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Abstract 

       The work described in this thesis relates to gastro-oesophageal reflux (GOR) and 

extra-oesophageal reflux (EOR) in the cystic fibrosis (CF) population. This thesis 

describes the characteristics of GOR and EOR and their association with pulmonary 

function, gastric aspiration and inflammation in the airway. In particular the study 

explores the increasing prevalence of overweight/obesity in CF and its association with 

GOR/EOR. In a sub group of patients (n=12) a longitudinal investigation took place to 

observe the effects of a new CFTR potentiator (Ivacaftor 150 mg/12h) on GOR/EOR 

symptoms. 

         72 CF adults recruited from a CF outpatient clinic consented to the study (39M/33F; 

median age 21 (16-60) years) and completed questionnaires to characterise symptoms of 

GOR (DeMeester score 0-9; < 1 normal) and EOR (Reflux Symptom Index (RSI) score 0-

45; < 13 normal). Patients were measured for BMI kg/m
2
 and grouped according to the 

following BMI categories: underweight <18.5 kg/m
2
, normal weight 18.5-25.0 kg/m

2
, 

overweight 25.1-30.0 kg/m
2
 and obese >30.0 kg/m

2
. An expectorated sputum sample was 

provided and analysed for biomarkers of reflux (pepsin n=69 ELISA) and inflammation 

(IL-6 n=62 and IL-8 n=64 ELISA). Pulmonary function (FEV1 and FVC % predicted) and 

genotype were recorded at the time of data collection. Statistical relationships were 

assessed using the Kruskal-Wallis statistical test followed by the Mann Whitney U test.  

          GOR symptoms (DeMeester) were identified in 42% of patients and EOR 

symptoms (RSI) in 63% of patients.  Pepsin was detected in 48 (70%) patient samples 

(median: 330ng/ml; range 80-1150ng/ml) and not correlated with GOR/EOR symptoms. 

GOR/EOR symptoms and gastric aspiration did not associate with pulmonary function, 

nor was GOR associated with inflammation of the airways. CF patients can be 

overweight/obese (16.7%), and this was associated with better lung function; they have 

less reflux. Obesity didn't show a relationship to F508del/F508del status or to gender. 

Ivacaftor treatment was associated with reduced symptoms of GOR and EOR (6 weeks to 

12 month post medication) accompanied by positive effects on pulmonary function. 

          GOR is common in CF patients and EOR symptoms are very prevalent in CF and 

more so than GOR. Microaspiration of gastric content into the airway was not correlated 

with pulmonary function and occurred across the spectrum of disease severity. 

Overweight/obese patients experience less EOR symptoms. The CFTR potentiator 

Ivacaftor reduced GOR and EOR symptoms after 6 weeks of treatment. 
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Chapter 1.0 
 

General introduction 

1.1 Cystic Fibrosis from the beginning 

     Cystic Fibrosis (CF) was first described in 1938 by Dr Dorothy Andersen who was 

working at the New York Babies Hospital as a pathologist (Orenstein et al., 2000). It was 

known that salty skin was problematic for babies for many years but it was Paul di 

Sant’Agnese who discovered in 1953 that babies with CF had increased salt content in 

their sweat. This knowledge lead to the invention of the diagnostic tool of non-invasive 

sweat testing (di Sant'Agnese et al., 1953). The name ‘cystic fibrosis’ came about due to 

the changes to the pancreas caused by the disease whereby the damaged pancreas becomes 

filled with fluid filled spaces (cysts) and scar tissue (fibrosis) (Thomson and Harris, 2008). 

The 1960’s brought further prospect for the future of CF research with the opening of the 

Cystic Fibrosis Research Foundation Trust charity. This was one of many charities raising 

funds and awareness of the disease (Hodson et al., 2007). In 1985 Professor Lap-Chi Tsui, 

Dr Francis Collins and Professor Jack Riordan identified the specific gene responsible for 

CF found on chromosome 7 and called it the cystic fibrosis transmembrane conductance 

regulator (CFTR) (Tsui et al., 1985). The 20
th

 century witnessed historical key scientific 

mile stones in CF research  resulting in improved life expectancy and quality of life for CF 

patients (and their families) today and for the future (Simmonds, 2013).  

1.2 Epidemiology of Cystic Fibrosis  

     CF is the most common fatal autosomal recessive disease in the Caucasian population 

(Wilson and Pencharz, 1998), one of the most common life-shortening diseases in white 

populations (Orenstein et al., 2000) with expected life expectancy of 40 or 50 years today 

(Thomson and Harris, 2008; Salvatore et al., 2012; Simmonds, 2013). About 1 in 25 

people are a carrier of the recessive mutated CFTR gene with an estimated  1 in every 

2500 live births affected by a mother’s and father’s mutated CFTR gene being carried onto 

their child (Bourke and Burns, 2011). 

     Seventy percent of babies born with CF when it was first described in 1938 were not 

expected to live beyond the age of 1 year (Orenstein et al., 2000; Simmonds et al., 2009). 

In the 1960’s survival rates had increased to 14 years of age due to careful clinical 
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observation and comprehensive treatment programs of diagnostic advances and antibiotic 

treatment (Orenstein et al., 2000; Simmonds, 2013). Reports from the Cystic Fibrosis 

Foundation in 2005 reported median survival to be 36.8 years. A study in 2009 reported 

that n=112 CF patients at their clinic in London were over 40 years of age without lung 

transplantation (median 43.1; range 40-71)  (Simmonds et al., 2009). Research supports 

the predicted median survival age of 50 years for patients born in the year 2000 through 

the observations of continued improvement in the survival of CF patients (Dodge et al., 

2007). 

 1.3 Genetic defects of Cystic Fibrosis 

     CF is caused by mutations on both alleles of the CF transmembrane conductance 

regulator (CFTR) gene that codes for the CFTR protein and there are approximately 2000 

CFTR mutations described to date (Bell et al., 2014; Kotha and Clancy, 2013). CFTR is a 

chloride channel and the role is to regulate salt, fluid and pH balance in multiple organs 

(Van Goor et al., 2013). Protein Kinase A (PKA) phosphorylates CFTR to allow ATP 

binding and hydrolysis which in turn opens and closes the channel across cell membranes 

(channel gating) to allow chloride, and bicarbonate ions to be transported. CFTR 

mutations result in abnormal chloride and bicarbonate ion transport. There are 5 classes of 

CFTR mutations, classes I-III are non-functional CFTR proteins whereas class IV-V 

CFTR proteins do have some function (Figure 1.1). The most common mutation affecting 

80% of patients is the F508del in class II. Class II mutations bring about improper protein 

folding and the CFTR protein remains in the endoplasmic reticulum instead of the plasma 

membrane therefore there is minimal CFTR protein at the cell surface (trafficking). Class 

III mutations differ to class II because the CFTR protein is present at the cell surface but 

displays a defective channel gating resulting in minimal chloride transport. Class III 

mutations occur in approximately 4-5% of patients, the most common mutation in this 

class is G551D (Kotha and Clancy, 2013; Flume, et al., 2012; Yu, et al., 2012). The loss of 

chloride transport leads to elevated sweat chloride concentration, the accumulation of 

thick, sticky mucus in the bronchi, loss of pancreatic function, impaired intestinal 

absorption and reproductive dysfunction (Van Goor, et al., 2013; Yu, et al., 2012). The 

CFTR protein is predominantly expressed in exocrine tissues. These include the airways, 

intestines, pancreatic ducts and sweat glands (Van Goor et al., 2009; 2013; Kotha and 

Clancy, 2013). 
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Figure 1.1 The classification of CFTR mutations. The following illustration represents the 

location of the mutated CFTR in comparison to the normal CFTR (cell at the top left) 

showing the mutation class and a description of the nature of the defect. The normal 

mature CFTR protein (top left) is present at the cell surface and allows for the 

transportation of chloride ions. The class I mutation results in an unstable truncated CFTR 

mRNA leading to total or partial absence in CFTR protein production. The class II 

mutation causes misfolding of the CFTR protein and the protein remains inside of the 

endoplasmic reticulum of the cell leading to an absent functioning CFTR at the cell 

surface. The class III mutation results in the CFTR protein to be defective in channel 

regulation, it is present at the cell surface but the protein is resistant to activation. The 

CFTR class mutation I, II and III result in a non-functional CFTR channel. The class IV 

mutation results in a CFTR channel present at the cell surface but altered conduction of the 

CFTR protein reduces activity. The class V mutation leads to scarce CFTR protein at the 

cell surface caused by the splicing of the CFTR m-RNA. The class IV and V mutations 

cause a reduction in function of the CFTR protein. (Boyle and De Boeck, 2013; Fanen et 

al., 2014). 
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1.4 Diagnosis of Cystic Fibrosis 

       A classical feature in CF is salty skin which results from a high salt content in the 

sweat (di Sant'Agnese et al., 1953). This is due to the failure of the ion channel to reabsorb 

chloride ions from the sweat and results in a sweat sample containing high amounts of 

chloride and sodium concentrations. CF patients show abnormal sweat chloride levels (CF 

unlikely <39mmol/L; CF possible 40-59mmol/L; CF likely >60mmol/L) (Cystic Fibrosis 

Foundation, 2011).  A non-invasive sweat test is the gold standard biomarker to diagnose 

CF disease used to diagnose CF in association with typical clinical features including 

recurrent chest infections and pancreatic insufficiency (Veeze, 1995; Bourke and Burns, 

2011). For reliable sweat testing the Gibson and Cooke method is advised (Gibson and 

Cooke, 1959). 

     Due to advances in genetic testing the CF mutation can be defined by confirming two 

CF mutations on each allele from approximately 1900 mutations (Kotha and Clancy, 2013) 

but it can be difficult to exclude CF from rare mutations. The advances in CFTR mutation 

discovery has highlighted patients with CFTR mutations accompanied by mild clinical 

features, thus less severely affected patients. These patients are classed as atypical or non-

classic CF patients. They do not experience pancreatic insufficiency or recurrent 

pulmonary infection (Bourke and Burns, 2011). 

1.5 Pulmonary complications in Cystic Fibrosis 

      The CF population have poor respiratory function due to thickened mucus in the lungs. 

Reduced chloride secretion and increased sodium reabsorption causes an increased risk of 

pathogen colonisation (Orenstein et al., 2000). Mucus builds up on the outside of the cells 

expressing CFTR caused by the faulty chloride channel at the surface of the cell (Thomas 

and Bishop, 2007). The abundance of resulting mucus in the airways creates an 

environment suitable for bacteria to colonise and grow causing infections within the 

airway. The epithelial surface of the lungs normally have antimicrobial defences but the 

high salt content of the airway surface fluid causes an unnatural environment and results in 

inactivation of antimicrobial defences. Impaired internalization of the CFTR occurs when 

the CFTR is not present at the apical membrane. The defective internalization of 

respiratory pathogens limits bacterium clearing (Pier et al., 1996).  Furthermore, the CF 

surface of airway epithelium possesses increased apical receptors such as asialylated 

gangliosides receptors to allow bacteria to adhere and proliferate (Saiman and Prince, 
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1993; de Bentzmann et al., 1996). Thus, mechanistically defective CFTR leads to repeated, 

cyclical chest infection reoccurrence and this leads to further lung problems and 

progressive lung disease with associated morbidity and mortality. (Navarro et al., 2001; 

Steinkamp and Wiedemann, 2002; Konstan et al., 2007; Thomas and Bishop, 2007; 

Bourke and Burns, 2011). The impaired mucociliary clearance of sputum within the 

airways and bacterial infection lead to pulmonary exacerbations which may lead to 

hospitalisation and required intravenous antibiotics (Banner et al., 2009). It is lung disease 

which leads to premature mortality in most patients with CF. 

      The inflammatory system responds to the bacterial infection by producing 

inflammatory mediators at the site of infection. The mediators recruit neutrophils to attack 

the infection in order to eliminate it. The inflammatory response in the CF airway does not 

function effectively and cannot clear recurrent infections within the airways. Inflammation 

develops in the airways excessively in relation to the bacteria present and continues as the 

infection cannot be cleared (Bourke and Burns, 2011). This leads to a vicious cycle of 

excessive inflammation influx in the CF airway resulting in airway damage. Viral 

infections within the CF lung may potentially damage the epithelium (Banner et al., 2009). 

Progressive pulmonary disease is a leading cause of mortality for the CF population 

(Anthony et al., 1999; Sagel et al., 2007). 

1.6 Gastrointestinal complications in cystic fibrosis  

      A consequence of CF is the blockage and obstruction of the pancreatic ductules by 

thickened mucus produced by abnormal ion transport leading to the gland being 

progressively destroyed. This leads to the inhibition of the pancreatic enzyme lipase into 

the small intestine and results in fat malabsorption, steatorrhoea and failure to gain weight. 

This creates further problems involving the metabolism of fat soluble nutrients, vitamin 

A,D,E and K (Bourke and Burns., 2011; Thomas and Bishop, 2007; Orenstein et al., 2000). 

This is treated with pancreatic enzyme replacement therapy (PERT) taken with all food 

and drink to provide the patient with artificial pancreatic enzymes which breaks down 

dietary fat in the intestines to achieve optimum growth and nutritional status (Littlewood, 

1992; Anthony, et al., 1999;  Morton, et al., 2009). Patients with this complication are 

termed pancreatic insufficient and these patients have been accompanied with worse 

respiratory function. This was put down as a consequence of the pancreatic insufficiency 
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but now thought to be attributed to the mutation severity of the CFTR (Anthony, et al., 

1995).  

      It is well documented that gastro-oesophageal reflux (GOR) characterised by the 

retrograde movement of gastric contents up the oesophagus (Armstrong, et al., 2005; Chen, 

et al., 2010) is a problem in the CF population.  GOR leads to symptoms such as heartburn 

and/or acid regurgitation, in some cases GOR may cause oesophageal mucosal damage, 

which may lead to longer term complications. Reflux reaching the proximal oesophagus 

and extra-oesophageal areas termed extra oesophageal reflux (EOR) has been shown to be 

implicated in multiple respiratory disorders and may result in coughing, sore throat, 

excessive clearing of the throat, post nasal drip, chest wheezing and tightness (Button et 

al., 2005). These symptoms have been shown to reduce quality of life (Bendig et al., 

1982). It is reported that GOR adversely impacts lung function in CF due to the action of 

potent agents in refluxate (Gustafsson, et al.,1991; Navarro, et al., 2001; Blondeau, et al., 

2008a;  Pauwels et al., 2013). 

1.7 New treatments used in cystic fibrosis - CFTR therapeutic agents 

         The pace of clinical and scientific advances in CF research in the late 20th Century 

has been outstanding. During the first 14 years of the 21st century we already observe 

further scientific advances that have the potential to repair the loss of chloride transport by 

targeting the class defect of the CFTR. A group of CFTR modulators have been studied, 

these are pharmacological therapeutic strategy agents that repair the CFTR defect to 

restore function. On January 31st 2012 the approval of the first CFTR potentiator 

(Ivacaftor) took place after successful clinical trial outcomes in the class III G551D 

mutation. This CFTR modulator is a CFTR potentiator which induces channel opening to 

enable chloride ions to be transported through the CFTR present at the cell surface (Van 

Goor, et al., 2009; Kotha and Clancy, 2013).  Administration of 150 mg every 12 hours 

during clinical trials lowered the CFTR biomarker sweat chloride concentrations to below 

the CF diagnostic threshold (60mmol/L). Significant improvements were observed in 

pulmonary function and weight and interestingly pulmonary exacerbations and patient 

hospitalisation were reduced as a result of Ivacaftor treatment compared with placebo 

controls (Ramsey, et al., 2011; Accurso, et al., 2013). Ivacaftor treatment has been shown 

to continue its unprecedented success for the G551D CF patient population in CF clinics 

around the world (Reznikov, et al.2014; Davies, et al., 2013; Harrison, et al., 2013; 
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Hebestreit, et al., 2013; Polenakovik and Sanville, 2013; Barry et al., 2014). In excitable 

anticipation the CF community await further CFTR modulators for other CF patient 

populations with primary or secondary gating defects. More work is needed before we are 

likely to see the same results for the most common mutation, class II F508del defect that 

requires a CFTR corrector agent. The CFTR corrector increases the delivery of CFTR 

protein to the cell surface therefore increasing the flow of chloride ions. A combination 

approach of a CFTR corrector (Lumacaftor) with Ivacaftor for patients with the phe508del 

CFTR has shown encouraging results in clinical trials illustrating modest decreases in 

sweat chloride, and these studies are being consolidated and extended in  ongoing trials 

(Boyle, et al., 2014; Eckford et al., 2014; Quintana-Gallego et al., 2014). 

1.8 The future of CF and arising concerns 

      The CF population are living longer due to advances in health care, clinical treatment 

and continuing scientific research. The numbers of CF children are now being 

outnumbered by the increasing number of adults in  many clinics (Quon and Aitken, 2012; 

Simmonds, et al., 2013) and it has been reported that CF patients are living into their 50’s 

(Simmonds, et al., 2013). Furthermore, those that are born today with the CFTR mutations 

are predicted to have normal life expectancy due to future therapies that treat the basic 

defect (O'Sullivan and Freedman, 2009). Positivity surrounds the increase in life 

expectancy for the CF aging population, although the increasing survival statistics brings 

challenges with it that are now forming a focus for study. The concern of CF age 

associated co-morbidities and age related chronic diseases of the general population is an 

arising challenge (Dennersten, et al., 2009; Simmonds, et al., 2009; Quon and Aitken, 

2012; Simmonds, et al., 2013; Lerín, et al., 2014). GORD has been observed to be higher 

in the adult CF population (Ledson et al., 1998; Blondeau et al., 2008; Sabati et al., 2010; 

Phitidis et al., 2014).  

      It was reported that CF BMI status has increased beyond an ideal status (BMI 

25.0kg/m
2
) and this could be attributed to nutritional interventions of a high fat and calorie 

diet. There is an increasing prevalence of CF overweight and obese BMI status (Kastner-

Cole et al., 2005; Stack et al., 2007; Munck et al., 2007; Coderre et al., 2012; 

Panagopoulou et al., 2014); Stephenson et al., 2013; Kochavi et al., 2014) which has been 

associated with increased risks of GORD in the general population (El-Serag, et al., 2005, 

Dore et al., 2008; Hampel, et al., 2005).  
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1.9 Overall aims of the thesis    

      The importance of long-term health is increasingly recognised for the aging CF 

population, but further research is required.  This thesis focused on the prevalence of GOR 

and EOR in the CF population at the Royal Victoria Infirmary chest clinic, Newcastle 

upon Tyne.  

      The characteristics of GOR and EOR were explored and each was determined using 

validated questionnaires. Gastric aspiration of reflux contents were determined by 

analysing GOR biomarkers in the expectorated sputum of CF patients. The association 

with pulmonary function was explored. In addition, the presence of inflammation within 

the airway was measured in expectorated sputum to assess the role gastric aspiration may 

play in the inflammatory response.  

      Assessment was made of the role a CFTR potentiator, Ivacaftor, may have on the 

presence of reflux (symptoms and gastric aspiration). This was measured by the 

longitudinal investigations over a 12 month period in 12 patients with the G551D mutation 

receiving Ivacaftor for the first time.  

      The prevalence of overweight and obesity was investigated and its association with 

GOR in the CF population and their association with gender and genotype were assessed. 
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Chapter 2.0 

Methodology 

2.1 Project specific materials 

Dulbecco A Phosphate buffered saline, pH 7.3, Oxoid Limited, Basingstoke, Hampshire, 

England. 

TWEEN® 20, SIGMA life Science, SIGMA-ALDRICH Co, 3050 Spruce Street, St Louis, 

MO 63103, USA. 

Sputolysin® - Dithiothreitol (DTT), Calbiochem, Merck KGaA, Darmstadt, Germany. 

Maxisorp NUNC-Immuno 96 well plate, Thermo Scientific NUNC™ F96, Kamstrupvej, 

90 P.O.BOX 280, DK-4000, Roskilde, Denmark. 

Pre-cut transparent microplate sealers, Grelner Bio-One Limited, Brunel way, Stroudwater 

Business Park, Stunehouse, Glossier UK. 

Sodium Dodecyl Sulphate, BDH Laboratory Supplies, Poole, UK. 

Bovine Serum Albumin, Cohn Fraction V Powder pH 7.0, VWR International Ltd, Hunter 

Boulevard, Magna Park, Lutlerworth, Leicestershire, UK. 

Pepsin, Porcine gastric mucosa, SIGMA life Science, SIGMA-ALDRICH Co, 3050 

Spruce Street, St Louis, MO 63103, USA. 

Pepsin primary antibody monoclonal anti-pepsin antibody, W59117G, Biodesign Int. 

US/AMS Biotechnology, UK.  

Secondary horseradish peroxidise conjugated polyclonal anti-goat/sheep antibody, Sigma, 

UK. 

R&D systems human and recombinant IL-8 and IL-6 kit (catalog number: DY208 

&DY206) containing: 

Capture antibody mouse anti-human IL-8 and IL-6 

Detection antibody biotinylated goat anti-human IL-8 and IL-6 

Standard recombinant human IL-8 and IL-6 

Streptavidin conjugated to horseradish peroxidase (HRP) 

(R&D Systems Europe, Ltd. Abingdon, UK) 
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2.2 Ethics and consent 

     Full ethical approval was granted for this study by the County Durham & Tees Valley 2 

Research Ethics Committee (REC NO: 10/H0908/8) (Appendix 8.1). The ethical 

application process of this study was carried out by Mr Amaran Krishnan. Each patient 

recruited signed the consent form to agree to take part in the study. 

2.3 Patient Recruitment 

     Seventy two patients 16 years or older with clinical cystic fibrosis undergoing routine 

clinical appointments at the outpatient chest clinic in the Royal Victoria Infirmary (RVI) 

were recruited to participate in the study. Eleven patients were recruited by telephone call 

and attended scheduled appointments with Mr Amaran Krishnan for oesophageal studies 

in the endoscopy clinic at the RVI. Each patient (n=72) received details about the study 

and had the opportunity to read the study information sheet. Once they agreed to take part 

in the study the patient was asked to listen to the researcher talk through the consent form 

and each point was ticked to say that they agreed. The consent form was signed by the 

patient and the person taking consent in which the printed name, signed name and the date 

was provided. A copy of the consent form was stored at the research facility and also the 

patient received a copy along with the study information sheet (Appendix 8.2). The 

following criteria were taking into consideration when recruiting patients (Table 2.1 and 

Figure 2.1).  

      

Inclusion Exclusion 

16 years and above None sputum providers 

Cystic fibrosis patient Under 16 years of age 

Attending appointment at Royal Victoria 

Infirmary; Freeman hospital, James Cook. 

tube fed only 

Sputum producers upon request (accept for 

Ivacaftor patient cohort/ all recruited) 

 

 Table 2.1 Subject inclusion and exclusion criteria 

 

     In an attempt to increase subject numbers an amendment to the ethical approval was 

applied for and granted to recruit CF patients from two other hospitals. CF patients were 
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recruited from a pre-lung transplant assessment clinic at the Freeman Hospital (Newcastle) 

and the monthly outreach chest clinic at James Cook Hospital in Middlesbrough.  
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Cystic fibrosis patients (16 years +)
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Questionnaire:

• DeMeester Reflux questionnaire 

• Reflux Symptom Index

• Hull Airway reflux Questionnaire

Gastric aspiration:

• Pepsin (ELISA)

• Bile salts (tandem mass spectrometry)

Inflammation:

• Interleukin 8

• Interleukin 6

• Cell differential

Provide expectorated sputum sample

Pulmonary function:
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• Forced vital capacity
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Cystic fibrosis patients prescribed Ivacaftor (16 years +)

Sputum producers Non-sputum producers
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Questionnaire:

• DeMeester Reflux questionnaire 

• Reflux Symptom Index

• Hull Airway reflux Questionnaire

Gastric aspiration:

• Pepsin (ELISA)

Inflammation

• Cell differential

Expectorated sputum/saliva sample

• Sweat chloride concentration

• Weight

• BMI 
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Longitudinal 

follow-up at:

• Baseline

• 6 week

• 6 month

• 12 month
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Questionnaire:

• DeMeester Reflux questionnaire 

• Reflux Symptom Index

• Hull Airway reflux Questionnaire

Gastric aspiration:

• Pepsin (ELISA)

Genotype:

Homozygous/heterozygous for delta F508

Provide expectorated sputum sample
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BMI category:

• BMI kg/m2

• Under-weight/ Ideal-weight/ Over-weight/ Obese
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Figure 2.1 Summary of patient recruitment and experimental strategy for each result 

chapter. The summary illustrates the title of each chapter and the data collected for the 

analysis. 

2.4 Patient attendance 

     A total of 72 patients fulfilled all the study requirements and were enrolled onto the 

study. Attempts were made to increase the study number over the recruitment period; a 

further 24 were approached but were unable to produce a sputum sample. Two of these 

patients provided all the study requirements and failed to produce sputum after many 

attempts so they were excluded from the study.  

2.5 Sputum collection 

     Expectorated sputum sample were requested from each patient (accept for the 

assessment of Ivacaftor treatment as expectorated saliva was used to replace sputum for 

the non-producers). The patient was provided with a sputum pot and was given time to 

produce a sample in the consulting room that they were directed to by the nurse upon 

arrival to the RVI, within the contamination regulations of the chest clinic. The patients 

were asked whether they would prefer privacy for this activity and everyone was requested 

to leave the room if required. The expectorated sample was then stored on ice in a secure 

sample collection box until processing within 2 hours of collection in a class 2 cabinet in 

the laboratory. Recruitment usually took place during the hours of 14.00 to 17.00. These 

appointment times were made available for the CF patients to ensure that the consulting 

rooms were cleaned and prepared for each patient depending on the bacteria infection 

within their airways to avoid cross contamination. The cross contamination rules for the 

outpatient clinic times set by the respiratory unit in the RVI aimed to set a clinic date 

depending on colonization of Pseudomonas aeruginosa and Staphylococcus aureus. 

2.6 Sputum processing 

     In a ventilated class 2 cabinet the sputum plugs were separated from the surrounding 

saliva, The plugs were transferred to a pre-weighed centrifuge tube and the sputum weight 

determined. Dulbeccos phosphate buffered saline (DPBS) was added to the sputum (8x 

initial sputum weight) and allowed to disperse in a centrifuge tube rocking on ice for 15 
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minutes. The sample was centrifuged at 2500rpm for 10 minutes at 4°C, the supernatant 

was removed and further centrifuged at 2500rpm for 10 minutes and the resulting 

supernatant was aliquotted in preparation for further analysis. The aliquots were labelled 

and stored at -70°C. 

The sputum pellet consisting of mucus and cells were further processed to determine total 

cell counts using a hemocytometer and to then analyse cell differentials (macrophages, 

neutrophils, eosinophils, lymphocytes and squamous cells). A 0.2% preparation of 

sputolysin (Dithiothreitol (DTT) in deionised water (DH2O)) was used to break down the 

sulphide bonds within the sputum sample. Sputolysin was added (x4 initial sputum weight) 

to the pellet and allowed to disperse in a centrifuge tube rocking on ice for 10 minutes. 

PBS was added to the dispersed pellet (4x initial sputum weight). The dispersed pellet 

solution was filtered through a 48µm nylon gauze into a centrifuge tube and centrifuged at 

2000rpm for 10 minutes at 4°C. After centrifugation the supernatant with DTT was not 

used for any experimental analysis due to DTT interference. The DTT supernatant was 

discarded. The pellet was re-suspended in PBS and a 1:1 mix of 20µl trypan blue and cell 

suspension was modulated for cell count analysis. The cells were counted using an 

improved Neubauer haemocytometer. The remaining cells were washed with Dulbeccos 

phosphate buffered saline (D-PBS) and centrifuged at 800rpm for 10 minutes at 4°C. The 

supernatant was discarded and D-PBS was added to the pellet to adjust the cell 

concentration to about 0.5x 10
6 

cells per ml. Twelve cytospins were prepared using 80µl 

of the cell suspension and spun at 450 rpm for 6 minutes in a cytospin centrifuge. The 

cytospins were air dried for 2 minutes and stored for staining. 

2.7 Cell Staining 

2.7.1 Geimsa 2 (Romanovsky) Stain 

     The stock solution of Geimsa consisted of Azure B thiocyanate dissolved in Dimethyl 

sulfoxide (DMSO) (1.25%) slowly added to Eosin Y dissolved in Methanol (0.16%) and 

stored at 18ºC. The working dilute solution of Geimsa consisted of stock solution diluted 

1:1000 with PBS (pH 7.4) containing 0.05% tween (PBST). One cytospin per patient was 

fixed in 100% acetone for 10 minutes at room temperature and allowed to air dry. The 

slides were stained with the working dilution of Geimsa for 10 minutes. They were 

dispersed and rinsed in dH2O for 1 minute. Once air dried the slides were mounted with a 

glass cover slip with the addition of DPX (Distrene-80, Plasticizer, Xylene). The principle 
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of the Geimsa stain is to stain the nucleus of all types of inflammatory cells.  A differential 

count of the cell types was performed. The percentage of neutrophils, macrophages, 

eosinophils, lymphocyte and squamous as well as the total number of cells per ml of 

solution were determined. 

2.7.2 Oil Red O 

     The principle of the Oil Red O stain is to specifically stain the lipid contained in the 

cells because this has been proposed as a useful reflux diagnostic tool (Hopkins et al., 

2010; Hayes et al., 2013). The stock solution consisted of Oil Red O dissolved in 

isopropanol (0.5%) and stored at 18ºC. The working solution consisted of stock Oil Red O 

solution (30ml) diluted in dH20 (20ml) and allowed to stand for 10 minutes. The solution 

was then filtered and covered with parafilm. 1 cytospin per patient was fixed in 100% 

formalin for 10 minutes at room temperature, and then rinsed in dH2O and again in 

isopropanol. The slides were stained with freshly prepared working solution Oil Red O for 

15 minutes and then were rinsed in isopropanol for 10 seconds and again in dH2O. The 

slides were counterstained with Harris Haematoxylin for 1 minute to stain the nucleus of 

each cell. They were rinsed in dH2O until the stain appears blue in colour. The slides were 

mounted with a glass cover slip with the addition of aqueous mountant (Glycerin Jelly: 

Gelatin 10g, dH20 60ml, Glycerol 70ml, Phenol 0.25g). The slides were ready for counting 

and each cell was analysed for lipid laden macrophage content straight after staining. The 

Oil Red O stain is clearly visible for 24 hours and cannot be stored for later analysis. The 

lipid laden macrophage index was used to score each patient’s lipid laden macrophage 

content.  

