212,688 £245,478 £20,399 £113,580 £257,098 £19,800 £217,016 £18,221 £17,320 £11,785 £36,162 £61,375 £421,040 £385,328 £2,037,289 

 Control £116,503 £146,817 £12,533 £63,373 £149,335 £10,608 £133,888 £10,645 £8,534 £5,775 £19,423 £40,484 £136,581 £106,872 £961,369 

 Exercise £96,185 £98,662 £7,867 £50,207 £107,763 £9,192 £83,128 £7,576 £8,786 £6,010 £16,739 £20,890 £284,459 £278,456 £1,075,920 

24-month £225,833 £264,392 £41,844 £213,257 £375,839 £15,852 £152,287 £251,840 £28,397 £21,804 £51,192 £72,518 £132,169 £79,524 £1,926,748 

 Control £113,806 £139,587 £25,506 £117,149 £207,803 £8,302 £77,708 £149,494 £11,512 £12,674 £27,032 £37,729 £84,089 £49,857 £1,062,249 

 Exercise £112,027 £124,805 £16,338 £96,108 £168,036 £7,549 £74,578 £102,346 £16,885 £9,130 £24,160 £34,789 £48,080 £29,666 £864,499 

Total £730,758 £686,896 £74,080 £413,799 £880,306 £52,506 £432,205 £285,145 £89,254 £52,011 £120,884 £174,319 £571,000 £464,852 £5,028,015 
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9.5.7. Average cost per child 

In the year preceding enrolment into the study, the average cost of the exercise group 

(£15,010±20,750) was more than the control group (£14,959±16,619) was but this difference was not 

statistically significant (-£52; 95%CI -£8,819, £8923; p=0.99). At 12-month assessment the exercise 

group (£29,103±£66,285) cost more than the control group (£28,276±£45,719), but this difference 

was also not statistically significant (£827; 95%CI -£25,991, £27,645; p=95). At 24-month 

assessment the exercise group (£23,559±£30,0027) cost less than the control group 

(£31,313±£43,832), but this difference (-£7,754; 95%CI -£25,4758, £10,249; p=0.39) was not 

statistically significant (Figure 9-5: A). After adjusting for minimisation factors, the difference in 

cost since baseline at 12-month assessment was more (£5353; 95%CI -£22,675, £33,381; p=0.70) in 

the exercise group, but less at 24-months (-£4099; 95%CI -£20,218, £12,021; p=0.61) in the exercise 

group, and the adjusted differences were not statistically significant. 

 

The 3 children who were prescribed Ivacaftor® were identified as outliers, however adjusting for the 

cost of Ivacaftor® did not have a significant effect on the model (Figure 9-5: B). There were no 

significant between-group differences in annual costs, but the exercise group cost less than the 

control group at both 12-month assessment (-£3556; 95%CI -£19,558, £12,813; p=0.66) and 24-

month assessment points (-£5,399; 94%CI -£23,653, £12,854; p=0.57). 

 

 
A B 

  
Figure 9-5: Mean annual cost of care (A) including Ivacaftor and (B) excluding Ivacaftor 
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Table 9-11: Between-group differences in total cost of healthcare 

Variable Assessment Control  Total Range Exercise Total Range Mean diff. (95%CI) p-value 

Total Cost baseline £14,959±16,619 £508,894 £663 - £66,909 £15,010±20,750 £555,382 £1,444 - £115,048 -£52 (95%CI -£8,819, £8923) 0.99 

 12-month £28,276±£45,719 £961, 368 £1976 - £243,819 £29,103±£66,285 £1,076,791 £858 - £326,455 £827 (95%CI -£25,991, £27,645) 0.95 

 24-month £31,313±£43,832 £1,064,642 £1372 - $172,955 £23,559±£30,0027 £871,670 £467 - £100,633 -£7751 (95%CI -£25,758, £10,249) 0.39 

Mean differences were calculated as exercise minus control group 

 

Table 9-12: Adjusted difference in total cost of healthcare 

Variable Duration B 95%CI p-value 

∆Total Cost baseline to 12-month £5353 -£22,675, £33,381 0.70 

 baseline to 24-month -£4099 -£20,218, £12,021 0.61 

B is the model co-efficient (average change in the variable, reflected as assessment point minus baseline data) after adjusting for minimisation factors of gender, disease severity, Area lived in, and Nuffield 
membership status.   
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9.5.8. Average cost per admission 

When each child was admitted to hospital for IV-antibiotic treatment, they would have been 

prescribed an individualised regimen of IV-antibiotics treatment, and/or oral antibiotic therapy, 

and/or nebulised antibiotic therapy, plus additional supplementary medications e.g., nebulised 

mucolytics such as hypertonic saline and/or recombinant human DNase (Dornase alfa or 

Pulmozyme®, Genentech, Roche, USA), vitamins, and pancreatic enzymes (CreonÔ), therefore it was 

likely that there would be differences in average cost per admission. Average costs per admission 

were based on the cumulative cost at the end of each admission. Table 9-13 shows the analysis of 

average costs and daily costs for admissions for routine treatment and exacerbation of symptoms.  

 

9.5.9. Average cost per routine admissions 

The average cost per routine admission at baseline was higher for the exercise group 

(£10,951±£12,495) than the control group (£5800±£2404), however this difference was not 

significant (£5151; 95%CI -£1356, £11,658; p=0.12). At 12-month assessment the difference had 

narrowed (£177; 95CI -£3869, £4221; p=0.92) with the cost of admission similar between exercise 

group (£8532±£3366) and control group (£8355±4999). Analysis of average cost per routine 

admission at 24-month assessments, showed that the control group (£17,547±15,862) cost more than 

the exercise group (£15,076±£8541), however this difference (-£2472; 95%CI-£18,885, £10,941; 

p=0.69) was not statistically significant. 

 

9.5.10. Average cost per admissions for exacerbations of respiratory symptoms 

The average cost of admissions for exacerbation of symptoms were higher in the control group 

(£9691±£6549) when compared to the exercise group (£5586±£3537) at baseline, but this difference 

was not significant (£-4106; 95%CI-£9647, £1437; p=0.12). Again, at 12-month assessment, the 

control group (£16,857±£9680) cost more than the exercise group (£10,150±7156), and this 

difference approached significance (-£6708; 95%CI -£14,631, £1215; p=0.09). At 24-month 

assessment the exercise group (£24,774±12,105) cost slightly more than the control group 

(£23,747±14,198), but again this difference was not significant (£1027; 95%CI -£11,775, £13,830; 

p=0.87).  
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Table 9-13: Cost per admission and daily costs per admissions for routine admissions and for exacerbation of respiratory symptoms 

 Variable  Assessment Control Range Exercise Range Mean diff. (95%CI) p-value 

Cost per admission 

Routine baseline £5800±£2404 £1672 - £12,357 £10,951±£12,495 £1732 – £53,595 £5151 (-£1356, £11,658) 0.12 

  12-month £8355±4999 £2422 - £17,366 £8532±£3366 £1057 - £11,638 £177 (-£3869, £4221) 0.92 

  24-month £17,547±15,862 £3177 - £52,495 £15,076±£8541 £4102 - £26,303 -£2472 (-£18,885, £10,941) 0.69 

Exacerbation baseline £9691±£6549 £3325 - £21,261 £5586±£3537 £1218 - £12, 396 £-4106 (-£9647, £1437) 0.12 

  12-month £16,857±£9680 £1510, £29526 £10,150±£7156 £2707 - £20482 -£6708 (-£14,631, £1215) 0.09 

  24-month £24,774±12,105 £2572 - £44,576 £23,747±14,198 £11,906 - £24,773 -£1027 (-£11,775, £13,830) 0.97 

Cost per day per admission  

Routine baseline £483±£200 £139 - £1030 £782±£893 £124 - £3828 £299 (-£169, 767) 0.20 

  12-month £643±£385 £186 - £1356 £710±£281 £88 - £970 £68 (-£250, £386) 0.66 

  24-month £1462±£1321 £265 - £4375 £1160±£657 £316 - £2023 -£302 (-£1402, £797) 0.56 

Exacerbation baseline £646±£437 £222 - £1417 £349±£221 £76 - £775 -£297 (-£661, £68) 0.10 

  12-month £1297±£745 £116 - £2271 £725±£511 £193 - £1463 -£572 (-£1165, £22) 0.06 

  24-month £1397±£835 £151 - 2622 £2065±£1008 £992 - 3954 £678 (-£273, £1608) 0.15 

Mean differences were calculated as exercise minus control group 
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A B 

  
C D 

  
E F 

  
Figure 9-6: Mean cost (A) all admissions and (B) daily cost of all admissions; Mean costs of (C) 
routine admissions and (D) admissions for exacerbations; Mean daily cost of (E) routine 
admissions and (F) admissions for exacerbations  
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9.5.11. Shared care banding costs 

Eighteen children (control=6 vs exercise=12) were identified as being treated under confidential, 

shared-care hospital agreements. It was not possible to identify how the shared-care centres 

allocated the finances or if they were used. The payments to the shared-care hospital were not 

included in the cost analysis as they were not reflected in each child's financial records, but are 

provided for transparency, with total payments being £190,089 (control= £54,477 vs. exercise 

£135,612). 

 

9.5.12. Lung function test costs 

Comprehensive spirometry and MBW costs were not allocated to individual financial records, as 

these costs were covered in internal GOSH financial arrangements. In the year that the study ended, 

these costs were highlighted by the finance team to be included in future cost allocations. For 

transparency, GOSH charges for spirometry were £209 per test and £872 per MBW. Therefore, had 

the costs for every test performed by each child been included (i.e., at outpatient clinics, annual 

reviews, during bronchodilator reversibility tests, and during admissions to hospital), the total costs 

would have been £232,948 (control=£121,492 vs. exercise=£111,456).  

 

9.5.13. Heterogeneity 

There was heterogeneity in all outcomes and across both groups. This was expected due to the wide 

range of disease severity in the children, and this has been previously reported in research related to 

genetic variation (Drumm et al., 2012), response to treatment for exacerbation (Robinson et al., 

2009a), and impact on health economic analyses in clinical populations (Marshall and Hux, 2009).  
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9.6. Discussion 

The primary hypothesis of Chapter 9 was that a 24-month, individually supervised exercise 

intervention would elicit a between-group difference, in favour of the exercise group, of a decrease 

in hospital admissions, IV-antibiotic requirement, exacerbation of symptoms, and cost of healthcare. 

The results presented in this chapter do not support this hypothesis and therefore it must be rejected. 

 

9.6.1. Length of stay and IV-antibiotic requirements 

After 24-months of supervised exercise, the exercise group had spent a significant 5 days less in 

hospital during overall admissions than the control group and required significantly less IV-

antibiotics (5 days) over the 24-month intervention period. Although not statistically significant, the 

exercise group had spent nearly 7 days less in hospital and on IV-antibiotic during admissions for 

exacerbation of respiratory symptoms, but 2 days longer in hospital during routine admissions and 

on IV-antibiotics. These results may be considered clinically important as children spent less days in 

hospital annually and less time on IV-antibiotics, which meant that they were able to spend more 

time with family, at school and with friends.  

 

The exercise group had spent slightly more combined time on IV-antibiotics during admissions and 

at whilst completing a course home and had also spent slightly more time on IV-antibiotics during 

exacerbations during routine admissions at baseline. However, by the end of the study, children who 

exercised were spending less time on IV-antibiotics, particularly if they were admitted for an 

exacerbation. This might be explained by earlier identification of changes in clinical status using the 

pre-exercise checklist (Appendix J) In these cases, the trainers would have referred the child for 

earlier assessment at an outpatient clinic, where oral IV-antibiotics may have been started or a 

planned admission may have been scheduled.  

 

During the Frequent Flyer Programme, all members of the CF clinical team knew that the children 

were enrolled in the pilot study, with weekly review of airway clearance regimens and attending 

weekly exercise training. The pilot programme lead physiotherapist attended bi-monthly clinical 

team meetings and provided an overview of each child’s progress. Decisions related to bringing 
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forward admissions due to exacerbation or postponement due to improvements in clinical status 

were discussed at these CF clinical team meetings. However, the random allocation of children to 

Inspire-CF groups was not shared with the CF clinical team, and the research team were not 

involved in the review of children at any clinics or in decisions related to admissions.  

 

There were 8 cases where a trainer had identified that a child’s health status had deteriorated, and 

after review at an outpatient clinic, the medical team made the decision to bring forward a planned 

admission. It is possible that these admissions may still have been recorded in the GOSH Patient 

Information Management System as a planned admission, despite exacerbation of symptoms. 

Similarly, in 5 cases a decision was made by the medical team to push back a planned admission due 

to stable clinical status. There were no reported deteriorations in health status in any child that had 

a planned admission pushed back.  

 

In a large retrospective multi-centre cross-sectional study of 17,312 children aged ≤18 years, Cogen 

et al. (2017) reported that the average number of exacerbations was 3.8 per year, with 37% of those 

being a single exacerbation, whilst 46% experienced between 2 - 6 exacerbations per year. 

Throughout the duration of Inspire-CF, the average number of exacerbations recorded in each group 

were < 1 per year with a range of 0 - 2 per year. It was pleasing to note that both Inspire-CF groups 

required less admissions to hospital for exacerbations than have been previously reported in children 

within the same age range.  