The lipid index is the sum of the intensity staining scores for 100 consecutive 

macrophages based on a semi quantitative scale of 0 (no staining) to 4 (maximum 

staining). Thus, the possible range is 0 - 400. Under a microscope each macrophage is 

given a score of 0 to 4 depending on the visible red droplets within the cytoplasm and the 

nucleus. The table below illustrates each score. Once 100 macrophages have been scored 

the total score can be calculated for each patient (Table 2.2). 
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Score Example Details 

0 

 

0: absence of staining 

 

1 

 

1: one or a few lipid 

droplets 

 

2 

 

2: many distinct droplets 

 

3 

 

3: many droplets with 

visible nucleus 

 

4 

 

4: many droplets 

completely covering the 

cytoplasm and 

obscuring the nucleus 

Table 2.2 The Lipid Laden Macrophage Index scoring system 
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2.8 Questionnaire 

2.8.1 Identification of GOR symptoms 

     All patients were evaluated by the validated DeMeester reflux questionnaire (Appendix 

8.3.1) to assess the occurrence of typical GOR symptoms (heartburn, regurgitation and 

dysphagia). Each symptom was given a score of 0 to 3 (0: no symptoms; 1: occasional 

episodes, 2: reason for medical visit, 3: interference with daily activities) and each score 

was totalled to give an overall score with a maximum score possible of 9. If a patient score 

was <1 they were classed as none symptomatic for GOR and if they had a total score >2 

they were classed as GOR symptomatic (DeMeester et al., 1980; DeMeester et al., 1981). 

The questionnaire was validated using 393 patients with suspected oesophageal disease 

that underwent interview with the author of the questionnaire to complete the DeMeester 

reflux questionnaire. The patients underwent 24 hour pH oesophageal monitoring to 

determine abnormal reflux episodes. They underwent a fiberoptic esophagoscopy to 

determine the presence of endoscopic eosophagitis. They also underwent a biopsy of the 

oesophageal mucosa to determine the presence of inflammatory infiltrate within the 

mucosa to consider evidence of esophagitis. This was deemed abnormal if the total reflux 

score sum was above the upper limit of a healthy volunteer cohort determined previously 

in 15 healthy volunteers of an age range similar to that of the GOR patients (Johnson and 

DeMeester, 1974). The 24 hour pH test score correlated with the recorded typical 

symptoms of heartburn, regurgitation and dysphagia. 73% patients with an abnormal 24 

hour acid reflux test and 64% of patients with esophagitis experienced typical reflux 

symptoms. There were only 3% of patients with esophagitis and a negative 24 hour pH 

test that did not experience classical reflux symptoms. In addition 90% of patients with 

typical symptoms of reflux and esophagitis had a positive 24 hour pH test result 

highlighting the validity of the DeMeester reflux questionnaire to determine GOR. 

2.8.2 Identification of EOR symptoms 

     The Reflux Symptom Index (RSI) questionnaire (Appendix 8.3.2) was used to assess 

EOR/atypical GOR symptoms. The questionnaire was first used to assess 

laryngopharyngeal reflux but has been validated to assess EOR in many studies. The 

questionnaire consists of a series of questions about characteristics of EOR including the 

following: hoarseness, clearing of the throat, postnasal drip, difficulty swallowing, 

coughing, breathing difficulties, golbus and GOR symptoms. The questionnaire required 

an answer from 0 to 5 where 0 is no problem at all to 5 being a severe problem. The scores 
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were totalled and the patient classed as EOR symptomatic if they received a score of 13 

and above (a score <12 was classed as none EOR symptomatic) (Belafsky et al., 2002). 

The questionnaire was validated using 25 patients with  laryngopharyngeal reflux and 25 

age-matched and gender-matched healthy controls with no symptoms or evidence of 

laryngopharyngeal reflux. The patients completed the RSI score before and after the 

administration of proton pump inhibitors, the median score pretreatment was 21 and the 

median score post-treatment was 13. The median score for the healthy volunteers was 13 

and therefore this was used as the normal range of symptoms, any score above that was 

deemed abnormal. 

     The questionnaires above have been used as validated questionnaires in studies 

assessing GOR and EOR in a cohort of patients receiving anti-reflux surgery (Robertson et 

al., 2012) and EOR symptoms of patients with sleep apnea causes by GOR 

(Laohasiriwong et al., 2013). 

 

2.8.3 Airway reflux cough 

     The Hull Airway Reflux Questionnaire (HARQ) (Appendix 8.3.3) was used to assess 

cough related EOR. This validated questionnaire assessed symptoms similar to the RSI 

with additional cough questions and asked if the patient experienced a metallic taste in the 

mouth. The questionnaire required the patient to score the symptom severity from 0 (no 

symptoms) to 5 which is a severe problem. The scores were totalled and the patients 

classed as cough related EOR symptomatic if they received a score of 13 and above (a 

score <12 was classed as none cough EOR symptomatic) (Morice et al., 2011). There 

were 185 patients experiencing chronic cough for 8 weeks or more that had an objectively 

proven diagnosis of significant acid gastro-oesophageal reflux on 24-h pH assessment. 

There were 70 healthy controls included in the validity of the HARQ questionnaire. The 

scores of the questionnaire were compared to identify a marked difference between 

healthy controls and chronic cough patient HARQ scores with little overlap. The analysis 

of direct estimation using the lower limit of normal to be 0, a 95% reference interval was 

calculated to give  a 95% reference range of 0-13, with the distribution giving a mean 

score of 4.3 with the standard deviation to be 12.7. The upper limit of the HARQ normal 

score was therefore 13 and any score above that was deemed abnormal. There were 10 

chronic cough patients with a score below 13 which is 6% of the patient population giving 

the HARQ sensitivity for detecting cough hypersensitivity of 94.1% and specificity 95%.  
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2.9 Pepsin identification and quantification using indirect ELISA 

     The immunoassay reported herein is an indirect enzyme-linked immunosorbent assay 

(ELISA) developed in-house from the laboratory of Jeffrey Pearson (Stovold et al., 2007). 

The protocol was optimised for the analysis of sputum supernatant by increasing antibody 

concentrations and introducing shaking at 500-700 rpm during incubation steps. Maxisorp 

NUNC-immuno 96-well plate were used for the pepsin ELISA.  

 Standard and sample coating 

The standard of pepsin from porcine gastric mucosa (sigma) was diluted in PBS ranging 

from 0 to 100 ng/ml, 100µl was coated onto each well. The sputum processing resulted in 

a 1 in 8 (wt/vol) dilution and no further dilutions were necessary. In duplicate 100µl of 

each diluted sputum sample was coated onto the well. A negative control (in duplicate) 

was added for both the standard and samples, the sample in the negative control was 

treated in every step excluding the primary antibody and incubating in antibody diluent 

instead. The plate was covered with pre-cut transparent microplate sealers and incubated 

for 12-16 hours at room temperature with shaking at 700rpm. 

 Blocking 

After the 12-16 hour incubation the residue was discarded and the plate was dried 

thoroughly. The wells were blocked with 300µl of 1% bovine albumin (BSA) for 2 hours 

at room temperature with shaking at 500rpm to block unspecific antibody binding sites.   

 Primary antibody 

The blocking buffer was discarded and the wells were dried by blotting thoroughly. 100µl 

of primary anti-pepsin antibody (anti-pepsin, Biodesign, Saco, MN, USA) was added to 

duplicate wells at a dilution of 1:100 in 0.1% BSA/PBS solution. 100µl of 0.1% bovine 

albumin BSA solution was added to negative wells serving as a background well. The 

plate was incubated with shaking at 700rpm at room temperature for 2 hours.  

 Secondary antibody 

The solution was discarded and wells washed twice with 300µl 0.05% Tween20 in PBS, 

and twice with PBS, then thoroughly dried by blotting. 100µl of the secondary antibody 

(horseradish peroxidise (HRP)-conjugated anti-sheep/goat, Sigma, UK) was added to each 

well (positive and negative) diluted 1:1000 in 0.1% BSA and incubated with shaking at 

700rpm at room temperature for 1.5-2 hours. 

 Development 
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After incubation the solution was discarded and the wash step was repeated with a 

thorough blot to dry. The addition of 100µl of substrate solution (2,2’Azino-bis 3 

ethylbenzothiazoline 6 sulfonic acid (ABTS) from Sigma) was added to each well and 

developed for 20 minutes at room temperature. The reaction was stopped by the addition 

of 50µl 1% sodium dodecyl sulphate (SDS) in DH2O. 

 Analysis 

The colour development in each well of the plate was analysed on the plate reader Infinite 

200Pro at 405nm. The data was captured using the Tecan i-control software (1.10.4.0 

serial number 1301007217). Figure 2.2 describes the principle of the indirect ELISA. 

 

Figure 2.2 Schematic of the indirect pepsin ELISA. The pepsin antigen is added to the 

well and immobilised by direct absorption to the bottom of the plate. The primary 

unlabelled antibody binds to the pepsin antigen which is further detected by the secondary 

antibody which is conjugated with horse-radish peroxidise (HRP). ABTS is added as a 

substrate which reacts with HRP to produce a green colour which is proportional to the 

amount of pepsin in the well and this colour is measured at 405nm. 

2.10 Bile salt identification and quantification using tandem mass spectrometry 

     Twenty-four sputum supernatant samples were analysed for total bile acids by tandem 

mass spectrometry in Sheffield, UK. Bile salts were analysed by identifying taurine and 

glycine conjugates of cholate and deoxycholate and their isomers. These account for 95% 

of the total bile acids because the minor sulphated components are not measured using this 

method (Pearson and Parikh, 2011). The bile acids were calculated by adding the 

PEPSINPEPSINPEPSIN

Secondary antibody

Primary antibody

Substrate

Conjugated HRP
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individual bile salt values. They were measured by using a Waters Acquity TQ Detector 

tandem mass spectrometer with direct flow injection able to measure a lower detection 

limit of 0.01µmol/L. The samples were pre-extracted using 500mg SPE cartridge (Supelco 

LC-18) and then washed with 10ml methanol, followed by washing with 10ml distilled 

H2O. The sample and standard were loaded in amounts of 400µl of sample/standard in 

10ml distilled H2O with 0.15 nmol of d4-taurocholic acid. The column was washed with 

10ml of distilled H2O and 2 ml hexane. The addition of 20 ml ethanol was used to elute 

the bile salts and then they were reduced to dry matter by the process of rotary evaporation. 

The dry extract from each sample was reconstituted in 1ml of acetonitrile prior to 

centrifugation at 13000 rpm for 5 minutes. The supernatant of each sample was injected 

into the mass spectrometer. The analysis of the samples was carried out by electrospray 

ionisation in negative ion mode using mass spectrometry (collision gas argon) in multiple 

reaction mode for conjugated bile acids. 

2.11 Interleukin 8 (IL-8) identification and quantification using capture ELISA 

     To measure human Interleukin 8 (IL-8) a DuoSet ELISA kit was purchased from R&D 

systems (catalogue number: DY208). This kit provides a sandwich ELISA with a 

sensitivity to detect 31pg/ml and measures up to 2000pg/ml. The assay was carried out as 

detailed in the kit protocol with provided materials and is described below. 

 Coating with capture antibody 

100µl mouse anti-human IL-8 diluted to 4µg/ml in PBS was added to each well on a 96 

well microplate and sealed with an adhesive plate cover. The plate was incubated for 16 

hours at 18
o
C.  

 Wash step 

The contents of the plate were discarded and each well washed with wash buffer three 

times. The plate was dried by inversion and by patting the plate with force on paper towels. 

 Blocking step 

100µl of 1% BSA was added to each well and incubated at 18
o
C for 1 hour. 

 Standards and samples 

After washing as in step 2, 100µl of sputum supernatant was added in duplicate to 

assigned wells. 100µl of recombinant human IL-8 (0-2000pg/ml in a 7 point 2-fold serial 

dilution) was added to 8 wells in duplicate. The plate was sealed and incubated for 2 hours 

at 18
o
C. 



23 

 

 Detection antibody 

After washing as in step 2, 100µl of biotinylated goat anti-human IL-8 diluted to 20ng/ml 

in reagent diluent (0.1% BSA, 0.05% tween 20 in Tris-buffered saline (0 mM Trizma Base, 

150 mM NaCl) at pH 7.2 – 7.4 and filtered through 0.2 µm filter paper) was added to each 

well. The plate was sealed and incubated at 18
o
C for 2 hours. 

 Development 

After washing, 100µl of streptavidin HRP at a dilution of 1:200 in reagent diluent was 

added to each well and incubated for 20 minutes out of direct light at 18
o
C. The contents 

were discarded and washed and 100µl of TMB (1:1 H2O2 and tetramethylbenzidine) was 

added to each well then incubated for a further 20 minutes out of direct sunlight at 18
o
C. 

The addition of 50ul stop solution (2N H2 SO4) was required for each well and the plate 

was placed on the plate shaker for 1 minute at 100rpm.  

 Analysis 

The optical density (OD) of the contents of each well was immediately determined using a 

microplate reader set at 450nm and corrected at 570nm (OD@570nm-OD@450nm) to 

correct for optical imperfections. 

 Determination of IL-8 in sample from standard 

The average OD value was derived for the standard and sample wells, the zero IL-8 

standard OD value was subtracted from each mean value. GraphPad (version 5) was used 

to create a standard curve with a 4 parameter logistic curve fit. The sample values were 

interpolated from the standard curve. 

 

2.12 Interleukin 6 (IL-6) identification and quantification using capture ELISA 

     To measure natural human Interleukin 6 (IL-6) a DuoSet ELISA kit was purchased 

from R&D systems (catalogue number: DY206). This kit provides a sandwich ELISA 

with a sensitivity to detect 9pg/ml and measures up to 600pg/ml. The assay was carried 

out as detailed in the kit protocol with provided materials as is described below. 

 

 Coating with capture antibody 

100µl mouse anti-human IL-6 diluted to 2µg/ml in PBS was added to each well on a 96 

well microplate and sealed with an adhesive plate cover. The plate was incubated for 16 

hours at 18
o
C.  
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 Wash step 

The contents of the plate were discarded and each well washed with wash buffer three 

times. The plate was dried by inversion and patting the plate with force on paper towels. 

 Blocking step 

100µl of 1% BSA was added to each well and incubated at 18
o
C for 1 hour. 

 Standards and samples 

After washing as in step 2, 100ul of sputum supernatant was added in duplicates to 

assigned wells. 100µl of recombinant human IL-6 (0-600pg/ml in a 7 point 2-fold serial 

dilution) was added to 8 wells in duplicate. The plate was sealed and incubated for 2 hours 

at 18
o
C. 

 Detection antibody 

After washing as in step 2, 100µl of biotinylated goat anti-human IL-6 diluted to 50ng/ml 

in reagent diluent (1% BSA at pH 7.2 – 7.4) was added to each well. The plate was sealed 

and incubated at 18
o
C for 2 hours. 

 Development 

After washing, 100µl of streptavidin HRP at a dilution of 1:200 in reagent diluent was 

added to each well and incubated for 20 minutes out of direct light at 18
o
C. The contents 

were discarded and washed and 100µl of TMB was added to each well then incubated for 

a further 20 minutes out of direct sunlight at 18
o
C. The addition of 50µl stop solution (2N 

H2 SO4) was required for each well and the plate was placed on the plate shaker for 1 

minute at 100rpm. 

 Analysis 

The optical density of the contents of each well was immediately determined using a 

microplate reader set at 450nm and corrected at 570nm (OD@570nm-OD@450nm) to 

correct for optical imperfections. 

 Determination of IL-6 in sample from standard 

The average OD value was derived for the standard and sample wells, the zero IL-6 

standard OD value was subtracted from each mean value. GraphPad (version 5) was used 

to create a standard curve with a 4 parameter logistic curve fit. The sample values were 

interpolated from the standard curve. 

 

The figure 2.3 describes the principle of a sandwich ELISA used from R&D systems 

specific for IL-8 and IL-6. 
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Figure 2.3 Schematic of the sandwich IL-8 and IL-6 ELISA 

The capture antibody was coated onto the surface of the plate and absorbed through 

overnight incubation and any remainder is washed away. The standard (IL-8/IL-6) and 

samples bind to the antigen specific immobilised capture antibody followed by the 

biotinylated detection antibody. The streptavidin horseradish peroxidase binds to the 

detection antibody which binds to the tetramethylbenzidine (TMB) substrate solution to 

result in a blue colour development in proportion to the amount of IL-8/IL-6 analyte 

present. The colour development is then stopped after 20 minutes by adding stop solution 

and the yellow colouration is absorbed at 450nm. 

2.13 Pulmonary function 

     Forced expiratory volume in 1 second (FEV1) and Forced vital capacity (FVC) were 

recorded at routine appointments by clinically trained staff. The predicted values for these 

measurements were corrected according to age, gender and height reference ranges using 

European standards ECCS (Laszlo et al., 2006). The results were gathered and provided 

for the study by Mr Alan Anderson (CF Nurse Specialised) under the authority of Dr 

Stephen Bourke (Respiratory Consultant, RVI).  

2.14 Genotype 

     The patients CFTR genotype was collected by Mr Alan Anderson from the patient’s 

record file. Patients were classed as severe if they were homozygous for deltaF508 

genotype and less severe if they were heterozygous for deltaF508 genotype.  
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2.15 G551D treatment with Ivacaftor 

     In February 2013 twelve patients receiving Ivacaftor medication were asked to consent 

to the following research study. Each patient gave informed consent to be interviewed, the 

interview included questions regarding demographics, 24 hour dietary recall and 

completing three reflux questionnaires (DeMeester Reflux questionnaire, Reflux Symptom 

Index questionnaire (RSI), Hull Airway Reflux Questionnaire (HARQ)). Patients were 

also asked to provide a biological sample for the purpose of a research project evaluating 

the effects of Ivacaftor medication to benefit others in the future. The patients were asked 

to provide expectorated sputum but if they could not produce this they were asked to 

produce expectorated saliva. The patients were informed that interviews and sample 

collection would take place on four occasions, before medication; 6 weeks after first 

taking medication; 6 month after first taking medication and 12 months after first taking 

medication. The sputum and saliva samples were processed as described above and the 

samples were analysed for pepsin as described above.  

2.16 Statistical analysis 

   GraphPad Prism version 5 (GraphPad Software Inc, La Jolla, California, USA) was used 

to perform statistical tests on the data collected. Non-parametric tests were used and there 

were no assumption of specific distribution of data sets. MiniTab (version 16) was used to 

analyse data for the Pearson correlation. The data was regarded as statistically significant 

if the P value was equal to or less than 0.05 and the P values were stated for each 

significant result.   
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 Chapter 3.0 

Gastro-oesophageal reflux and the contribution to airway disease management in the 

cystic fibrosis population 

3.1 Introduction 

3.1.1 The definition of Gastro Oesophageal Reflux (GOR) Disease (D) 

        Gastro-oesophageal reflux (GOR) is characterised by the retrograde movement of 

gastric contents up the oesophagus (Armstrong and Sifrim, 2010; Chen et al., 2010). The 

reflux of gastric contents into the oesophagus is a normal physiological event; Zerbib, et 

al., (2005) found that oesophageal investigations over a 24 hour period of 72 healthy 

adults presented reflux events that were a combination of acid (<4pH), weakly acidic (pH 

4-6), liquid and gas. These data illustrate that the reflux of gastric contents is a frequent 

physiological event that occurs in the healthy population. If oesophageal reflux occurs at 

abnormal frequency (at least once a week) and often related to extended clearance time, it 

is termed Gastro-oesophageal reflux disease (GORD). The Montreal consensus group 

defined GORD as a condition, which develops when the reflux of stomach contents causes 

troublesome symptoms and/or complications (Vakil et al., 2010). The term GORD 

characterises multiple complications with varying levels of injury to the oesophagus. The 

term covers a wide spectrum of symptoms, complications and features of tissue damage. 

There are three main classical symptoms of GORD: The first being heartburn, it is the 

description for a burning sensation of the substernal chest area. Number two, the 

regurgitation of stomach contents is experienced and these may reach the pharynx, larynx 

and oral cavity leading to an acidic taste in the mouth. The third classical symptom is 

regurgitation, this may be provoked by bending over or on position of strain in severe 

cases (Klauser et al., 1990; Chen et al., 2010). Dysphagia is the feeling of food sticking to 

the retrosternal area and difficulties swallowing the food which related to the reflux related 

oesophageal spasm and disordered peristalsis (Gillen and McColl, 2011). 

        The definition of GORD covers a spectrum of complications causing macroscopic 

tissue damage to the oesophagus which can be identified under inspection of upper 

gastrointestinal endoscopy such as oesophageal mucosal damage, oesophagitis and 

oesophageal erosions (Moayyedi and Talley, 2006; Gillen and McColl, 2011).  

     GORD complications are caused by mucosal damage and may be identified during 

endoscopy, these are peptic stricture, Barrett’s oesophagus (secondary to inflammation) 
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and, in severe cases, are adenocarcinoma of the oesophagus (Meining and Classen, 2000; 

Kulig et al., 2004). These complications of GORD have been reported to be a burden to 

health on a global scale and impairs the quality of life of those who experience it (Dent et 

al., 2005; Armstrong and Sifrim, 2010).  

     An epidemiological analysis of 12 studies described the prevalence of GORD in the 

general population defined as at least weekly heartburn and/or acid regurgitation to be 

approximately 10–20% in the western world and 5% in Asia (Dent et al., 2005). The 

incidence in Britain was determined to be 4.5 per 1000 person years (95% confidence 

interval (CI) 4.4–4.7) (Ruigómez et al.,2004). However, the data collected for the 

prevalence and incidence of GORD was collected over 10 years ago.  

3.1.2 The definition of Extra Oesophageal Reflux (EOR) 

       Since the 1960’s GOR has been associated with extra oesophageal reflux (EOR). The 

term EOR refers to the symptoms that reflux of gastrointestinal contents have on the upper 

gastrointestinal tract (Jaspersen et al., 2006). These are namely the pharynx, larynx, nasal 

cavity (Vakil, et al., 2010). The refluxate has been associated with tooth decay (Moazzez,  

et al., 2004) , Otitis media (Tasker, et al.,2002) and identified in the airways (Stovold, et 

al., 2007; Blondeau, et al., 2008). Symptoms include chronic cough and asthma that have 

been associated with pulmonary complication (Kennedy, et al., 1962). Other symptoms 

include hoarseness of the voice, clearing of the throat, post nasal drip, golbus, epigastric 

burning, and nausea (Armstrong, 2005; Klauser et al., 1990; Jaspersen et al., 2006; 

Ruigomez, et al., 2008). 

3.1.3 Anatomy and physiology  

       The oesophagus is a long muscular tube connecting the pharynx to the stomach. Food 

and liquid travels down the oesophagus via peristaltic muscle movements of the 

oesophagus which takes the bolus into the stomach. The lower oesophageal sphincter is a 

circular muscle layer at the distal oesophagus with 90% basal pressure and functions as an 

anti-reflux barrier (along with the crural diaphragm) to prevent the retrograde movement 

of the stomach contents (Figure 3.i). On swallows or belches the muscle of the lower 

oesophageal sphincter normally relaxes to allow food pass into the stomach or intragastric 

air to pass out. The relaxations that are not induced by swallowing or eructation are termed 

transient lower oesophageal sphincter relaxations.  (Boeckxstaens, et al., 2005; Waugh et 

al., 2006). The anti-reflux mechanism of the lower oesophageal sphincter may fail leading 
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to GOR of the stomach contents and exposing the oesophagus to gastric acid and other 

damaging contents of refluxate (Sifrim and Holloway, 2001; Farré, et al., 2013). 

        The lining of the oesophagus is squamous epithelium consisting of three layers, the 

mucosa, the submucosa and the circular muscle layer (Figure 3.b). There are two mucus 

gel layers on the inside of the stomach in a continuous two part surface layer to protect the 

stomach against gastric secretions including pepsin and acid. The two independent gel 

mucus layers in the oesophagus each serve a different protective purpose. The first firm 

adherent mucus layer protects the underlying epithelial cells against pepsin and acid as 

they would otherwise be destroyed. These epithelial cells secrete bicarbonate into this gel 

layer to neutralise the acid to give an environment of around pH 7 at the surface. The 

overlaying mucus gel layer forms a viscous liquid when mixed with consumed food to 

reduce the shear forces between the food and the mucosal cells (Pearson and Brownlee, 

2005). The gastric mucus layer stops at the gastroesophageal junction thus the oesophagus 

requires a different protective mechanism against acid and pepsin. The mucus within the 

oesophageal musosa is present in small quantities and it is secreted by the salivary glands. 

The oesophagus may be able to produce a small amount of watery bicarbonate secretion 

and it secretes carbonic anhydrase, and heat shock protein expression. but does not have 

mucus or goblet cells present like the mucus in the stomach. The mucus can only 

withstand acidic environment for a short period of time thus serves little protection against 

reflux of the stomach contents (Figure 3.a and b). Saliva in the oesophagus may provide 

some protection. The oesophageal surface layer can shed a layer of dead cells which can 

protect the viable cells from acid exposure (Dixon et al., 2001; Johnston et al., 2003;  

Pearson and Brownlee, 2005; Pearson and Parikh, 2010). There is also no protection 

against gastric aspiration of such gastric components to the airway epithelia. 
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Figure 3.a The schematic of the anatomy of the digestive system and airways. The 

illustration describes the components of the digestive and respiratory system. The 

illustration was purchased from canstockphotos and information modified from Anatomy 

and Physiology in Disease, Chapter 12, The digestive system  (Boeckxstaens, 2005) 

(Waugh et al., 2006). 
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Figure 3.b schematic of the structure of the oesophagus and the stomach. The oesophagus 

is a long muscular tube with a squamous epithelium consisting of three layers; outer 

circular muscular wall, submucosa and mucosa. Food passes down the oesophagus and 

into the stomach. The lower oesophageal sphincter is a circular muscle layer at the distal 

oesophagus and functions as an anti-reflux barrier to prevent the retrograde movement of 

stomach contents. On swallows or belches the muscle relaxes to allow food to pass into 

the stomach or intragastric air to pass. The illustration was purchased from canstockphoto 

and information modified from Anatomy and Physiology in Disease, Chapter 12, The 

digestive system  (Boeckxstaens, 2005; Waugh et al., 2006).  
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3.1.4 Damaging components of refluxate 

     Refluxate contains aggressive agents such as acid, pepsin and bile salts (Pearson and 

Parikh, 2010). The reflux of the stomach and small intestinal duodenum contents are 

damaging to the oesophagus. The stomach’s function is to liquefy consumed food and it 

does this with the aid of acid, pepsin and strong rhythmic muscle contractions (Pearson 

and Brownlee, 2005).  The cells in the mucosa of the stomach produce gastric secretions; 

they are arranged in structures called gastric pits made up of several gastric glands. The 

chief (peptic) cells synthesise, store and secrete the inactive enzyme precursor pepsinogen, 

and the parietal cells secrete hydrochloric acid (HCL) to activate pepsinogen into its active 

form of pepsin. Once the inactive enzyme pepsinogen is activated into pepsin by HCL in 

the stomach it becomes a stable molecule and active up to a pH of 6.0. The major secretion 

of the surface epithelial cells is mucus. Mucus forms a continuous two part surface layer to 

protect the stomach against gastric secretions including pepsin and acid. (Pearson and 

Brownlee, 2005).    

      Pepsin(s) by definition are acidic proteases and there are eight different pepsin 

isoforms that have been identified to date. These different pepsins have maximal activities 

against proteins such as haemoglobin which vary between pH 1.9 and 3.6 (Kageyama et 

al., 2002). Pepsin 3 encompasses 70.3 (± 2.6) % of the total pepsins in refluxate, it has an 

optimum pH of 2.4 to 2.8 against haemoglobin. Interestingly it retains <10% activity 

against purified protein at pH 4.0 and 5% - 10% at pH 5, and holds a measurable activity 

at pH 6 (Pearson & Parikh, 2011). It has been shown that the epithelium of the oesophagus 

and larynx are essentially resistant to damage at pH 4.0, but are damaged when pepsin is 

present. This illustrates that in laryngopharyngeal reflux (LPR) pH 4.0 or above refluxate 

would only be damaging if it contained pepsin (Bulmer et al., 2010). Acid with a pH 

below 4 can remain without causing damage in the stomach but would cause damage to 

the oesophagus (Johnston et al., 2003). 

      The reflux of duodenal fluid secretions of bile and pancreatic enzymes into the 

stomach is termed duodenogastric reflux (Figure 3.b). The muscle of the pyloric sphincter 

may relax to release duodenal fluid into the stomach. Bile has an alkaline pH of 8. Bile 

salts are synthesised in the liver and function to emulsify lipids and cholesterol in the 

small intestine to be absorbed in the intestinal wall promoting cholesterol elimination. The 

process enables fat soluble vitamins, A, D, E, and K to be readily absorbed in the 

intestines (Waugh et al., 2006). Bile acids are conjugated with taurine and glycine amino 

acids within the liver to form bile salts. Primary bile acids are those synthesised in the 
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liver (glycodeoxycholate (G-DHC); glycocholate (G-THC); taurodeoxycholate (T-DHC) 

and taurocholate (T-THC) and they make up about 85% of the total acids. The secondary 

bile acids produced from bacterial action in the intestine is called free lithocholate 

(Hofmann, 1999). Bile acids have been shown to be damaging to the oesophageal mucosa 

of Barrett’s oesophagus patients due to its association with the upregulation of 

cyclooxygenase-2 expression and cell proliferation properties. Exposure to oesophageal 

epithelium  has been shown to result in DNA damage (Jolly et al., 2004). 

3.1.5 Aetiology of GOR 

       GOR occurs due to the failure of physiological protective mechanisms but the 

physiological parameters pertaining to levels of reflux have been poorly characterised. The 

majority of GOR occurs due to impairment of the anti-reflux mechanism whereby the 

resting tone of the lower oesophageal sphincter becomes relaxed allowing the gastric 

contents to be released into the oesophagus (Meining and Classen, 2000; Armstrong, 

2005). An inappropriate transient lower oesophageal sphincter relaxation (TLOSR’s) 

causes most reflux episodes (Dent et al., 1980). This frequently occurs post-prandially that 

are not induced by swallowing (Cucchiara et al., 1991). It has been reported that the 

duration of lower oesophageal sphincter relaxations are longer in GOR patients compared 

to healthy controls (Holloway, et al., 2000). The primary mechanisms described in the 

literature for transient lower oesophageal sphincter relaxation are reduced pressure of the 

lower oesophageal sphincter (Ledson et al., 1998); delayed gastric emptying (Couturier et 

al., 2004) and impaired fundic relaxation. Other reasons have been mentioned to affect 

transient lower oesophageal sphincter relaxations including the diet; obesity; high levels of 

oestrogen during pregnancy; and certain medications (Nandurker et al., 2004; Armstrong, 

2005). Across the general population the severity of GORD encompasses a large spectrum 

and the disease is multifactorial. The reason for differences in disease severity is unknown 

but Armstrong, (2005) has suggested it could be a result of individual differences in 

oesophageal protection. Epithelial bicarbonate secretion in the oesophagus or salivary 

bicarbonate production could be impaired in the patients that suffer with oesophageal 

lesions and an increased protective mechanism could be present in non-erosive reflux 

disease (NERD) patients such as increased bicarbonate secretion (Farré, et al., 2013).  

3.1.6 Diagnosis of GOR 

       The diagnosis of GOR can be made through the assessment of symptoms. 

Questionnaire assessment has been designed to characterise symptoms of both GOR and 
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EOR. The tools are designed to determine whether the patient is experiencing typical 

symptoms and validated questionnaires may be used to define abnormal symptoms. 

     The DeMeester reflux Questionnaire assesses the classical symptoms of GOR with the 

assessment of heartburn, regurgitation and dysphagia in a 3-point questionnaire with a 

severity score of 0 to 3 (Figure 3c). This questionnaire is a widely used tool to assess GOR 

dating from the 1980’s (DeMeester et al., 1981; DeMeester et al., 1980). To assess EOR 

symptoms a questionnaire designed for laryngopharyngeal reflux assessing hoarseness, 

vocal changes and fatigue, excessive throat clearing, globus, post nasal drip, chronic 

cough and heartburn. The Reflux Symptom Index (RSI) was validated in 2002 and 

included 25 patients with laryngopharyngeal reflux and 25 age and gender matched 

controls. The questionnaire has 9 questions that are each scored for severity from 0 to 5, a 

total score of 13 or above suggests abnormal symptoms and deemed positive for 

laryngopharyngeal reflux (Figure 3.d) (Belafsky et al., 2002). Chronic cough has been 

associated with reflux and shares a relationship with symptoms of EOR such as asthma 

like symptoms and post nasal drip (Irwin et al., 1984; Mandal et al., 2013). Chronic cough 

has been reported to be a consequence of the aspiration of reflux contents and causing 

hypersensitivity to the upper airways. (Avidan et al., 2001). Morice and colleagues 

developed a questionnaire to characterise chronic cough due to the hypersensitivity of the 

upper airways caused by GOR. The term airway reflux defines the extra-oesophageal 

symptoms of the airways caused by reflux (hoarseness, chronic coughing, globus, and 

wheezing). The 14 point questionnaire has been validated and is a diagnostic instrument 

for the assessment of cough hypersensitivity caused by airway reflux  (Morice et al., 2011) 

(Figure 3.e). 

      Oesophageal reflux can be confirmed by upper gastrointestinal endoscopy, 

oesophageal manometry and pH metry. These measure different aspects of how the 

oesophagus and stomach function, if the refluxate is liquid or gas, and the pH of the 

refluxate. This invasive procedure allows for the measurement of liquid and gas traveling 

up the oesophagus and can detect the pH of the liquid. Evidence of acid (pH<4) and 

weakly acidic (pH4-6) exposure through 24 hour pH monitoring will verify GORD when 

compared to normal values (Zerbib et al., 2005). Upper gastrointestinal endoscopy is the 

gold standard of determining GOR because the endoscopic evidence of oesophageal 

erosions can be used to document the damage to the mucosa and identify carcinoma. 

However, this procedure is not useful for assessing refluxate traveling beyond the 

oesophagus into the aerodigestive tract or airways. Assessing gastric aspiration with non-
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invasive methods can be achieved by reflux biomarker analysis of sputum supernatant 

(Stovold et al., 2007) and lipid laden macrophage index (LLMI) of sputum cells (Colombo 

et al., 1987; Hopkins et al., 2010). 

       There are non-invasive methods to measure gastric aspiration by the analysis of reflux 

biomarkers such as pepsin and bile acids in the samples collected from the airways or 

pharynx (expectorated sputum, saliva or Bronchoalveolar lavage). For research purposes 

an enzyme-linked immunosorbent assay (ELISA), based on a monoclonal antibody to 

porcine pepsin has been locally developed. It has measured both pepsin and total 

pepsinogens, henceforth referred to as “pepsin” in human Bronchoalveolar lavage and 

sputum samples. This ELISA provides a non-invasive alternative to identify and quantify 

reflux markers (Stovold et al., 2007). Stovold et al. (2007) assessed BAL samples of 57 

subjects using this ELISA to detect pepsin a biomarker of gastric aspiration. The study 

found that significant amounts of pepsin was present in lung transplant patients compared 

to controls (p<0.004). The Peptest
TM

 is a lateral flow device specific for human pepsin 3, 

the pepsin found in the stomach. Pepsin can be detected from saliva and sputum samples 

as low as 25ng/ml (Strugala, et al., 2007). It has been shown to be a useful tool for testing 

reflux in a clinical setting due to the rapid and inexpensive procedure. It was shown that 

the diagnostic utility of the Peptest to measure pepsin in expectorated saliva in patients 

with chronic cough was very useful showing pepsin positive tests in at least one of three 

samples in 64% of chronic cough patients and 36% of healthy volunteers (n=300) with no 

GOR symptoms result in a pepsin positive test (Hayat et al., 2013). Bile acids can be 

measured using methods such as tandem mass spectrometry and diagnostic enzymatic kits 

designed to measure bile salts in serum  (Blondeau et al., 2008; Aseeri et al., 2012; 

Savarino et al., 2013). It has been reported that the preferred method to analyse bile acids 

in the samples of airways is tandem mass spectrometry because the limit of detection was 

0.01 µmol/L which is lower than the sensitivity of the enzymatic kits at 5µmol/L (Parikh, 

et al., 2013). 
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Figure 3.c The DeMeester Reflux Questionnaire to assess gastro-oesophageal reflux (GOR) 

classical symptoms. The questionnaire is a 3 point questionnaire for symptoms of 

heartburn, regurgitation and dysphagia with a maximum score of 9. (DeMeester et al., 

1981; DeMeester et al., 1980). 
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Figure 3.d The Reflux Symptoms Index (RSI) questionnaire to assess laryngopharyngeal 

reflux. The self-administered nine-item reflux symptom index (RSI) for the assessment of 

symptoms in patients with laryngopharyngeal reflux. The scale for each individual item 

ranges from 0 (no problem) to 5 (severe problem), with a maximum total score of 45. A 

score of 13 or above indicates an abnormal RSI score (Belafsky et al., 2002). 
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Figure 3.e The Hull Airway Reflux Questionnaire (HARQ) to assess airway reflux cough 

hypersensitivity. The HARQ is a validated 14 point questionnaire to assess the present of 

cough due to airway reflux.   This is self-administered and has 14 items. Responses to 

each question can vary from 0 to 5 to maximum of 70. A score of 13 or over is abnormal 

and is used to determine airway reflux (Morice, et al., 2011). 
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3.1.7 GOR in the CF population 

     Reflux is common in the CF population both in paediatric and the adult patients. The 

first observation of GOR in CF was identified in 1975 by a French researcher at a time 

when the age of survival was around 10 years of age. The study uncovered the problem of 

GOR that has now become a major concern in the CF community (Feigelson and 

Sauvegrain, 1975). Reported high prevalence of GOR in infant CF patients started a 

research topic of interest at various CF paediatric clinics. Early investigations of GOR in 

CF observed that seven paediatric CF patients experienced abdominal pain, peptic 

oesophagitis, upper GI haemorrhage and oesophageal stricture. This raised the awareness 

of GOR and highlighted the importance of detection and treatment to prevent GOR 

associated morbidity (Scott et al. 1985; Brodzicki et al., 2002). The classical symptoms 

heartburn, regurgitation and vomiting were observed in paediatric CF patients with a 

reported prevalence of 55%. Evidence that GOR contents were reaching the airways was 

illustrated by the association with recurrent pneumonia (Scott et al., 1985; Vinocur et al., 

1985). Interestingly, the association of GOR and poor nutritional status was observed with 

many GOR patients failing to thrive (Vinocur et al., 1985; Malfroot and Dab, 1991). The 

availability of genotype analysis allowed researchers to study the role of CFTR mutations 

and prevalence of GOR. Researchers reported that the CFTR mutation did not affect the 

incidence of GOR (Brodzicki et al., 2002). 

          As CF survival time has increased, studies assessing GOR symptoms in the adult CF 

population (16-50 years) proceeded for the first time in 1998. At this time the prevalence 

of heartburn was reported to be 80% in CF adults, regurgitation and dysphagia was 

experienced in 52% (Ledson et al., 1998). Other studies have reported even higher 

prevalence of classical GOR symptoms at 85% (Blondeau, et al., 2008). The prevalence of 

EOR symptoms has been shown to affect 94% of CF patients (Blondeau, et al., 2008). 

Recently, Sabati, et al., (2010) used validated questionnaires to determine GOR and this 

prospective cross sectional study of CF patients in the USA found that 63% of CF patients 

reported GOR symptoms with 24% experiencing symptoms at least weekly. Interestingly, 

there were 66% symptomatic patients using PPI therapy illustrating that PPI therapy does 

not alleviate classical GOR symptoms for all patients (Sabati et al., 2010). The prevalence 

of GOR in CF has been shown to be up to 85% and EOR 95% in the adult CF population 

and the differences in prevalence may be due to the variety of research tools used to define 

the presence such as questionnaires, pH impedance and manometry, reflux biomarker 

identification and clinical features.   



40 

 

.  

3.1.8 The role of GOR in the pathogenesis of CF pulmonary disease 

      Several observations have demonstrated that GOR may be associated with increased 

pulmonary disease. It has been observed that cystic fibrosis patients with GOR have 

poorer lung function than those without abnormal GOR. This was defined by a persistent 

decline in lung function measured by forced expiratory volume in 1 second (FEV1) 

(Navarro et al., 2001; Palm, Salwicki and Rosen, 2012). To support this, Gustafsson and 

colleagues (1991) examined pulmonary function and chest radiographs of twelve CF 

patients to reveal that patients with better respiratory results (n=4) had fewer signs and 

symptoms of oesophageal dysfunction and GOR. Controversial evidence emerged in 1996 

by Escobar and colleagues who found that their research of 10 infants with abnormal 

reflux index was not related to decline in spirometry data. Although the study number was 

low and this data cannot be used to represent the general CF population. Evidence for 

GOR leading to a decrease in pulmonary function was observed in paediatric patients in 

the Netherlands in a longitudinal study comparing GOR in CF (Van der Doef et al., 2009). 

Acid and non-acid GOR may have an effect on lung disease (Blondeau, et al., 2008). The 

acidic contents of the stomach was shown to reach the upper oesophagus and the trachea, 

and could be prevalent in around 35% of CF patients (Ledson, Tran and Wilshaw, 1998; 

Pauwels, et al., 2011). It is reported that gastric aspiration may participate in further 

deterioration of lung function. However, the true potential damage that GOR and 

aspiration may cause is yet to be fully understood. Reflux reaching the proximal 

oesophagus and extra-oesophageal areas have been shown to be implicated in multiple 

respiratory disorders. For the first time it was reported that CF patients experience 

duodeno-gastric reflux of bile acid (n=5) and bilirubin (n=8 p=0.003) in a study comparing 

the contents of gastric juice of CF with healthy volunteers (n=10) (Hallberg, Fandriks and 

Strandvik, 2004). This refluxate has been identified in the airways by pepsin and BA 

detection in sputum, BAL and tracheal washings (Blondeau et al., 2010). Reflux 

biomarkers have been shown to be a useful method of assessment in the samples collected 

from the airways (sputum, saliva, tracheal washings and BAL). Pepsin and BA have been 

the most widely studied biomarkers with some work on, trypsin, and bilirubin. 

Interestingly, GOR has been associated with Pseudomonas aeruginosa and 

Staphylococcus aureus by a number of studies (Van der Doef et al., 2009; Palm, Salwicki 

and Rosen, 2012). This finding suggests that refluxate leads to poorer lung function which 



41 

 

is either a primary cause of gastric content damage to the epithelium or a secondary effect 

of increased pulmonary exacerbations potentially related to GOR. 

       The CF population tend to live longer now, this brings about complications that were 

not previously seen in paediatrics. There have been cases of oesophageal malignancies 

reported in adult CF patients which are attributed to GOR. This highlights the importance 

of clinical care surrounding GOR in CF. Whether the care is to increase quality of life, 

prevent GOR diseases or to prevent gastric aspiration it is important to treat patients and 

research this area. It was documented in 1993 that Barretts oesophagus was observed in 

two CF adolescents with GOR and this had not been previously described and esophagitis 

was prevalent in 7 patients with GOR (Hassal, 1993; Brodzicki, Trawinska-Bartnicka and 

Korzon, 2002)  

 

3.1.9 Mechanisms of GOR in the CF population 

     Understanding the mechanism of GOR in CF may lead to a better understanding of the 

problem. Chronic cough is a common problem for CF patients (Fathi, et al., 2008), Bendig 

(1982) explained that chronic cough in CF may result in GOR by increased abdominal 

pressure and a depressed diaphragm.  This was supported by Blondeau et al., (2008) who 

observed a positive association between oesophageal acid exposure and the cough 

symptom association probability (p=0.03). However, researchers in Hull (Fathi et al., 2009) 

argued that the sequence of GOR and cough can work both ways and speculate that it is 

GOR causing chronic cough in CF. The authors reported that patients with chronic cough 

that was untreatable with conventional cough medicine underwent laparscopic Nissen 

Fundoplication to result in a significant improvement of cough symptoms (p=0.01). 

Interestingly, pulmonary function significantly increased post operatively with a 50% 

reduction of pulmonary exacerbations suggesting GOR leading to gastric aspiration could 

be a contributor to pulmonary disease. 

       In 1991, Cucchiara and colleagues found that GOR in CF could be due to an 

inappropriate relaxation of the lower gastro-oesophageal sphincter. This was supported by 

findings by other researchers that found the LOS pressure lower than 5mmHg was 

significantly correlated with a higher DeMeester score determined by oesophageal 

investigation (mean 81.0, range 47.9-128.8) compared to patients with a normal LOS 

pressure (mean 26.9, range 8.7-56.5) (Ledson, Tran and Wilshaw, 1998).  
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      The mechanisms of increased GOR in the CF population could be multifactorial. 

Pauwels et al., (2011) found multiple defective mechanisms in CF but could not associate 

them with GOR. Delayed gastric emptying was prevalent in 33% of 33 patients but this 

did not correlate to reflux episodes assessed by pH impedance and there were significantly 

lower LOS pressure observed in CF (n=12) when compared to healthy controls 

(n=11)( p=0.04). A later study observed that reflux caused by transient lower oesophageal 

sphincter relaxations was not found to be different in CF compared to healthy controls 

(Pauwels et al., 2012). 

3.1.10 The treatment of GOR in the CF population 

       Drug therapy for general GORD patients include H2 receptor antagonists (H2-RA) and 

proton pump inhibitors (PPI) to lower the volume of the refluxate and increase the pH of 

the refluxate. PPI treatment (lansoprazole and Omeprazole) is primary treatment for GOR. 

Research has stated that PPI therapy is far superior to H2-RAs (Chiba, et al., 2003; van 

Pinxteren, et al., 2003; Armstrong, 2005). However, 5-20% of patients do not respond to 

current therapy, PPI therapy is not effective at 20mg/day for many GOR patients and the 

medication may be effective if increased to 40mg/day (Armstrong, 2005). PPI therapy will 

reduce the volume and time of acid exposure in GOR patients but the acid exposure will 

still tend to be above normal (Gerson, et al., 2005; Gerson, et al., 2004). In America, 50% 

of CF patients are currently treated with PPI medication to reduce the acidity in the 

stomach. This is used for both GOR treatment and to increase efficiency of pancreatic 

enzyme replacement therapy (Smyth, et al., 2014). Despite the benefits of PPI or H2RA 

treatment lowering refluxate pH, the refluxate will still contain pepsin, bacteria and many 

other damaging agents; it will also be weakly acidic (pH 5-7). Therefore, PPI therapy will 

not prevent reflux episodes and refluxate reaching the oesophagus can still cause damage, 

but lessen the symptoms of reflux (Pearson & Parikh, 2011). A previous study found that 

bile acids were present in the saliva samples of 38 CF patients and 11 of these patients 

were on PPI therapy (Blondeu et al., 2008) illustrating that gastric contents reach the 

pharynx regardless of PPI therapy. However, it has been reported that the method of bile 

acid detection used in this study was not sensitive enough to detect the low bile acid levels 

reported (below 5mmol/L) (Parikh, et al., 2013). In addition, it has recently been shown 

that 65% of patients on acid suppression medication reported continued classical GOR 

symptoms (Sabati et al., 2010). 
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        Surgical management of GOR has been shown to slow down the decline in 

pulmonary function, increase weight and reduce exacerbations (Sheikh, et al., 2013). If 

patients do not respond to medicated treatment they can be considered for Nissen 

Fundoplication. The first published reports of surgery outcomes in CF children at a 

Childrens medical centre in the USA reported 28% discontinued reflux medication post-

surgery and there were no surgical mortalities. Interestingly, surgery significantly 

improved lung function by 8.6% per year (p=0.004) in children with a starting FEV1 

below 60% predicted (Boesch and Acton, 2007). Furthermore, surgical intervention 

(laparoscopic fundoplication) was found to be highly effective in controlling reflux in a 

small selection of CF patients that did not respond to medication (Fathi, et al., 2009). 

Hayes and colleagues reported a reduction in lipid laden macrophages post laparoscopic 

fundoplication suggesting decreases in aspiration of gastric contents (Hayes, et al., 2013). 

     GOR is a recognised problem in the CF community. A recent publication by the 

European Cystic Fibrosis Society highlighted the awareness of GOR prevalence in the CF 

centre and suggest that patients experiencing symptoms should be diagnosed and 

subsequently treated for GOR (Smyth, et al., 2014). 

3.1.11 Inflammation in the CF airways and the association with pulmonary disease   

     A major characteristic of CF disease is the susceptibility to chronic pulmonary 

infection caused by inflammation responding to the bacterial infection. They have a 

negative impact on health reducing the quality of life and survival therefore antibiotic 

treatment is prescribed upon identification of bacterial infection. Progressive pulmonary 

disease is a leading cause of mortality for the CF population (Sagel et al., 2007; Anthony 

et al., 1999). The clinical indicators of a pulmonary infection vary and there are many 

indicators such as chronic cough, sputum production, shortness of breath, chest pain, 

decreased exercise ability and decreased appetite (Smyth et al., 2008). A new symptom, 

change in symptoms or worsening of existing symptoms is termed exacerbations (Bhatt et 

al., 2013).  

      Upon bacterial infection (such as Pseudomonas aeruginosa), the inflammatory system 

responds to the bacterial infection by producing inflammatory mediators at the site of 

infection. (Segal et al., 2007). The epithelium of the airway produce cytokines and 

chemokines to initiate the immune response via Natural Killer cells intracellular signalling. 

Interleukin 8 (IL-8) and Interleukin 6 (IL-6) are proinflammatory cytokines released by 

the airway epithelium cells to mediate inflammatory response. The mediators recruit 
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neutrophils to attack the infection in order to eliminate it. Neutrophils are phagocytes with 

a function to engulf bacteria to eliminate invading infection from the site. The 

inflammatory response in the CF airway does not function effectively (as described in 

chapter 1) and cannot clear recurrent infections within the airways (Shanks et al., 2010). 

Inflammation develops in the airways excessively in relation to the presence of bacteria 

and continues as the infection cannot be cleared (Bourke and Burns, 2011). This leads to a 

vicious cycle of excessive inflammatory cell/metabolite influx in the CF airway resulting 

in airway damage. Viral infections within the CF lung may potentially damage the 

epithelium (Banner et al., 2009). IL-8 has been shown to be one of the most potent of 

chemoattractants to activate neutrophils. Studies have shown that samples taken from the 

CF lung such as sputum (Bergin, et al., 2013) and BAL (Bonfield et al., 1995) have 

significantly elevated concentrations of IL-8 and IL-6 compared to healthy controls and 

this has a negative correlation with pulmonary function (Colombo, et al., 2011).  

     The measurement of inflammatory mediators in the sputum of CF patients has been 

used to identify disease activity in CF lung disease. Inflammatory response has been 

demonstrated in the CF airway by counts of abundant neutrophils dominating other cells 

in sputum and BAL samples taken from the CF lung. These samples have also been shown 

to contain high levels of inflammatory mediators such as IL-8 and IL-6. The levels of IL-8 

and IL-8 in CF sputum have been reported to be released in excess by the airway 

epithelium and this is thought to be due to the absence of normal function highlighting 

further consequences of CFTR dysfunction in addition to channel gating dysfunction 

(Segel et al., 2007). Respiratory tract epithelium damage caused by defective cytokine 

production is one theory to the enhanced inflammatory response in the airway but not 

other sites of CF epithelium. Starosta et al., (2007) found that Interleukin-8 (IL-8) 

concentrations and numbers of neutrophils were correlated to the number of proximal 

reflux events measured by 24h eosophageal pH measurements. McNally et al., (2011) 

supported this finding and produced data to illustrate a higher IL-8 concentration in CF 

patients with raised pepsin levels in BAL samples suggesting increased lung inflammation 

due to gastric aspiration. Neutrophil elastase is a marker of airway inflammation and can 

be quantified in the CF lung. Evidence suggests that bile acids contained in the lung 

significantly associated with neutrophil elastase (p=0.05) (Pauwels et al., 2012). 

 



45 

 

3.1.12 Aims and objectives of the following chapter 

      Due to a wide range of prevalence of GOR reported in the CF population the following 

study aimed to investigate the prevalence of GOR and EOR in CF adults at the out-patient 

clinic, Newcastle upon Tyne allowing for the assessment of a range of CF disease severity 

and easy patient access. During my study the characteristics of GOR and EOR were 

assessed using validated questionnaires specific for GOR and laryngopharyngeal reflux 

termed herein as EOR. Gastric aspiration was determined by the analysis of reflux 

biomarkers present (pepsin and bile acids) in expectorated sputum samples collected 

during out-patient clinic appointments. The lipid laden macrophage index was determined 

by staining the cells of sputum samples. This has been used as a reflux diagnostic tool 

assessing the lipid contained in macrophages of sputum cells.  

     The association between GOR and pulmonary function was assessed to investigate the 

relationship between reflux in the CF population and pulmonary function based on 

GOR/EOR symptoms and gastric aspiration. The spirometry measurements (FEV1 and 

FVC) were calculated according to the percentage predicted based on the ERS guidelines. 

     The inflammation within the airways was explored by methods of expectorated sputum 

from within the airway. The relationship between gastric aspiration and pulmonary 

inflammation was explored. 
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3.2 Results 

3.2.1 Study population and sampling 

 

The Ethical approval for this study was granted by the County Durham & Tees Valley 2 

Research Ethics Committee (REC NO: 10/H0908/8). There were 72 adult CF patients 

(range 16-60 years, median 21) recruited onto the study from their routine clinical 

appointments at the RVI, Newcastle Upon Tyne between 2011 and 2014. There were 39 

males and 33 females with a median weight of 57.8kg (range 34.1-87.0) and median BMI 

of 21.5 (range 14.1-30.9). (See figure 3.1, 3.2, 3.3, 3.4 and 3.5 and see appendix 8.7 for 

individual patient data). 
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Figure 3.1 Patient age (n=72, range 16-60, median 21 years)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

Age 

(years) 



48 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.2 The age of male (n=39) and female (n=33) patients (male range 16-44, median 

24 years; female range 17-60, median 25) 
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Figure 3.3 Patient weight (kg) (n=72; range 34.1 -87.0 kg, median 58.7 kg) 
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Figure 3.4 Patient Body Mass Index (BMI kg/m

2
) (n=72; range 14.1-30.9, median 21.5) 
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Figure 3.5 The prevalence of delta F508 in the 61 patients recorded was n=22 

homozygous and n=39 heterozygous.  
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3.2.2 The investigation into the prevalence of reflux symptoms in the CF population. 

 

     The symptoms of reflux were assessed by questionnaire. GOR symptoms were 

determined by the DeMeester Reflux Questionnaire (n=72), EOR symptoms were 

determined by the Reflux Symptom Index (RSI) (n=72) and the assessment of airway 

reflux cough was determined by the Hull Airway Reflux Cough Questionnaire (HARQ), 

This was introduced at a later stage in the study following feedback from presentation of 

my work at a national meeting and so had a lower number of results (n=22). Of the 72 

patients recruited the median DeMeester score was 1 (range 0-9, normal = 1 or below).  30 

patients (42%) scored >2 presenting GOR symptoms (median 2, range 2-7) (Figure 3.6). 

The median RSI score was 16 (n=72, range 0-43) and more than half of patients 45 (63%) 

were EOR symptomatic, with an RSI score >13 (median 19, range 13-43) (Figure 3.7). 

Reflux associated cough was determined by the Hull Airway Reflux Questionnaire 

(HARQ). The HARQ questionnaire was introduced in January 2013 therefore n= 22 

patients completed the HARQ from the total patients recruited (n=72). The median score 

of the 22 patients who completed the HARQ questionnaire was 15 and there were 11 

patients (50%) symptomatic of airway reflux cough (median 31, range 15-44) (Figure 3.8). 

The questionnaire data illustated that 42% of the patients that were recruited experienced 

GOR symptoms, 63% experienced EOR symptoms and 50% of 22 patients experienced 

airway reflux cough. This level of symtomatic burden was present despite the fact that  46 

patients were treated with proton pump inhibitors (PPI) and 3 treated with Histamine2 

Receptor Antagonists (H2RA) for acid reflux. There were 20 patients that were not taking 

any medication to treat acid reflux. Of the 30 patients that experienced GOR symptoms 63% 

(n=19) were on PPI medication. There were 69% (n=31) of patients on PPI medication 

who experienced EOR symptoms. Of the 3 patients taking H2RA’s there were 2 patients 

who experienced GOR symptoms and EOR symptoms. Similarly there were 7 patients on 

PPI medication that scored an abnormal HARQ score (n=11) (Figure 3.9). 
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Figure 3.6 Presence of GOR symptoms determined by the DeMeester reflux questionnsire 

maximum score 9; normal score <1 represented by the red line. There were 42 patients 

asymptomatic of GOR determined by a DeMeesterscore of 1 or below (58%) (range 0-1, 

median 1. 30 (42%) patients were GOR symptomatic (range 2-7, median 2) determined by 

a DeMeester score of 2 or above. The graph illustrates individual patient DeMeester scores 

with Mean and SEM. 
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Figure 3.7 Presence of EOR symptoms determined by the Reflux Symptom Index (RSI) 

Questionnsire maximum score 45; normal score <12 represented by the red line. There 

were 27 (37%) patients asymptomatic for EOR determined by a RSI score of 12 or below 

(range 0-12, median 8). There were 45 (63%) patients that were EOR symptomatic 

determined by an RSI score of 13 or above (range 13-43, median 19). The graph illustrates 

individual patient RSI scores with Mean and SEM. 
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Figure 3.8 Presence of airway reflux cough (ARC) symptoms determined by the Hull 

Airway Reflux Questionnaire (HARQ) n=22; maximum score 70; normal <12 represented 

by the red line. There were 11 (50%) patients that were asymptomatic of airway reflux 

cough symptoms determined by a HARQ score of 12 or below (range 0-12, median 6). 

There were 11 (50%) patients symptomatic for airway reflux cough determined by a 

HARQ score of 13 and above (range 15-44, median 31). The graph illustrates individual 

patient HARQ scores with Mean and SEM. 
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Figure 3.9 The number of symptomatic patients using PPI and H2RA medication. There 

were 30 patients symptomatic for GOR determined by the DeMeester reflux questionnaire 

(score of 2 or above), of which 19 were on PPI medication and 2 were on H2RA 

medication. 45 patients experienced EOR symptoms determined by the RSI score (score of 

13 or above) of which 31 patients were on PPI medication and 2 were on H2RA 

medication. Of the 22 patients that completed the HARQ questionnaire to assess airway 

reflux 11 were symptomatic and 7 were on PPI medication. 
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3.2.3 The investigation of gastric aspiration in the CF population 

3.2.3i Pepsin as a biomarker for gastric aspiration 

      The initial experiments carried out to identify pepsin in sputum supernatant involved 

optimisation of an in house pepsin indirect ELISA. The optimisation of the blocking 

solution was assessed to prevent nonspecific binding to the plate. It was determined by 

blocking a plate with three pepsin standard curves with a range of 0 to 100ng/ml using 1% 

BSA (R
2
=0.99), 1% milk powder (R

2
=0.72) and 5% milk powder (R

2
=0.71). The standard 

curve which was blocked with 1% BSA was deemed the superior blocking agent 

compared to milk powder therefore it was used in the pepsin ELISA protocol of further 

experiments. The standard curve used to determine pepsin concentration was linear 

between 0 and 100ng/ml. The pepsin ELISA linear standard curve measured an 

absorbance value up to 0.79 optical density units (Figure 3.10).  

      The standard operating procedure for sputum processing required a sputum sample to 

be homogenised in DPBS at 8 times the sputum plug weight (1:8 dilution) (see Chapter 2 

Methods: subheading 2.7). Prior to sample collection and processing the analysis of pepsin 

recovery in sputum supernatant was investigated. To ensure pepsin could be detected from 

a 1:8 sputum supernatant a experimental sputum plug was collected and processed as 

directed. The 1:8 sputum supernatant samples was spiked with known concentrations of 

porcine pepsin in order to recover the known concentration through the pepsin ELISA 

procedure. Pepsin was recovered from the spiked sputum supernatant sample to a lower 

detection limit of 10ng/ml (1ng/100µl). Pepsin was not recovered at 0.0ng 0.3ng, 0.5ng. 