 

9.6.2. Cost of healthcare 

There were considerable healthcare costs identified in both groups throughout the duration of the 

study. The control group cost 47.2% more at 12-month assessment and 62.8% more at 24-month 

assessment compared to baseline, and the exercise group cost 35.6% and 40.0% more at 12- and 12-

month assessments respectively. The annual increase in costs could be attributed to inclusion of 

overhead costs and a substantial increase in the costs related to high-cost drugs.  
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In the year preceding enrolment into Inspire-CF, the between group differences showed that the 

exercise group had cost 4.3% more than the control group. At 12-month assessment this difference 

had increased to 5.6% however, at 24-month assessment the exercise group cost 10.3% less than the 

control group, The overall cost (excluding baseline cost) showed that the exercise group cost 2% less 

(£79,281) throughout the duration of the study. However, although analysis showed that the exercise 

group were costing an average of £7751 less than the control group, after 24-months intervention, 

this difference was not statistically significant, and it is therefore not possible to conclude that this 

difference was as response to the exercise intervention. The average cost per admissions for 

exacerbations and routine admissions was also lower in the exercise group after 24-months 

intervention, but again these differences were not significant. There is wide variation in type, 

number and cost of IV-antibiotic drugs prescribed based on bacterial colonisation and lung function 

on admission, therefore number of days spent in hospital and on IV-antibiotics is likely more 

relevant to clinicians. 

 

The annual banding of children is likely to also have also impacted on the way in which costs were 

allocated. The system was introduced in 2013/2014 and the research team were made aware of 

ongoing upgrades to the financial software systems used at GOSH. These upgrades would have 

included changes related to banding structures that would allow for absolute costs of care to be 

calculated for each child, and to ensure that the hospital was receiving appropriate levels of funding. 

 

9.6.3. Comparison to pilot studies 

Ledger et al. (2013) demonstrated a 22% decrease in overall IV-antibiotic requirements and direct 

cost savings of £220,338, with an average cost per patient in the Frequent Flyer Programme of 

£46,472 in 16 children (FEV1 z-score -3±1.6), whilst Urquhart et al. (2012) reported a 17% reduction 

in overall IV-antibiotic requirement and a direct cost saving of £66,384 in 12 children (FEV1 z-score 

-2.7±1.9). The Inspire-CF control group (FEV1 z-score -1.3±1.0) showed an overall increase in IV-

antibiotic requirement of 10.9%, whist the exercise group (FEV1 z-score -0.9±1.3) showed a decrease 

of 8.7% after 24-month, which may be an important clinical change. It is difficult to make an 

appropriate comparison of average cost per patients to those in the Inspire-CF groups as all the 
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children in the observational studies were prone to exacerbation and deterioration in clinical status, 

and chronically colonised with one or more bacterium, that required defined protocols of 3–4 

monthly routine IV-antibiotics. In Inspire-CF, both groups cost around £15,00 at baseline but this 

had increased to £31,313 in the control group and £23,559 in the exercise group after 24-months 

intervention.  

 

9.6.4. Comparison to broader literature 

Robson et al. (1992) first attempted to quantify the costs related to CF care in 119 adults CF patients 

in the UK that cost £980,646 over a 12-month period and at an average of £8241 per patient. Since 

then, there have been a multitude of health economic cost-analyses completed (Lieu et al., 1999, 

Baumann et al., 2003, Grieve et al., 2003, Krauth et al., 2003, Balinsky and Zhu, 2004, Rosenberg 

and Farrell, 2005, Hollmeyer et al., 2011, Colombo et al., 2013, van Gool et al., 2013, Whiting et al., 

2014, Gu et al., 2015, Chevreul et al., 2016, Agrawal et al., 2017, Sharma et al., 2018, Vadagam and 

Kamal, 2018) in a wide range of contexts. However, the comparison to the broader literature will 

relate to reporting of general outcomes, as apart from the observational studies, no other studies 

have evaluated the effects of exercise on health economics.  

 

Healthcare in the USA is primarily funded by private health insurance, self-pay, Medicare, and 

Medicaid, and in Europe healthcare is funded differently depending on country, for example 

Germany is funded using statutory contributions, whilst taxes fund the Spanish system, and taxes 

and social security contribution fund Portuguese health care. This makes it difficult to directly 

compare to the UK’s NHS which is a free publicly funded healthcare system, however some 

comparisons can be drawn. During the Inspire-CF research programme the British £ to American 

$ conversion rate was ~£1.00/$1.43, and the British £ to Euro € conversion rate was ~£1.00/€1.15. 

 

Cogen et al. (2017) recently reported that median length of stay was 10.0 days (interquartile range 6-

14 days) during exacerbations in 4827 children (aged <18 years) in the USA, however they did not 

report on cost of care. In another USA based study, Agrawal et al. (2017) evaluated adult CF-related 

hospitalisations (n=8328; 18 years and over) between 2003 and 2013 and found that admissions for 
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exacerbations accounted for 72% of admissions in 2003 and increased to 89% in 2013. The average 

length of stay remained stable at 10.2 days over the 10-year period, however costs per patient 

increased 57.7% from £41,993 ($60,051) to £66,199 ($94,664). Vadagam and Kamal (2018) reported 

on children’s admissions to hospital (n=3142; age 0-10 years) in the USA using 2012 data and found 

that average length of stay was 10.3 days, but 13.1 days in children with 2-3 comorbidities. There 

was a wide range of cost per patient of £20,938 - £21,158 ($29,942 - $30,256) in patients without 

insurance and £57234 - £68,364 ($81,845 - $97,760) in patients with insurance. In a follow up 

report by Ramphul et al. (2019) based on 2016 data in children (n=3429; mean age 12-years), the 

average length of stay was 10.1 days, and total cost per patient was £75,416 ($107,845). This data 

did not include Ivacaftor® as the drug was only approved for used in children in 2015.  

 

In an evaluation of CF costs in 138 German children (aged 0-18 years), Baumann et al. (2003) 

reported an average cost per patient of £20,860 (€23,989). No details of average length of stay were 

reported. A comprehensive comparison of costs associated with CF care in adults (n=399) and 

children (n=506) across Europe was conducted by Chevreul et al. (2016), who reported average costs 

per patients of £19,387 (€22,295) in Bulgaria, £24,733 (€28,443) in France, £19,440 (€22,356) in 

Germany, £25.974 (€29,870) in Italy, £ 28,618 (€32,911) in Spain, £40,604 (€46,694) in Sweden and 

£42,264 (€48,603) in the UK. No details of average length of stay were reported in any of these 

studies.  

 

In the studies that reported on average length of stay, there was a notable similarity in average 

length of stay of 14 days which was comparable to Inspire-CF. The importance of this finding was 

that children appeared to be spending the same length of time in hospital, and not more, as their 

peers in other countries. However, there was wide variation in average cost per patient per year, with 

the USA reporting substantially higher costs than the rest of the world, particularly for those 

patients who are self-funded. There was variation in costs across Europe, and this is likely due to 

size of the CF population and the differences in funding and structure of healthcare between nations. 

High-cost drugs are the primary driver of costs, followed by admissions and medical and therapy 
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staff. The average cost per UK patient of £13,828 (Department of Health, 2013), was exceeded in all 

years of Inspire-CF, however these results may be a more realistic representation of costs incurred.  

 

Variability in the reporting of costs was evident across studies, however generally direct costs 

allocated to capital costs (e.g., buildings and equipment), services (e.g., energy, cleaning, estate 

management, catering, water, and sewage), departmental costs (e.g., radiography, pharmacy, 

physiotherapy, pathology, haematology, immunology), and direct staff costs were accounted for. 

Indirect costs (e.g., medical illustration, medical record, administration, linen, and laundry, time off 

school, travel time) were less well-reported. Inspire-CF costs were only related to direct costs and 

direct data reporting, however this was comparable to the vast majority of 28 healthcare cost studies 

that were evaluated in a review by Hollin and Robinson (2016). Indirect costs should be considered, 

(Krauth et al., 2003) however these costs are very difficult to calculate and rely on individual patient 

reporting which is highly susceptible to bias.  

 

9.6.5. Strengths 

This is the first comprehensive analysis of health economic outcomes in a longitudinal prospective 

randomised controlled trial that included supervised exercise as an intervention. This study has 

further increased the knowledge base around hospital admissions and cost of care in children with 

CF in a large specialist hospital. There are significant challenges in performing a healthcare 

economic evaluation at it depends on an institutions willingness to share the substantial amount of 

information required, and robust recording and reporting of the data (Husereau et al., 2013). A 

strength of Inspire-CF was that the clinical and health economic data provided was considered 

robust, as the research team were able to cross-reference across electronic datasets and GOSH shared 

the data transparently. Additional information has been provided on Ivacaftor®, spirometry and 

MBW costs for transparency. The results of analysis therefore provided a comprehensive summary of 

health economic data related to all admissions and direct costs recorded during the study.  
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9.6.6. Limitations 

The primary limitation of this economic analysis was that the analysis of cost was only related to 

direct reported costs as received from the GOSH financial department. Each singular item cost, for 

example individual drug prescriptions and associated costs were not defined. It is possible, that some 

of the data received was miscategorised, for example a routine vs. exacerbation admission, however 

this was identified and corrected where possible. It was also not possible to calculate direct costs 

related to the shared-care hospitals. Whilst the results may be more generalised to a UK population, 

there were similarities in length of stay to other countries, and the cost analysis included comparable 

outcomes as were reported in American and European studies. 

 

9.6.7. Summary 

Inspire-CF has demonstrated that a 24-month individually supervised exercise programme could 

significantly reduce overall length of time in hospital annually and reduce the length of time spent 

on IV-antibiotics during exacerbations of respiratory symptoms. Early-detection of changes in 

health status may have been beneficial to children as they were likely started on oral antibiotics or 

admitted to hospital before they deteriorated. Cost of health care increased year on year for both 

groups but there was no significant indication that the 24-month exercise intervention reduced cost 

of healthcare, despite the exercise group spending less time in hospital and on IV-antibiotics.  
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10. 
 

CHAPTER 10.  SUMMARY AND SYNTHESIS 

Inspire-CF was a fully funded, single centre, randomised controlled trial, focused on once-weekly 

supervised exercise in children aged 6-15 years with CF. This thesis addressed the following 2 

research questions: 

1. Does a weekly supervised, individually tailored exercise training programme, provided in 

addition to current specialist CF care, produce significant improvements in lung function, 

exercise capacity, and quality of life, in children aged 6-15 years, with a wide range of lung 

disease severity? 

2. Is there a health-economic benefit associated with the provision of a weekly supervised, 

individually tailored exercise training programme in children aged 6-15 years with CF, and 

a wide range of lung disease severity? 

 

10.1. Main findings 

The primary research hypothesis was that if there were no between-group differences in FEV1 z-

score at baseline, the 24-month individually supervised exercise programme would elicit an increase 

in FEV1 z-score by 0.7 (80% power; p=0.05). The main finding of Inspire-CF is that the exercise 

intervention had no significant effect on the primary outcome measure of FEV1 z-score, and 

therefore this hypothesis must be rejected. An annual deterioration of ~1.5% in FEV1 %pred. was 

recorded in both the control and exercise groups. This was disappointing as the disease specific 

exercise programme had been designed to progressively increase exercise capacity, and it was 

anticipated that this would produce a positive effect on lung function. Previous randomised 

controlled trials of relatively short duration conducted in children with CF also reported no 

significant change in FEV1, irrespective of the modes (i.e., aerobic, anaerobic and strength) of 

delivery. The two studies that have reported a significant increase in lung function following an 
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exercise programme, were both confounded by consecutive administration of IV-antibiotics, which 

likely masked the true effects of the exercise intervention.  

 

However, there did appear to be a dose-related effect of exercise on lung function. Children who 

attended at least 52, fortnightly exercise sessions that included HIIT and strength training, over the 

duration of the study could expect an increase of as much as 7.5% in FEV1 annually. This effect was 

not realised in children who did not attend regular exercise sessions. The clinical implication of this 

finding is that exercise should continue to be actively encouraged for all children with CF, 

irrespective of lung disease severity, but physiotherapists should emphasise that sporadic and 

inconsistent participation in exercise is unlikely to preserve or slow the deterioration of lung 

function.  

 

Functional aerobic fitness significantly improved in the exercise group, with children saying they 

felt more ‘normal’ because they could run further, and at the same level or even higher, than their 

healthy peers. However, these results were not reflected in the gold standard CPET outcomes of Wpeak 

and VO2peak, and sub-maximal measurements at the GET, which showed no significant effect of the 

exercise programme. These findings were difficult to explain, except that all the other randomised 

controlled trials that demonstrated significant improvements in VO2peak and Wpeak, had included more 

than one training session per week. It is therefore possible that once-weekly exercise is not intensive 

enough to elicit a change in VO2peak and Wpeak in children who recorded comparatively normal 

ranges of VO2peak and Wpeak at baseline. 

 

Medical and physiotherapy regimens are time consuming and considered boring by children with CF, 

and consequently adherence is poor. The Inspire-CF team were concerned that regular interaction 

with the exercise group may increase the burden of treatment, however children reported a 

significant increase in their perception of coping with their treatment regimens. Despite the overall 

impression of improved quality of life, the analysis of the CFQ-R should be considered with caution 

as the domains only account for the perception of quality of life in the 2-weeks prior to completion 

of the questionnaire. Therefore, the overall quality of life across the duration of the 24-months may 
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not be truly reflected. There was a significant difference in parent and child perception of their 

quality of life, with parents either over or underestimating quality of life. More regular completion 

of the CFQ-R in both child and parents, followed up by a face-to-face discussion with both child and 

parent may reveal more about the perceived quality of life of children with CF.  

 

The health economic analysis provided a comprehensive, longitudinal overview of the significant 

time that children with CF spend in hospital on IV-antibiotics and the considerable costs associated 

with their management and treatment. Although the exercise group spent significantly less time in 

hospital annually, the between-group differences in routine admissions and admissions for 

exacerbation of respiratory symptoms did not demonstrate that the exercise intervention had any 

impact on reducing time in hospital or IV-antibiotic requirements, for either of the admission types. 