Sputum spiked with 1.0 ng, 1.5 ng 3.0 ng and 5.0 ng of porcine pepsin resulted in full 

recovery. Therefore samples could be collected and processed as directed using the 

standard dilution. 

     Sputum samples were processed according to the standard protocol and therefore were 

diluted 1:8 in DPBS to homogenize the sputum plugs.  The samples were aliquotted, 

labelled and stored at -70°C for later analysis. The question was raised about the correct 

dilution factor of sputum supernatant of CF patients to ensure any pepsin that was to be 

detected fell within the standard curve of 0-100ng/ml of porcine pepsin. Thus, various 

dilution factors of sputum supernatant were assessed (1:8, 1:200, 1:1000) to ensure the 

pepsin detected would fall within the standard curve range of 0-100ng/ml dilution and 

determining the correct dilution factor for future sample analysis. From the same sputum 

supernatant sample the concentration of pepsin recovered from the 1:8 dilution was 
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5ng/100µl (50ng/ml); 1:200 dilution 0ng/100µl; 1:1000 dilution 0ng/100µl. The dilution 

factor of sputum supernatant suitable for the pepsin ELISA to fit onto a standard curve of 

0-100ng/ml was the 1:8. The prepared sputum supernatant samples were used at the 

dilution they were stored at and there were no further dilution necessary.  

       Sputum supernatant samples were analysed for pepsin (n=69) using the indirect 

ELISA and the overall range of pepsin was 0 to 1150ng/ml with the median of 230ng/ml. 

Of the 69 patient samples analysed there were 48 (70%) patient samples with detectable 

levels of pepsin with a median of 330ng/ml ranging from 80 to 1150ng/ml. There were 21 

(30%) patient samples that did not contain pepsin above the lowest level of accurate 

quantification of pepsin at 1ng in 100µl (100ng/ml). Figure 3.10 shows a typical standard 

curve and figure 3.11 displays the individual patient pepsin values measured in sputum 

supernatant samples. 
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Figure 3.10 Porcine pepsin standard curve measured with in-house in-direct ELISA using 

goat monoclonal primary antibody at 1:100 followed by monoclonal secondary to goat 

monoclonal raised in mouse (peroxidase conjugated) at 1:1000 (mean ± SEM, n=3). 
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Figure 3.11 The analysis of sputum supernatant pepsin levels (ng/ml) in 69 patients 

measured with in-house ELISA using goat monoclonal primary antibody at 1:100 

followed by monoclonal secondary to goat monoclonal raised in mouse (peroxide 

conjugated) at 1:1000 (mean with SEM). The range of pepsin was 0 to 1150ng/ml, median 

230, mean 280, SEM 35.  
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3.2.3ii Total Bile Acid as a biomarker for gastric aspiration 

 

     Taurine and glycine conjugates of cholate and deoxycholate and their isomers were 

measured using a mass spectrometry Acquity TQ Detector (Waters Corp, Milford, MA). 

The Taurine conjugates make up around 25% of the total bile acids and the glycine 

conjugates make up 75%. Although trace free bile acids are present and these make up to 5% 

of the total bile acids (J. P. Pearson and S. Parikh, 2011). The term Total Bile Acids (TBA) 

herein describes the Taurine and glycine conjugates which equates for 90-100% of TBA. 

The individual bile acids were detected to a sensitivity of 0.01µMol/L and then these 

levels were added together to give the TBA concentration. The concentrations were 

assessed in 24 sputum supernatant patient samples at Sheffield Childrens Hospital, UK. 

The median level of TBA’s was 0.22 µmol/L and ranged from 0.00 to 3.17 (figure 3.12 

and 3.13). Glycine and Taurine conjugates were compared to find that there were no 

median differences between the two conjugates. Median Glycine conjugates were 0.08 

µMol/L (range 0.00-2.24) and Taurine conjugates were 0.08µMol/L (range 0.00-0.96). 

Reported TBA in human serum are reported to be up to 10µmol/L and therefore used as a 

lower detection limit when assessing abnormal levels (Parikh et al., 2013). 
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Figure 3.12 Taurine and glycine conjugates of cholate and deoxycholate and their isomers 

in sputum supernatant samples were measured using an Acquity TQ Detector (Waters 

Corp, Milford, MA). Individual bile acid levels of sputum supernatant (n=24) samples are 

presented measured by mass spectrometry sensitive to 0.01µMol/L and multiplied by 

dilution factor (1:8). Median levels of glycodeoxycholate (G-DHC) were 0.08 (range 0-

1.44), glycocholate (G-THC) 0.08 (range 0-1.60), taurodeoxycholate (T-DHC) 0.00 (range 

0-0.56), (taurocholate (T-THC) 0.04 (range 0-0.88) and free lithocholate 0.39 (range 0-

2.10).  
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Figure 3.13 Sputum supernatant TBA levels measured by mass spectrometry to a 

sensitivity of 0.01µMol/L. Median TBA levels were 0.22 (range 0-3.17, mean 0.47, SEM 

0.16 µMol/L). 
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Figure 3.14 Sputum supernatant Glycine conjugates and Taurine conjugates concentration 

measured by mass spectrometry to a sensitivity of 0.01µMol/L. Median Glycine 

conjugates were 0.08 µMol/L (range 0.00-2.24) and Taurine conjugates were 0.08µMol/L 

(range 0.00-0.96). 
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3.2.3iii The Lipid Laden Macrophage Index Score as a diagnostic tool for gastric 

aspiration 

          The oil red O stain was used to determine lipid laden macrophage index score 

(LLMIS) from sputum samples that were processed and prepared to 0.5x10
6
/ml cells on a 

glass slide and stained with Oil Red O/Sudan Red followed by a counter stain to identify 

the nucleus of cells with Harris Haematoxylin. The cells were differentiated into 

neutrophils, eosinophils, macrophages and lymphocytes by counting a total of 500 cells 

and calculating the percentage of each cell type based on characteristic morphology. The 

LLMI score requires the assessment of 100 consecutive macrophages upon the visible 

identification of red lipid droplets contained within the cell. The cell differential of the 

sputum supernatant samples analysed (n=36) showed that there were a median 0% 

macrophages (range 0 to 0.8%) present and therefore prevented identification of lipid 

laden macrophages (Table 1 and Figure 3.15). 
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Cell type Median % Range % Mean % SEM % 

Neutrophil 100 97 – 100 99 0.09 

Eosinophil 0 0 – 0.8 0 0.03 

Macrophage 0 0- 2 0 0.05 

Lympocyte 0 0-1 0 0.05 

 

Table 3.1 The cell differential of expectorated sputum of CF patients. Sputum samples 

were processed to provide a cell cytospin of 500,000 cells per ml on a glass slide. Each 

cell sample was stained to identify the cell differential count. The Giemsa stain identified 

that in 36 patient samples analysed the median neurophil counts were 100% (97.2-100); 

median eosinophil counts were 0% (0.4-0.8); median macrophage counts were 0% (0-2); 

median lymphocytes counts were 0% (0-1.2) 

 

 a)  b) 

Figure 3.15 A representative image of the Oil Red O stained sputum supernatant samples 

illustrating the presence of neutrophil nuclei and no red droplets visible. (a and b represent 

two different patients with no macrophages present, thus a lipid laden macrophage score 

of 0) 
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3.2.4 The relationship between aspiration of gastric juice and symptoms of GOR/EOR 

 

     The DeMeester questionnaire score was used to determine the presence of GOR 

symptoms in 72 patients. The patients were grouped into those that were symptomatic of 

GOR scoring 2 or above on the questionnaire (GOR) and those that were asymptomatic 

(no GOR) of GOR scoring 1 or below. The pepsin concentration detected in each group 

was assessed using a non-parametric two-tailed Mann-Whitney U test to show that there 

were no statistical differences of pepsin concentration detected in sputum samples and the 

presence of GOR symptoms (p=0.11) although patients asymptomatic of GOR had higher 

concentrations compared to symptomatic patients. The median level of pepsin detected in 

the GOR symptomatic group was 140ng/ml (n=30, range 0-800 ng/ml) and median levels 

in the asymptomatic group were 270ng/ml (n=39, range 0-1150 ng/ml) (Figure 3.16).   

The RSI questionnaire score was used to determine the presence of EOR symptoms in the 

aero digestive tract in 72 patients. The patients were grouped into those that were 

symptomatic of EOR scoring 13 or above on the questionnaire (EOR) and those that were 

asymptomatic of EOR scoring 12 or below. The pepsin concentrations detected in each 

group was assessed using a non-parametric two-tailed Mann-Whitney U statistical test to 

show that there were no statistical differences of pepsin levels detected in sputum samples 

and the presence of EOR symptoms (p=0.23). The median level of pepsin detected in the 

EOR symptomatic group was 180 ng/ml (n=47, range 0-1020 ng/ml) and median levels in 

the asymptomatic group were higher at a median concentration of 290 ng/ml (n=22, range 

0-1150 ng/ml) (Figure 3.17).  Of the 24 patient sputum samples that were analysed for 

BA’s there were 16 patients that were symptomatic for GOR symptoms with median TBA 

concentration of 0.3 µmol/L (range 0.0 to 3.2) and there were 8 patients that were 

asymptomatic of GOR symptoms with a median TBA level of 0.2 µmol/L (range 0.0 to 

2.0). There were 20 patients that were symptomatic of EOR symptoms with median TBA 

levels of 0.2 µmol/L (range 0.0 to 3.2) and 4 patients that were asymptomatic of EOR 

symptoms with a median of 0.2µmol/L (range 0.2-1.2). There were no statistical 

difference between TBA levels and symptoms of EOR (P=0.56). or GOR (p=0.07) but the 

concentrations were higher in the symptomatic group (Figure 3.18 and 3.19). 
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Figure 3.16 Sputum supernatant pepsin levels in symptomatic GOR patients (n=30) 

defined by DeMeester Score >2 (range 0-800ng/ml, median 140, mean 210, SEM 43 ) and 

asymptomatic GOR patients (n=39) defined by DeMeester score <1 (range 0-1150ng/ml, 

median 270, mean 330, SEM 51). There was no statistical difference between pepsin 

levels and the symptoms of GOR (P=0.11) assessed by Mann Whitney U Test and 

Gaussian approximation.  
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Figure 3.17 Sputum supernatant pepsin levels in symptomatic EOR patients (n=47) 

defined by RSI Score >13 (range 0-1020ng/ml, median 180, mean 280, SEM 41) and 

asymptomatic EOR patients (n=22) defined by RSI score <12 (range 0-1150ng/ml, median 

290, mean 340, SEM 60). There was no statistical difference between pepsin levels and 

the symptoms of EOR (P=0.23) assessed by Mann Whitney U Test and Gaussian 

approximation.  
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Figure 3.18 Sputum supernatant TBA levels in symptomatic GOR patients (n=16) defined 

by DeMeester Score >2 (range 0.0-3.2 µmol/L, median 0.3, mean 0.6, SEM 0.2) and 

asymptomatic GOR patients (n=8) defined by DeMeester score <1 (range 0.0-2.0 µmol/L, 

median 0.2, mean 0.2, SEM 0.0). There was no statistical difference between pepsin levels 

and the symptoms of GOR (P=0.07) assessed by Mann Whitney U Test and Gaussian 

approximation. 
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Figure 3.19 Sputum supernatant TBA levels in symptomatic EOR patients (n=20) defined 

by RSI Score >13 (range 0.0-3.2 µmol/L, median 0.2, mean 0.5, SEM 0.2) and 

asymptomatic GOR patients (n=4) defined by DeMeester score <1 (range 0.2-1.2 µmol/L, 

median 0.2, mean 0.4, SEM 0.2). There was no statistical difference between pepsin levels 

and the symptoms of GOR (P=0.56) assessed by Mann Whitney U Test and Gaussian 

approximation. 
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3.2.5 The investigation into the association between reflux and CF pulmonary function 

 

     Pulmonary function was routinely assessed during the clinical appointment and the 

results of pulmonary function (L) were expressed relative to predicted values. Predicted 

values were calculated based on gender, height and age and observed values calculated as 

a percentage of the predicted value. Of the 61 patient pulmonary function scores collected 

the median FEV1% was 47% (range 12-110%) of the predicted value and the median FVC% 

predicted was 66% (range 11-119%) (Figure 3.21 and 3.22). These values were consistent 

with airway obstruction. To assess whether the presence of gastric aspiration into the 

airways was associated with a decrease in pulmonary function, the patients were grouped 

into pepsin positive and pepsin negative sub groups and the pulmonary function scores of 

each group were compared with a non-parametric two tailed statistical test. There was no 

statistical difference between the median pulmonary function scores and presence of 

gastric aspiration in the airways determined by the presence of pepsin (p=0.44) but the 

trend of increased pulmonary function with decreased pepsin concentrations is illustrated 

in Figure 3.23.  The relationship between TBA levels measured in 22 patients and 

pulmonary function was assessed to show that there was no correlation (TBA and FEV1% 

P=0.675; TBA and FVC% P=0.696). There were 2 patient sputum supernatant samples 

containing high levels of TBA, as shown on figure 3.24 and 3.25, patient A sample 

contained 3.16µmol/L with a low FEV1% of 30% and a low FVC% of 34%. Patient B as 

shown on figure 3.24 and 3.25 sputum supernatant sample contained 2.42µmol/L TBA 

and had a high pulmonary function of FEV1% 80 and FVC% 93. The two patients 

illustrate that duodenal GOR demonstrated by high levels of TBA in sputum supernatant 

was inconclusive regarding the relationship between GOR and decreased pulmonary 

function.  
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Figure 3.21 The pulmonary function of CF patients measured by FEV1 and FVC 

percentage predicted. n=61 patients presented in the percentage of predicted pulmonary 

function. The median FEV1% predicted was 47% (range 12-110%, SEM 2.9) and the 

median FVC% predicted was 66% (range 11-119%, SEM 3.0). 
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Figure 3.22 The FEV1 and FVC ratio (L) of CF patients n=61. The range of FEV1/FVC 

ration was between 0.35 and 1.0 with the median 0.67, (mean 0.66; SEM 0.02). 
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Figure 3.23 Pulmonary function test results (% predicted) of patients that experience 

gastric aspiration measured by pepsin ELISA (n=38) (FEV1% range 12-92%, median 43, 

mean 49, SEM 4; FVC% range 11-100, median 61, mean 65, SEM 4) and those that did 

not experience gastric aspiration (n=20) (FEV1% range 25-110, median 50, mean 54, SEM 

5; FVC% range 34-119, median 70, mean 70, SEM 6). There was no statistical difference 

in pulmonary function in patients with gastric aspiration (FEV1% P=0.46) (FVC% P= 0.44) 

analysed by Mann Whitney U test with Gaussian approximation. 
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Figure 3.24 Sputum supernatant samples TBA levels compared to FEV1% (n=22) on a XY 

scatter graph. The Pearson correlation test was used to analyse the statistical relationship 

between levels of TBA in sputum supernatant samples and the FEV1% score of patients. 

There was no statistically difference between levels of TBA and FEV1% (P=0.675; 

Pearson correlation of TBA and FEV1% = -0.092). 
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Figure 3.25 Sputum supernatant samples TBA levels compared to FVC% (n=22) on a XY 

scatter graph. The Pearson correlation test was used to analyse the statistical relationship 

between levels of TBA in sputum supernatant samples and the FVC% score of patients. 

There was no statistically difference between levels of TBA and FVC% (P=0.696; Pearson 

correlation of TBA and FVC%% = -0.086). 
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3.2.6 Neutrophilic inflammation and increased cytokines in sputum from cystic fibrosis 

population 

 

     The processing of sputum samples was carried out as directed by standard operating 

procedures of the cytology laboratory at the William Leech centre, Freeman Hospital. The 

viscous sputum plugs were selected from expectorate sample to reduce squamous cell 

contamination from saliva contained in the expectorated sputum sample. The 

contamination of squamous cells was required to be below 20% to ensure the sample was 

a valid representation of the airway and so inflammatory cell counting was quicker, easier, 

and reproducible (Efthimiadis et al., 2002). There were 36 expectorated sputum samples 

processed and a cell differential was performed under a light microscope at X400. 500 

inflammatory cells were counted and the percentage of cell types was calculated. There 

was a median of 100% neutrophils (range 97.2 to 100, mean 99.8, SEM 0.09) contained in 

the CF sputum samples (P= 0.0001). There was a median of 0.6% eosinophils (range 0.4 

to 0.8, mean 0.6, SEM 0.12), a median of 1.3% macrophages (range 1 to 2, mean 0.4, 

SEM 0.30), and a median of 0.6% lymphocytes (range 0.2 to 1.2, mean 0.4, SEM 0.14) 

present in expectorated CF sputum. 

     The resulting supernatant of 64 sputum samples was analysed for IL-8 levels using the 

R&D systems IL-8 capture ELISA for recombinant and human IL-8. The disregard of 

saliva of expectorated sputum samples results in the analyte in sputum supernatant to be 

unaffected or diluted by the confounding influence of saliva. The analyte concentration 

was corrected for by the dilution factor (Efthimiadis et al., 2002). The kit measured IL-8 

concentrations between 32 pg/ml to 2000 pg/ml. Figure 3.26 shows a shows a typical 

standard curve of the IL-8 with an R
2
 value of 0.99. The overall range of IL-8 was 1 to 

35ng/ml with the median of 9ng/ml. Of the 64 patient samples analysed all the patient 

samples contained detectable levels of IL-8. Figure 3.27 displays the individual patient IL-

8 values measured in sputum supernatant samples. 

     The resulting supernatant of 62 processed sputum samples was analysed for IL-6 

concentrations using the R&D systems IL-6 capture ELISA for recombinant and human 

IL-6. The kit measured IL-6 to a level between 10 pg/ml and 600 pg/ml. The sputum 

supernatant was used at an x8 dilution introduced during the sputum processing procedure 

and no further dilution was required for the IL-6 analysis. Figure 3.28 shows a typical 

standard curve of the IL-6 standard with a R
2
 value of 0.99. The overall range of IL-6 was 

0 to 700pg/ml with the median of 0ng/ml. Of the 62 patient samples analysed there were 
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16 patient samples with detectable levels of IL-6 with a median of 100pg/ml ranging from 

30 to 700pg/ml. There were 46 patient samples that did not contain IL-6 above the lowest 

level of accurate quantification of IL-6 at 10pg/ml. Figure 3.29 displays the individual 

patient IL-6 values measured in sputum supernatant samples.  
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Figure 3.26 IL-8 standard curve measured with R&D systems kit for capture ELISA using 

mouse anti-human IL-8 capture antibody at 4µg/ml followed by biotinylated goat anti-

human IL-8 at 20ng/ml (mean ± SD). The detection range of the ELISA was 32pg/ml to 

2000pg/ml. The four parameter regression curve fit gave a R
2
 value of 0.99.  
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Figure 3.27 The analysis of sputum supernatant IL-8 concentration (ng/ml) in 64 CF 

patients measured with the R&D Systems IL-8 kit for capture ELISA using mouse anti-

human IL-8 capture antibody at 4µg/ml followed by biotinylated goat anti-human IL-8 at 

20ng/ml. The IL-8 concentration ranged from 1 to 35 ng/ml, with a median of 9ng/ml; a 

mean of 10ng/ml, and SEM 1ng/ml. 
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Figure 3.28 IL-6 standard curve measured with R&D systems kit for capture ELISA using 

mouse anti-human IL-6 capture antibody at 2µg/ml followed by biotinylated goat anti-

human IL-6 at 50ng/ml (mean ± SD). The detection limit of the ELISA was 10pg/ml to 

600pg/ml. Variable slope of four parameters gave an, R
2
 value of 0.99. 
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Figure 3.29 The analysis of sputum supernatant IL-6 concentration (pg/ml) in 62 CF 

patients measured with the R&D Systems IL-6 kit for capture ELISA using mouse anti-

human IL-6 capture antibody at 2µg/ml followed by biotinylated goat anti-human IL-6 at 

50ng/ml. The IL-6 concentration ranged from 0 to 700pg/ml, with a median of 0pg/ml; a 

mean of 43pg/ml, and SEM 10pg/ml. 

 

 

 

 

 

 

 

 

 

 

 

 

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

Individual Interleukin 6 (pg/ml)

In
te

r
le

u
k

in
 6

 (
p

g
/m

l)



84 

 

3.2.7 Correlation between cytokine production and the CFTR mutation in the CF 

population 

 

     The concentrations of IL-8 and IL-6 cytokine production in the airways of CF patients 

were assessed in patients homozygous and heterozygous for delta F508. The median levels 

do not differ significantly (IL-8 homozygous median was 5ng/ml and heterozygous 

median 10ng/ml; P=0.46; IL-6 homozygous median was 0pg/ml and heterozygous median 

0pg/ml; P=0.16) but the range of IL-8 and IL-6 are higher in the heterozygous group of 

patients (IL-8 range 1 to 30ng/ml; IL-6 0 to 700pg/ml) than the homozygous range (IL-8 

range 2 to 23ng/ml; IL-6 range 0 to 166pg/ml) as illustrated in figure 3.30 and 3.31. 
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Figure 3.30 IL-8 concentrations of patients depending on genotype. Homozygous IL8 

median levels were 5ng/ml ranging from 2 to 20ng/ml (n=18, n=4 missing data, mean 8.6, 

SEM 1.45) and heterozygous IL-8 median levels were 10ng/ml ranging from 1 to 35 ng/ml 

(n=36, n=3 missing data, mean 11, SEM 1.31). Nonparametric Two tailed T-test (Mann-

Whitney test with Gaussian approximation) show no significant difference between the IL-

8 levels of patient who are homozygous or heterozygous for delta F 508 (P=0.46). 
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Figure 3.31 IL-6 concentrations of patients depending on genotype Homozygous IL-6 

median levels were 0pg/ml ranging from 0 to 166pg/ml (n=17, n=5 missing data, mean 17, 

SEM 10.6) and heterozygous IL-6 median levels were 0pg/ml ranging from 0 to 704pg/ml 

(n=35, n=4 missing data, mean 68, SEM 23.7). Nonparametric Two tailed T-test (Mann-

Whitney test with Gaussian approximation) show no significant difference between the IL-

6 levels of patient who are homozygous or heterozygous for delta F 508 (P=0.16). 
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3.2.8 Correlation between cytokine production and GOR/EOR symptoms in the CF 

population 

 

     The DeMeester questionnaire score was used to determine patients symptomatic of 

GOR. The patients were grouped into those that were symptomatic of GOR scoring 2 or 

above on the questionnaire (GOR) and those that were asymptomatic (no GOR) of GOR 

scoring 1 or below. The IL-8 levels detected in each group was compared using a non-

parametric two-tailed statistical test which showed that there were no statistical differences 

of IL-8 levels detected in sputum samples and the presence of GOR symptoms (p=0.38). 

The median level of IL-8 detected in the GOR symptomatic group was 10ng/ml (n=29, 

range 1-30ng/ml) and median levels in the asymptomatic group were 8ng/ml (n=35, range 

1-35ng/ml) (Figure 3.32).  The same analysis was used to identify a relationship of IL-6 

levels and GOR. There was no statistical difference of IL-6 levels and GOR symptoms 

(P=0.12).  The median IL-6 levels in the GOR symptomatic group were 0pg/ml (n=29, 

range 0-270pg/ml) and the asymptomatic group median IL-6 scores were 0pg/ml (n=33, 

range 0-700pg/ml) as shown in figure 3.33.  

      The RSI questionnaire score was used to determine the presence of EOR symptoms in 

the aero digestive tract and used to identify EOR symptomatic patients. The patients were 

grouped into those that were symptomatic of EOR scoring 13 and above on the 

questionnaire (EOR) and those that were asymptomatic (no EOR) of EOR scoring 12 or 

below. The IL-8 levels detected in each group was compared using a non-parametric two-

tailed statistical test to show that there were no statistical differences of IL-8 levels 

detected in sputum samples and the presence of EOR symptoms (p=0.72). The median 

level of IL-8 detected in the EOR symptomatic group was 8ng/ml (n=43, range 1-35ng/ml) 

and median levels in the asymptomatic group were 9ng/ml (n=21, range 2-30ng/ml) 

(Figure 3.34).  The same analysis was used to identify a relationship of IL-6 levels and 

EOR. There was no statistical difference of IL-6 levels and EOR symptoms (P=0.63).  The 

median IL-6 levels in the EOR symptomatic group were 0pg/ml (n=41, range 0-290pg/ml) 

and the asymptomatic group median IL-6 scores were 0pg/ml (n=21, range 0-700pg/ml as 

shown in Figure 3.35. 
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Figure 3.32 Sputum supernatant IL-8 levels as measured by R&D Systems capture ELISA 

in GOR symptomatic patients defined as having a DeMeester score 2 or above (n=29, 

range 1-30ng/ml, median 10, mean 11, SEM 1.3) and asymptomatic patients defined as 

having a DeMeester score of 1 or less (n=35, range 2-35ng/ml, median 8, mean 10, SEM 

1.2). There was no statistical difference of IL-8 levels between symptomatic and 

asymptomatic GOR patients (P=0.38) analysed by Mann Whitney U test with Gaussian 

approximation. 
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Figure 3.33 Sputum supernatant IL-6 levels as measured by R&D Systems capture ELISA 

in GOR symptomatic patients defined as having a DeMeester score 2 or above (n=29, 

range 0-266pg/ml, median 0, mean 18, SEM 10) and asymptomatic GOR patients defined 

as having a DeMeester score of 1 or less (n=33, range 0-704pg/ml, median 0, mean 66, 

SEM 24). There was no statistical difference of IL-6 levels between symptomatic and 

asymptomatic GOR patients (P=0.12) analysed by Mann Whitney U test with Gaussian 

approximation. 
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Figure 3.34 Sputum supernatant IL-8 levels as measured by R&D Systems capture ELISA 

in EOR symptomatic patients defined as having a RSI score 13 or above (n=43, range 1-

35ng/ml, median 8, mean 10, SEM 1) and asymptomatic EOR patients defined as having a 

RSI score 12 or below (n=21, range 2-30ng/ml, median 9, mean 11, SEM 2). There was no 

statistical difference of IL-8 levels between symptomatic and asymptomatic EOR patients 

(P=0.72) analysed by Mann Whitney U test with Gaussian approximation. 
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Figure 3.35 Sputum supernatant IL-6 levels as measured by R&D Systems capture ELISA 

in EOR symptomatic patients defined as having a RSI score 13 or above (n=41, range 0-

290pg/ml, median 0, mean 31, SEM 11) and asymptomatic EOR patients defined as 

having a RSI score 12 or below (n=21, range 0-704pg/ml, median 0, mean 68, SEM 36). 

There was no statistical difference of IL-6 levels between symptomatic and asymptomatic 

EOR patients (P=0.63) analysed by Mann Whitney U test with Gaussian approximation. 
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3.2.9 Cytokine production and gastric aspiration in the CF population 

     Gastric aspiration was investigated by identifying pepsin and total bile acids (TBA) 

levels in sputum supernatant samples. Firstly, the investigation into the relationship 

between gastric aspiration determined by the presence of pepsin and its effects on cytokine 

levels in the airways was assessed. The patients were grouped into those that had 

measurable amounts of pepsin levels (above 1ng/100µl) in sputum supernatant and those 

that did not have measurable pepsin levels identified above the lower detection limit of 

1ng/100µl assayed on the in-house indirect pepsin ELISA. The levels of IL-8 and IL-6 in 

each group were compared to identify any effects of gastric aspiration on the production of 

these cytokines. The median level of IL-8 detected in the pepsin positive group was 

8ng/ml (n=46, range 2-36ng/ml) and median level in the group that did not have pepsin 

detected was 10ng/ml (n=18, range 1-28ng/ml) (Figure 3.36).  There was no statistical 

difference between levels of IL-8 in the sputum samples from the sputa of CF patients and 

the presence of gastric aspiration confirmed by pepsin identification (P=0.33). The 

relationship between levels of IL-6 and gastric aspiration detected by pepsin identification 

was not statistically significant (P=0.70). The median IL-6 levels in each group was 

0pg/ml (pepsin positive n=44, range 0-290; pepsin undetectable n=18, range 0.700) but 

interestingly one patient that did not have pepsin present in the sputum supernatant had a 

very high level of 700pg/ml IL-6 (Figure 3.37). 

     The relationship between the levels of TBA detected in the sputum supernatant of CF 

patients and the production of IL-8 and IL-6 cytokines was explored. Of the 24 patient 

sputum samples that were analysed for TBA’s there were 22 patient samples analysed for 

IL-8 and IL-6 due to 2 patient samples being too small for multiple analysis. A scatter 

graph was produced of TBA levels along the y axis and IL-8 (Figure 3.38) and IL-6 

(Figure 3.39) levels on the x axis because TBA’s were present in all patient samples and 

therefore the patients could not be divided into groups of gastric aspiration present or 

absence  on TBA detection. A linear regression fit illustrated the relationship of increasing 

TBA levels with increasing cytokine levels. There were no statistical relationship between 

TBA levels in the sputum supernatant of patients and cytokine production of IL-8 (P=1.00) 

and IL-6 (P=0.487). Interestingly, two patients with the highest TBA levels of 3.17 and 

0.80µmol/L had no IL-6 detected within the sputa in the airway collected by expectorated 

sputum sample (median TBA result of patients with no detectable IL-6 was 0.23µmol/L; 

range 0.09 to 3.17) compared to 7 patients with IL-6 production that had low levels of 
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TBA below 0.27µmol/L (median 0.19µmol/L; range 0.00 to 1.27) illustrated in Figure 

3.39. 

 

 

 

         

Figure 3.36 Sputum supernatant samples IL-8 levels in patients that have gastric aspiration 

measured by pepsin ELISA (n=46, range 2-35ng/ml, median 8, mean 10, SEM 1) and 

those that did not have gastric aspiration (n=18, range 1-28, median 11, mean 12, SEM 2). 