Costs of healthcare increased year on year, which was primarily related to high-cost drugs and the 

prescription of Ivacaftor® in the latter stages of the study.  

 

Inspire-CF was complex and challenging to implement, and there were significant costs associated 

with the setup and running of the study. Consequently, it would be unlikely that healthcare policy 

decision makers would consider implementing a similar programme into clinical practice. However, 

the merits of the Frequent Flyer Programme should not be forgotten, as supervised exercise may still 

be an important consideration for sicker children with moderate-to-severe lung disease.  

 

The advantage of providing supervised exercise to sicker groups of children with CF, is that personal 

trainers aim to continuously motivate the children to exercise by trying to keep exercise fun and 

interesting. Observational studies, like the Frequent Flyer Programme, demonstrated significant 

improvements in exercise capacity and a slowing in the rate of deterioration in lung function in 

children with moderate-to-severe lung disease. These studies also showed that providing supervised 

exercise could be cost-neutral, or even cost-saving. However, they were observational studies, and 

their results should not be over-interpreted, as there were no comparisons to a control group. 

Inspire-CF was not able to reproduce these findings in a cohort of children with a wide range of 

milder lung disease, therefore it is plausible that a Hawthorne effect (Franke and Kaul, 1978) was 
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observed in the Frequent Flyer Programme such that it was the closer monitoring rather than the 

exercise intervention that led to improved outcomes. 

 

10.2. Update on published evidence related to exercise since Inspire-CF concluded 

Inspire-CF concluded in June 2016, and since then there has been a substantial increase in the 

knowledge base related to exercise in CF. As such it is important to consider this new evidence and 

where appropriate draw comparisons to the results documented in this thesis.  

 

10.2.1. Survival and trajectory of lung function in children with cystic fibrosis since 2014 

Since 2014, the number of adults and children registered with the disease in the UK CF Registry has 

increased from 10,338, with a median predicted survival age of 36.6 years (Cystic Fibrosis Trust, 

2014) to 10,908, with a median life expectancy of 38.0 years (Cystic Fibrosis Trust, 2022). 

Importantly, there has been an increase in mean FEV1 %pred. between 2013 and 2021 (Table 10-1), 

and this is primarily due to prescription of CFTR modulator drugs (Chapter 10, Subheading 10.3, pg. 

233) being widely available on the NHS and in particular, has significantly improved lung function 

in those aged 12-19 years of age, where rapid deterioration in FEV1 was previously documented. 

 
Table 10-1: Comparison of mean FEV1%pred. for male and female children aged 6-19 years 
based in the UK between 2013 and 2021 

 Age groups 

Year 6-7 yr. 8-11 yr. 12-15 yr. 16-19 yr. 

2013 mean FEV1%pred. 91.0 88.0 79.8 74.3 

2021 mean FEV1%pred. 93.8 92.2 92.3 87.8 

Difference (2013-2021) 2.8 4.2 12.5 13.5 

FEV1  %pred. based on Global Lung Initiative equations (Quanjer et al., 2012b) as reported in the UK Cystic Fibrosis Registry 
Annual Data Report 2013 (Cystic Fibrosis Trust, 2014) and UK Cystic Fibrosis Registry Annual Data Report 2022 (Cystic Fibrosis 
Trust, 2022). 

 

Schluter et al. (2022) have recently published a comparison of UK (n=3055) and USA (n=9463) 

longitudinal lung function data in children aged 6-18 years. The results of the analysis showed that 

FEV1 %pred. declined at a significantly faster rate in the UK (-1.6%; 95%CI -1.72, -1.50) compared 

with the USA (-1.41%; 95%CI -1.47, -1.36). This equates to a ~0.2% (95%CI 0.08, 0.32) faster rate in 

UK. 
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Inspire-CF showed that children in both control and exercise groups demonstrated an annual rate of 

deterioration of -1.5% in FEV1 annually, which is in line with this most recent data. It is reasonable 

to speculate that children enrolled in Inspire-CF may have since benefitted from the prescription of 

CFTR modular drugs, and that they have demonstrated improvements in FEV1, and that annual rates 

of deterioration have slowed.  

 

10.2.2. Lung clearance index as a primary endpoint for exercise-based interventions 

MBW was undertaken annually by children treated by the GOSH CF Unit, and LCI was included as a 

secondary outcome measure in Inspire-CF. The results of analysis of LCI outcomes in Chapter 6, 

Subheading 6.3.4 , pg. 145 demonstrated that LCI in the exercise group did not increase (worsen) as 

much as the control group, although the between-group differences were not statistically significant. 

One of the speculated reasons for this difference was that children who exercised regularly may have 

reduced dynamic lung hyperinflation (Stevens et al., 2013, Vendrusculo et al., 2019).  

 

It is interesting to note that since the completion of Inspire-CF, MBW has still not been fully 

integrated into clinical practice (Subbarao et al., 2015) primarily due to uncertainty of the exact 

clinical utility of the test in monitoring for changes in CF lung disease (Perrem et al., 2018). 

However, MBW has been demonstrated to be highly sensitive to changes within the small airways in 

children with normal FEV1 (Subbarao et al., 2015) and detecting early lung disease (Hoo et al., 2012), 

therefore the recent, proposals by Hatziagorou et al. (2021) and Gambazza et al. (2022) for LCI to 

become a primary endpoint in exercise-based interventional studies would be recommended.  

 
 
10.2.3. Exercise as a substitute for airway clearance therapy in cystic fibrosis 

At the start of Inspire-CF there were early reports of children and adults substituting exercise for 

airway clearance therapy sessions (Dwyer et al., 2011). This was identified as a top 10 research 

priority by a partnership of people with CF and healthcare providers (Rowbotham et al., 2018), with 

the aim of reducing the burden of physiotherapy treatment regimens. Since then, there have been 

several studies (Ward et al., 2018, Vendrusculo et al., 2019, Ward et al., 2019, Ward et al., 2021) and 

reviews (Chapman et al., 2021, Dwyer, 2021, Heinz et al., 2022, Rowbotham and Daniels, 2022, 
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Saynor et al., 2022) that have determined that exercise is a viable replacement for airway clearance 

therapy. As airway clearance regimens are commonly reported as burdensome (Davies et al., 2020), 

these new findings are highly relevant. 

 

Inspire-CF did not specifically investigate exercise as an alternative to airway clearance therapy, but 

children were actively encouraged to maintain a regimen throughout the time they were enrolled in 

the study and performed huffs and coughs during exercise sessions when required. The personal 

training team used the 6-point checklist questionnaire (Appendix J) to determine if children were 

completing prescribed airway clearance and nebulised therapy regimens, and if they were not, this 

was flagged with the GOSH specialist CF physiotherapy team. It was noted during Inspire-CF that 

some children, particularly those aged 12-15 years, were reporting poor adherence to their regimens 

so it is reassuring that exercise may have been assisting in maintenance of children’s lung health. 

Inspire-CF showed that treatment burden was not increased by participation in regular exercise, so 

these more recent findings will likely be welcomed by children and their parents/carers, who are 

always looking to reduce treatment burden.  

 
 
10.2.4. Current evidence for the effects of exercise on lung function, exercise capacity and 

quality of life in children with cystic fibrosis 

Since the systematic review that was documented in Chapter 2, Radtke et al. (2022) have published a 

comprehensive Cochrane Review on the effects of physical activity and exercise training in CF. 

Meta-analysis of 24 randomised controlled trials that included 875 children under the age of years 

and with a wide range of lung disease severity, concluded that programmes that included at least 6-

months of physical activity, likely had a positive effect on VO2peak (1.60 ml·min-1; 95%CI 0.16, 3.05; 

p=0.03) when compared to children who did not undertake physical activity. However, physical 

activity was unlikely to have a positive effect on FEV1 %pred. (2.41; 95%CI 0.49 to 5.31; p=0.06). 

Analysis of the CFQ-R physical functioning (2.19; -3.42, 7.80; p=0.18) and respiratory (-0.05; 95%CI 

-3.61, 3.51; p=0.62) domains, also demonstrated that exercise may not have a positive effect on 

quality of life. Additionally, regular exercise may not reduce the likelihood of repeat exacerbations 

of respiratory symptoms within 6-months (incidence rate ratio 1.28; 95%CI 0.85, 1.94; p=0.24). 
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The findings of Inspire-CF are currently in preparation for publication and will likely echo the 

conclusion of this review. However, it reasonable to speculate that the unique contribution that 

future systematic reviews may comment on, is the dose-related effect of the Inspire-CF exercise 

programme, such that sustained and regular moderate-to-high intensity exercise may have a positive 

impact on FEV1.  

 

10.2.5. Developments in standardisation of cardiopulmonary exercise tests and collaborative 
work to further understand the effects of exercise on physiological markers 

Inspire-CF exercise testing protocols and reporting of outcomes was based on the Hebestreit et al. 

(2015) consensus statement, and was carried out in a very busy clinical laboratory. There were 

significant time limitations and scheduling pressures that have been previously outlined. It is 

therefore pleasing to note that there remains a continued focus for CPET to be implemented 

clinically as the primary, CF annual review exercise test, and that a new statement on the 

standardisation of CPET has been published (Radtke et al., 2019). It is also pleasing that leading 

research teams, continue to collaborate (Williams et al., 2022), and that more work has been 

undertake to identify key prognostic information to further validate the importance of CPET 

(Hebestreit et al., 2019). These publications are of particular importance to physiotherapists and the 

wider MDT considering the adoption of CPET at annual review.   

 

10.2.6. Advocacy for high intensity interval training programmes 

Inspire-CF employed HIIT and muscle strength training, and the full protocol will be published as a 

supplement in future. Recently published articles on the potential benefits of HIIT in CF and other 

chronic respiratory conditions confirmed the potential benefits of HIIT (Sawyer et al., 2020a, Sawyer 

et al., 2020b). Although children in the Inspire-CF exercise group initially struggled with HIIT, 

children tolerated the protocol well and were able to independently replicate their training sessions 

on a weekly basis. As such, physiotherapists and other clinicians recommending exercise to people 

with CF, should advocate for the use of HIIT, supplemented by strength training. 
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10.2.7. ACTIVATE-CF 

At the same time as Inspire-CF was enrolling participants, a trial called ACTIVATE-CF had also 

started enrolling participants, and the results of that study have recently been published and present 

an opportunity for comparison of outcomes with Inspire-CF (Hebestreit et al., 2022). ACTIVATE-CF 

was a fully funded, international, multicentre randomised controlled trial that evaluated the effects 

of vigorous physical activity in children and adults with CF. The study recruited 117 participants 

(control=57; exercise=60) to the study, but this was only 40% of their anticipated sample size. 

Participants had low levels of physical activity at baseline (≤ 4-hours per week) and were required to 

undertake 30 minutes of strength training and 2-hours of aerobic exercise per week, for 6-months, 

and were followed up at 12-months. The results of the study showed that the exercise group had 

significantly increased their levels of physical activity at 6-months and had maintained some of the 

increased exercise capacity at 12-month assessments. However, counterintuitively the control group 

significantly increased their lung function, whilst the exercise groups lung function decreased. 

 

Inspire-CF and ACTIVATE-CF were the 2 most recent longitudinal randomised controlled trials, and 

despite the significant experience in both research teams on drawing on the best available evidence, 

to develop structured, disease specific exercise interventions, both studies failed to demonstrate a 

positive effect on lung function. It is interesting that exercise capacity was maintained after 6-

months in the ACTIVATE-CF group, as this phenomenon has not been achieved in previous short-

term studies. Inspire-CF and ACTIVATE-CF both demonstrated significant increases in functional 

physical activities, however Inspire-CF did not replicate the changes in VO2peak and Wpeak that were 

demonstrated in ACTIVATE-CF. A higher weekly dose of physical activity was prescribed in 

ACTIVATE-CF, and baseline exercise capacity was lower than in Inspire-CF. These may be the 

reasons that an increase in VO2peak was reported in the ACTIVATE-CF trial. The ACTIVATE-CF 

research group did suggest that the intervention may have been too intensive initially for 

participants with low activity levels, and this may have negatively impacted on the exercise groups 

enthusiasm for exercising.  
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10.3. Impact of CFTR modulator therapy 

The single most significant development that has positively impacted the lives of people with CF is 

the new generation of CFTR modulator drugs like Ivacaftor® (Kalydeco®), combination drug 

Lumacaftor/Ivacaftor (Orkambi®), and triple combination Elexacaftor/Tezacaftor/Ivacaftor (Trikafta®). 

The drugs target CFTR mutations such as the p.Phe508del and p.Gly551Asp, and correct basic 

molecular and cellular defects, and have been widely available on the NHS since the completion of 

Inspire-CF. These drugs have been life-changing for children and adults with CF, and significantly 

improved lung function and growth parameters. Medical treatment for CF remains focused on 

improving lung function, and these drugs have been demonstrated to help achieve this goal, but at a 

significant cost to the NHS. 

 

When Inspire-CF was started, CFTR modulator drugs were not immediately available for prescription 

on the NHS, however 3 participants (control=1; exercise=2) with at least one p.Gly551Asp mutation 

were prescribed Ivacaftor® (Kalydeco®) in the first 12-months of the study. There were no published 

data on the effects of the drug on exercise capacity. Since then, a range of studies have reported 

improved aerobic capacity, as well as lung function and growth outcomes, when CFTR modulator 

drugs have been prescribed (Saynor et al., 2014, Whiting et al., 2014, Edgeworth et al., 2017, Wilson 

et al., 2021, Causer et al., 2022, Rysgaard et al., 2022). Most recently, Caterini et al. (2022) have 

published a significant review of the potential role of CFTR modulators may have on exercise 

intolerance in CF, and have proposed a range of potential research routes to help clinicians better 

understand the effects of the drugs on clinical and health outcomes. It will be interesting to track 

these research developments in the next few years.  

 

  



 
 

 234 

10.4. Future Research  

Dose-related effects of exercise in CF have not been previously explored, and this opens a new 

opportunity for future research. Inspire-CF considered the dose-related effect of HIIT and strength 

training on lung function, and in future studies other modes of exercise should be considered. Future 

studies should also explore the dose-related effect of exercise on VO2peak and Wpeak, and other 

common secondary outcomes. The linear relationship, if any, between exercise training and dose 

effect should also be explored.  

 

Gabel et al. (2022) recently highlighted that some people are gaining weight excessively since being 

prescribed a CFTR modular drug, and this presents as an important consideration for 

physiotherapists and other clinicians advocating for continued promotion of exercise in CF. This 

opens an unexpected area of research for physiotherapists and dieticians to collaborate. The 

Frequent Flyer Programme highlighted some of the negative impact of moderate-to-high intensity 

exercise in children with moderate to severe lung disease, such that some children lost body mass. 

Future studies should aim to repeat the Frequent Flyer Programme intervention in a similar cohort of 

children who are prescribed CFTR modulator drugs.  

 

10.5. Conclusions 

When Inspire-CF was started, it was anticipated that the exercise intervention would increase 

exercise capacity and improve lung function, however this objective was not achieved. The dose-

related effect of exercise on FEV1 is an important finding, particularly as Orkambi® was approved for 

prescription after demonstrating an increase of 2.6 to 4.0 in FEV1 %pred., so exercise should 

continue to be advocated in children with CF. The wider health benefits of exercise, including 

maintenance of a good quality of life, should be advocated. A routine of exercise, structured sport 

and physical activity should be actively encouraged, especially in children with CF who have normal 

lung function and are not eligible for prescription of the latest pharmaceutical CFTR modulator 

therapies.   
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APPENDIX B:  ETHICAL APPROVAL 

 



 
NRES Committee South East Coast - Kent 

Ground Floor 
Skipton House 

80 London Road 
London 

SE1 6LH 
 

Telephone: 020 797 22551  
Facsimile: 020 797 22592 

10 August 2012 
 
Mr Sean J Ledger 
Cystic Fibrosis Unit, Level 8 Main Nurses Building  
Great Ormond Street Hospital for Children  
Great Ormond Street 
WC1N 3JH 
 
 
Dear Mr Ledger 
 
Study title: INSPIRE-CF: a randomised controlled trial investigating 

the clinical and economic benefits of an alternative 
model of physiotherapy care for children with Cystic 
Fibrosis 

REC reference: 12/LO/1135 
Protocol number: 11AR13 
 
The Research Ethics Committee reviewed the above application at the meeting held on 25 
July 2012. Thank you for attending to discuss the study. 
 
Ethical opinion 
 
The following points were raised in discussion: 
 
1. The Committee commented that this was a very interesting and well put together 

study which should produce some very meaningful results. 
 
2. The Committee stated that in the child’s assent form there was no opportunity for the 

participant to indicate dissent should they not wish to participate and would 
recommend that this is inserted as an option.   The Committee strongly 
recommended that parents should not be able to overrule their child’s decision if this 
option is taken. 

 
You indicated that you would be  happy to insert this statement. 

 
3. You and the Committee discussed and subsequently agreed that in the PIS for 11-15 

year old participants a statement on pregnancy should be inserted.  This statement 
should be consistent with the information in the parent PIS under section 5. 
 

4. The Committee noted that A.38 of the application form mentions that data will be 
handled in ‘agreement’ with the Data Protection Act and  emphasised that you must 
be ‘compliant’ with Act. 

 
You readily agreed that you would comply. 

 
5. The Committee discussed the confounding variables to take into account which will 

be managed by minimisation by an independent third party.  It was suggested that an  



 
 
additional confounder of whether or not a child smokes cigarettes be included. 

 
You commented that due to the participants medical condition this was not a 
possibility which had presented itself to date.   However you would be happy to 
discuss this possibility with your clinical colleagues and adjust for this factor 
accordingly. 

 
6. The Committee clarified the randomisation methodology which would take into 

account not only the age/gender of the participants but also take into account the 
percentage of lung function at the time of obtaining the data. 

 
You commented that the statistical analysis was undertaken by statisticians within 
your organisation and you are reliant on their expertise to guide him. 

 
The members of the Committee present gave a favourable ethical opinion of the above 
research on the basis described in the application form, protocol and supporting 
documentation, subject to the conditions specified below. 

 
1. In the Participant information Sheet for 11-15 year old participants a statement on 

pregnancy should be inserted.  This statement should be consistent with the 
information in the parent PIS under Section 5. 

 
2. In the Children’s assent form a statement should be inserted recognising that the 

child has a right to dissent if s/he wishes to. 
 

3. Confirm that the researcher is ‘compliant’ with the Data Protection Act. 
 
You must notify the REC in writing once all conditions have been met (except for site 
approvals from host organisations) and provide copies of any revised documentation with 
updated version numbers.  The REC will acknowledge receipt and provide a final list of the 
approved documentation for the study, which can be made available to host organisations 
to facilitate their permission for the study.  Failure to provide the final versions to the REC 
may cause delay in obtaining permissions. 
 
Ethical review of research sites 
 
NHS Sites 
 
The favourable opinion applies to all NHS sites taking part in the study, subject to 
management permission being obtained from the NHS/HSC R&D office prior to the start of 
the study (see “Conditions of the favourable opinion” below).  
 
Non NHS sites 
 
The Committee has not yet been notified of the outcome of any site-specific assessment 
(SSA) for the non-NHS research site(s) taking part in this study. The favourable opinion 
does not therefore apply to any non-NHS site at present. I will write to you again as soon as 
one Research Ethics Committee has notified the outcome of a SSA. In the meantime no 
study procedures should be initiated at non-NHS sites. 
 
Conditions of the favourable opinion 
 
The favourable opinion is subject to the following conditions being met prior to the start of 
the study. 
 
Management permission or approval must be obtained from each host organisation prior to 
the start of the study at the site concerned. 
 



 
 
 
 
Management permission (“R&D approval”) should be sought from all NHS organisations 
involved in the study in accordance with NHS research governance arrangements. 
 
Guidance on applying for NHS permission for research is available in the Integrated 
Research Application System or at http://www.rdforum.nhs.uk.   
 
Where a NHS organisation’s role in the study is limited to identifying and referring potential 
participants to research sites (“participant identification centre”), guidance should be sought 
from the R&D office on the information it requires to give permission for this activity. 
 
For non-NHS sites, site management permission should be obtained in accordance with the 
procedures of the relevant host organisation.  
 
Sponsors are not required to notify the Committee of approvals from host organisations 
 
It is responsibility of the sponsor to ensure that all the conditions are complied with 
before the start of the study or its initiation at a particular site (as applicable). 
 
You should notify the REC in writing once all conditions have been met (except for 
site approvals from host organisations) and provide copies of any revised 
documentation with updated version numbers. Confirmation should also be provided 
to host organisations together with relevant documentation  
 
Approved documents 

 
The documents reviewed and approved at the meeting were: 
  

Document    Version    Date    

Covering Letter    25 June 2012  

GP/Consultant Information Sheets  1.0  28 June 2012  

Investigator CV  Sean James 
Ledger  

   

Other: CV: Eleanor Main       

Other: Letter from Funder    31 May 2012  

Participant Consent Form: Children (6-10 Years)  1.0  26 June 2012  

Participant Consent Form: Children (11-15 Years)  1.0  26 June 2012  

Participant Consent Form: Parents  1.0  26 June 2012  

Participant Information Sheet: Children (6-10 Years)  1.0  26 June 2012  

Participant Information Sheet: Children (11-15 Years)  1.0  26 June 2012  

Participant Information Sheet: Parents  1.0  26 June 2012  

Protocol  1.0  28 June 2012  

Questionnaire: CFQ-UK (Children Ages 6-11)       

Questionnaire: CFQ-UK (Children Ages 12-13)       

Questionnaire: CFQ-UK (Children Ages Adolescents and Adults)       

REC application  107522/3386
53/1/748  

29 June 2012  

 
Membership of the Committee 
 
The members of the Ethics Committee who were present at the meeting are listed on the 
attached sheet. 
 
 

http://www.rdforum.nhs.uk/


 
 
 
Statement of compliance  
 
The Committee is constituted in accordance with the Governance Arrangements for 
Research Ethics Committees and complies fully with the Standard Operating Procedures for 
Research Ethics Committees in the UK. 
 
After ethical review 
 
Reporting requirements 
 
The attached document “After ethical review – guidance for researchers” gives detailed 
guidance on reporting requirements for studies with a favourable opinion, including: 
 

 Notifying substantial amendments 

 Adding new sites and investigators 

 Notification of serious breaches of the protocol 

 Progress and safety reports 

 Notifying the end of the study 
 
The NRES website also provides guidance on these topics, which is updated in the light of 
changes in reporting requirements or procedures. 
 
Feedback 
 
You are invited to give your view of the service that you have received from the National 
Research Ethics Service and the application procedure.  If you wish to make your views 
known please use the feedback form available on the website. 
 
Further information is available at National Research Ethics Service website > After Review 
 

12/LO/1135 Please quote this number on all correspondence 

 
With the Committee’s best wishes for the success of this project 
 
Yours sincerely 
 

 
Dr Ray Godfrey 
Chair 
 
Email: NRESCommittee.SECoast-Kent@nhs.net 
 
Enclosures: List of names and professions of members who were present at the 

meeting and those who submitted written comments 
“After ethical review – guidance for researchers” [SL-AR2] 

 
Copy to: Mr Sean J  Ledger - sean.ledger@gosh.nhs.uk 

R&D Marice Lunny Marice.Lunny@gosh.nhs.uk 
 

mailto:Marice.Lunny@gosh.nhs.uk
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ClinicalTrials.gov PRS DRAFT Receipt (Working Version)
Last Update: 04/23/2015 08:39

 

INSPIRE-CF: an Alternative Physiotherapy Model for Children With Cystic Fibrosis
This study is ongoing, but not recruiting participants.

Sponsor: Great Ormond Street Hospital for Children NHS
Foundation Trust

Collaborators:

Information provided by
(Responsible Party):

Great Ormond Street Hospital for Children NHS
Foundation Trust

ClinicalTrials.gov Identifier: NCT01889927

 Purpose
The primary aim of the research is to evaluate whether an alternative model of cystic fibrosis (CF) physiotherapy
care can produce statistically significant improvements in clinical and patient reported outcomes, and whether this
alternative model is economically advantageous and/or sustainable.

Children randomised to the control group will receive 24-months of current model of CF care at Great Ormond
Street Hospital (GOSH).

Children randomised to the intervention group will receive 24-months of current model of CF care at GOSH PLUS
a weekly structured, individually prescribed and personally supervised exercise intervention at a local fitness
facility or at school. The exercise prescription will include aerobic, anaerobic, strength, core conditioning and
stretching components.

The main objectives of the study are:

1. Determine differences, if any, in lung function between the two groups;
2. Determine differences, if any, in exercise capacity between the two groups;
3. Evaluate cost of care of alternate model of care versus current model of care.

Condition Intervention Phase

Cystic Fibrosis Exercise Intervention N/A

Study Type: Interventional
Study Design: Treatment, Parallel Assignment, Open Label, Randomized, Efficacy Study
Official Title: INSPIRE-CF: A Randomised Controlled Trial Investigating the Clinical and Economic Benefits of an
Alternative Model of Physiotherapy Care for Children With Cystic Fibrosis

Further study details as provided by Great Ormond Street Hospital for Children NHS Foundation Trust:
Primary Outcome Measure:

• Forced expiratory volume in one second (FEV1)   [Time Frame: Baseline, 6, 12 and 24-month intervals.]
[Designated as safety issue: No]

Spirometry data will also to be collected at outpatient clinics, annual reviews and during hospital
admissions.
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Secondary Outcome Measures:
• Peak oxygen uptake (VO2Peak)   [Time Frame: Baseline, 12 and 24-month intervals] [Designated as safety

issue: No]
Gold standard exercise test to determine peak oxygen uptake during exercise

• 10m-Modified Shuttle Walk Test   [Time Frame: Baseline, 6, 12 and 24 months] [Designated as safety issue:
No]

Field test to assess functional exercise capacity. Distance covered and incremental level changes are
evaluated over time.

• Lung Clearance Index   [Time Frame: Baseline, 12 and 24 months] [Designated as safety issue: No]
Multiple breath washout test to evaluate for changes in small airways

• Height, weight, body mass index measurements   [Time Frame: Baseline, 6, 12 and 24 months] [Designated
as safety issue: No]

Height, weight and body mass index will be measured at regular intervals to evaluate for changes in
growth parameters

• Cystic Fibrosis Questionnaire   [Time Frame: Baseline, 12 and 24 months] [Designated as safety issue: No]
Disease specific questionnaire to evaluate changes in quality of life in cystic fibrosis

• Cost of care   [Time Frame: Baseline, 12 and 24 months] [Designated as safety issue: No]
Evaluate differences in cost of care between the current model of CF care and the alternative model of
care; and cost per patient.