There was no statistical difference of IL-8 levels and gastric aspiration (P=0.33) analysed 

by Mann Whitney U test with Gaussian approximation. 
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Figure 3.37 Sputum supernatant samples IL-6 levels in patients that have gastric aspiration 

measured by pepsin ELISA (n=44, range 0-290, median 0, mean 32, SEM 11) and those 

that did not have gastric aspiration (n=18, range 0-700, median 0, mean 70, SEM 40). 

There was no statistical difference of IL-6 levels and gastric aspiration (P=0.70) analysed 

by Mann Whitney U test with Gaussian approximation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pepsin no pepsin 

0 

100 

200 

300 

400 

500 

600 

700 

Interleukin 6  

(pg/ml) 



95 

 

 

 

 

      

 

 
 

Figure 3.38 Sputum supernatant samples IL-8 levels compared to TBA levels (n=22) on a 

XY scatter graph. The Pearson correlation test was used to analyse the statistical 

relationship between levels of IL-8 and TBA in sputum supernatant samples. There was no 

statistical difference between the two analytes either positive or negative (R
2
=0.0%, n=22, 

P=1.00; Pearson correlation of TBA and IL-8 = -0.000). 
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Figure 3.39 Sputum supernatant samples IL-6 levels compared to TBA levels (n=22) on a 

XY scatter graph. The Pearson correlation statistical test was used to analyse the statistical 

relationship between levels of IL-6 and TBA in sputum supernatant samples. There was no 

statistical difference between the two analytes either positive or negative in sputum 

supernatant samples (R
2
=2.6%, n=22; P-Value = 0.487; Pearson correlation of TBA and 

IL-6 = -0.161). 
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3.2.10 Cytokine levels and pulmonary function in the CF population 

 

     The levels of cytokine production (IL-8 and IL-6) in the airways was assessed by 

capture ELISA (R&D systems). The production of cytokines (levels of IL-8 and IL-6) and 

their association with pulmonary function was evaluated by plotting the data points of 

each cytokine on the Y axis and plotting the pulmonary function (FEV1 and FVC % 

predicted) along the X axis of a scatterplot. A linear regression curve was fitted to identify 

the relationship of increasing cytokines and pulmonary function. The production of IL-8 

levels (FEV1% n=60, P=0.811, R
2
 0.1%; FVC% n=60, P=0.493, R

2
0.9%) and IL-6 (FEV1% 

n=60, P=0.265, R
2 

2.5%; FVC% n=60, P=0.126, R
2 

4.6%) were not statistically related to 

pulmonary function. 
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Figure 3.40 The presented data illustrates the XY scatterplot of patient IL-8 levels on the y 

axis and patient FEV1% (A) (n=60; R
2
 0.1%) and FVC% (B) (n=60; R

2
 0.9%) predicted 

scores along the X axis. The Pearson correlation statistical test was used to analyse the 

relationship between levels of IL-8 and pulmonary function (FEV1% R
2
=0.1%,P=0.811; 

FVC% R
2
=0.9%,P=0.493). 
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Figure 3.41 The presented data illustrates the XY scatterplot of patient IL-6 levels on the y 

axis and patient FEV1% (A) (n=60; R
2
 2.5%) and FVC% (B) (n=60; R

2
 4.6%) predicted 

scores along the X axis. The Pearson correlation statistical test was used to analyse the 

relationship between levels of IL-6 and pulmonary function (FEV1% R
2
=2.5%, P=0.265; 

FVC% R
2
=4.6%, P=0.126). 
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3.3 Discussion 

 

3.3.1 The symptoms of GOR and EOR in the study population 

      It is a normal occurrence for the healthy population to experience oesophageal reflux 

episodes. These episodes entering the oesophagus are a mixture of liquid and gas leaving 

the stomach, pH and impedance illustrated that these can be non-acidic, acidic or weakly 

acidic (Sifrim, et al., 2001; Zerbib, et al., 2005). The common belch, termed eructation is 

the escape of air released from the oesophagus into the pharynx. Air swallowed into the 

stomach during eating is intragastric air and subsequently re-enters the oesophagus by the 

transient lower oesophageal sphincter relaxation to prevent this air entering the pylorus 

and intestines. It has been demonstrated that these can occur 25 to 30 times per day in the 

normal population (Bredenoord, et al., 2013). However, these normal physiological events 

may become of increased frequency (Mittal et al., 1995), more acidic (Sifrim, et al., 2001), 

of larger volume and of increased oesophageal exposure time (Dent et al., 1980; Weusten 

et al., 1995). These abnormal reflux episodes result in a multitude of potential 

complications affecting the oesophagus, pharynx, nasal cavity and the airways termed 

GORD. It also results in injury to the epithelium of the oesophagus causing erosions, 

inflammation, and in severe cases carcinoma. It is reported that the prevalence of GORD 

in the general population is 10–20% in the Western world and 5% in Asia. GORD is 

demonstrated to decrease the quality of life and also lead to mortality (Dent et al., 2005; 

Armstrong, et al., 2010).  

      The prevalence figures from the general population highlight the high degree of GOR 

prevalence in the CF population at 63-80% and EOR prevalence even higher at 94% 

(Ledson et al., 1998). The following study aimed to assess the prevalence and 

characteristics of reflux in 72 patients recruited from the RVI, Newcastle upon Tyne. The 

present study found that the prevalence of classical GOR symptoms (heartburn, 

regurgitation and dysphagia) was 42% which is twice that found in the general population, 

however it was lower than the CF prevalence data reported in the literature. An early study 

describing the prevalence of classical GOR symptoms at 80% did not mention if the 

patients were taking acid suppression medication to alleviate symptoms (Ledson et al., 

1998) which is one reason the present data differ. One recent study in 2010, reported the 

prevalence of 63% and over half of those were on PPI medication (Sabati et al., 2010). 

The prevalence in our current is similar to this and we report that of the n=30 GOR 
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symptomatic patients 70% were on PPI or H2RA. We also note that EOR symptoms were 

reported in 63% of the whole study population and specifically airway reflux cough 

present in 50% of the 22 patients who completed the HARQ questionnaire. Of the 45 

patients that were EOR symptomatic 73% were on acid suppression medication. And over 

half the patients with airway reflux demonstrated by the HARQ were on PPI. This 

illustrates that PPI medication does not alleviate upper airways symptoms in many of the 

CF patients.   

      Many studies have explored oesophageal reflux in the CF population using pH metry 

and intraluminal impedance. It has been reported that 85% (28/33) CF patients presented 

GOR that was mostly acidic (Blondeau et al., 2008a). In a small number of 11 patients 

with classical GOR symtoms, Ledson and colleagues (1998) demonstrated with impedance 

studies that 8 had GOR. Interestingly, ambulatory tracheal investigation demonstrated that 

4 patients experienced tracheal acidification accompanied by GOR episodes. The 

oesophageal studies used small numbers but these were appropriate to confirm reflux 

episodes and explore the pH and the distance it reaches up the oesophagus. 

     The advantage of the questionnaire tool within this study was high patient compliance, 

as evidenced by the collection of GOR and EOR symptoms in all the patients recruited. 

The questionnaires are validated tools and they are inexpensive, easy to use and produce 

100% patient data collection. Sabati et al., (2010) recruited 201 patients and assessed 

GOR with two validated questionnaires. Whereas, invasive pH and oesophageal 

impedance studies have a much smaller study number due to the invasive nature of the 

research tool. For example Blondeau et al. (2008) recruited 33 CF patients to explore 

GOR and Ledson et al.,  (1998) recruited 11 CF patients. However, these research tools do 

not allow for the investigation of gastric aspiration. 

3.3.2 Evidence of pepsin and bile acid aspiration in the CF population 

      It has been demonstrated that gastric contents may reach the proximal oesophagus, the 

trachea via saliva from the pharynx and the bronchioles identified via sputa from the larger 

airways. The production of sputum on the outside of airway epithelium is a common 

characteristic in CF, the patients are encouraged to expectorate the sputum via 

physiotherapy methods to clear the airways. Therefore the collection of sputum to explore 

gastric aspiration was an advantage of the study design. The disease in question has the 

characteristic of sputum production and we asked patients to expectorate random sample 

during recruitment in the out-patient clinic allowing for a non-invasive sample. 
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Unfortunately there were a small number of patients that produced small quantities of 

expectorated sputum and consequently resulted in missing data from analysis of the 

analytes pepsin (n=3), IL-8 (n=8) and IL-6 (n=10) due to insufficient sample quantity. 

Nebulised sputum production could have been used however this procedure would have 

required ethical approval amendment which would have delayed the project progression 

due to the procedures invasive nature. A trained nurse would have been required to 

accompany the patient and required to provide nebuliser equipment. The study did not 

include this technique but future studies could use this if the patient has difficulty to 

produce increased quantity of sputum and thus allow for more components in the sputum 

to be analysed with full n number in each. The possibility of increasing pepsin 

concentration due to the procedures ability to induce a GOR even would have caused false 

positive results. 

     There is evidence to support the presence of gastric contents in the airways of the CF 

population. The two analytes pepsin and bile have been widely used as a biomarker of 

aspiration in other airway diseases and are reported in the literature using various samples 

from the airway such as BAL and sputum. Also, saliva samples from the pharynx 

(Blondeau et al., 2010; Grabowski et al., 2011; Davis et al., 2013).  

     Farrell et al.,  (2006) identified pepsin in the BAL fluid of 33 children with GOR who 

were not diagnosed with CF using a pepsin sandwich ELISA to discover that pepsin levels 

were associated with proximal reflux and chronic cough (Farrell et al., 2006). This was 

supported by another study assessing pepsin levels in the BAL of 65 children with 

proximal reflux also observing a positive correlation between proximal reflux and pepsin 

using a Pepsin assay (Starosta et al., 2007). A direct Pepsin ELISA was developed in our 

laboratory here in Newcastle Upon Tyne in 2006. This pepsin ELISA was used as a tool to 

assess gastric aspiration in BAL samples collected from lung allographs and found that 

pepsin was significantly higher in lung transplantation recipients compared to healthy 

controls (Stovold et al., 2007). In 2008, Blondeau and colleagues identified pepsin in the 

BAL fluid of patients receiving lung transplantation. It was observed that 7 CF patients 

included in the study had higher levels of pepsin compared to patients with other 

respiratory diseases such as pulmonary fibrosis, pulmonary hypertension and chronic 

obstructive pulmonary disease (Blondeau et al., 2008b). Other authors have shown that 

pepsin was higher in the BAL of 31 CF patients compared to 7 healthy controls (McNally 

et al., 2011). The sputum of GOR related chronic cough patients was analysed for pepsin 

and compared with the healthy controls. Pepsin was detected in both the samples of 
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chronic cough patients and healthy controls and it was illustrated that there was no 

difference observed. The interesting finding from this study was that pepsin levels were 

higher in the patients that were not using PPI medication suggesting that acidic reflux 

events activate pepsin (Grabowski et al., 2011). Furthermore, the sputum samples were 

induced and it has been demonstrated that induced sputum could cause physiologic GOR 

in a healthy population resulting in increased pepsin levels (Ervine et al., 2009). The 

present study found that approximately 70% of the samples analysed (n=48 of 69) were 

positive for pepsin. The pepsin ELISA was sensitive to 10ng/ml and as our sputum plugs 

were corrected for the 8 times dilution with PBS the final concentration lower than 

80ng/ml were not reported as pepsin positive. The presence of pepsin below the lowest 

levels of sensitivity may derive from plasma pepsinogen. The pepsin ELISA detected a 

range of 80 to 1150ng/ml of pepsin in the 48 patient samples (67%). The present study 

used a primary antibody specific for ‘Pepsin A’ that makes up 86% or all pepsin found in 

gastric juice (Bardhan et al., 2012). It is important that the primary antibody is specific to 

‘pepsin A' and does not bind to gastricsin (known as ‘pepsin C’) due to the observation of 

Bohman et al.,  (2013) who found gastricsin but not ‘Pepsin A’ in the lower airways of 11 

patients undergoing surgery that were not GOR or CF patients. The study suggests that 

assays not specific for ‘pepsin A’ should interpret the results with caution as gastricsin 

could be expressed from pneumocytes of the airways (Bohman et al., 2013). Bulmer and 

colleagues found that pepsin exposure to the porcine laryngeal mucosa damaged the 

respiratory epithelium and membrane bound mucins measured by the release of DNA 

(Bulmer et al., 2010). This finding illustrates the potential damage that could be caused to 

the epithelium of the aero-digestive tract and airways of patients in this study with pepsin 

positive sputum samples. 

      Pauwels et al.,  (2012) identified bile acids in 56% of sputum samples collect from CF 

patients and 13% in healthy volunteers. However, the sputum was nebulised and may not 

be a good comparison to CF expectorated sputum (Ervine et al., 2009) and the number of 

CF patients were much higher (n=41) than the number of healthy controls (n=15) 

(Pauwels, et al., 2012). Blondeau and colleagues (2010) identified bile acid in the saliva of 

23 of a total 65 CF patients and reported that healthy volunteers had no bile acid detected  

(Blondeau et al., 2010). However, saliva originates from the oral cavity and drains back 

into the pharyngeal area thus it is coughed from the pharynx and is not representative of 

the fluid contained in the airway. In addition, the studies reported bile acid levels as low as 

0.2µmol/L and this is below the detection limit of the enzymatic ELISA claimed by the 
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company at 1mmol/L. This finding becomes important when patients are diagnosed and 

treated according to bile acid content of physiological samples. Parikh and colleagues 

explored the methods used for bile acid detection within research and clinical facilities and 

found that the enzymatic methods used in the previous studies mentioned report levels of 

bile acids that are below the detection limits of the kit (Parikh et al., 2013). It was reported 

in 2012 that bile acids were measured in the explanted lungs of CF patients undergoing a 

lung transplant. A sample of the total 30ml airway lavage was measured for taurine and 

glycine conjugates of cholate and isomers and taurine and glycine conjugates of 

deoxycholate and isomers by tandem mass spectrometry. This method allows for sensitive 

lower detection limits of 0.01 µmol/L. The study suggested that future research into the 

reflux of duodeno gastric reflux contents and micro aspiration should use this method 

(Aseeri et al., 2012). Due to reports of the enzymatic method used previously creating an 

uncertainty about the results and given the sensitivity of the tandem mass spectrometry 

method the following study used the latter studies method. The present study detected 

median total bile acids (>80% of total bile acids) to be 0.22 µmol/L and ranging from 0.00 

to 3.17 µmol/L. Our findings are supported by Aseeri et al., (2012) demonstrating TBA 

content of CF BAL samples to be a median of 0.19µmol/L by the tandem mass 

spectrometry method. In addition, Pauwels, and colleagues demonstrated bile acids in CF 

sputum to be a median of 1.5 µmol/L by the enzymatic assay. This data has been 

suggested that CF patients may aspirate duodeno-gastric contents into the airways, 

however the normal values for bile acids in the plasma has been demonstrated to be <10 

µmol/L and therefore used as a lower detection limit in the literature (Pearson and Parikh, 

2011; Parikh, et al., 2013). Due to the low concentrations of TBA (below 10µmol/L) 

detected in 22 CF sputum supernatant samples we could not assume that the patients 

experienced aspiration of duodenal-gastro-oesophageal refluxate. The present study did 

not continue with the analysis of TBA in further samples beyond n=22. The detection of 

pepsin in samples of the airway has been shown to be the best method to explore gastric 

aspiration due to the sensitive and inexpensive methods of analysis available. Previous 

reports regarding bile salts to show that duodenal reflux associated with GOR can be 

questionable depending of the method of analysis and the concentrations reported are not 

above the maximum normal levels found in the serum, thus their origin cannot be certain. 

The measurement of taurine and glycine conjugates of cholate, taurine and glycine 

conjugates of deoxycholate and isomers by tandem mass spectrometry is praised by its 

sensitivity, although it is an expensive procedure.  
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      Hallberg et al.,  (2004) identified duodenogastric reflux of the duodenal contents 

through the pylorus and into the stomach in CF patients with significantly higher levels of 

bilirubin and bile acids identified in gastric perfusate compared to healthy controls 

(Hallberg et al., 2004). Early studies into the effects of bile salts on the rabbit oesophagus 

investigated whether increased concentration of bile salts (up to 5mmol/L) or increased 

exposure time damaged the oesophageal muscoa (Harmon et al., 1981). Kivilaakso and 

colleagues suggest that bile salts and pepsin with the presence of gastric acid are 

components of refluxate that cause the greatest damage to oesophageal musoca 

(Kivilaakso et al., 1980). In human studies, the presence of gastric acid and 

duodenogastric reflux has been shown to be associated with severe oesophagitis in 

children and the presence of isolated gastric acid or gastric reflux is associated with mild 

oesophagitis (Orel and Markovic, 2003). 

      Interestingly, the present study observed GOR and EOR symptoms in those patients 

taking acid suppression medication (PPI and H2RA). It was illustrated that 63% patients 

experiencing GOR symptoms were on acid suppression which illustrates the medication is 

not alleviating the symptoms caused by acidic refluxate. There were 73% of patients using 

acid suppression that were symptomatic of EOR. It has been shown previously that acid 

suppression medication is not useful for EOR symptoms because the refluxate reaching 

the aero-digestive tract and beyond is not acidic, it has been suggested that pepsin and bile 

acids are the damaging contents which are unaffected by acid suppression medication 

(Bardhan et al., 2012). Furthermore, Grabowski et al., (2011) observed bile acids in the 

sputum of chronic cough patients treated with PPI and there were no differences in bile 

acid contents of these patients compared to the untreated group. Pepsin was identified in 

the sputum of 15 chronic cough patients treated with PPI to reduce symptoms, however 

pepsin was higher in the patients that were untreated. The results from this study show 

even higher pepsin concentrations in healthy control subjects so the data should be 

interpreted with caution.      The presence of pepsin was slightly higher in the patients that 

were asymptomatic of GOR and EOR, however there were no statistical differences. 

However, there were two patients with a high TBA content that were symptomatic for 

GOR and EOR. Due to the low number of patients demonstrating this effect the 

assumption cannot be made regarding bile acid effects associated with GOR and EOR 

symptoms. The Bilitec duodenogastric reflux monitoring with oesophageal monitoring 

may be needed to explore this finding further to illustrate the backflow of duodenal 

contents into the stomach followed by proximal reflux events. 
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          The study desired to assess the presence of gastric lipid digested by alveolar 

macrophages by staining the lipid contained within the macrophage with Oil Red O. The 

lipid laded macrophage index (LLMI) score as a tool to assess gastric aspiration requires 

the lipid laden macrophage count of 100 consecutive macrophages present on a 

cytological slide (Wang et al., 2010). The lipid identified within a macrophage is not 

specific to gastric content. They could be dietary lipids that have been aspirated during 

food consumption, furthermore, they could be breakdown products of cellular debris 

within the lung/airways mucus or could even have been absorbed by macrophages in the 

plasma/lymphatic fluid prior to ending up in the airways. The cellular analysis of the 

sputum samples demonstrated that the samples contained a high number of neutrophils 

with a median of 100% neutrophils therefore the lipid laden macrophage analysis was not 

possible. Research is contradictory regarding the fitness of the LLMI in identifying 

aspiration of the gastric contents into the airways. In 1987 it was reported that 85% of 

patients with respiratory tract disorders with GOR presented lipid laden macrophages in 

BAL samples compared to 19% of patients without GOR (Nessbaum et al., 1987). It was 

suggested that the simple sighting of lipid laden macrophages demonstrates a nonspecific 

finding because a LLMI score below 72 out of a possible 400 was observed in children 

with no clinical suspicion of aspiration. The study suggested  quantifying the lipid in the 

macrophage by the LLMI was a good test for recurrent aspiration in light of the median 

LLMI of above 86 was shown in patient with definite aspirators (Colombo and Hallberg, 

1987). Recently, the diagnostic tools was used to assess the effectiveness of Nissen 

funcoplication in CF patients after receiving a lung transplant by comparing LLMI before 

and after surgery and comparing the scores with patients receiving lung transplant that 

refused Nissan fundoplication. The study demonstrated a reduction in LLMI after surgery 

in the patients that underwent a Nissan fundoplication compared to those that did not. This 

suggests that the LLMI score is a useful tool to assess gastric aspiration (Hayes et al., 

2013). Other authors have also confirmed the effectiveness of the LLMI tool in lung 

transplant patients (Hopkins et al., 2010) and patients with GOR symptoms 

(Parameswaran et al., 2000). However, many studies have found that the LLMI is not a 

good marker of gastric aspiration in patients with abnormal reflux index confirmed by dual 

channel 24 hour pH monitoring identifying proximal reflux (Kitz et al., 2012). 

Additionally, the LLMI of sputum samples collected from diagnosed erosive oesophagitis 

patients were not different to the LLMI of healthy volunteers (Köksal et al., 2005). Chang 

et al. also found the LLMI score was not abnormal in patients defined with GORD with 
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the presence of reflux oesophagitis (Chang et al., 2005). The present study could not 

perform the LLMI in the sputum of CF patients, however a BAL sample may have 

provided enough macrophages to assess the usefulness of the aspiration assessment tool.  

3.3.3 The association of gastric aspiration with pulmonary function in the CF 

population 

     Research suggests that gastric aspiration may lead to poor pulmonary function 

(Pauwels et al., 2012) and could be a contributing factor to lung damage in CF (Aseeri et 

al., 2012) (Mousa and Woodley, 2012; Woodley et al., 2014). This association has been 

assumed due to the reduced pulmonary function in CF patients with increased acid GOR 

than those without GOR (Navarro et al., 2001). Blondeau et al. reported that the FEV1% 

predicted was higher in patients with bile acids absent from the sputum of CF patients 

(Blondeau et al., 2008a). Other researchers observed that wheezing was strongly 

associated with a decrease in pulmonary function, a symptom of EOR (Konstan et al., 

2007). However, others did not find any correlation with GOR symptoms and pulmonary 

function measured by FEV1 and FVC (Sabati et al., 2010). The evidence provided may 

provide possible answers but the issue still remains inconclusive.  The present study 

evaluated the association of gastric aspiration with the pulmonary function of CF patients. 

There were no association observed between the gastric aspiration of pepsin or bile acids 

with pulmonary function. Our data could not support the findings observed in the literature, 

this could be due to the difference of methods used to assess the observation. For example, 

Pauwels and colleagues (2012) assessed bile acids in sputum samples using the enzymatic 

assay previously illustrated not to be a sensitive method of assessment. Aseeri et al. 

assessed bile acids using the same method as the present study but analysed BAL samples 

as opposed to sputum. Other authors assessed proximal reflux with oesophageal pH 

impedance monitoring and therefore did not assess the entity of fluid from the airways 

(Mousa and Woodley, 2012; Woodley et al., 2014). 

      Pauwels et al.,  (2012) observed a relationship between the presence of bile acids and 

inflammation within the airway of CF patients. This study assesses the concentration of 

neutrophil elastase, a biomarker of inflammation in the sputum samples of CF patients. 

The study observed higher concentrations of neutrophil elastase in the sputum of CF 

patients with bile acids present compared to those that did not. The limitations of the bile 

acid assay used has been mentioned, however this finding illustrates that inflammation is 

present in the CF lung and further studies are needed regarding the effects of gastric 
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aspiration and inflammation. Furthermore, high IL-8 concentrations observed in the BAL 

fluid of CF patients have been associated with the presence of pepsin (McNally et al., 

2011). The present study observed high neutrophil content in the sputum of CF patients 

and this was accompanied by high IL-8 in all 72 CF sputum samples, however IL-6 was 

detected in only 16 patients samples. This is supported by finding by Fischer and 

colleagues, (2014) who detected median IL-8 concentration of 50ng/ml in the sputum of 

CF patients and low detected frequencies of IL-6 that were not high enough to report. The 

present study did not observe any association with inflammation in the airways of CF 

patients and the presence of gastric aspiration determined by pepsin. Nor did the results 

show any differences in pulmonary function and the presence of inflammation. 

          A limitation of the current study was the exclusion of CF patients that could not 

provide sputum. In the present study there were 24 potential patients that could have been 

recruited but were unable to provide expectorated sputum. Potential findings regarding the 

difference between GOR and EOR symptoms associated with sputum production was 

unexplored. The purpose of the exclusion was down to one of the major aims of the study 

involving to the analysis of sputum samples for biomarkers of reflux and inflammation. 

We could have included non-sputum producers to gather symptoms data in absence of 

gastric aspiration and inflammation data or included the possibility of BAL fluid 

collection from these patients. However, the BAL sample is taken from one section of the 

bronchiole, and it is not representative of the whole lung. In addition, the protocol of the 

BAL describes the installation of 30-180 ml infiltrated into the bronchiole and then 

recollected for the desired analysis. There is a possibility that concentration of pepsin or 

bile acids diluted in 30-180 ml is present at undetectable concentrations.  Additionally, 

there would be a major difference in methodology to collect fluid from the airways, and 

the results of pepsin ad bile acids from sputum and BAL fluid may not be easily compared. 

The positive aspect that we have observed amongst the patients besides the common 

characteristic of sputum producers, is that there is a wide range of demographics, genotype, 

and pulmonary function. Thus, we can study GOR and EOR in a wide range of CF disease 

severity with varying disease characteristics. The number of CF patients in our study were 

high compared to similar studies, our study recruited 72 CF sputum producers, whereas 

Blondeau et al. (2008) recruited 33 CF patients and Pauwels et al. (2012) 41 CF patients. 

These two studies, like ours, only collected one sample per patient on recruitment. The 

sample was not specified to be provided when the patient was experiencing GOR or EOR 

symptoms and this may result in the varied pepsin levels because the reflux event could be 
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cleared and we do not know how long pepsin will remain within the airway. Due to the 

method of sample processing method the sputum sample was processed within 2 hours of 

collection to perform the cellular analysis. The ideal sputum collection for future studies 

would be collected from each patient on a morning, on symptoms, post prandial and 

before bed. However, a change of sputum protocol would be required so that it was not 

necessary for the samples to reach the lab within 2 hours, therefore the cellular or 

inflammatory biomarker analysis for all 4 samples collected would not be possible.  

3.3.4 Summary of results from chapter 3 

      In summary, the CF population are living longer, with increased life survival rates 

reported to be 40-50 years. This is encouraging, but this also raises the concern of diseases 

observed that may have terminal outcomes other than the existing CF causes of death. The 

consequence of long-term GOR exposure to the oesophagus and aero digestive tract lead 

to unpleasant symptoms, may reduce pulmonary function and lead to fatality. As this 

study has highlighted, there is a high prevalence of GOR and EOR in the adult CF 

population with many patients aspirating gastric contents. The data did not support the 

previous findings in regard of this causing decreased pulmonary function or increasing 

inflammation. The CF airway was shown to contain high numbers of neutrophils and high 

concentrations of IL-8 were present but not associated with gastric aspiration, thus the 

study cannot show any damage caused by gastric aspiration in the CF airway.  
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Chapter 4.0 

New medication in CF – Ivacaftor CFTR potentiator for the G551D 

mutation 

4.1 Introduction 

4.1.1 New medications for Cystic Fibrosis – Ivacaftor for the CFTR G551D mutation 

 

     The first CFTR potentiator agent has been accepted by the North American Food and 

drug association for patients with the G551D mutation available as an oral tablet called 

VX-770; Caledeco or Ivacaftor. The class III G551D mutation requires agents which 

induce channel opening to enable chloride ions to be transported through the CFTR 

present at the cell surface. This type of agent is a CFTR potentiator (Kotha and Clancy, 

2013).  

     As mentioned in chapter 1 there are 6 classes of CFTR mutations. The CFTR G551D 

mutation is a class III none functional gating mutation. Class III mutations occur in 

approximately 4% of CF patients in the U.S,  5% in the U.K and increasing to 11% in the 

Republic of Ireland, the most common mutation in this class is G551D (Flume, et al., 2012; 

Yu, et al., 2012; Kotha and Clancy, 2013; Barry et al., 2014). The CFTR protein is present 

at the cell surface and composed of two nucleotide-binding domains. In a normal manner, 

the opening and closing of the channel pore or channel gating is tightly regulated by 

phosphorlylation, adenosine triphosphate (ATP) binding and hydrolysis. Protein Kinase A 

(PKA) phosphorylates CFTR to allow ATP binding and hydrolysis which in turn opens 

and closes the channel across cell membranes (channel gating) to allow chloride, and 

bicarbonate ions to be transported. In the G551D mutation the mechanisms do not function 

in the normal manner and the channel does not open or close leading to poor flow of 

chloride ions in and out of the cell and resulting in loss of epithelial chloride transportation 

(Van Goor et al., 2013; Yu, at al., 2012). The Ivacaftor molecule acts as a potentiator and 

aims to normalise the CFTR gating channel able the transport of chloride ions.  The 

Ivacaftor molecule was thought to modify one or more of these regulatory events and it 

was described in 2012 by Eckford et al., (2012) in detail. The study reported that the 

Ivacaftor molecule works through an ATP-independent mechanism working in a 

nonconventional manner. It enhances ATPase activity in the G551D mutated CFTR in 

absence of magnesium-ATP.  
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     Unregulated chloride ion transport leads to CF disorders in the exocrine organs. The 

loss of chloride transport leads to elevated sweat chloride concentration and also causes 

other CF complications such as the accumulation of thick, sticky mucus in the bronchi, 

loss of pancreatic function, impaired intestinal absorption and reproductive dysfunction. 

The accumulation of thick sticky mucus in the airways leads to decreased pulmonary 

function, bacterial growth and exacerbations. This leads to an increase in energy demands 

caused by a decrease in appetite, poor fat digestion and increase in energy expenditure 

from breathing difficulties (Orenstein et al., 2000; Simmonds, 2013). Mucus blocks the 

pancreatic ducts minimising the release of pancreatic enzymes and impairing intestinal 

absorption. As a consequence malabsorption and malnutrition occur which is corrected for 

by pancreatic enzyme replacement capsules with every meal to aid digestion and 

absorption. CF complications are multifactorial and result in a multitude of problems 

which reduce quality of life (Van Goor et al., 2013; Yu et al., 2012). Measuring the sweat 

chloride concentrations of CF patents is a widely used tool to diagnose CF as this method 

can be carried out on patients of any age, it is a relatively cheap procedure and sweat 

chloride changes occur early on in disease (Accurso et al., 2014). Normal sweat chloride 

concentrations are <39mmol/L, these concentrations would provide the clinician with the 

knowledge that a patient were at an unlikely risk of CF. Concentrations ranging from 40-

59 mmol/L would put the patient at a possible likelihood of CF and concentrations above 

60mmol/L would suggest the patient was likely to have CF (Cystic Fibrosis Foundation, 

2011).    