Enrollment: 71
Study Start Date: May 2012
Estimated Primary Completion Date: June 2016
Estimated Study Completion Date: June 2016

Arms Assigned Interventions

No Intervention: Group 1: Control
Control Group (Arm 1): Children
randomised to the control group will
receive 24-months of current model of
specialist CF care.

Active Comparator: Group 2: Exercise
Intervention

Intervention group (Arm 2): Children
randomised to the intervention group
will receive 24-months of current model
of specialist CF care PLUS a weekly
structured, individually prescribed
and personally supervised exercise
intervention at a local fitness facility or at
school.

Exercise Intervention
The exercise intervention will include aerobic,
anaerobic, strength, core conditioning and stretching
components.

 Eligibility
Ages Eligible for Study: 6 Years to 15 Years
Genders Eligible for Study: Both
Accepts Healthy Volunteers: No

Criteria
Inclusion Criteria:

• Patients with a documented diagnosis of Cystic Fibrosis;
• Male or female aged 6 years or older at baseline and <17years old at the end of the 2-year study;
• Currently under the primary care of the GOSH CF Unit;
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• Able to perform Spirometry with a baseline FEV1 percentage predicted of 40% or higher, as measured on at
least 3 occasions in the previous year, during times of clinical stability (i.e. not during an exacerbation, and
not during or within 2 weeks of intravenous antibiotics);

• The participant's parent or legal guardian must be able to give informed consent; assent will be sought from
all children.

Exclusion Criteria:

• Patients who have had lung transplantation;
• Patients listed for lung transplantation;
• Clinically significant disease or medical condition other than CF or CF-related conditions that in the opinion of

the multi-disciplinary clinical team, would compromise the safety of the patient;
• Orthopaedic impairment that compromises exercise performance;
• Mental impairment leading to inability to cooperate;
• Unable to understand both verbal and/or written instructions English. Children will need to be able to

understand exactly what the physiotherapists are instructing them do, for safe and effective exercise training
sessions. Information sheets and questionnaires are only available in English;

• Participants, parents or legal guardians who are unwilling to sign consent to participate in the study.

The following criteria will not exclude a child from participating in the study, but based on the hospital's exercise
laboratory's infection control protocol, may preclude the participant from Cardiopulmonary Exercise Testing.

• Patients with Methicillin-Resistant Staphylococcus Aureus;
• Patients with Burkholderia Cepacia.

 Contacts and Locations
Locations

United Kingdom
Great Ormond Street Hospital for Children NHS Foundation Trust

London, United Kingdom, WC1N 3JH

Investigators
Principal Investigator: Sean J Ledger, BSc MSc Cystic Fibrosis Unit, Great

Ormond Street Hospital for
Children NHS Foundation Trust

Principal Investigator: Eleanor Main, BA MSc PhD Institute of Child Health,
University College London

 More Information

Responsible Party: Great Ormond Street Hospital for Children NHS Foundation Trust
Study ID Numbers: 11AR13
Health Authority: United Kingdom: National Health Service

U.S. National Library of Medicine  |  U.S. National Institutes of Health  |  U.S. Department of Health & Human Services
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INSPIRE- CF TRIAL 
Participant Information Sheet for Children (6-10 years) 

 
Version: 2.0 Date: 20/8/2012 

REC Reference: 12/LO/1135 NHS R&D Reference: 11AR13 
Funders Reference: V1252 

Title of study: INSPIRE-CF: a randomised controlled trial investigating the clinical and 

economic benefits of an alternative model of physiotherapy care for children 
with Cystic Fibrosis 

Lead Investigators: Sean Ledger and Dr Eleanor Main 
 

We thank your mum or dad or carer for helping you read this information 

 

What is research and why is this project being done? 
Research is a way we try to find out the answers to questions. We think that doing exercise is good 
for children with cystic fibrosis (CF). The aim of this research is to see if adding a weekly personal 
exercise training session to your normal CF treatment plan, over the next 2 years, improves your lung 
function and fitness levels compared with normal treatment. 
  
Why have I been asked to take part? 
You have been asked to take part because you have CF and are being looked after at this hospital. 
 
Did anyone else check the study is ok to do? 
Before any research is allowed to happen, it has to be checked by a group of people called a 
Research Ethics Committee. They make sure that the research is fair. This project has been checked. 
 
Do I have to take part? 
No, you do not have to take part. You can take part if you want to but if you don’t take part nothing will 
change and nobody will be cross with you. We will respect your wishes if you don’t want to take part 
in the research, even if your parents want you to. 
 
What will happen if I take part in the research? 
This study is called a randomised trial. Sometimes we don’t know which way of treating patients is 
best. To find out, we need to compare different treatments.  
 
There will be two groups in this research and each group will have a different treatment. We want to 
see if one is better than the other.  
 
To try to make sure the groups are the same to start with, a computer will choose which group you will 
be in. 
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Group 1: One group will continue to receive normal CF care from the GOSH CF team. 
  
Group 2: The second group will also receive this same CF care PLUS they will also do roughly an 
extra hour of fun exercise each week, near their home with a personal trainer.  
 
If you say yes that you would like to take part we will fill in a form with your parent or guardian to show 

us that you have said yes to take part. 

↓ 
You will come to the hospital for a few hours on the day you join the research 

↓ 
First, you will be asked to do some lung function tests just like the ones you normally do 

↓ 

We will then show you the equipment and the laboratory where you will do a bicycle test 
↓ 

We will stick some sticky pads on your chest so that we can measure what your heart does when you 

exercise 

↓ 

We will also check how much oxygen is in your blood with an oxygen monitor and we will ask you how 

hard you feel you are exercising during the test. This test takes 10-minutes. 

↓ 

After the test is completed you will then have a 1-hour lunch break. 
↓ 

The next exercise test is a walking test – called a ‘bleep test’. You will walk and then run to the sound 

of bleeps that get faster and faster. You may have done this type of test at your school already!. This 

test takes 10-15 minutes. 

↓ 

Finally, after the bleep test you will answer some questions about your CF 

 
Exercises for Group 2 children: 
If you are in the group where you will do exercise with a personal trainer. We will make a time each 
week to meet at a gym near you for some exercise. We will make sure this happens at a time that 
suits you and your family and your school. These sessions will be fun and we hope will make you 
fitter. The exercise will consist of fitness and muscle strengthening exercise, and also exercises to 
make your tummy stronger. At the end of the sessions you will do some stretching. 
 
What are the possible disadvantages and risks of taking part? And what are the side effects of 
the treatment? 
There are no real disadvantages to taking part that we can think of.  When you do the exercise tests 
you will feel a bit tired in your muscles, you might feel a bit short of breath and it might make you 
cough and clear secretions during the test. You will have plenty of time to rest after exercise test so 
your muscles can recover. You might feel some mild leg muscle ache which is normal after doing 
exercise. We will make sure that you have enough rest after the exercise tests and that you can eat 
and drink normally. 
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What are the possible benefits of taking part? 
We cannot promise the study will help you but the information we get from this study will help treat 
young people like you with CF in the future. 
 
What happens when the research projects stops? 
When the study stops you will continue with the same physiotherapy and exercise treatment that you 
were doing before the study.  
 
What if there is a problem or something goes wrong? 
If something goes wrong you should let your parents/guardians know first and then speak to one of 
the members of our team.  
 
Will anyone else know that I am doing this? 
We will keep your information in confidence. This means we will only tell those who have a need or a 
right to know. 
 
What will happen to the results of the study? 
The results of this study will be published in a cystic fibrosis or physiotherapy journal when the 
research is finished. Your name will be kept private and no one will be able to tell you took part in the 
study. If you want to know the results we will tell you them at the end. 
 
Who has reviewed the study? 
Before any research goes ahead it has to be checked by a Research Ethics Committee. They make 
sure that the research is fair. This research has been checked. 
 
Who can I contact for further information?  
Please feel free to ask your doctors any questions about the study or about any of the treatments.  
 
 
Contact for Further Information 
Sean Ledger  
Research Physiotherapist | INSPIRE-CF Trial 
Cystic Fibrosis Unit 
Great Ormond Street Hospital for Children NHS Foundation Trust 
Great Ormond Street 
London 
WC1N 3JH 
 
Mobile No:  
e-mail: sean.ledger@gosh.nhs.uk 
 

THANK YOU FOR READING THIS INFORMATION SHEET. 
WE HOPE YOU HAVE FOUND THIS HELPFUL. 
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NHS Number:   
|__|__|__|__|__|__|__|__|__|__| 
 
GOSH Number: 
|__|__|__|__|__|__|__| 
 

 

 
INSPIRE- CF TRIAL 

Assent Form for Children (6-10 years)   
(To be completed by the child and their parent/guardian) 

 
Version: 2.0 Date: 20/8/2012 

REC Reference: 12/LO/1135 NHS R&D Reference: 11AR13 
Funders Reference: V1252 
Title of study: INSPIRE-CF: a randomised controlled trial investigating the clinical and 

economic benefits of an alternative model of physiotherapy care for children 
with Cystic Fibrosis 

Lead Investigators: Sean Ledger and Dr Eleanor Main 
 

Child (or if unable, parent on their behalf) / young person to please circle all they agree to. 
Every child has the right to refuse if he/she wishes to, and it is strongly recommended that 

parents should not overrule their child’s decision if this option is taken. 
 

 Please circle 

Have you read (or had read to you) information about this project. YES / NO 

Has somebody else explained this project to you? YES / NO 

Do you understand what this project is about? YES / NO 

Have you asked all the questions you want? YES / NO 

Have you had all your questions answered in a way you understand?  YES / NO 

Do you understand its ok to stop taking part at any time? YES / NO 

Are you happy to take part? YES / NO 

If any answers are ‘no’ or you don’t want to take part, don’t sign your name! 

If you do want to take part, please write your name and today’s date  

Your Name: __________________________ Date: _______________________ 

Your parent or guardian must write their name here too if they are happy for you to take part!  

__________________________ 
Name of Parent/Guardian 

_______________ 
Signature 

___/___/___ 
Date 

 
__________________________ 
Name of Person taking consent 

 
_______________ 

Signature 

 
___/___/___ 

Date 
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INSPIRE- CF TRIAL 
Participant Information Sheet for Children (11-15 years) 

 
Version: 2.0 Date: 20/8/2012 

REC Reference: 12/LO/1135 NHS R&D Reference: 11AR13 
Funders Reference: V1252 
Title of study: INSPIRE-CF: a randomised controlled trial investigating the clinical and 

economic benefits of an alternative model of physiotherapy care for children 
with Cystic Fibrosis 

Lead Investigators: Sean Ledger and Dr Eleanor Main 
 

We are asking you if you would like to join our research study. Before you decide, we would like you 
to understand what is being done and what it would involve for you. Please read this information 
leaflet carefully. Talk to your family and friends, doctor or nurse about it, if you want to.  

Why are we doing this research?  

The aim of this study is to see if adding a weekly personal exercise training session to the current CF 
treatment plan, over 2 years, improves lung function and fitness levels compared with normal 
treatment.  

Why have I been invited to take part? 

You have been invited to take part in this study because you have CF and are being looked after at 
this hospital. Children with CF usually try to do physiotherapy and exercise to keep fit and to help 
keep their lungs clear. This research is to find out whether doing an extra supervised exercise session 
in a local gym every week is a better way of looking after children with CF.   

Do I have to take part? 

No. It is up to you. If you agree to take part we will then ask you and your parent/guardian to sign a 
form that says that you agree to take part. We will give you a copy of this information sheet and your 
signed forms to keep. You are free to stop taking part at any time during the research without giving a 
reason. If you decide to stop this will not affect the care you receive. 

What will happen to me if I take part? 

This study is called a randomised trial. Sometimes we don’t know which way of treating patients is 
best. To find out, we need to compare different treatments. There will be two groups in this research 
and each group will have a different treatment. The results are compared to see if one is better than 
the other. To try to make sure the groups are the same to start with, each participant is put into a 
group randomly (a computer chooses which group you will be in and you will have a 50/50 chance of 
being in either group).  
 
At the beginning, and in the middle and at the end of the 2 year study, children in both groups will do 
some lung function tests and a bicycle exercise test. We will also ask you to do a shuttle walking test 
(you may know this as the ‘bleep’ test) and answer some questions about your CF.  
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Before the first exercise test, called a Cardiopulmonary Exercise Test or CPET for short, a member of 
our research team will meet with you and your parent/legal guardian to show you the testing 
equipment, the laboratory and the testing procedures.  

Group 1: One group will continue to receive CF care as you know it from the GOSH CF team.  

Group 2: The second group will also receive this same CF care PLUS they will also do an extra hour 
of exercise each week, near their home with a personal trainer.  

If you agree to participate in the study we will discuss with you, your usual medical team and your 
parent/legal guardian child to arrange suitable testing times and time for a weekly exercise session. 

Measurements for all participants  

The first part of the study will be done on the first day that you join the research. All of the study 
testing will be carried out Great Ormond Street Hospital. 

First, you will be asked to do some lung function tests in the lung function laboratory (just like the 
ones you normally do). 

Second, you will go to the exercise laboratory. We will sit you to a stationary bike so that you can 
pedal safely and comfortably. You will wear a facemask or mouthpiece which will measure the air you 
breathe in and out during the exercise test. You will also have your heart activity measured using 
standard electrodes (small sticky pads that attach to your skin) and oxygen levels measured during 
the tests.  We set aside about an hour to set up equipment, but the bike test only takes 10-15minutes 
to complete.  

After the test is completed you will then have a 1-hour lunch break. 

After lunch we will ask you to do a ‘bleep test’, which will give us different information about how fit 
you are (you may have already done one of these at school before!). You will walk between two 
cones that are 10 meters apart. You will try to match the sound of the bleeps to your walk. The bleeps 
start off slowly at first then and then get quicker. You will have to walk or run faster to keep in time 
with the bleeps. This test will also take approximately 15 minutes.   