4.1.2 Ivacaftor outcome of clinical trials and the CF clinic 

             In 2010, investigational studies over a 28 day period started to take place on the 

oral bioavailable agent designed to potentiate CFTR channels that are positioned at the 

surface of the cell. A double blind, placebo-controlled multicentre, phase two trial was 

carried out to evaluate the safety and adverse effects of Ivacaftor involving 39 adult CF 

patients. The participation requirements set specified that patients were to be diagnosed 

with the CFTR G551D mutation on at least one allele with a FEV1% predicted to be 40% 

or higher and aged 18 years or over. Various doses of Ivacaftor (25, 75 or 150 mg) or 

placebo were received every 12 hours for 28 days. Within subject improvement of CFTR 

ion-channel function was observed with decreases in sweat chloride. At day 28 of 

treatment the median sweat chloride measurements reduced by -59.5mmol/L from baseline 

concentrations (P=0.008) in patients receiving 150 mg (every 12 hours for 28 days). 
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Improvements were observed in within subject pulmonary function scores (FEV1% 

predicted) illustrated by significant increases of 8.7% (P=0.008). Reports were made that 

the drug was safe to use and improvements in CFTR and pulmonary function were evident 

(Accurso, et al., 2010). This study was followed by a randomised, double blind, placebo-

controlled phase three trial to assess efficacy and safety of Ivacaftor this time including 

younger CF patients of >12 years, diagnosed with CF with the G551D mutation on one 

CFTR allele, had an FEV1 of 40-90% of their predictive value and for a longer duration of 

48 weeks. The study reiterated the beneficial effects of 150mg Ivacaftor seen previously. 

Ivacaftor every 12h (n=83) was shown to increase pulmonary function (FEV1% predicted) 

by 10.6% compared to the control group (n=78) at the 24 week follow-up. Decreases were 

observed in sweat chloride concentration by -48.1mmol/L compared to controls at 48 

weeks follow-up. The treated patients gained an average of 2.7kg more weight than the 

control group at 48 weeks follow-up. The frequency of pulmonary exacerbations were 

reduced by 55% compared to placebo. Although 28 patients in the group receiving 

Ivacaftor experienced a total of 47 exacerbations this was significantly lower than the 44 

placebo patients experiencing 99 exacerbations (P=0.001). The respiratory symptoms 

improved in the Ivacaftor group compared to placebo determined by the Cystic Fibrosis 

Questionnaire Revised (CFQ-R) score reduction (Ramsey et al., 2011).  The beneficial 

results of Ivacaftor were mirrored in a retrospective case control study from n=21 patients 

receiving Ivacaftor in the UK and Ireland. After 3 months of treatment the pulmonary 

function scores, weight and BMI had increased significantly from baseline (Barry et al., 

2014). Interestingly, the study highlighted that Ivacaftor treatment reduced the days of 

intravenous antibiotics received at home and in hospital. Additionally two patients were 

able to reduce oxygen therapy and one patient stopped  nasogastric tube feeding. These 

positive outcomes illustrate the health benefits to the Ivacaftor treated patients. It also 

highlights the clinical efficiency of the expensive treatment by reducing the costs of other 

healthcare costs associated with severe CF pulmonary and gastrointestinal disorders. A 

case study of one patient homozygous for G551D that did not meet the requirements for 

previous study participation was reported at a CF centre in Ireland.  The 19 year old 

patient had a baseline FEV1 of 24% predicted value, lower than the cut off in clinical trials, 

which was reported to increase to 35%  of predicted after 8 weeks of treatment and 

increasing to 40% of predicted at 12 months with an overall increase of 15% of predicted. 

Improvements in sweat chloride concentration resulted in normalised levels at 18mmol/L 

from 92mmol/L at baseline. The study illustrates the potential of Ivacaftor for not only 
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heterozygous but also G551D homozygous patients, and there are 8 persons with this 

genotype in Ireland (Harrison et al., 2013). Observations of Ivacaftor use in 14 severely ill 

CF patients with a FEV1% <40.0% of their predicted score were reported from a CF clinic 

in Germany. Unfortunately over the 13 months follow-up 3 patients died of CF 

complications reported not related to Ivacaftor use, and 2 patients were discontinued due 

to personal reasons. Reported small increases of pulmonary function were observed from 

baseline in this patient group of a mean 5.2% predicted over the 13 month. The increases 

were small compared to previous studies observations and were thought to be due to 

severe lung damage already present leading to a limited improvement via Ivacaftor 

(Hebestreit et al., 2013).  

4.1.3 Aims of the following chapter 

     As the CFTR mutation results in multiple complications in exocrine tissues there is 

now a strong interest in the possible clinical benefits of Ivacaftor that have not yet been 

investigated. CFTR is expressed in the epithelia of the gastrointestinal tract and it has been 

reported that up to 90% of CF patients experience gastro-oesophageal reflux (GOR) 

leading to extra-oesophageal reflux (EOR) problems (Blondeau et al., 2008). The 

following chapter describes the early experience of Ivacaftor use in the NHS Newcastle 

hospitals. This chapter is an evaluation of gastrointestinal effects of Ivacaftor. The main 

aim of the study was to focus particular investigations on the effects on the presence of 

GOR, EOR and gastric aspiration in the G551D CF populations and evaluate any 

beneficial effect of Ivacaftor in reducing these symptoms.      
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4.2 Results 

4.2.1 Patient demographics 

     There were a total of 12 patients recruited onto the study. There were seven males and 

five females with a median age of 23 years ranging from 17 to 38 years (Figure 4.1). Each 

patient was weighed at baseline, 6 weeks after, 6 month after and 12 months after the 

initial medication. The median weight at baseline was 64kg (range; 41-83Kg) increasing 

significantly by 2kg after 6 months (median 66, range; 43-92Kg, P=0.003) and 1.4kg 

(median 65.4 (range 40.7 to 90.2, P=0.07) at 12 months of treatment (no median increase 

after 6 weeks (median 63kg, range; 41-87Kg). Of the 12 patients recruited 7 increased 

weight by a mean of 2.9Kg after 6 weeks of starting Ivacaftor medication (range;0.5-8Kg) 

and these patients increased weight further by a mean of 4.6kg after 6 months compared to 

baseline (range;1.4-12.6Kg) (Table 4.1 and figure 4.2). The other 5 patients did not 

increase the weight 6 weeks after treatment and all but one of these 5 patients increased 

their weight by the 6 month follow-up appointment. BMI was calculated to assess 

nutritional status of each patient at baseline, 6 weeks after, 6 month after and 12 months 

after initial medication. The median BMI at baseline was 22.4 (range; 17.5-30.9) 

increasing by 0.1 at 6 week follow-up (median 22.5, range; 17.4-30.9), increasing 

significantly by 2.4 at 6 month follow-up (median 24.8, range; 18.1-31.1, P=0.004) and 

increasing by 2.2 (P=0.03) at 12 month follow-up when compared to baseline. The BMI of 

7 patients of whom put on weight increased by a mean of 1.25kg/m
2
 after 6 weeks of 

starting Ivacaftor medication (range; 0.1-3.3kg/m
2
) and increasing further by a mean of 

2.0kg/m
2
 after 6 months compared to baseline (range; 0.7-4.3kg/m

2
) (Table 4.2 and figure 

4.3). At the 12 month follow-up the data of 3 patients was not recorded due to absence. Of 

the 12 patients there were 7 patients treated with PPI therapy and 1 with H2RA’s previous 

to starting Ivacaftor to reduce GOR symptoms. The medication continued throughout the 

study with no patients discontinued of PPI or H2RA. 
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Figure 4.1. Patient age of CF patients treated with Ivacaftor (n=12, range 17-38, median 

22.5) years. The graph shows the individual patient age and the median. 
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Table 4.1. Summary of recorded weight (Kg) of each patient treated with Ivacaftor (1-12) 

at baseline, 6 week, 6 month and 12 month follow-up (ND represents no data available). 

The baseline median was 64.0kg (range 41.0 – 83.0); 6 week follow-up median was 

65.4kg (range 40.7 0 81.0); 6 month follow-up median was 66kg (range 43-92) and 12 

month follow-up median was 65.4kg (range 40.7 – 90.2). 

 

 

 

 

 

 

 

 

 

     

Patient 

Weight (Kg) 

 no     sex Baseline 6 weeks 6 month 12 month 

1 M 48.4 50.0 56.1 53.8 

2 M 79.4 87.4 92.0 90.2 

3 F 41.4 41.2 42.8 40.7 

4 F 61.5 62.0 66.8 65.4 

5 F 47.0 49.8 51.3  ND 

6 F 54.0 57.0 60.4 60.6 

7 F 65.8 65.8 64.8 63.9 

8 M 57.8 60.4 59.5  ND 

9 M 77.0 75.4 78.6 78.8 

10 M 73.8 73.8 75.6 75.8 

11 M 67.4 63.8 73.6  ND 

12 M 82.8 84.6 84.4 82.8 



117 

 

 

 

 

Figure 4.2. Individual dot plot of patient weight (kg) treated with Ivacaftor presented on 

the right as a change in weight (kg) recorded 6 weeks after initial treatment (P=0.169, 95% 

CI (-0.40, -2.70)), 6 month after initial treatment (p=0.003, 95% CI (-6.50, -1.76)) and 12 

months n=9 (P=0.05, 95% CI) after treatment from baseline weight displayed on the left 

(no change from baseline = 0). Statistical analysis performed using one sample Wilcoxon 

signed rank test.  
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Table 4.2. Body Mass Index measurements of each patient treated with Ivacaftor recorded 

at baseline, 6 week, 6 month and 12 month follow-up (ND represents no data available). 

The baseline median was 22.4kg/m
2
 (range 17.5 – 30.9); 6 week follow-up median was 

22.5kg/m
2
 (range 17.4 – 30.9); 6 month follow-up median was 24.8kg (range 18.1 – 31.1) 

and 12 month follow-up median was26.2kg/m
2
 (range 17.1 – 30.2). 

 

 
 
 

 

 

 

 

 

 

Patient BMI 

  Baseline 6 weeks 6 month 12 month 

1 21.2 22.2 24.9 23.6 

2 26.8 29.5 31.1 30.2 

3 17.5 17.4 18.1 17.1 

4 22.2 22.5 24.2 24.0 

5 20.9 22.1 22.8  ND 

6 21.3 22.5 23.9 24.0 

7 30.9 30.9 30.4 30.1 

8 19.8 20.7 20.4  ND 

9 26.1 25.5 26.6 27.7 

10 25.3 25.5 26.2 26.2 

11 22.5 21.3 24.6  ND 

12 26.9 27.6 27.6 26.9 
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Figure 4.3. Individual dot plot of patient BMI treated with Ivacaftor presented as a change 

in BMI status recorded 6 weeks after initial treatment (P=0.110, 95% CI (-0.10, -1.60), 6 

month after initial treatment (P=0.004, 95% CI (0.65, 2.75) and 12 month after initial 

treatment (P=0.03 95% CI (-2.4, -0.16) from baseline (no change from baseline = 0). 

Statistical analysis performed using one sample Wilcoxon signed rank test. 
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4.2.2 Clinical assessment of sweat chloride levels to monitor Ivacaftor performance 

     At each clinical appointment the sweat chloride test of each patient was performed by a 

trained clinical biochemist and assessed in the laboratory. The results were shared amongst 

clinicians and researchers involved in the present study. Normal sweat chloride 

concentrations are <39mmol/L, these concentrations would provide the clinician with the 

knowledge that a patient were at an unlikely risk of CF. Concentrations ranging from 40-

59 mmol/L would mean the patient has a possible likelihood of CF and concentrations 

above 60mmol/L would suggest the patient was likely to have CF (Cystic Fibrosis 

Foundation, 2011).  A patients baseline sweat chloride concentration falling below 

60mmol/L or by >30% determines response to treatment.  In cases of a baseline 

<60mmol/L the concentration must fall by 30% (NHS Commissioning Board, 2013). 

      The median sweat chloride concentration was 109 mmol/L (range; 61-131) at baseline 

significantly decreasing (P=0.001) to a median of 51 mmol/L (range 27-94) at 6 week 

follow-up. Two patients sweat chloride concentrations fell below 39mmol/L at 6 weeks 

follow-up meaning that they had normal concentrations. The concentrations remained 

significantly decreased at a median of 45 mmol/L (range; 20-91) with 6 patients resulting 

in normal sweat chloride concentrations <39mmol/L (Table 4.3 and Figure 4.4). 
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Table 4.3. Measurements of sweat chloride (mmol/L) at baseline, 6 weeks and 6 months 

follow-up. The median sweat chloride concentration at baseline was 109 mmol/L (range; 

61-131); a median of 51 mmol/L (range 27-94) at 6 week follow-up and a median of 45 

mmol/L (range; 20-91) at 6 month follow-up. The green font indicates where patients 

sweat chloride concentrations has returned to the normal range of below 39mmol/L. A 

trained professional perfomed the sweat test which involved transdermal administration of 

pilocarpine by iontophoresis to stimulate sweat gland secretion. The resulting sweat is 

collected onto a gauze/filter paper/Macroduct coil and quantified for chloride 

concentration in a laboratory (Farrell et al., 2008). 
 

 

 

 

 

 

 

 

Patient Sweat chloride concentration mmol/L 

  Baseline 6 weeks 6 month 

1 61 30 20 

2 116 62 59 

3 101 40 34 

4 114 42 37 

5 109 60 56 

6 108 59 53 

7 107 66 65 

8 95 27 30 

9 131 94 91 

10 112 50 66 

11 110 47 37 

12 108 52 36 
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Figure 4.4. Individual patient sweat chloride level treated with Ivacaftor (mmol/L) 

measured at baseline, 6 weeks after medication and 6 month after medication. The median 

sweat chloride concentration at baseline was 109 mmol/L (range; 61-131); a median of 51 

mmol/L (range 27-94) at 6 week follow-up and a median of 45 mmol/L (range; 20-91) at 6 

month follow-up. Statistical analysis was performed using the Kruskal-Wallis test and 

Dunn's Multiple Comparison Test. *** statistically significant (P<0.001). 
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4.2.3 Clinical assessment of pulmonary function to monitor Ivacaftor performance  

 

     Pulmonary function of each patient was measured by FEV1 and FVC. These were then 

calculated as a percentage of predicted values by a trained nurse at the out-patient clinic, 

RVI, Newcastle according to European Respiratory Society guidelines (Pellegrino et al., 

2005; Laszlo, 2006). The measurements were recorded at baseline and each follow-up 

appointment (6 weeks, 6 months and 12 months post Ivacaftor treatment). The median 

FEV1% predicted was 79% (range; 19-110%) at baseline, increasing to a median of 101% 

(range; 35-132%) at 6 week follow-up, 93% (range; 32-124%) at 6 month follow-up and 

96% (range: 32-114) at 12 month follow-up. All twelve patients increased FEV1% 

predicted after 6 weeks of Ivacaftor treatment. The mean FEV1% predicted significantly 

increased by 15% (range; 9-37%) (P=0.003) after 6 weeks of treatment and remained at 15% 

(range; 4-32) above baseline after 6 month (P=0.004) and 12 months (P=0.06) of treatment. 

The median FVC% predicted was 89% at baseline (range; 35-119) increasing to a median 

of 100% at 6 weeks (range; 60-125), 100% at 6 months (range; 53-124) and 102% at 12 

months (range; 54-116) follow-up appointments. The mean FVC significantly increased 

by 13% (range 2 to 29) after 6 weeks of treatment (P=0.003) and remained at 13% higher 

than baseline %, (range 1 to 28) (P=0.003) after 6 months of treatment. The mean FVC% 

decreased to 5% change at 12 months compared to baseline, range 0 to 27 (P=0.36) (Table 

4.4 and Figure 4.5 and 4.6). 

 

 

 

 

 

 

 

 

 

 

 

 



124 

 

 

 

 

pt Baseline 

 

6 weeks 

 

6 months 

 

12 months 

 

  FEV1%

p 

FVC%

p 

FEV1%

p 

FVC%

p 

FEV1%

p 

FVC%

p 

FEV1%

p 

FVC%

p 

1 90 92 101 99 106 103 104 102 

2 110 119 132 125 124 124 96 105 

3 28 47 40 61 32 53 32 54 

4 90 103 100 105 104 108 107 110 

5 87 89 105 118 110 114  -  - 

6 35 78 44 89 44 93 38 64 

7 90 89 102 100 90 90 98 97 

8 19 35 35 60 35 63  -  - 

9 88 99 103 113 109 111 114 116 

10 70 99 75 106 83 106 83 106 

11 64 74 101 95 96 97  -  - 

12 64 78 79 90 84 93 85 95 

 

Table 4.4 FEV1% predicted and FVC % predicted of CF patients treated with Ivacaftor 

recorded at baseline, 6 week, 6 month and 12 months (- no data available). At baseline the 

median FEV1% was 79% (range 19 to 110, mean 70, SEM 8) and the median FVC% was 

89% (range 35 to 119, mean 84, SEM 7). At 6 weeks follow-up the median FEV1% was 

101% (range 35 to 132, mean 85, SEM 9) and FVC% was 100 (range 60 to 125, mean 97, 

SEM 6). At 6 months follow-up the median FEV1% was 93% (range 32 to 124, mean 85, 

SEM 9) and FVC% 100% (range 53 to 124, mean 97, SEM 6). At 12 month follow-up 

(n=9) the median FEV1% was 96% (range 32 to 114, mean 84, SEM 10) and FVC 102% 

(range 54 to 116, mean 94, SEM 7) 
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Figure 4.5 Change in % predicted of forced expiratory volume in 1 second (FEV1 % 

predicted) at 6 weeks (mean 15%, range 9 to 37) (P=0.003, 95% CI (10.50, 19.00), 6 

month from baseline (mean 15%, range 4 to 32) (P=0.004, 95% CI (10.00, 20.5) and 12 

month from base (mean 10%, range -1 to 27) (P=0.06) (0= no change from baseline). 

Statistical analysis performed using one sample Wilcoxon signed rank test. 
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Figure 4.6 Change in % predicted of forced vital capacity (FVC % predicted) at 6 weeks 

(mean 13%, range 2 to 29) (P=0.003, 95% CI (8.0, 18.00), 6 month (mean 13%, range 1 to 

28) (P=0.003, 95% CI (6.5, 18.5) and 12 month (mean 5, range 0 to 27) (P=0.36) follow-

up from baseline (0= no change from baseline). Statistical analysis performed using one 

sample Wilcoxon signed rank test.  
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4.2.4 Gastro-oesophageal reflux in the G551D CF population; effects of Ivacaftor 

     GOR was present in three patients (median score 1, range; 0-5) at baseline as 

determined by the DeMeester reflux questionnaire and was defined by having a 

DeMeester score <2, this decreased to one GOR symptomatic patient (median score 0, 

range; 0-5) at the 6 week follow-up and to two GOR symptomatic patients (median score 0, 

range; 0-5) at the 6 month follow-up. Of the 12 patients studied there were 6 patients that 

experienced a fall in GOR symptoms after 6 weeks of Ivacaftor treatment and this was 

mirrored at 6 month follow-up when compared to baseline scores. There were 8 patients 

interviewed at the 12 month follow-up and with 1 patient presenting GOR symptoms.  

There was a trend for a significant change in DeMeester score 6 weeks after initial 

treatment (P=0.06) (Table 4.5 and figure 4.7). EOR was present in six of nine patients at 

baseline determined by the RSI questionnaire (RSI score >13) and decreasing to two 

patients after 6 weeks of Ivacaftor treatment. There were three EOR symptomatic patients 

determined at the 6 month follow-up. There is a significant reduction in RSI scores post 

medication with all but one patient showing a continuous reduction in RSI score during 

follow-up (P=0.008) (Table 5.6 and Figure 4.8). The Hull airways reflux questionnaire 

(HARQ) is another tool designed to assess EOR. Using this questionnaire there were 5 of 

the 6 patients mentioned above presenting EOR symptoms at baseline showing that both 

tools detected EOR in 5 symptomatic patients. The number of symptomatic patients 

decreased during Ivacaftor treatment (n=2 at 6 weeks follow-up and n=3 at 6 and 12 

month follow-up). There was a significant decrease of EOR determined by the HARQ 

score at 6 weeks post treatment (p=0.031) (Table 4.7 and Figure 4.9). 
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DeMeester reflux Score 

(GOR determined by score >1 max 7) 

 patient baseline 6 week 6 month 12 month 

1 1 0 1 1  

2 1 1 0 1 

3 1 0 0  ND 

4 0 0 0 0 

5 1 1 0  0 

6 2 0 2  1 

7 5 5 5 6 

8 2 1 0  ND 

9 0 0 0 0 

10 1 0 0  0 

11 0 1 1  ND 

12 1 0 0  ND 

 

Table 4.5. DeMeester score of patients treated with Ivacaftor at baseline 6 week, 6 month 

and 12 month (The numbers highlighted in red represent patients presenting GOR 

symptoms scoring >2; ND represents no data available).  Median DeMeester score at 

baseline was 1, ranging from 0 to 5 and there were 3 patients with a DeMeester score 

over >1 to determine GOR symptoms.  Median DeMeester score at 6 weeks follow-up was 

0, ranging from 0 to 5 and there was 1 patient with a DeMeester score over >1 to 

determine GOR symptoms. Median DeMeester score at 6 month follow-up was 0, ranging 

from 0 to 5 and there were 2 patients with a DeMeester score over >1 to determine GOR 

symptoms. There were 8 patients that attended appointments at the 12 month follow-up 

and median scores were 0 (range 0-6) with one patient presenting GOR symptoms.  
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Figure 4.7. Change in DeMeester reflux score of patients treated with Ivacaftor at 6 weeks 

(P=0.059), 6 months (P=0.091) and 12 months (P=0.62) from baseline (0= no change from 

baseline). Statistical analysis performed using one sample Wilcoxon signed rank test and 

the decrease in DeMeester score was significantly reduced 6 weeks after medication 

(P=0.059). 
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Reflux Symptom Index Score 

(EOR determined by score >13 max 45) 

RSI baseline 6 week 6 

month 

12 

month 

1 14 0 1 2 

2 2 3 3 11 

3 23 10 16 ND 

4 11 9 6 2 

5 17 12 3 15 

6 29 23 16 16 

7 12 14 16 14 

8 15 11 7 ND 

9 3 2 2 0 

10 4 1 2 0 

11 15 5 5 ND 

12 8 3 1 ND 

Table 4.6. Reflux Symptom Index (RSI) score (maximum score 45) of patients treated 

with Ivacaftor at baseline 6 week, 6 month and 12 month (The numbers highlighted in red 

represent patients presenting EOR symptoms scoring RSI >13; ND represents no data 

available).  Median RSI score at baseline was 13, ranging from 2 to 29 and there were 6 

patients with a RSI score over >13 to determine EOR symptoms.  Median RSI score at 6 

weeks follow-up was 7, ranging from 0 to 23 and there was 2 patients with a RSI score 

over >13 to determine EOR symptoms. Median RSI score at 6 month follow-up was 4, 

ranging from 1 to 16 and there were 3 patients with a RSI score over >13 to determine 

EOR symptoms. There were 8 patients that attended appointments at the 12 month follow-

up and median scores were 7 (range 0-16) with 3 patient presenting EOR symptoms.  
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Figure 4.8. Change in Reflux Symptom Index score (maximum score 45) of patients 

treated with Ivacaftor at 6 weeks (P=0.008, 95% CI (10.5, 2.00)), 6 month (P=0.010, 95% 

CI (10.00, 2.00)) and 12 month (P=0.16) from baseline (0= no change from baseline). 

Statistical analysis performed using one sample Wilcoxon signed rank test (mean ± SEM). 
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Hull Airways Reflux Questionnaire score 

(EOR determined by score >13 max 70) 

HARQ Baseline 6 week 6 

month 

12 

month 

1 12 5 5 2 

2 3 2 3 10 

3 31 11 16 ND 

4 7 6 4 2 

5 19 16 17 13 

6 33 27 24 16 

7 12 15 18 16 

8 15 11 12 ND 

9 3 1 1 0 

10 4 8 2 1 

11 27 8 7 ND 

12 8 3 1 ND 

Table 4.7. Hull Airway Reflux Questionnaire (HARQ) score (maximum score 70) at of 

patients treated with Ivacaftor baseline 6 week, 6 month and 12 month (The numbers 

highlighted in red represent patients presenting EOR symptoms scoring HARQ >13; ND 

represents no data available).   The individual patient HARQ measured at baseline are 

shown with a median score of 12 (n=12, range 3-33, mean 14.5, SEM 3.1) and 5 patients 

presented EOR symptoms. The median score at the 6 weeks follow up was 8 (n=12, range 

1-27, mean 9.4, SEM 2.1) with 3 patients presenting EOR symptoms, 6 month after 

medication the median score was 6 with 4 patients presenting EOR symptoms (n=12, 

range 1-24, mean 9.2, SEM 2.3) and 12 month after medication the median score was 6 

with 3 patients presenting EOR symptoms (n=8, range 0-16, median 6, mean 7.5, SEM 

2.5). 
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Figure 4.9. Change in Hull Airways Reflux score (maximum score 70) of patients treated 

with Ivacaftor at 6 weeks (P=0.031, 95% CI (10.50, 1.00)), 6 month (P=0.018, 95% CI 

(10.00, 1.50)) and 12 (P=0.17, 95% CI (-2.17, 10.42) month from baseline (0= no change 

from baseline). Statistical analysis performed using paired t-test (CI=95%). 
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4.2.5 The association of extra-oesophageal reflux symptoms with pulmonary function 

 

     The pulmonary function of EOR symptomatic and none-symptomatic patients (RSI and 

HARQ score; EOR symptomatic patients scored >13 and none EOR symptomatic scored 

<12) was evaluated.  The mean FEV1 % predicted of EOR symptomatic patients 

determined by the RSI score was 54% at baseline (range; 19-90) and significantly higher 

at 85% for the non-symptomatic group (range; 64-110) (P=0.037). FEV1 % of predicted 

was higher in the patients that did not experience EOR symptoms compared to those of 

symptomatic patients. The 6 week follow-up showed that the mean FEV1% predicted of 

patients not symptomatic for EOR was 73% (range; 44-102%) which was higher than the 

EOR symptomatic patients post medication (mean 55%, range; 32-90%) and were similar 

during the rest of the study period. The mean FEV1% predicted of EOR symptomatic 

patients determined by the HARQ score were 47% (range; 19-87%) at baseline whereas 

none-symptomatic patients had a significantly higher mean FEV1% predicted of 86% 

(range; 64-110%) (P=0.02). FEV1 % predicted was higher in the none-symptomatic group 

mean 85% (range; 35-132), 6 month mean 92% (range; 35-124) compared to the EOR 

symptomatic group (6 week mean 84% (range; 44-105), 6 month mean 69 (range 32-110) 

after treatment. At the 12 month follow-up there were 8 patients interviewed and who 

provided a score, 2 of whom were EOR symptomatic and had FEV1% scores of 38 and 

98%. There were 6 non-symptomatic patients with a median FEV1% of 103 (range 83-

114). The data was not statistically analysed because of the low number of patients in the 

EOR symptomatic group. (Figures 4.10 and 4.11). 
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Figure 4.10. Forced expiratory volume in 1 second % predicted in reflux symptomatic 

patients (red) treated with Ivacaftor and none symptomatic (blue) CF patients determined 

by the RSI score in a longitudinal follow-up before medication (P=0.037), 6 weeks after 

initial medication, 6 month after initial medication (P=0.10) and 12 month after initial 

medication. Statistical analysis performed using Mann-Whitney Test (CI=95%) for groups 

with 3 or more data points (baseline and 6 month). 
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Figure 4.11. Forced expiratory volume in 1 second % predicted in reflux symptomatic 

patients (red) and none symptomatic (blue) CF patients determined by the HARQ score in 

a longitudinal follow-up before medication (symptomatic median 47%, range 19-87; none-

symptomatic median 86%, range 64-110) (P=0.02), 6 weeks after initial medication 

(symptomatic median 84%, range 44-105; none-symptomatic median 85%, range 35-132) 

(P=0.58), 6 month after initial medication (symptomatic median 69%, range 32-110; none-

symptomatic median 92, range 35-124) (P=0.46) and 12 month (symptomatic median 68, 

range 36-133; none symptomatic median 89, range 35-139) after initial medication. 