After you have finished the exercise test we will ask you to answer some questions about your CF.   

Exercises for Group 2 children 

If you are in the group where you will do exercise with a personal trainer, we will arrange a time each 
week to meet at a gym near you for some exercise. We will work with you, your family and your 
school if necessary so that it fits into your weekly schedule. These sessions will be fun and we hope 
will make you fitter. 

The exercise will consist of fitness and muscle strengthening exercise, and also exercises to make 
your tummy stronger. At the end of the sessions you will do some stretching. 

What are the possible disadvantages and risks of taking part? And what are the side effects of 
the treatment? 

There are no real disadvantages to taking part that we can think of.  When you do the exercise tests 
you will feel a bit tired in your muscles, you might feel a bit short of breath and it might make you 
cough and clear secretions during the test. You will have plenty of time to rest after exercise test so 
your muscle can recover. You might feel some mild leg muscle ache which is normal after doing 
exercise. We will make sure that you have enough rest after the exercise tests and that you can eat 
and drink normally. 

What are the possible benefits of taking part? 

We cannot promise the study will help you but the information we get from this study will help treat 
young people like you with CF in the future. 
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What happens when the research projects stops? 

When the study stops you will continue with the same physiotherapy and exercise treatment that you 
were doing before the study.  

What if there is a problem or something goes wrong? 

If something goes wrong you should let your parents/guardians know first and then speak to one of 
the members of our team.  

What happens if I am pregnant or plan on becoming pregnant? 

You should not take part in this study if you are pregnant, or if you plan on getting pregnant during the 
study.  

Will anyone else know that I am doing this? 

We will keep your information in confidence. This means we will only tell those who have a need or a 
right to know. 

What will happen to the results of the study? 

The results of this study will be published in a cystic fibrosis or physiotherapy related journal when the 
study is finished. Your name will be kept out of any publication and no one will be able to tell you took 
part in the study. If you want to know the results we will give you a summary sheet at the end. 

Who has reviewed the study? 

Before any research goes ahead it has to be checked by a Research Ethics Committee. They make 
sure that the research is fair. This research has been checked. 

Who can I contact for further information?  

Please feel free to ask your doctors any questions about the study or about any of the treatments. 

Contact for Further Information 
Sean Ledger  
Research Physiotherapist | INSPIRE-CF Trial 
Cystic Fibrosis Unit 
Great Ormond Street Hospital for Children NHS 
Foundation Trust 
Great Ormond Street 
London WC1N 3JH 
 
Mobile No:  
e-mail: sean.ledger@gosh.nhs.uk 

 
 
 
 
 
 
 

 

THANK YOU FOR READING THIS INFORMATION SHEET. 

WE HOPE YOU HAVE FOUND THIS HELPFUL. 
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NHS Number:   
|__|__|__|__|__|__|__|__|__|__| 
 
GOSH Number: 
|__|__|__|__|__|__|__| 
 

 

 

 
INSPIRE- CF TRIAL 

Assent Form for Children (11-15 years) 
(To be completed by the child and their parent/guardian) 

 

Version: 2.0 Date: 20/8/2012 
REC Reference: 12/LO/1135 NHS R&D Reference: 11AR13 
Funders Reference: V1252 
Title of study: INSPIRE-CF: a randomised controlled trial investigating the clinical and 

economic benefits of an alternative model of physiotherapy care for children 
with Cystic Fibrosis 

Lead Investigators: Sean Ledger and Dr Eleanor Main 
 

Child (or if unable, parent on their behalf) / young person to please circle all they agree to. 
Every child has the right to refuse if he/she wishes to, and it is strongly recommended that 

parents should not overrule their child’s decision if this option is taken. 
 

 Please circle 

Have you read (or had read to you) information about this project. YES / NO 

Has somebody else explained this project to you? YES / NO 

Do you understand what this project is about? YES / NO 

Have you asked all the questions you want? YES / NO 

Have you had all your questions answered in a way you understand?  YES / NO 

Do you understand its ok to stop taking part at any time? YES / NO 

Are you happy to take part? YES / NO 

If any answers are ‘no’ or you don’t want to take part, don’t sign your name! 

If you do want to take part, please write your name and today’s date  

Your Name: __________________________ Date: _______________________ 

Your parent or guardian must write their name here too if they are happy for you to take part!  

__________________________ 
Name of Parent/Guardian 

_______________ 
Signature 

___/___/___ 
Date 

 
__________________________ 
Name of Person taking consent 

 
_______________ 

Signature 

 
___/___/___ 

Date 
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INSPIRE- CF PROGRAMME 
Participant Information Sheet for Children (6-10 years) 

 
Version: 1.0 Date: 1/9/2012 

 
Lead Investigators: 

 

Sean Ledger and Dr Eleanor Main 
 

We thank your mum or dad or carer for helping you read this information 

 

What is research and why is this project being done? 
We think that doing exercise is good for children with cystic fibrosis (CF). The aim of this programme 
is to see if adding a weekly personal exercise training session to your normal CF treatment plan, over 
the next 2 years, improves your lung function and fitness levels. 
  
Why have I been asked to take part? 
You have been asked to take part because you have CF and were part of the Frequent Flyer 
Programme. 
 
Do I have to take part? 
No, you do not have to take part. You can take part if you want to but if you don’t take part nothing will 
change and nobody will be cross with you. We will respect your wishes if you don’t want to take part 
in the programme, even if your parents want you to. 
 
What will happen if I take part in the programme? 
You will receive normal CF care from the GOSH CF team PLUS they will also do roughly an extra 
hour of fun exercise each week, near your home with a personal trainer.  
 
If you say yes that you would like to take part we will fill in a form with your parent or guardian to show 

us that you have said yes to take part. 
↓ 

You will come to the hospital for a few hours on the day you join the programme 

↓ 
First, you will be asked to do some lung function tests just like the ones you normally do 

↓ 

We will then show you the equipment and the laboratory where you will do a bicycle test 

↓ 

We will stick some sticky pads on your chest so that we can measure what your heart does when you 
exercise 
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↓ 

We will also check how much oxygen is in your blood with an oxygen monitor and we will ask you how 

hard you feel you are exercising during the test. This test takes 10-minutes. 

↓ 
After the test is completed you will then have a 1-hour lunch break. 

↓ 

The next exercise test is a walking test – called a ‘bleep test’. You will walk and then run to the sound 

of bleeps that get faster and faster. You may have done this type of test at your school already!. This 

test takes 10-15 minutes. 

↓ 

Finally, after the bleep test you will answer some questions about your CF 

 
You will do exercise with a personal trainer like you did in the Frequent Flyer programme. There are 4 
trainers this time so you won’t always have the same person.  
 
We will make a time each week to meet at a gym near you for some exercise. We will make sure this 
happens at a time that suits you and your family and your school. These sessions will be fun and we 
hope will make you fitter. The exercise will consist of fitness and muscle strengthening exercise, and 
also exercises to make your tummy stronger. At the end of the sessions you will do some stretching. 
 
What are the possible disadvantages and risks of taking part? And what are the side effects of 
the treatment? 
There are no real disadvantages to taking part that we can think of.  When you do the exercise tests 
you will feel a bit tired in your muscles, you might feel a bit short of breath and it might make you 
cough and clear secretions during the test. You will have plenty of time to rest after exercise test so 
your muscles can recover. You might feel some mild leg muscle ache which is normal after doing 
exercise. We will make sure that you have enough rest after the exercise tests and that you can eat 
and drink normally. 
 
What are the possible benefits of taking part? 
We cannot promise the programme will help you but the information we get from this programme will 
help treat young people like you with CF in the future. 
 
What happens when the programme projects stops? 
When the programme stops you will continue with the same physiotherapy and exercise treatment 
that you were doing before the programme.  
 
What if there is a problem or something goes wrong? 
If something goes wrong you should let your parents/guardians know first and then speak to one of 
the members of our team.  
 
Will anyone else know that I am doing this? 
We will keep your information in confidence. This means we will only tell those who have a need or a 
right to know. 
 
What will happen to the results of the programme? 
The results of this programme will be published in a cystic fibrosis or physiotherapy journal when the 
research is finished.  
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NHS Number:   
|__|__|__|__|__|__|__|__|__|__| 
 
GOSH Number: 
|__|__|__|__|__|__|__| 
 

 

 
INSPIRE- CF PROGRAMME 

Assent Form for Children (6-10 years)   
(To be completed by the child and their parent/guardian) 

 
Version: 1.0 Date: 1/09/2012 

  
Lead Investigators: Sean Ledger and Dr Eleanor Main 

 
Child (or if unable, parent on their behalf) / young person to please circle all they agree to. 
Every child has the right to refuse if he/she wishes to, and it is strongly recommended that 

parents should not overrule their child’s decision if this option is taken. 
 

 Please circle 

Have you read (or had read to you) information about this project. YES / NO 

Has somebody else explained this project to you? YES / NO 

Do you understand what this project is about? YES / NO 

Have you asked all the questions you want? YES / NO 

Have you had all your questions answered in a way you understand?  YES / NO 

Do you understand its ok to stop taking part at any time? YES / NO 

Are you happy to take part? YES / NO 

If any answers are ‘no’ or you don’t want to take part, don’t sign your name! 

If you do want to take part, please write your name and today’s date  

Your Name: __________________________ Date: _______________________ 

Your parent or guardian must write their name here too if they are happy for you to take part!  

__________________________ 
Name of Parent/Guardian 

_______________ 
Signature 

___/___/___ 
Date 

 
__________________________ 
Name of Person taking consent 

 
_______________ 

Signature 

 
___/___/___ 

Date 
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INSPIRE- CF PROGRAMME 
Participant Information Sheet for Children (11-15 years) 

 
Version: 1.0 Date: 1/09/2012 

  
Lead Investigators: Sean Ledger and Dr Eleanor Main 
 

We are asking you if you would like to join our INSPIRE-CF programme. Before you decide, we would 
like you to understand what is being done and what it would involve for you. Please read this 
information leaflet carefully. Talk to your family and friends, doctor or nurse about it, if you want to.  

Why are we doing this programme?  

The aim of this programme is to see if adding a weekly personal exercise training session to the 
current CF treatment plan, over 2 years, improves lung function and fitness levels.  

Why have I been invited to take part? 

You have been invited to take part in this programme because you have CF and were in the Frequent 
Flyer Programme. Children with CF usually try to do physiotherapy and exercise to keep fit and to 
help keep their lungs clear. This programme is to find out whether doing an extra supervised exercise 
session in a local gym every week is a better way of looking after children with CF.   

Do I have to take part? 

No. It is up to you. If you agree to take part we will then ask you and your parent/guardian to sign a 
form that says that you agree to take part. We will give you a copy of this information sheet and your 
signed forms to keep. You are free to stop taking part at any time during the research without giving a 
reason. If you decide to stop this will not affect the care you receive. 

What will happen to me if I take part? 

At the beginning, and in the middle and at the end of the 2 year programme, you will do some lung 
function tests and a bicycle exercise test. We will also ask you to do a shuttle walking test (you may 
know this as the ‘bleep’ test) and answer some questions about your CF.  

Before the first exercise test, called a Cardiopulmonary Exercise Test or CPET for short, a member of 
our research team will meet with you and your parent/legal guardian to show you the testing 
equipment, the laboratory and the testing procedures.  

You will continue to receive CF care as you know it from the GOSH CF team PLUS also do an extra 
hour of exercise each week, near your home or school with a personal trainer.  

If you agree to participate in the programme we will discuss with you, your usual medical team and 
your parent/legal guardian child to arrange suitable testing times and time for a weekly exercise 
session. 

Measurements for all participants  

The first part of the programme will be done on the first day that you join the research. All of the 
programme testing will be carried out Great Ormond Street Hospital. 



INSPIRE-CF PARTICIPANT INFORMATION SHEET AND ASSENT FORM (AGE 11-15 YEARS) VERSION 1.0 DATE: 1/9/2012 

 

 
 2 

 
 

First, you will be asked to do some lung function tests in the lung function laboratory (just like the 
ones you normally do). 

Second, you will go to the exercise laboratory. We will sit you to a stationary bike so that you can 
pedal safely and comfortably. You will wear a facemask or mouthpiece which will measure the air you 
breathe in and out during the exercise test. You will also have your heart activity measured using 
standard electrodes (small sticky pads that attach to your skin) and oxygen levels measured during 
the tests.  We set aside about an hour to set up equipment, but the bike test only takes 10-15minutes 
to complete.  

After the test is completed you will then have a 1-hour lunch break. 

After lunch we will ask you to do a ‘bleep test’, which will give us different information about how fit 
you are (you may have already done one of these at school before!). You will walk between two 
cones that are 10 meters apart. You will try to match the sound of the bleeps to your walk. The bleeps 
start off slowly at first then and then get quicker. You will have to walk or run faster to keep in time 
with the bleeps. This test will also take approximately 15 minutes.   

After you have finished the exercise test we will ask you to answer some questions about your CF.   

Exercises Sessions 

If you are in the group where you will do exercise with a personal trainer. There are 4 trainers involved 
with this programme so you won’t always have the same trainer. We will arrange a time each week to 
meet at a gym near you for some exercise. We will work with you, your family and your school if 
necessary so that it fits into your weekly schedule. These sessions will be fun and we hope will make 
you fitter. 

The exercise will consist of fitness and muscle strengthening exercise, and also exercises to make 
your tummy stronger. At the end of the sessions you will do some stretching. 

What are the possible disadvantages and risks of taking part? And what are the side effects of 
the treatment? 

There are no real disadvantages to taking part that we can think of.  When you do the exercise tests 
you will feel a bit tired in your muscles, you might feel a bit short of breath and it might make you 
cough and clear secretions during the test. You will have plenty of time to rest after exercise test so 
your muscle can recover. You might feel some mild leg muscle ache which is normal after doing 
exercise. We will make sure that you have enough rest after the exercise tests and that you can eat 
and drink normally. 

What are the possible benefits of taking part? 

We cannot promise the programme will help you but the information we get from this programme will 
help treat young people like you with CF in the future. 
 
What happens when the research projects stops? 

When the programme stops you will continue with the same physiotherapy and exercise treatment 
that you were doing before the programme.  

What if there is a problem or something goes wrong? 

If something goes wrong you should let your parents/guardians know first and then speak to one of 
the members of our team.  

What will happen to the results of the programme? 

The results of this programme will be published in a cystic fibrosis or physiotherapy related journal 
when the programme is finished.  



INSPIRE-CF PARTICIPANT INFORMATION SHEET AND ASSENT FORM (AGE 11-15 YEARS) VERSION 1.0 DATE: 1/9/2012 

 

 
When completed, 3 copies need to be made, 1 for the participant, 1 for the 
investigator site file and the original must be kept in the medical notes. 

3 

 

NHS Number:   
|__|__|__|__|__|__|__|__|__|__| 
 
GOSH Number: 
|__|__|__|__|__|__|__| 
 

 

 

 
INSPIRE- CF PROGRAMME 

Assent Form for Children (11-15 years) 
(To be completed by the child and their parent/guardian) 

 

Version: 1.0 Date: 1/09/2012 
    
Lead Investigators: Sean Ledger and Dr Eleanor Main 

 

Child (or if unable, parent on their behalf) / young person to please circle all they agree to. 
Every child has the right to refuse if he/she wishes to, and it is strongly recommended that 

parents should not overrule their child’s decision if this option is taken. 
 

 Please circle 

Have you read (or had read to you) information about this project. YES / NO 

Has somebody else explained this project to you? YES / NO 

Do you understand what this project is about? YES / NO 

Have you asked all the questions you want? YES / NO 

Have you had all your questions answered in a way you understand?  YES / NO 

Do you understand its ok to stop taking part at any time? YES / NO 

Are you happy to take part? YES / NO 

If any answers are ‘no’ or you don’t want to take part, don’t sign your name! 

If you do want to take part, please write your name and today’s date  

Your Name: __________________________ Date: _______________________ 

Your parent or guardian must write their name here too if they are happy for you to take part!  

__________________________ 
Name of Parent/Guardian 

_______________ 
Signature 

___/___/___ 
Date 

 
__________________________ 
Name of Person taking consent 

 
_______________ 

Signature 

 
___/___/___ 

Date 
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APPENDIX F:  10 METER MODIFIED SHUTTLE WALK TEST SHEET 

 

  



10m MODIFIED SHUTTLE WALK TEST (25 Level) Version 1.0  Date: 14.8.2012 

Researcher Name: ____________________________ Signature: ______________________ Date: ____/____/____ 

Participant Name: ……………………………………………….. Hospital Number: ……………………...  

LEVEL 
SHUTTLE 

TIME 
SHUTTLE NUMBER DISTANCE 

1 20.00 1 2 3 30 

2 15.00 1 2 3 4 70 

3 12.00 1 2 3 4 5 120 

4 10.00 1 2 3 4 5 6 180 

5 8.57 1 2 3 4 5 6 7 250 

6 7.50 1 2 3 4 5 6 7 8 330 

7 6.67 1 2 3 4 5 6 7 8 9 420 

8 6.00 1 2 3 4 5 6 7 8 9 10 520 

9 5.46 1 2 3 4 5 6 7 8 9 10 11 630 

10 5.00 1 2 3 4 5 6 7 8 9 10 11 12 750 

11 4.62 1 2 3 4 5 6 7 8 9 10 11 12 13 880 

12 4.29 1 2 3 4 5 6 7 8 9 10 11 12 13 14 1020 

13 4.00 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1170 

14 3.75 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1330 

15 3.53 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1500 

16 3.33 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 1680 

17 3.16 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 1870 

18 3.00 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2070 

19 2.86 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

2280 
21 

20 2.73 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

2500 
21 22 

21 2.61 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

2730 
21 22 23 

22 2.5 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

2970 
21 22 23 24 

23 2.4 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

3200 
21 22 23 24 25 

24 2.31 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

3480 
21 22 23 24 25 26 

25 2.22 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

3750 
21 22 23 24 25 26 27 

OUTCOME RESTING POST-TEST MINIMUM MAXIMUM 3-MIN POST TEST

SpO2 

Heart Rate 

OMNI  Scale (0-10) 

Number of completed levels Total completed levels + shuttles 

Number of shuttles after last completed level Total Distance m 

Reason for stopping test Breathless  Low SpO2  Not matching pace  Tired legs  Other 
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APPENDIX G:  CYSTIC FIBROSIS QUESTIONNAIRE (CHILD) 

 

  



 
 
 
 

    1

This questionnaire is formatted for use by an interviewer.  Please use this format for younger children.   
For older children who seem able to read and answer the questions on their own, such as 12 and 13 year 
olds, use this questionnaire in its self-report format. 
 
There are directions for the interviewer for each section of the questionnaire. Directions that you should  
read to the child are indicated by quotation marks. Directions that you are to follow are underlined and      
set in italics. 

  

Interviewer:  Please ask the following questions 

A. What is your date of birth? 
Date         
 Day Month Year 

 
B. Are you? 
  

       Male  Female 

 
C.  During the past two weeks, have you been on 

holiday or out of school for reasons NOT related to 
your health? 

  

        Yes  No 

 
D. Which of the following best describes your racial 

background?  
       White - UK 
       White - other 
         Indian/ Pakistani 
       Chinese/ Asian 
       African 
       Caribbean 
       Other [not represented above or people whose 

predominant origin cannot be determined/ mixed 
race] 

       Prefer not to answer this question 
 

E. What year are you in now at school? 

     (If summer, year you just finished) 
  Reception 
  Year 1 
  Year 2 
  Year 3 
  Year 4 
   Year 5  
        Year 6 
   Year 7  
        Not in school                                                                               
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Interviewer: Please read the following to the child: 

 “These questions are for children like you who have cystic fibrosis.  Your answers will help   
us understand what this disease is like and how your treatments help you.  So, answering    
these questions will help you and others like you in the future.” 

 "For each question that I ask, choose one of the answers on the cards I’m about to show 
you."  

 

Present the light green card to the child. 

"Look at this card and read with me what it says:  

very true, mostly true, somewhat true, not at all true." 

"Here’s an example:  If I asked you if it is very true, mostly true, somewhat true, not 
at all true that elephants can fly, which one of the four answers on the card would you 
choose?" 

 

Present the light green card to the child. 

"Now, look at this card and read with me what it says:  

always / often / sometimes / never." 

"Here’s another example:  If I asked you if you go to the moon always, often, 
sometimes, or never, which answer on the card would you choose?" 

 

Present the light green card to the child. 

"Now, I will ask you some questions about your everyday life." 

"Tell me if you find the statements I read to you to be very true, mostly true, somewhat 
true, or not at all true." 
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Please tick the box indicating the child's response. 

 

 “During the past two weeks”:  
Very  
True 

Mostly 
True 

Somewhat 
True 

Not at 
all True 

  1. You were able to walk as fast as others ...........................................      

  2. You were able to climb stairs as fast as others ................................      

  3. You were able to run, jump, and climb as you wanted....................      

  4. You were able to run as quickly and for as long as others ..............      

  5. You were able to participate in sports that you enjoy (e.g., 
swimming, football, dancing or others) ...........................................      

  6. You had difficulty carrying or lifting heavy things such as books, 
your school bag, or a rucksack.........................................................      

 
 
 



 
 
 
 
 

         4

Interviewer:   Present the light green card to the child.   

Please tick the box indicating the child's response. 

 

“And during these past two weeks, tell me how often”: Always Often Sometimes Never 

  7. You felt tired ..................................................................................      

  8. You felt mad...................................................................................      

  9. You felt grouchy ............................................................................      

10. You felt worried .............................................................................      

11. You felt sad ....................................................................................     

12. You had trouble falling asleep .......................................................      

13. You had bad dreams or nightmares................................................      

14. You felt good about yourself .........................................................      

15. You had trouble eating...................................................................      

16. You had to stop fun activities to do your treatments .....................     

17. You were forced to eat ...................................................................      
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Interviewer:   Present the light green card to the child. 

"Now tell me if you find the statements I read to you to be very true, mostly true, somewhat 
true, or not at all true." 

Please tick the box indicating the child's response. 

 

“During the past two weeks”: 
Very 
True 

Mostly 
True 

Somewhat 
True 

Not at 
all True 

18. You were able to do all of your treatments....................................      

19. You enjoyed eating ........................................................................      

20. You got together with friends a lot ................................................      

21. You stayed at home more than you wanted to ...............................      

22. You felt comfortable sleeping away from home (at a friend or 
family member’s house or elsewhere) ...........................................      

23. You felt left out ..............................................................................     

24. You often invited friends to your house ........................................      

25. You were teased by other children.................................................      

26. You felt comfortable discussing your illness with others (friends, 
teachers) .........................................................................................     

27. You thought you were too short.....................................................      

28. You thought you were too thin ......................................................      

29. You thought you were physically different from others your age .     

30. Doing your treatments bothered you..............................................      
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Interviewer: Present the light green card to the child again 

  Please tick the box indicating the child's response. 

 
 
“Tell me how often in the past two weeks”: Always Often Sometimes Never 

31.  You coughed during the day .................................................................     

32.  You woke up during the night because you were coughing .................     

33.  You had to cough up mucus..................................................................     

34.  You had trouble breathing ....................................................................     

35.  Your stomach hurt.................................................................................     

 
Please make sure all the questions have been answered. 
 

 

Thank you for your cooperation 
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These questions are for children like you who have cystic fibrosis. Your answers will help us understand 
what this disease is like and how your treatments help you. So, answering these questions will help you and 
others like you in the future. 
 
Please answer all the questions. There are no right or wrong answers! If you are not sure how to answer, 
choose the response that seems closest to your situation. 

  

Please fill in the answer or tick the box that matches your response to these questions.

A. What is your date of birth? 
Date         
 Day Month Year 

 
B. Are you? 
  

       Male  Female 

 
C.  During the past two weeks, have you been on 

holiday or out of school for reasons NOT related to 
your health? 

  

        Yes  No 

 
D. Which of the following best describes your racial 

background?  
       White - UK 
       White - other 
         Indian/ Pakistani 
       Chinese/ Asian 
       African 
       Caribbean 
       Other [not represented above or people whose 

predominant origin cannot be determined/ mixed 
race] 

       Prefer not to answer this question 
 

E. What year are you in now at school? 

     (If summer, year you just finished) 
  Year 6 
  Year 7 
  Year 8 
  Year 9 
  Year 10 
   Year 11 
  Not in school 
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Please tick the box matching your response. 
 

In the past two weeks: 
Very  
True 

Mostly 
True 

Somewhat 
True 

Not at 
all True 

  1. You were able to walk as fast as others................................................................      

  2. You were able to climb stairs as fast as others .....................................................      

  3. You were able to run, jump, and climb as you wanted ........................................      

  4. You were able to run as quickly and for as long as others ...................................      

  5. You were able to participate in sports that you enjoy (e.g., swimming, football, 
dancing or others).................................................................................................      

  6. You had difficulty carrying or lifting heavy things such as books, your school 
bag, or a rucksack.................................................................................................      

 

 



 
 
 
 
 

3 

Please tick the box matching your response. 

 

 And during these past two weeks, indicate how often: Always Often Sometimes Never 

  7. You felt tired.......................................................................................................      

  8. You felt mad......................................................................................................      

  9. You felt grouchy................................................................................................      

10. You felt worried .................................................................................................      

11. You felt sad .......................................................................................................      

12. You had trouble falling asleep...........................................................................      

13. You had bad dreams or nightmares ...................................................................      

14. You felt good about yourself.............................................................................      

15. You had trouble eating ......................................................................................      
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Please tick the box matching your response. 
 
And during these past two weeks, indicate how often: 
 

 Always Often Sometimes Never 

16. You had to stop fun activities to do your treatments .........................................      

17. You were forced to eat ......................................................................................      

Please tick the box matching your response. 

During the past two weeks: 
Very 
True 

Mostly 
True 

Somewhat 
True 

Not at 
all True 

18. You were able to do all of your treatments .......................................................      

19. You enjoyed eating............................................................................................      

20. You got together with friends a lot....................................................................      

21. You stayed at home more than you wanted to...................................................      

22. You felt comfortable sleeping away from home (at a friend or family 
member’s house or elsewhere) ..........................................................................      

23. You felt left out .................................................................................................      

24. You often invited friends to your house ............................................................      

25. You were teased by other children ....................................................................      

26. You felt comfortable discussing your illness with others (friends, teachers)     

27. You thought you were too short ........................................................................      

28. You thought you were too thin..........................................................................      

29. You thought you were physically different from others your age.....................      
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During the past two weeks: 
Very 
True 

Mostly 
True 

Somewhat 
True 

Not at 
all True 

30. Doing your treatments bothered you .................................................................      

 

Please tick the box matching your response. 

 

Let us know how often in the past two weeks: Always Often Sometimes Never 

31.  You coughed during the day........................................................................................     

32.  You woke up during the night because you were coughing........................................     

33.  You had to cough up mucus ........................................................................................     

34.  You had trouble breathing ...........................................................................................     