Statistical analysis performed using Mann-Whitney Test (CI=95%) for groups with 3 or 

more data points (baseline and 6 month). 
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4.2.6 The collection and analysis of sputum samples and expectorated saliva 

 

      Each patient was asked to produce an expectorated sputum sample at baseline and each 

follow-up; if sputum could not be produced the patient was advised to produce 

expectorated saliva. There were 8 sputum samples and 2 saliva samples collected at 

baseline from 12 patients with 2 patients unable to provide samples. The number of 

patients who produced Sputa reduced post treatment, there were 5 sputum samples and 3 

saliva samples collected at 6 weeks follow-up; 5 sputum and 6 saliva samples collected at 

6 months follow up and 3 saliva samples collected at 12 month follow-up but no sputum 

produced (Table 4.8). The samples were analysed for pepsin identification and quantity 

using the in-house pepsin ELISA. At baseline the median pepsin levels was 481ng/ml 

(range 110 to 1150), at 6 weeks the median was 400ng/ml (range 0 to 820), at 6 month the 

median was 230 (range 0 to 1502). There was no pepsin detected in the 2 saliva samples 

collected at the 12 month follow-up. There was no statistical difference of pepsin levels at 

baseline compared to post medication (baseline median 480ng/ml; range 110-710, 6 week 

median 400ng/ml; range 0 – 820, 6 month median 230ng/ml; range 0 – 610 and 12 month 

follow-up only two saliva samples analysed with no pepsin present. (P=0.33) (Table 4.9 

and Figure 4.12). A cell differential confirmed that the sputum samples analysed at 

baseline were 100% neutrophilic. In contrast there were two sputum samples at the 6 week 

follow-up containing 0.4 and 32% macrophages and 2 samples at 6 month follow-up 

containing 6 and 2% macrophages. A lipid laden macrophage score was performed for all 

sputum samples. There was lipid present in two samples contained in the macrophages, the 

LLMI score was not performed due to insufficient number of macrophages. (Tables 4.10 

and 4.11 and Figure 4.13). 
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Sputum and expectorated saliva sample collection 

Patient no baseline 6 weeks 6 months 12 months 

1 sputum sputum saliva saliva 

2 sputum No sample 

produced 
sputum No sample 

produced 
3 sputum sputum sputum ND 

4 sputum No sample 

produced 
sputum saliva 

5 sputum saliva saliva No sample 

produced  
6 No sample 

produced  
No sample 

produced 
saliva No sample 

produced  
7 No sample 

produced 
saliva saliva No sample 

produced 
8 sputum sputum saliva ND 

9 saliva sputum sputum No sample 

produced 
10 saliva saliva saliva saliva 

11 sputum No sample 

produced 
No sample 

produced 
ND 

12 sputum sputum sputum ND 

 

Table 4.8. Sputum and expectorated saliva sample collection from patients treated with 

Ivacaftor at baseline, 6 week, 6 month and 12 month follow-up. There were 8 sputum 

samples and 2 expectorated saliva samples collected at baseline, 5 sputum samples and 3 

expectorated saliva samples collected at 6 week follow-up, 5 sputum samples and 6 

expectorated saliva samples collected at 6 month follow-up and 3 expectorated saliva 

samples collected at 12 month follow-up. (ND represents no data available). 
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Pepsin concentration (ng/ml) measure in  

sputum and expectorated saliva 

Patient no Baseline 6 weeks 6 months 12 months 

1 261 464 0 0 

2 - - 644 - 

3 870 543 704 ND 

4 1151 - 1502 - 

5 238 0 0 - 

6 - - 165 - 

7 - 0 0 - 

8 710 820 230 ND 

9 116 347 405 - 

10 150 352 0 0 

11 481 - - ND 

12 611 696 611 ND 

 

Table 4.9. Pepsin levels measured by in-house indirect pepsin ELISA in sputum and 

expectorated saliva samples at baseline (median 480 ng/ml; range 110-710), 6 week 

(median 400 ng/ml; range 0 – 820), 6 month (median 230 ng/ml; range 0 – 610) and 12 

month follow-up only two saliva samples analysed with no pepsin present (- no sample 

analysed). (ND represents no data available). 
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Figure 4.12. The analysis of sputum supernatant and expectorated saliva pepsin levels 

(ng/ml) in patients treated with Ivacaftor at baseline (n=9), 6 weeks (n=8), 6 month (n=11) 

and 12 month (n=2) follow-up measured with in-house ELISA using goat monoclonal 

primary antibody at 1:100 followed by monoclonal secondary to goat monoclonal raised in 

mouse (peroxide conjugated) at 1:1000 (mean with SEM). The range of pepsin at baseline 

was 116 to 1151ng/ml, median 481, mean 510, SEM 118. The range of pepsin at 6 weeks 

was 0 to 820ng/ml, median 408, mean 402, SEM 105. The range of pepsin at 6 months 

was 0 to 1502ng/ml, median 230, mean 387, SEM 139. There was no pepsin detected in 

the 2 saliva samples collected at 12 month follow-up. No statistical difference between 

groups (P=0.33) using the Kruskal-Wallis statistical test. 
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Cell differential of sputum sample (Giemsa stain) 

Su

b 

no 

Macrophages 

% 

Neurophils 

% 

Lymphocytes 

% 

Eosinophils 

% 

Squamous 

% 

 BL 6W 6M BL 6W 6M BL 6W 6M BL 6W 6M BL 6W 6M 

1 0 0 ….. 100 100 ….. 0 0 ….. 0 0 0 0 0 ….. 

2 …... ….. 0 ….. ….. 100 ….. ….. 0 ….. ….. 0 430 ….. 100 

3 0 0 2 100 100 98 0 0 0 0 0 0 0 0 20 

4 0 ….. 0 100 ….. 100 0 ….. 0 0 ….. 0 5 ….. 60 

5 0 ….. ….. 100 ….. ….. 0 ….. ….. 0 ….. ….. 1 ….. ….. 

6 …. …... ….. ….. ….. ….. ….. ….. ….. ….. ….. ….. ….. ….. ….. 

7    0 …... ….. 100 ….. ….. 0 ….. ….. 0 ….. ….. 2 ….. ….. 

8 0 0 ….. 100 100 ….. 0 0 ….. 0 0 ….. 5 0 ….. 

9 ….. 0.4 6 ….. 99.6 94 ….. 0 ….. ….. 0 ….. ….. 2 0 

10 ….. ….. ….. ….. ….. ….. ….. ….. ….. ….. ….. ….. ….. ….. ….. 

11 ….. ….. ….. ….. ….. ….. ….. ….. ….. ….. ….. ….. ….. ….. ….. 

12 0 32.4 0 100 67.6 100 0 0 0 0 0 0 0 25 0.1 

 

Table 4.10. Cell differential of cytological slide preparation of sputum sample (n=12) from 

patients treated with Ivacaftor stained with Giemsa.  10/12 (83%) samples contain 100% 

neutrophils. Two samples contain macrophages, sample number 9 at 6 weeks follow-up 

contained 0.4% and sample number 12 contained 32% at 6 week follow-up. 
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Lipid laden Macrophage Score (Oil red O 

staining of cell preparation) 

    Patient number Oil Red O 

 BL 6W 6M 

1 0 0 ….. 

2 0 ….. 0 

3 0 0 0 

4 0 ….. 0 

5 0 ….. ….. 

6 ….. ….. ….. 

7 0 ….. ….. 

8 0 0 ….. 

9 ….. 0 0 (ORO) 

10 ….. …. ….. 

11 0 …. ….. 

12 0 0(ORO) 0 

 

Table 4.11. Lipid laden macrophage score for each cytological slide of patients treated 

with Ivacaftor was performed by staining with Oil Red O (Sudan red). The LLMI was not 

performed due to insufficient macrophage total (100 needed to perform the score). Two 

samples contained lipid laden macrophages; patient 9 at 6 month and patient 12 at 6 week 

follow-up represented as ORO.  
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Photography of Lipid laden macrophage 

Patient  Follow-up  Lipid laden macrophage 

9 6 month  
 

12 6 week 

  

 

Figure 4.13 The photography of a Lipid laden macrophage under light microscopy (×40) 

from patient treated with Ivacaftor 9 at 6 month follow-up and patient 12 at 6 week 

follow-up. 

 

 

 

 

 

 

 

  

 

 

 

 

 



144 

 

4.3 Discussion 

 

     The CFTR potentiator Ivacaftor was made available by the FDA for CF patients with 

the G551D CFTR mutation on January 31
st
 2012 (Polenakovik and Sanville, 2013). This 

potentiator aims to normalise the gating channel of the CFTR to able the transport of 

chloride ions. This can be tested by measuring sweat chloride levels as a way of measuring 

activity of the drug, and testing compliance with the drug (De Boeck et al., 2013; Accurso 

et al., 2014). The present study observed the longitudinal effects of the G551D CFTR 

mutated recipients prescribed with Ivacaftor medication attending routine clinical 

appointments at the Newcastle upon Tyne RVI chest clinic. The following study presents 

the recorded measurements taken at baseline, and during the 6 week, 6 month and 12 

month follow-up appointments of patients receiving Ivacaftor treatment (150mg/12h). The 

outcome measurements to assess the effects of Ivacaftor were measurement of sweat 

chloride concentrations, weight gain or loss, and pulmonary function (FEV1% FVC% 

predicted). 

     In the G551D mutation the CFTR protein is present at the cell surface but the channel 

does not open or close in a normal manner leading to poor flow of chloride ions in and out 

of the cell and resulting in loss of epithelial chloride conductance (Yu, at al., 2012). CF 

patients with this mutation have in abnormal sweat chloride levels and this is used as a 

gold standard biomarker to diagnose CF disease (normal concentration levels <39mmol/L; 

possible chance of CF 40-59mmol/L; likely chance of CF >60mmol/L) (Cystic Fibrosis 

Foundation, 2011). Continuation of Ivacaftor treatment requires a sweat chloride fall 

below 60mmol/L or 30% lower than baseline concentrations (NHSCommissioningBoard, 

2013). Sweat chloride concentrations were measured at baseline and then repeated at 6 

weeks and 6 month follow-up. The present study found that the use of Ivacaftor in the 

Newcastle Upon Tyne G551D CF cohort significantly decreased sweat chloride levels 

(P=0.001) at 6 weeks follow-up at a median of -58mmol/L and this reduction remained at 

6 months follow-up with a median of -64mmol/L from baseline concentrations. The sweat 

chloride concentrations measured above 60mmol/L at baseline illustrating existing CFTR 

abnormalities and continuation requirements were met by all patients. Interestingly, at 6 

weeks follow-up 7 patients observed a fall in sweat chloride below 60mmol/L and 2 

patients observed a fall below 39mmol/L meaning normal concentrations were met. The 3 

remaining patients observed a fall of more than 30% of their baseline sweat chloride 
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concentrations. At the 6 month follow-up a further fall in sweat chloride was observed 

with 6 patients now having normalised concentrations. These results indicate that the 

administration of prescribed Ivacaftor (150mg/12h), a CFTR potentiator, results in 

increased chloride flux. This is supported by Ramsey et al., (2011) who found that treated 

patients reduced sweat chloride by -48mmol/L at 48weeks from baseline when compared 

to controls. Accurso et al., (2010) reported a sweat chloride reduction of -59.5mmol/L 

when assesses 4 weeks after the start of treatment (P=0.008). However, Barry et al., (2013) 

questions the sweat chloride measurement as a marker of clinical response. Accordingly, it 

was observed that in 4 patients treated with Ivacaftor the improvement in pulmonary 

function and BMI were significant after 1 month, but at 8 weeks follow-up the sweat 

chloride concentrations did not fall below 60mmol/L or by 30% from baseline and these 

patients failed to meet continuation criteria. The sweat chloride tests were repeated in all 4 

patients to observe 2 patients had now met the continuation criteria. One patient admitted 

to missing one dose of Ivacaftor treatment. The two patients that did not observe the 

required sweat chloride reductions were discontinued from Ivacaftor despite an increase of 

15 and 17% FEV1% predicted from baseline. Barry et al., (2013) questioned the 

sensitivity of the sweat chloride test as a measure of clinical response. Additionally the 

data highlight the importance of commitment to medication to observe consistent reduced 

sweat chloride concentrations. 

     CFTR proteins are expressed in the gastrointestinal tract leading to an excess of thick 

and sticky mucus blocking the pancreatic ducts. This minimises the release of pancreatic 

enzymes which impairs intestinal absorption resulting in malabsorption and malnutrition 

(Van Goor et al., 2013; Yu et al., 2012). Factors contributing to poor weight gain 

complications are multifactorial and result in a multitude of problems which reduce 

quality of life (Thomas and Bishop, 2007; Bourke and Burns, 2011). Ivacaftor may affect 

gastrointestinal epithelia which may increase nutrient absorption resulting in a possible 

improved pancreatic enzyme release thus increasing weight. The present study found that 

the median weight of all patients did not increase at 6 weeks from baseline supporting the 

issue that CF weight gain is multifactorial and could be affected by increased caloric needs 

due to exacerbations, diabetes and anorexia. However, seven of the 12 patients increased 

weight by an average of 2.9kg at the 6 weeks follow-up appointment. The success of 

weight gain was not associated with severity of lung disease. The overall median weight 

measured at 6 months significantly increased by 2kg from baseline (P=0.003) and further 

increasing to 4.6kg at 12 months from baseline. Our data is supported by recent literature 
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by Barry et al., (2013) who reported a small increase of 0.6kg/m
2
 observed over a 1 month 

follow-up period. It was observed that in a study of Ivacaftor patients with a FEV1% of 

predicted of above 40% gained an average of 3.1kg after 48weeks of treatment (Ramsey et 

al., 2011). Patients with a FEV1% predicted below 40% were reported to gain an average 

of 2.1kg over a 12 month period (Hebestreit et al., 2013).   

       Unregulated chloride ion transport leads to CF disorders in the exocrine organs. The 

accumulation of thick sticky mucus in the airways leads to decreased pulmonary function, 

bacterial growth and exacerbations resulting in increased energy demands (Thomas and 

Bishop, 2007; Bourke and Burns, 2011). The literature has shown that the effects of 

normalised CFTR channel gating by the use of Ivacaftor has led to significant increases in 

pulmonary function (Accurso et al., 2010; Ramsey et al., 2011). The present study 

mirrored findings that were found in clinical trials and showed that Ivacaftor led to a 

significant increase of median pulmonary function measurements determined by FEV1 and 

FVC % predicted (<P=0.004). At baseline the median FEV1% was 79% of the predicted 

value based on age, sex and height in accordance with the ERS guidelines (Laszlo, 2006). 

The median pulmonary function (FEV1% predicted) measurements increased the most at 

the 6 week follow-up representing a relative 21% increase from the baseline 

measurements and remained consistent up to 12 month follow-up. Three of the patients 

had a FEV1% predicted below 40% which was the cut off for participation in the previous 

clinical trials. These patients responded to treatment and increases in pulmonary function 

were observed resulting in a FEV1% predicted over 40% for two patients at 6 weeks 

follow-up. This was supported by findings from the clinical trial published in 2011 by 

Ramsey et al., (2011) who reported an average increase of 17.2% in FEV1% at 6 month 

from baseline. In addition Accurso et al., (2010) reported an increase of 8.7% at 4 weeks 

from baseline (P=0.008). Barry et al., (2013) observed an increase in FEV1% predicted 

after 1 month of Ivacaftor treatment from a median of 64.3% to 73.4% (Barry et al., 2014). 

Spirometry has been used as a gold standard to measure declining pulmonary function in 

CF but the measurement has now been regarded inadequate enough to detect early signs of 

progressive lung disease because FEV1% is reduced slowly and any falls in measurements 

mean that the lungs have begun the decline caused by infections and inflammatory 

responses that are difficult to reverse. To date no other measurement of pulmonary 

function has taken over FEV1 measurements but the Lung Clearance Index holds prospect 

of fulfilling criteria of early detection and sensitivity of lung function decline. It consists 

of multiple breath washouts to measure ventilation homogeneity (Davies et al., 2008). 
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Interestingly, Davies et al., (2013) compared lung clearance index in a phase 2 multicentre 

placebo controlled, double-blind 2x2 crossover study. Ivacaftor, 150mg x2 daily led to 

significantly improved lung clearance compared to placebo. It was also added that lung 

clearance methods was a sensitive method to detect a response to Ivacaftor (Davies et al., 

2013). The measurement may not be as highly regarded but the wide use of FEV1% 

predicted allows studies to compare results and in our case response to treatment. The 

clinical trials into the efficiency of Ivacaftor used the spirometry measurements and thus 

this allows our study to compare findings. The lung clearance index informs us about 

abnormalities in the small airways and it is suggested that increased lung clearance index 

scores suggest airway narrowing caused by inflammation or sputum plugs (Davies et al., 

2008). The present study observed that less sputum was produced post Ivacaftor treatment. 

There were 8 patients who were able to expectorate sputum on recruitment at baseline and 

this decreased to 5 patients during 6 week and 6 month follow-up. Interestingly, at the 12 

month follow-up there was no sputum expectorated by 8 patients that attended 

appointments and 4 patients failed to attend their arranged appointments leading us to 

believe they were feeling well and healthy thus not requiring hospital appointments. On a 

negative note the study was unable to compare biomarkers of reflux and inflammation 

from all patients during the study. On a positive note, the patients were unable to 

expectorate sputum, in some cases provided saliva indicating the positive effects of 

Ivacaftor on the CFTR epithelium in the airways. The lung clearance index would have 

provided more information about the inflammation and sputum present in the small 

airways but this is a new method and Davies et al., (2008) report only few studies have 

reported lung clearance index scores to date due to complex and expensive technologies 

needed to analyse samples. This method may be used for research purposes but not for 

clinical follow-up. This may be related to findings of Reznikov et al., (2014) who 

investigated the antibacterial properties of Ivacaftor on strains of Streptococcus 

pneumoniae and Staphylococcus aureus which are two common pathogens of the CF 

airway. The antibacterial properties of Ivacaftor were observed by a dose dependant 

reduction in Streptococcus pneumonia determined by bioluminescence. There were only 

mild decreases of Staphylococcus aureus and this was thought to be due to the outer 

membrane of these bacteria to be a barrier to the Ivacaftor molecule. These data suggest 

that Ivacaftor may reduce the bacteria colonization within the CF airways which may 

therefore reduce the inflammatory response. In essence, the reduction of sputa may be 

related to a reduction of the vicious cycle surrounding infection and inflammation in the 
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CF airway by Ivacaftor treatment. A reduction in pulmonary exacerbations is a common 

observation seen in CF patients post Ivacaftor treatment. The phase III trial conducted in 

83 patients observed that 67% of patients were free of pulmonary exacerbations by week 

48 of the trial Ramsey et al., (2011). Further analysis into these observed decreases show 

that less patients reported coughing and sputum production in the treated group compared 

to the placebo group (Flume et al., 2013) . A case report highlighted the significant 

improvement in the health of a severely ill CF patient of the G551D/deltaF508 mutation 

with a FEV1% of 24% of the predicted value following Ivacaftor treatment. The case 

report illustrated that the hospitalised patient improved pulmonary function, discontinued 

from supplementary oxygen and didn’t experience a pulmonary exacerbation in the 7 

month Ivacaftor treatment (Polenakovik and Sanville, 2013).  

       The benefits of Ivacaftor on the epithelia containing CFTR expression have 

highlighted the efficiency of this molecule to restore CFTR function. To date, no reports 

have been made regarding the effects of Ivacaftor on CFTR function in gastrointestinal 

epithelia. GOR is highly prevalent in CF (Ledson et al., 1998; Blondeau et al., 2008; 

Sabati et al., 2010) but the effects of Ivacaftor on GOR and EOR symptoms have not been 

investigated to date. GOR occurs in up to 90% of CF patients resulting in the 

administration of proton pump inhibitors (PPI) (Blondeau et al., 2008). The present study 

aimed particular evaluations on the effect of Ivacaftor on gastro-oesophageal reflux 

symptoms. The aim of the study was to firstly evaluate the effects of Ivacaftor medication 

on the symptoms of GOR and EOR in these patients. Patients were interviewed regarding 

their gastro-oesophageal symptoms using three validated questionnaires (DeMeester 

Reflux Questionnaire; RSI and HARQ); these were then assessed against pulmonary 

function. This study observed that GOR was present in 3 patients at baseline, the patients 

experienced classical GOR symptoms. Following Ivacaftor treatment two of these patients 

reported less GOR symptoms and the DeMeester score reduced below the cut off for GOR 

(<1) at the 6 week follow-up. It was illustrated that GOR symptoms were not highly 

prevalent in the study population due to 9 patients not experiencing symptoms. One 

patient continued to experience GOR symptoms over the 12 month follow-up, it was 

reported that this patient had a hiatus hernia and thus suffered with GOR. At baseline 6 

patients were experiencing EOR symptoms determined by the RSI and HARQ score (>13) 

and following 6 weeks of Ivacaftor treatment the symptoms decreased to a normalised 

score in 5 patients (determined by RSI score <12). This was supported by a second 

questionnaire assessing EOR (HARQ) which illustrated a decrease in EOR symptoms post 
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treatment. Interestingly, pulmonary function is significantly higher in the non-EOR 

symptomatic patient group when compared to the EOR symptomatic group at baseline 

(P=0.037). This finding was observed throughout the study from baseline to 12 months 

suggesting that the decrease in pulmonary function seen in patients experiencing EOR 

Symptoms (determined by RSI and HARQ score) may be due to the complications caused 

by EOR. The numbers of patients positive for EOR symptoms post treatment were low 

(n=2-3) and therefore unable to argue effect of treatment. The treatment of Ivacaftor 

illustrated that EOR symptoms decrease but we were not able to investigate a relationship 

between EOR symptoms and increased pulmonary function due to low numbers. 

Interestingly, Flume et al., (2013) illustrated that there were less coughing reported by 

patients when treated with Ivacaftor compared to those in the control group of a phase III 

trial of Ivacaftor. The presence of reflux biomarkers were assesses in sputum and saliva 

samples provided. There was no relationship observed between gastric aspiration and the 

treatment of Ivacaftor due to sample inconsistency over the follow-up period. The 

biomarkers used as a tool to diagnose gastric aspiration was presence of pepsin in the 

sputum supernatant and presence of lipid laden macrophages in the cells of the airways. It 

was observed that patients experiencing GOR symptoms throughout the study treated with 

PPI therapy and H2RA’s continued to experience symptoms. There were 4 patients EOR 

symptomatic taking PPI and H2RA medication. This suggests that the medication did not 

alleviate classical (GOR) or atypical (EOR) symptoms of reflux by evidence of persisting 

symptoms. Our data has illustrated these findings previously in the CF patients that are not 

treated with Ivacaftor and are these patients are discussed in chapter 3 (Crossfield et al., 

2013).  

      Cytological slide preparations were stained with Oil Red O to identify lipid laden 

macrophages. This stain has been used as a diagnosis tool for microaspiration of stomach 

contents into the airways. Macrophages (n=100) are identified under a microscope and 

each given a score from 0-4 depending on presence of red (lipid) pigmentation. This 

microaspiration tool was not useful to determine possible reflux events in the present 

study population due to macrophages present in only 3 patients determined by the a cell 

differential (Giemsa cell stain). Only one patient sample contained >100 macrophages and 

it was therefore possible to score for lipid laden macrophages. Of the patient sputum 

samples collected the cell differential confirmed that they were abundant in neutrophils 

ranging from 67 to 100 %.  The sputum of CF patients was neutrophilic at baseline and a 

lipid laden macrophage score was unable to be produced. The identification of 
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macrophages within the sputum of 4 samples post medication resulted in an observation of 

lipid laden macrophages. This illustrates that less neutrophil influx into the lungs post 

medication and that gastric aspiration may still be present.       

          In summary, the present study supports the literature published to date and confirms 

that patients receiving Ivacaftor treatment improve CFTR protein function resulting in 

decreased sweat chloride concentrations, increased pulmonary function and weight gain. 

This study presents a novel finding that has not been investigated to date. Ivacaftor 

treatment reduced the symptoms of GOR and EOR which have an effect on pulmonary 

function in the CF population. 
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5.0 Chapter 5 

The dietary modifications for Cystic Fibrosis – assessment of related 

problems 

5.1 Introduction 

5.1.1 Dietary recommendations for the CF patient 

 

      CF is associated with malnutrition and weight loss as a result of the basic defect of the 

disease. In the 1930’s one of the early signs that was observed in babies and infants with 

CF was the failure to gain weight despite eating well accompanied by foul smelling, oily 

stool known as steatorrhoea (Thomson and Harris, 2008). This is due to deficient CFTR 

expression in the cells of the pancreatic ducts, which become blocked with mucus leading 

to insufficient pancreatic enzyme secretion. The diet cannot be efficiently digested in the 

absence of the pancreatic enzymes lipase, amylase, trypsin and chymotrypsin, thus leading 

to fat, carbohydrate and protein malabsorption and as a result the fat is passed in the stool. 

It has been reported that 85-90% of CF patients have pancreatic insufficiency resulting in 

the patient having difficulty gaining weight and malabsorption of fat soluble vitamins 

A,D,E and K (Cohen et al., 2005). The CFTR expression in cells of the airways are also 

affected leading to increased mucus secretion in the airways. The production of sputum 

within the lungs requires nitrogen, when increasing sputum production occurs the patient 

becoming deficient of amino acids. Sputum blocks the airways resulting in symptoms of 

chronic cough and heavy breathing, and in turn increased energy expenditure in the work 

of breathing. Bacteria and fungi populate within the CF airways and the patient suffers 

with chronic lung infections resulting in poor eating habits and decreased appetite 

(Orenstein et al., 2000; Thomson and Harris, 2008).  The past 50 years have seen advances 

in CF clinical nutrition and highlighted the significant importance of nutritional 

intervention within the CF clinic. The first serious discussions of the importance of 

nutritional status in CF was prompted in 1974 by Douglas Crozier who started the CF 

clinic in Toronto. The CF children were advised to have a diet of high saturated fat foods 

including whole milk, butter, eggs and animal fats along with 60 to 100 pancreatic enzyme 

tablets per day. This resulted in a higher survival rate when compared to CF patients at 

other Canadian and the Boston CF clinic, who adhered to the conventional low fat diet to 

reduce steatorrhoea (Crozier, 1974; Hodson et al., 2007). This was supported by 
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observations published in 1978 demonstrating the inverse relationship between 

underweight CF patients and survival (Kraemer et al., 1978). In addition, findings by 

Gaskin et al., (1982) indicated significantly higher FEV1% of predicted and lower 

mortality in patients with patients that were able to absorb fat compared to those with 

steatorrhoea (Gaskin et al., 1982). Furthermore, it was highlighted that patients at the 

Toronto CF clinic maintaining a normal growth rate and nutritional status had longer 

survival rates compared those at the Boston CF clinic that showed deficient nutrition and 

growth (Corey et al., 1988). Later studies assessing nutrition in CF found that long-term 

nutritional support to improve weight-gain led to better nutritional status, better lung 

function and associated increased survival (Jelalian et al., 1998). These significant 

developments in dietetic care generated a European consensus in 2002 on the nutrition 

advice for CF patients to increase fat and calories accompanied by Pancreatic enzyme 

replacement therapy (Sinaasappel et al., 2002). 

     Routine dietetic care and nutritional management have remarkably overcome problems 

of malnutrition in CF. The dietitian monitors growth and nutritional needs. They provide 

dietetic advice, meal planning, suggest food and supplements and adjust pancreatic 

enzyme replacement therapy (PERT). The diet of a CF patient is modified to meet the 

requirements of nutrients needed despite the complications caused by the disease 

manifestations. The main modifications are explained further focusing on energy, fat, 

enzyme replacement, protein and additional supplements.  

     The CF patient requires increased energy in the diet. The requirements vary and depend 

on individual age, gender, nutritional status, pancreatic insufficiency and pulmonary 

function although the guidelines are set at 120-150% of the estimated average requirement 

for energy (White et al., 2004; Hodson et al., 2007). These requirements are met by 

advising the liberal use of high fat food such as high-fat snacks, fried food, full fat 

products, and adding butter, cheese, oil and cream to meals (Hodson et al., 2007; Webster-

Gandy et al., 2012). 

     Pancreatic enzyme replacement therapy (PERT) is a method used to aid in the 

absorption of fat, carbohydrate and protein to prevent malabsorption, malnutrition and 

growth failure as a complication of CF. The United Kingdom Committee of the Safety of 

Medicines advise that CF patients receive a daily upper limit of 10,000 Units of lipase per 

kilogram of body weight (Committee of the Safety of Medicine, 1995). PERT capsules are 

coated with a pH sensitive microsphers designed to be resistant to the acidic conditions of 

the stomach. The capsules are dispersed with chyme at a pH of 5.5 to 6.0, thus available to 
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metabolise fat in the small intestine. Agents that increase the pH of the stomach 

environment including H2 antagonists and proton pump inhibitors have been shown to 

potentiate (increase effect of PERT) the benefits of PERT (Robinson, Smith and Sly, 1990; 

Heiherman, 1992). 

       Dietary fat is increased to provide higher energy per gram of food (fat has 9 Kcal per 

gram compared to carbohydrate at 4 Kcal per gram). The % energy from fat in a normal 

diet is around 28% and this is increased to a recommended 40% of energy from fat for a 

CF patient. The management is individualised to calculate the ideal weight of the patient 

based on their height and body composition.  PERT is prescribed for pancreatic 

insufficient patients to aid the metabolism of fat. The recommended units are modified to 

each individual patient and dependant on fat intake e.g. two PERT capsules (Creon 

10,000, Solvay) of 10,000 units of lipase, 600 units of protease and 8,000 units of amylase 

with each meal and one with each snack containing fat, protein or starchy carbohydrate. It 

is advised for the capsule to be taken just before or with each meal and snack and avoiding 

mixing it with hot food or drinks to minimise the risk of deactivating the enzymes 

(Webster-Gandy et al., 2006; Thomas and Bishop, 2006). Oral food supplements have 

been recommended for patients that have poor weight gain in the form of juices, ready 

drinks or powder to mix with milk and contain high carbohydrate or fat in a small serving 

(Thomson and Harris, 2008). 

     A diet high in protein is recommended to promote growth and development due to poor 

nutrition intake and nitrogen loss during sputum production. The amino acids are present 

in abundance in sputum, it was reported that CF sputum specimens contained higher 

amino-acid content than non-CF samples. There were various amino acids identified in the 

sputum specimens such as leucine, isoleucine, phenylalanine, tyrosine, alanine, serine and 

methionine or valine or both (Barth et al., 1996). Due to the increased protein uptake 

during sputum production the protein intake is advised to be increased by 20% of the 

reference nutrient intake (Webster-Gandy et al., 2012). In practice, this is achieved 

because the protein intake is likely to be increased if the patient adheres to the advised 

high energy intakes (Hodson et al., 2007) by increasing the amount of food per se. 

     The supplementation of fat soluble vitamins A,D,E and K are recommended for 

pancreatic insufficient patients as deficiency is common due to the inadequate vitamin 

absorption co-absorbed with fat. The risk of vitamin toxicity is also a concern if vitamins 

are absorbed from both the diet and supplements so patients should receive annual vitamin 

serum level measurement to monitor the deficiency/toxicity of A,D,E and K. The vitamin 



154 

 

levels should be adjusted to meet the requirements of each patient. The suggested doses of 

fat soluble vitamins A, D, E and K for an adult are 1200-3000µg; 20-50µg; 100-200mg 

and 10mg respectively (Yankaskas et al., 2004; Hodson et al., 2007). 

5.1.2 Prevalence of overweight and obesity in CF 

 

     During the past 50 years researchers, clinicians and dietitians have consistently shown 

that increasing CF patient’s weight to achieve normal growth and avoidance of under-

nutrition brings significant positive impact (Simon et al., 2009; Stephenson et al., 2013). 