35.  Your stomach hurt .......................................................................................................     

 
Please make sure all the questions have been answered. 
 

 

 

Thank you for your cooperation 
 

 
 
 
 
 
 



 
 

 299 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX H:  CYSTIC FIBROSIS QUESTIONNAIRE (ADOLESCENTS & ADULTS) 

 

  



 
 
 
 
 

  1

Understanding the impact of your illness and treatments on your everyday life can help your healthcare 
team keep track of your health and adjust your treatments.  For this reason, this questionnaire was 
specifically developed for people who have cystic fibrosis.  Thank you for your willingness to complete 
this form. 
 
Instructions: The following questions are about the current state of your health, as you perceive it.  This 

information will allow us to better understand how you feel in your everyday life.    

 Please answer all the questions. There are no right or wrong answers! If you are not sure 
how to answer, choose the response that seems closest to your situation. 

 
Section I. Demographics 

A. What is your date of birth? 
Date         

 Day Month Year 

B. What is your gender? 
  Male  Female 

C.  During the past two weeks, have you been on 
holiday or out of school or work for reasons NOT 
related to your health?  

  Yes  No 

 

D. What is your current marital status? 
  Single/never married 
  Married 
  Widowed 
  Divorced 
  Separated 
  Remarried  
  With a partner 

E. Which of the following best describes your racial 
background? 

       White - UK 
       White - other 
          Indian/ Pakistani 
         Chinese/ Asian 
          African 
        Caribbean 
         Other [not represented above or people whose 

predominant origin cannot be determined/ mixed 
race] 

          Prefer not to answer this question 
Please fill-in the information or tick the 

box indicating your answer. 

 

F. What is the highest level of education you have        
completed? 

        Some secondary school or less 
  GCSEs/ O-levels 
  A/AS-levels 
  Other higher education 
  University degree 
         Professional qualification or post-graduate study  
 
 
G.  Which of the following best describes your current work 

or school status? 
        Attending school outside the home 
  Taking educational courses at home 
  Seeking work  
        Working full or part time (either outside the home or 

at a home-based business) 
  Full time homemaker 
  Not attending school or working due to my health  
  Not working for other reasons 
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During the past two weeks, to what extent have you had difficulty: 

 
A lot of 

difficulty 

 
Some 

difficulty 

 
A little 

difficulty 

 
No 

 difficulty 

  1.  Performing vigorous activities such as running or playing sports.....................      

  2.  Walking as fast as others ...................................................................................      

  3.  Carrying or lifting heavy things such as books, shopping, or school bags........      

  4.  Climbing one flight of stairs..............................................................................      

  5.  Climbing stairs as fast as others ........................................................................      

Section II. Quality of Life Please tick the box indicating your answer. 

 

During the past two weeks, indicate how often: Always Often Sometimes Never 
  6.  You felt well .......................................................................................................     

  7.  You felt worried..................................................................................................     

  8.  You felt useless...................................................................................................     

  9.  You felt tired.......................................................................................................     

10. You felt full of energy ........................................................................................     

11. You felt exhausted ..............................................................................................     

12. You felt sad.........................................................................................................     

 

Please circle the number indicating your answer.  Please choose only one answer for each question. 

Thinking about the state of your health over the last two weeks:  
 
13.  To what extent do you have difficulty walking? 

1. You can walk a long time without getting tired 
2. You can walk a long time but you get tired 
3. You cannot walk a long time because you get tired quickly 
4. You avoid walking whenever possible because it’s too tiring for you 

14.  How do you feel about eating? 
1. Just thinking about food makes you feel sick 
2. You never enjoy eating 
3. You are sometimes able to enjoy eating 
4. You are always able to enjoy eating 



 
 
 
 
 

  3

15.  To what extent do your treatments make your daily life more difficult?  
1. Not at all 
2. A little 
3. Moderately 
4. A lot 

16.  How much time do you currently spend each day on your treatments? 
1. A lot 
2. Some 
3. A little 
4. Not very much 

17.  How difficult is it for you to do your treatments (including medications) each day? 
1. Not at all 
2. A little 
3. Moderately 
4. Very 

18.  How do you think your health is now? 
1. Excellent 
2. Good 
3. Fair 
4. Poor 

 

Please select a box indicating your answer. 

 

Thinking about your health during the past two weeks, indicate the 
extent to which each sentence is true or false for you. 

Very 
true 

Somewhat
true 

Somewhat
false 

Very 
false 

19.  I have trouble recovering after physical effort .....................................................     

20.  I have to limit vigorous activities such as running or playing sports....................     

21.  I have to force myself to eat .................................................................................     

22. I have to stay at home more than I want to............................................................     

23. I feel comfortable discussing my illness with others .............................................     

24.  I think I am too thin ..............................................................................................     

25.  I think I look different from others my age ..........................................................     

26.  I feel bad about my physical appearance ..............................................................     

27.  People are afraid that I may be contagious ...........................................................     

28.  I get together with my friends a lot.......................................................................     
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29.  I think my coughing bothers others ......................................................................     

30.  I feel comfortable going out at night ....................................................................     

31.  I often feel lonely..................................................................................................     

32.  I feel healthy .........................................................................................................     

33.  It is difficult to make plans for the future (for example, going to college, getting 
married, getting promoted at work, etc.) ..............................................................     

34.  I lead a normal life................................................................................................     
. 
. 
 
.. 

Section III. School, Work, or Daily Activities  
 

 

Questions 35 to 38 are about school, work, or other daily tasks. 

 
35.  To what extent did you have trouble keeping up with your schoolwork, professional work, or other daily activities during 

the past two weeks?  
1. You have had no trouble keeping up 
2. You have managed to keep up but it’s been difficult 
3. You have been behind 
4. You have not been able to do these activities at all 

 

36.  How often were you absent from school, work, or unable to complete daily activities during the last two weeks because of 
your illness or treatments? 
            Always       Often                     Sometimes                   Never         

 

37. How often does CF get in the way of meeting your school, work, or personal goals? 
                  Always              Often                Sometimes          Never       

 

38. How often does CF interfere with getting out of the house to run errands such as shopping or going to the bank? 

                         Always              Often                Sometimes          Never       
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Section IV. Symptom Difficulties Please select a box indicating your answer. 

 

Indicate how you have been feeling during the past two weeks.  A great deal Somewhat A little Not at all 

39. Have you had trouble gaining weight?.......................................................     

40. Have you been congested? .........................................................................     

41. Have you been coughing during the day? ..................................................     

42. Have you had to cough up mucus?.............................................................     
    Go to 

Question 44 
 
43.  Has your mucus been mostly:    

 Clear   Clear to yellow   Yellowish-green   Green with traces of blood    Don't know 
 

How often during the past two weeks: Always Often Sometimes Never 
44.  Have you been wheezing? .........................................................................      

45.  Have you had trouble breathing?...............................................................      

46.  Have you woken up during the night because you were coughing?..........      

47.  Have you had problems with wind? ..........................................................      

48.  Have you had diarrhoea? ...........................................................................      

49.  Have you had abdominal pain? .................................................................      

50.  Have you had eating problems?.................................................................      
 
 
Please make sure you have answered all the questions.  

 
 

Thank you for your cooperation 
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APPENDIX I :  CYSTIC FIBROSIS QUESTIONNAIRE (PARENT/CARER) 

 

  



 
 
 
 
 

  1

Understanding the impact of your child’s illness and treatments on his or her everyday life can help your 
healthcare team keep track of your child’s health and adjust his or her treatments. For this reason, we have 
developed a quality of life questionnaire specifically for parents of children with cystic fibrosis.   
We thank you for your willingness to complete this questionnaire. 
 
Instructions: The following questions are about the current state of your child’s health, as he or she 

perceives it.  This information will allow us to better understand how he or she feels in 
everyday life. Please answer all the questions. There are no right or wrong answers! If you 
are not sure how to answer, choose the response that seems closest to your child’s situation. 

 

A. What is your child’s date of birth? 
Date         

 Day Month Year 
 
B. What is your relationship to the child?    
  Mother 

  Father 

  Grandmother 

  Grandfather 

  Other relative 

  Foster mother 

  Foster father 

  Other (please describe) 
 
C.  Which of the following best describes your  
      child's racial background?  
        White - UK 

        White - other 

          Indian/ Pakistani 

        Chinese/ Asian  

        African 

          Caribbean 

        Other [not represented above or people whose 
predominant  origin cannot be determined/ mixed race] 

        Prefer not to answer this question 
  
D.  During the past two weeks, has your child been on holiday 
or    out of school for reasons NOT related to his or her health? 

E.   What is your date of birth? 
Section I. Demographics Please fill-in the information or tick the box indicating your answer. 

Date         
 Day Month Year 

 
F. What is your current marital status? 

  Single/never married 

  Married 

  Widowed 

  Divorced 

  Separated 

  Remarried  

  With a partner 
 
G. What is the highest level of education you have completed?  

  Some secondary school or less 

  GCSEs/O-levels 

  A/AS-levels  

  Other higher education 

  University degree 

  Professional qualification or post-graduate study 
 
 
H. Which of the following best describes your current work status?
   

         Seeking work 

         Working full or part time (either outside the home or at a 
          home-based business 

        Full time homemaker 

        Not working due to my health 

        Not working for other reason

        Yes  No 
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Section II. Quality of Life   

 
 
 Please indicate how your child has been feeling during the past two weeks by ticking the box matching 
your response. 
 

To what extent has your child had difficulty: 
A lot of 

difficulty 
Some 

difficulty 
A little 

difficulty 
No 

 difficulty
  1. Performing vigorous activities such as running or playing sports........................     

  2. Walking as fast as others ......................................................................................     

  3. Climbing stairs as fast as others ...........................................................................     

  4. Carrying or lifting heavy objects such as books, a school bag, or rucksack ........     

  5.  Climbing several flights of stairs ..........................................................................     

 
 
 
Please tick the box matching your response. 
During the past two weeks, indicate how often your child:   Always Often 

 
Sometimes Never 

  6. Seemed happy.......................................................................................................     

  7. Seemed worried ....................................................................................................     

  8. Seemed tired .........................................................................................................     

  9. Seemed short-tempered .........................................................................................     

10. Seemed well .........................................................................................................     

11. Seemed grouchy ...................................................................................................     

12. Seemed full of energy...........................................................................................     

13.  Was absent or late for school or other activities because of his/her illness or  
treatments 
…………………………………………………………………………….. 
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Please circle the number indicating your answer.  Please choose only one answer for each question. 
 
Thinking about the state of your child’s health over the past two weeks, indicate:  

 

14. The extent to which your child participated in sports and other physical activities, such as P.E. (physical education) 
1. Has not participated in physical activities 
2. Has participated less than usual in sports  
3. Has participated as much as usual but with some difficulty 
4. Has been able to participate in physical activities without any difficulty 

 
15. The extent to which your child has difficulty walking 

1. He or she can walk a long time without getting tired 
2. He or she can walk a long time but gets tired 
3. He or she cannot walk a long time, because he or she gets tired quickly 
4. He or she avoids walking whenever possible, because it’s too tiring for him or her 

 

 

Please tick the box that matches your response to these questions. 

Thinking about your child’s state of health during the past two weeks, indicate the extent to which each 
sentence is true or false for your child: 

 
 Very 

true 
Somewhat

true 
Somewhat 

false 
Very 
false 

16. My child has trouble recovering after physical effort ................................................      

17. Mealtimes are a struggle.............................................................................................      

18. My child’s treatments get in the way of his/her activities ..........................................      

19. My child feels small compared to other kids the same age ........................................      

20. My child feels physically different from other kids the same age..............................      

21. My child thinks that he/she is too thin........................................................................      

22. My child feels healthy ................................................................................................      

23. My child tends to be withdrawn .................................................................................      

24. My child leads a normal life .......................................................................................      
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25. My child has less fun than usual.................................................................................      

26. My child has trouble getting along with others ..........................................................      

27. My child has trouble concentrating ............................................................................      

28. My child is able to keep up with his/her school work or holiday activities ...............      

29. My child is not doing as well as usual in school or holiday activities........................      

30.  My child spends a lot of time on his/her treatments everyday....................................      

 

 

Please circle the number indicating your answer.  Please choose only one answer for each question. 
31. How difficult is it for your child to do his/her treatments (including medications) each day?  

1. Not at all 
2. A little 
3. Moderately 
4. Very 
 

32.  How do you think your child’s health is now? 
1. Excellent 
2. Good 
3. Fair 
4. Poor 
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Section III. Symptom Difficulties 

The next set of questions is designed to determine the frequency with which your child has certain 
respiratory. difficulties, such as coughing or shortness of breath.                                                                            

 
Please indicate how your child has been feeling during the past 
two weeks. 

A great 
deal 

Somewhat A little Not at all 

33. My child had trouble gaining weight...............................................................     

34. My child was congested ..................................................................................     

35. My child coughed during the day....................................................................     

36. My child had to cough up mucus ....................................................................      
 

Go to  
Question 38

37.  My child’s mucus has been mostly:   Clear       Clear to yellow      Yellowish-green   

  Green with traces of blood        Don't know 

During the past two weeks: Always Often Sometimes Never 

38. My child wheezed ...........................................................................................     

39. My child had trouble breathing .......................................................................     

40. My child woke up during the night because he/she was coughing .................     

41. My child had wind...........................................................................................     

42. My child had diarrhoea....................................................................................     

43. My child had abdominal pain ..........................................................................     

44. My child has had eating problems...................................................................     

 

Please make sure you have answered all the questions. 
 

Thank you for your cooperation 
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