Due to these advances in knowledge regarding the importance of nutritional status in CF 

we observe CF patients surviving longer with a median age of death to be 40 - 50 today 

(Simmonds, 2013). It has been reported that those that are born today with the CFTR 

mutations will have normal life expectancy due to future therapies that treat the basic 

defect (O'Sullivan and Freedman, 2009).  

     The positive outcome of increasing BMI status for CF patients over the years has led to 

BMI increasing beyond what is classified by the WHO as an ideal weight (BMI >25.0). 

BMI classifications were redefined by the WHO in 1998 as underweight (kg/m
2
 <18.5); 

ideal weight (kg/m
2
 18.5-24.9); pre-obese/over-weight (kg/m

2
 25.0 – 29.9) and obese 

(kg/m
2
 >30.0). The report defined over-weight and obesity to identify individuals or 

groups at risk of morbidity and mortality who can be prioritised for intervention. The 

report highlighted that a BMI over 25kg/m
2
 increased the risk of co-morbidities (such as 

cardiovascular disease and certain types of cancer) and a BMI over 30kg/m
2
 increased the 

risk to a moderate level (WHO, 1998). An emphasis on characterising the prevalence of 

overweight and especially obesity in CF is becoming increasingly prioritised to assess the 

potential health risks a population with increasing life expectancy.  

     In 1979 the first cases of over-weight male patients with CF were identified in America 

(n=22) (di Sant'Agnese and Davis, 1979). A study reporting overweight/obese BMI from 

1985 to present day in Toronto described significant increases in BMI over a 25 year 

analysis. The over-weight and obese BMI scores increased significantly over 2.5 decades 

(P=0.001). There was a reported 7.0% of adult CF patients with a BMI over 25.0 kg/m
2
 

from records in 1985 to 1989; increasing to 15.8% in 1990 to 1999 and  increasing further 

to 18.4% in the decade 2000 to 2011 (Stephenson et al., 2013). Review of the literature 

published over the past decade has reported increasing percentages of over-weight BMI 

status in CF ranging from 4.3% to 18.4% and obesity ranging from 0.7% to 5.9% 
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(Kastner-Cole et al., 2005; Stack et al., 2007; Munck et al., 2007; Coderre et al., 2012; 

Stephenson et al., 2013; Smith et al, 2014; Panagopoulou et al., 2014; Kochavi, 2014). 

Interestingly, Ireland reported the highest percentage of obesity among children in their 

paediatric CF clinic at 5.9% in 2007 (Stack et al., 2007) followed by 3.8% in an adult CF 

clinic in Toronto  at a similar time (2000-2011) (Stephenson et al., 2013). 

    The characteristics of patients with a BMI over 25.0kg/m
2
 have been reported 

highlighting that there were less homozygous deltaF508 patients and higher numbers of 

pancreatic sufficient patients, with increased pulmonary function when compared to 

under-weight and ideal weight patients ((Munck et al., 2007; Coderre et al., 2012; 

Panagopoulou et al., 2014). Researchers in Canada observed the average BMI increased 

by 3.8% per year over a 25 year period for pancreatic sufficient patients compared to an 

increase of 0.4% per year for pancreatic insufficient patients (P=0.001) (Stephenson et al., 

2013). However, one research team identified 9% of over-weight patients and 1% obese 

patients in a large cohort (n=1118) of adult CF patients homozygous for delta F508 in the 

U.K. The study revealed that increasing FEV1% was positively associated with increasing 

BMI although only significant up to a BMI of 23.0kg/m
2
 (Kastner-Cole et al., 2005).  

     Beneficial effects have been illustrated with increasing BMI of over-weight and obese 

classifications but the literature has failed to provide evidence for potential risks of 

increasing BMI in the ever-aging CF population. It has been described that CF patients are 

living longer now, they may have a normal life expectancy in the future, thus it is a major 

priority to determine the risks presented to them in older age. Kastner-Cole et al., (2005) 

proposed the need for caloric counselling for adult CF patients with a BMI above 

23 kg/m
2
 because they observed only a small benefit of obesity on pulmonary function 

increases (Kastner-Cole et al., 2005). In support of this, Stephenson et al (2013) suggested 

that the traditional high fat and high calorie diet maybe disadvantageous to CF patients 

heterozygous for delta F508 and in particular those pancreatic sufficient in view of small 

increases seen in FEV1% and higher prevalence of BMI >25.0 for these patients 

(Stephenson et al., 2013). Both of the studies witnessed an increase in pulmonary function 

with increasing BMI despite the increase not being significant, and as this is a predictor of 

survival the increase becomes of value to the patient and their family however small the 

increase may be. The authors highlight their concern of over-weight and obesity for the 

future of the CF patients in view of chronic diseases associated with obesity in the general 

population (i.e. heart disease, high blood pressure). However, less co-morbid conditions 

such as diabetes and cirrhosis were observed in a French CF cohort of over-weight and 
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obese CF patients than the under-weight and ideal weight patients. Regrettably, 1.7% of 

patients with a BMI below 24.9kg/m
2
 were on the lung-transplant list and 1% deceased 

(Munck et al., 2007). Furthermore, (Panagopoulou et al., 2014) documented no 

characteristics of metabolic syndrome in the overweight/obese patients with only positive 

findings of the associated of increased pulmonary function relating to a higher BMI.  

     The issue of modified nutritional advice for over-weight and obese patients with CF is 

yet to be resolved. Further study has been recommended to assess the problems that may 

occur with over-weight/obesity in CF as the population’s life expectancy increases 

(Kastner-Cole et al., 2005; Stephenson et al., 2013). So far, however, there has been no 

discussion about the potential negative effects that the traditional high fat/calorie CF diet 

may have on the existing high prevalence of GOR. As the CF life expectancy increases the 

CF over-weight and obese population may also increase. High fat diets and increased BMI 

are predictors of GOR in the general population and thus an important area to explore. 

5.1.3 The association of dietary components with reflux   

     The reported factors which are frequently suggested to lead to the pathogenesis of GOR 

in general include obesity, being overweight and incorrect dietary habits such as a high fat 

diet, and spicy food (Dore et al., 2008). GORD patients receive recommendations from 

their G.P. to adopt lifestyle modifications to lower the frequency and severity of GOR 

symptoms (Nowak et al., 2005) due to the numerous studies providing associations with 

refluxogenic foods. G.P’s recommend GORD patients to avoid alcohol, avoid spicy food, 

maintain a low fat diet and reduce weight. Research suggests specific dietary components 

such as, saturated fats may directly worsen GORD (Dore et al., 2008; Zheng et al., 2007; 

Nebel et al., 1972) but the research to date is contradictory (Friedenburg et al., 2010; Fox 

et al., 2007).  

      Numerous studies report a relationship between high fat diets and GOR (Meyer et al, 

2001; Holloway et al., 1997; Iwakiri et al., 1996).  It was research conducted in 1975 

(Nebal et al, 1975) that first illustrated high fat foods are associated with GOR in the 

general population providing an insight and a starting point into foods causing GOR 

symptoms. Becker et al., (1989) found that high fat foods increased oesophageal acid 

exposure in twenty subjects. Later, it was found that oesophageal pH monitoring 

highlighted high fat foods such as chocolate to be positively associated with GOR 

(Murphy et al., 1988). However, other clinical studies involving oesophageal pH 

monitoring provide inconsistent evidence regarding fatty foods and GOR (Saberi-Firoozi 
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et al., 2007; Fox et al., 2007). Fox et al., (2007) observed that reflux symptoms were 

significantly higher when subjects consumed a high fat diet than low fat (p<0.05), but this 

was not supported by the presence of intra-oesophageal acid exposure to explain the cause 

of increased symptoms. This was supported by the findings of Shaprio et al., (2007) who 

found GORD patients consumed more cholesterol, saturated fatty acids and % of calories 

from fat and were more likely to experience acidic reflux events (Odds Ratio (OR) ¼ 2.8, 

95% Confidence Interval (CI): 1.2–6.5). Furthermore, cholesterol was 3 times as likely to 

trigger a reflux event compared to no consumption of cholesterol (OR 2.8; CI 95% 1.2 – 

6.5).  In addition, in 2005 it was observed that increased amounts of total fat, saturated fat, 

cholesterol, average fat servings and % of energy from dietary fat was prominent in the 

diet of GORD symptom patients when compared to those without symptoms (El Serag et 

al., 2005). Controversially, Saberi-Firoozi et al., (2007) found that fried food was 

inversely associated with GOR symptoms and fast food did not have any association with 

GOR symptoms (Saberi-Firoozi et al., 2007). Importantly, evidence suggests there are no 

risks of low fat diets or monounsaturated fatty acids and polyunsaturated fatty acids with 

episodes or symptoms of GOR (Pehl et al., 1999; Fox et al., 2007; Shapiro et al., 2007). 

There seems to be a large body of data to support the relationship of dietary saturated fat 

with reflux symptoms but inconclusive data to demonstrate the promotion of GOR 

episodes within the gut (Penagini et al., 1998 and Becker et al., 1989; Ruhl and Everhart, 

1999; Pehl et al., 1999; Penagini, 2000; Colombo et al., 2002). Many authors could not 

support the general advice given to patients by their GP’s to lower saturated fat from their 

diet as a therapeutic attempt to decrease GOR (Colombo et al., 2002; Penagini, 2000 and 

Pehl et al., 1999). The volume of food has been questioned in regards to the pressure of 

the lower oesophageal sphincter (LOSP). Dore et al., (2008) were unable to identify a 

relationship between GORD and the reported consumption of large meals (Dore et al., 

2008). 

     Increasing BMI status has been associated with GORD symptoms, significantly in 

obesity ((El-Serag et al., 2005; Hampel et al., 2005; Dore et al., 2008). El-Serag and 

colleagues (2005) illustrated that the number of classical GOR symptoms increase with 

higher BMI status in a dose response manner. Moreover, a high fat diet was associated 

with  GORD, but when the data was adjusted for patient BMI status there was no 

significant association suggesting that BMI could have been the cause of increasing 

GORD symptoms rather than dietary fat (El Serag et al., 2005). In contrast, evidence by 

Shaprio et al., (2007) highlighted that the BMI (BMI mean 27.7 ± 1.0) of GORD patients 
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didn’t illustrate a correlation with GOR symptoms and added that it was the cholesterol, 

saturated fatty acids and % of calories from fat that directly correlated with GORD 

symptoms.  

 

5.1.4 Aim of the following chapter  

     CF patients suffer with up to 90% impaired nutrient absorption, therefore causing 

weight loss and undernutrition which are both associated with a worse clinical outcome 

(Kraemer et al., 1978; Corey et al., 1988; Sharma et al., 2001). CF patients have increased 

nutritional requirements and it is therefore imperative to maintain adequate energy intake. 

Therefore, dietetic advice recommends that fat should not be restricted despite evidence to 

support that this leads to reflux. However, some saturated fat can be replaced by 

monounsaturated and there was no reported association between unsaturated fats and GOR. 

General GORD advice regarding dietary modifications cannot be adopted by CF patients 

as their increased dietary requirements are imperative to survival (Thomas and Bishop, 

2007). Diet has been shown to be associated with GORD in the general population and 

GORD patients but there have been no reports to date of diet affecting GOR in the CF 

population.  

     Due to the inconclusive evidence regarding the unknown risks of over-weight and 

obese CF patients the following chapter looks at BMI status in a UK regional CF 

population. The aim of following chapter was to evaluate the relationship between CFTR 

genotype (homozygous or heterozygous for delta F508) with BMI and pulmonary function 

in CF patients to assess whether patients that are homozygous are at risk of low BMI 

compared to patients heterozygous for delta F508 receiving the same dietary advice.  As 

BMI status has been shown to effect pulmonary function the relationship between 

genotype and pulmonary function (FEV1%, FVC% predicted and FEV1/FVC ratio) was 

investigated:       

Aim 1. To explore a potential association between increasing BMI and pulmonary 

function in CF. 

Aim 2. To investigate a potential association of CFTR mutation 

(homozygous/heterozygous for delta F508) on the BMI status and pulmonary function of 

CF patients. 

Aim 3. To discover a potential association of BMI status with patient symptoms of reflux 

(GOR/EOR) and markers of gastric aspiration. 
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5.2 Results 

5.2.1 Study design and sampling 

     The following chapter analyses data that was reported in chapter 3. Seventy two 

patients were recruited into the study and their weight and height was measured at 

recruitment during their routine clinical appointment by a trained nurse. The BMI data was 

categorised according to the definition of under-weight (UW): <18.5 kg/m
2
, normal-

weight (NW): 18.5-25.0 kg/m
2
, over-weight (OW): 25.1-30.0 kg/m

2
 and obese 

(OB): >30.1 kg/m
2
 as defined by the World Health Organisation (WHO.).  Lung function 

(FEV1 % predicted; FVC% predicted and FEV1/FVC ratio) and genotype were recorded at 

the time of data collection. To evaluate the relationship between BMI and pulmonary 

function with genotype the Kruskal-Wallis statistical test was used followed by the Mann 

Whitney U test.  

5.2.2 Patient BMI categories  

     There were 15% of patients with a BMI below 18.4 and classed as UW (n=11; range 

14.1 to 18.2; median 17.5). A large proportion of patients achieved a normal BMI (NW) 

between 18.5 and 24.9 at 68% of the study population (n=49; range 18.5 to 24.1; median 

21.2).  There was 15% of patients with a BMI over 25.0 and classified as overweight (OW) 

(n=11; range 25.3 to 29.8; median 26.8) and one patient had a BMI of 30.9 and classified 

as obese (OB). The data were examined to observe any differences in BMI between males 

and females (Figure 5.1). There were no statistical differences between BMI and gender 

(the median BMI for males (n=39) was 21.5; range 15.2 – 27.9 and the median for females 

was 21.0; range 14.1 to 30.9) (P=0.43) of the BMI categories assessed by the Kruskal 

Wallis test with Gaussian Approximation and Dunns multiple comparison tests shown in 

Figure 5.2. 
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Figure 5.1 The BMI categories of CF patients. Of 72 patients; 11 patients underweight 

(range 14.1 to 18.2, median 17.5, mean 16.9 SEM 0.4), 49 patients normal weight (range 

18.5 to 24.1, median 21.2, mean 21.3 SEM 0.2), 11 patients overweight (range 25.3 to 

29.8, median 26.8, mean 27.0 SEM 0.4), 1 patient obese (BMI 30.9). 
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Figure 5.2 The BMI classified groups of CF patients split into gender. Of the underweight 

patients there were 7 males and 4 females; of the normal BMI patients there were 24 males 

and 25 females; of the overweight patients there were 8 males and 3 females; the 1 obese 

patient was female. The median BMI for males (n=39) was 21.5; range 15.2 – 27.9 and the 

median for females was 21.0; range 14.1 to 30.9. There was no statistical differences of 

gender and BMI (P=0.423) assessed by the Kruskal Wallis test, Gaussian Approximation 

and Dunns multiple comparison test. 
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5.2.3 The association of BMI with CF pulmonary function 

    The pulmonary function measured by FEV1%; FVC% predicted and FEV1/FVC ratio 

was measured in 63 patients on the day of recruitment by trained pulmonary function staff 

at the out-patient clinic, RVI, Newcastle according to European Respiratory Society 

guidelines ((Pellegrino et al., 2005; Laszlo et al., 2006). There were 9 patients that did not 

have the tests performed and the data was not provided for the study. FEV1 ranged from 

12 to 110% of percentage of predicted values. Increased BMI scores were associated with 

improved pulmonary function measured by FEV1 % predicted). The median FEV1% in the 

underweight group was 48 (n=11; range 25–56; mean 45.1; SEM 2.9). The median in the 

normal weight group was 41.5% (n=44, range 12 – 92, mean 45.1, SEM 5.0) and the 

median score of the overweight group was 69.0% (n=11, range 54-110, mean 75.0, SEM 

5.7). The one patient in the obese BMI category had a FEV1% predicted score of 90.0%. 

The mean FEV1% of the over-weight patients was significantly higher than the under-

weight group (P=0.02) and normal-weight group (P=0.0003) illustrated in Figure 5.3. The 

FVC% predicted ranged from 11 to 119 % of the predicted values. Of the 63 patient FVC% 

predicted scores collected the median of the underweight patients was 59.0% (n=7, range 

38 – 84; mean 58.7, SEM 6.6); the median normal weight scores were 59.0% (n=44, range 

11 – 100, mean 60.9, SEM 3.2), the median score of the overweight group was 94.0 (n=11, 

range 68-119, mean 94.3, SEM 4.4) and the one patient in the obese BMI category had a 

FVC% predicted score of 89.0%. The mean FVC% of the over-weight patients was 

significantly higher than the under-weight group (P=0.02) and normal-weight group 

(P=0.0004) illustrated in Figure 5.4. The FEV1/FVC ratio of the underweight group was 

0.60 (n=7, range 0.52-0.87, mean 0.64, SEM 0.05); the normal weight group median was 

0.67 (n=44, range 0.35-1.00, mean 0.65, SEM 0.02); and the median of the over-weight 

group was 0.71 (n=11, range 0.48-0.83, mean 0.68, SEM 0.04). The one patient in the 

obese category was 0.88. There was no significant differences between the FEV1/FVC 

ratio of BMI categories (P=0.38) as shown in Figure 5.5. If the FEV1% and FVC% are 

improving then the ratio will not change improvement. 
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Figure 5.3 The FEV1% predicted of each CF patient in BMI classified groups. Of the 63 

FEV1% predicted scores collected the median of the underweight patients was 48.0% (n=7, 

range 25 – 56; mean 41.6, SEM 5.0); median normal weight scores were 41.5% (n=45, 

range 12 – 92, mean 45.1, SEM 2.9) median score of the overweight group was 69.0 

(n=11, range 54-110, mean 75.0, SEM 5.7) and the one patient in the obese BMI category 

had a FEV1% predicted score of 90.0%. The mean FEV1% of the over-weight patients was 

significantly higher than the under-weight group (P=0.02) and normal-weight group 

(P=0.0003). Kruskal-Wallis test and Dunns multiple comparisons test.  
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Figure 5.4 The FVC% predicted of each CF patient in BMI classified groups. Of the 63 

FVC% predicted scores collected the median of the underweight patients was 59.0% (n=7, 

range 38 – 84; mean 58.7, SEM 6.6); median normal weight scores were 59.0% (n=45, 

range 11 – 100, mean 60.9, SEM 3.2) median score of the overweight group was 94.0 

(n=11, range 68-119, mean 94.3, SEM 4.4) and the one patient in the obese BMI category 

had a FVC% predicted score of 89.0%. The mean FVC% of the over-weight patients was 

significantly higher than the under-weight group (P=0.02) and normal-weight group 

(P=0.0004). Kruskal-Wallis test and Dunns multiple comparisons test.  
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Figure 5.5 The FEV1/FVC ratio of CF patients n=64 (9 results not available) categorised 

into BMI groups UW (n=7, median 0.60, range 0.52-0.87, mean 0.64, SEM 0.05); NW 

(n=45, median 0.67, range 0.35-1.00, mean 0.65, SEM 0.02); OW (n=11, median 0.71, 

range 0.48-0.83, mean 0.68, SEM 0.04); OB n=1 0.88. Kruskal-Wallis test with Gaussian 

Approximation Not significantly different; Dunns comparison test (P=0.38). 
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5.2.4 The association of Delta F508 genotype and BMI category 

 

     The relationship between BMI status and the mutation of CFTR was assessed firstly by 

dividing patients into those homozygous for delta F508 and those heterozygous for delta 

F508. A comparison was made between the BMI status in each group by a nonparametric 

Two tailed T-test (Mann-Whitney test with Gaussian approximation). This showed no 

association between CF genotype status and BMI (P=0.30). The median BMI score of the 

homozygote patients was 20.5 (range 15.2 to 27.9; mean 21.6; SEM 0.7) and the median 

BMI of the heterozygotes was 21.8 (range 15.2-30.9; mean 22.2; SEM 0.49) shown in 

Figure 5.6. 
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Figure 5.6 The BMI of patients depending on genotype. Of the 22 patients homozygous 

for Delta F508 the median BMI was 20.5 ranging from 15.2 to 27.9 (mean 21.6, SEM 0.7). 

The median BMI for those patients heterozygous (n=39) was 21.8 (range 15.2-30.9, mean 

22.2, SEM 0.49). Nonparametric Two tailed T-test (Mann-Whitney test with Gaussian 

approximation) showed no significant difference between the BMI of patient who are 

homozygous or heterozygous for delta F508  (P=0.30). 
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5.2.5 The association of Delta F508 genotype and pulmonary function 

 

The genotype data for delta F508 was available for 61 of the total 72 patients recruited 

onto the study. Twenty two of the 61 patients were homozygous for the delta F508 

mutation; the remaining 39 were heterozygous (deltaF508/other). There was no statistical 

difference observed between delta F508 genotype status and pulmonary function when 

determined by FEV1% predicted (P=0.28); FVC% predicted (P=0.18) or FEV1/FVC ratio 

(P=0.20). The patients that were homozygous for delta F508 had a median FEV1% 

predicted of 43%  (range 25-69, mean 44.6, SEM 2.6); median FVC% predicted of 59% 

(range 34-105, mean 61.9, SEM 4.38) and a median FEV1/FVC ratio of 0.6L (range 0.5-

0.8, mean 0.6, SEM 0.02). This did not statistically differ from the pulmonary function of 

the heterozygous delta F508 patients. The median FEV1% predicted was 52% (range 12-

110, mean 54.9, SEM 4.23), the median FVC% predicted was 71.0% (range 11-119, mean 

70.5, SEM 4.04) and the median FEV1/FVC ratio was 0.7 L (range 0.4-1.0, mean 0.7, 

SEM 0.03) in the heterozygotes (Figure 5.7, 5.8 and 5.9). The pulmonary function was 

higher in the heterozygous group but not significantly. 
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Figure 5.7 The FEV1% predicted for patients in homo/heterozygous genotypes. There was 

22 patients FEV1% data available for the homozygous for Delta F508 and 39 heterozygous 

patients with available FEV1 scores. The median FEV1% predicted for those patients 

homozygous for delta F508 was 43% (range 25-69, mean 44.6, SEM 2.6). The median 

FEV1% predicted for those patients heterozygous for delta F508 was 52% (range 12-110, 

mean 54.9, SEM 4.23). Nonparametric Two tailed T-test (Mann-Whitney test with 

Gaussian approximation) show no significant difference between the FEV1% predicted of 

patient who are homozygous or heterozygous for delta F 508 (P=0.28).  
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Figure 5.8 The FVC% predicted for patients in homo/heterozygous genotypes There were 

22 patients homozygous for Delta F508 and there were 39 heterozygous patients with 

available FVC% predicted scores. The median FVC% predicted for those patients 

homozygous for delta F508 was 59% (range 34-105, mean 61.9, SEM 4.38). The median 

FVC% predicted for those patients heterozygous for delta F508 was 71.0% (range 11-119, 

mean 70.5, SEM 4.04). Nonparametric Two tailed T-test (Mann-Whitney test with 

Gaussian approximation) show no significant difference between the FVC% predicted of 

patient who are homozygous or heterozygous for delta F 508 (P=0.18).  
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Figure 5.9 The FEV1/FVC for patients in homo/heterozygous genotypes. There were 22 

patients homozygous for Delta F508 and there were 39 heterozygous patients with 

available FEV1/FVC ratio scores. The median FEV1/FVC ratio for those patients 

homozygous for delta F508 was 0.6 L (range 0.5-0.8, mean 0.6, SEM 0.02). The median 

for those patients heterozygous for delta F508 was 0.7 L (range 0.4-1.0, mean 0.7, SEM 

0.03). Nonparametric Two tailed T-test (Mann-Whitney test with Gaussian approximation) 

show no significant difference between the FEV1/FVC scores of patient who are 

homozygous or heterozygous for delta F 508 (P=0.20).  
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5.2.6 The association of BMI category with the symptoms of reflux (GOR and EOR) 

     The effect of BMI status on the symptoms of reflux was assessed in the 72 patients 

recruited onto the study. The association of BMI with the symptoms of GOR was assessed 

by comparing GOR symptoms determined by the DeMeester reflux questionnaire in each 

BMI category. The symptoms of GOR did not statistically correlate with BMI status when 

assessed by the Kruskal-Wallis test with Gaussian Approximation (P=0.66).  The 

DeMeester scores in each BMI category are shown in Figure 5.10 and the median score 

(±SEM) of the underweight category was 2 (range 0 to 4, mean 2.1, SEM 0.4), the median 

score of the normal weight category was 1 (range 0 to 7, mean 1.4, SEM 0.2), the median 

score of the over-weight category was 1 (range 0 to 5, mean 0.4, SEM 0.4). There was 

only one patient in the obese category and their DeMeester score was 5. 

     The effect of BMI status on the presence of EOR symptoms was determined by 

comparing the RSI questionnaire score of patients in each BMI category. The presence of 

EOR symptoms were higher in the underweight group at a median of 23 (range 9 to 43, 

mean 20, SEM 3.1) compared to the normal weight patients that had a median RSI score 

of 16 (range 0 to 36, mean 16, SEM 1.1) and the overweight patients that had a median 

RSI score of 11 (range 2 to 18, mean 1.9, SEM 0.4). The one patient in the obese category 

had a RSI score of 12. The Kruskal-Wallis test with Gaussian Approximation illustrated 

statistical significance between RSI score to identify EOR symptoms and BMI category 

(P= 0.038). The median scores of the under-weight and normal-weight group are above 

the limit of 13 used to identify EOR, and the median score of the over-weight group is 

below 13 (Figure 5.11). The data was presented in a Scatterplot of BMI status on the y 

axis and RSI score on the x axis. The Pearson correlation showed a statistical correlation 

between low BMI leading to higher EOR symptoms (determined by the RSI) 

(R
2
=0.0638/6.4%, n=72, P-Value = 0.034) (Figure 5.12). 
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Figure 5.10 The DeMeester score of patients and association with BMI. The median 

DeMeester score of underweight patients was 2 (range 0 to 4, mean 2.1, SEM 0.4), normal 

weight patients 1 (range 0 to 7, mean 1.4, SEM 0.2) overweight patients 1 (range 0 to 5, 

mean 0.4, SEM 0.4) and the obese patients score was 5. There was no statistical 

significance between DeMeester score to identify GOR symptoms and BMI category (P= 

0.13) Kruskal-Wallis test with Gaussian Approximation. The Pearson correlation showed 

no significance with GOR symptoms determined by DeMeester score and BMI status 

(P=0.66). 
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Figure 5.11 The RSI score of patients and association with BMI. The median RSI score of 

underweight patients was 23 (range 9 to 43, mean 20, SEM 3.1), normal weight patients 

16 (range 0 to 36, mean 16, SEM 1.1) overweight patients 11 (range 2 to 18, mean 1.9, 

SEM 0.4) and the obese patients score was 12. The Kruskal-Wallis test with Gaussian 

Approximation showed statistical significance between RSI score to identify EOR 

symptoms and BMI category (P= 0.038).  
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Figure 5.12 Scatterplot of BMI status plotted on the Y axis and RSI score on the X axis. 

Pearson correlation showed a positive correlation between an increase in BMI and 

decrease in RSI (n=72; R
2
=0.0638/6.4%; P-Value = 0.034). 
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5.2.7 The association of BMI status and the incidence of gastric aspiration 

 

      The detection of pepsin in sputum supernatant samples was performed and analysed as 

described in chapter 3. The concentration of pepsin of each patient is illustrated in Figure 

5.13, grouped by the BMI status category. The median concentration of pepsin was 

highest in the underweight category at a median of 357ng/ml (n=10, range 0 to 782, mean 

319, SEM 74.4). The median level of pepsin in the patients achieving a normal weight 

BMI status was 193ng/ml (n=48, range 0 to 1151, mean 245, SEM 40.2) which was lower 

than the underweight category but with a larger range. The median pepsin levels in the 

over-weight category was 58ng/ml (n=10, range 0 to 611, mean 193, SEM 80.3) and the 

level of pepsin detected in the sputum supernatant of the one obese patient was 128ng/ml. 

Figure 5.13 illustrates the mean (±SEM) pepsin concentrations decrease in each BMI 

category as BMI increases. The Kruskal-Wallis test did not show any statistical 

differences for pepsin level between BMI categories (P=0.47). There is a non significant 

decrease of pepsin levels as the BMI of patients increase which supports the RSI score 

data in Figure 5.11 and 5.12. 
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Figure 5.13 The pepsin concentration of CF patients association with BMI category. The 

median pepsin concentration of underweight patients was 357ng/ml (n=10, range 0 to 782, 

mean 319, SEM 74.4), normal weight patients 193ng/ml (n=48, range 0 to 1151, mean 245, 

SEM 40.2) overweight patients 58ng/ml (n=10, range 0 to 611, mean 193, SEM 80.3) and 

the obese patients pepsin content was 128ng/ml. The Kruskal-Wallis test with Gaussian 

Approximation showed no statistical significance between gastric aspiration using pepsin 

identification as a biomarker and BMI category (n=72). 

 

 

 

 

 

 

U
n

d
e rw

e ig
h

t

n
o
rm

a
l 
w

e ig
h

t

o
v
e r  w

e ig
h

t

o
b

e se

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

6 0 0

7 0 0

8 0 0

9 0 0

1 0 0 0

1 1 0 0

1 2 0 0

B M I  c a te g o r y

P
e

p
s

in
 (

n
g

/m
l)



178 

 

5.3 Discussion 

 

     The present study investigated the prevalence of overweight and obesity within a single 

centre study in the North of England (RVI, Newcastle Upon Tyne, UK) for which 72 CF 

patients were recruited. Twelve (16.7%) patients were reported to be over-weight/obese 

(BMI status >25kg/m
2
 defined by WHO; 1998) (WHO, 1998); of which 11 patients 

(15.3%) were classified as overweight and 1 patient (1.4%) was obese. These findings are 

supported by a number of studies that report the over-weight prevalence to be in a range of 

11% to 13.2% and CF obesity to be 0.5% to 3%, reported in Greece, Israel and Canada 

(Kastner-Cole et al., 2005; Coderre et al., 2012; Kochavi, 2014; Panagopoulou et al., 

2014). Our data agrees with observations from a CF clinic in Toronto recorded in the 

1990’s reporting the average prevalence of BMI >25.0kg/m
2
 to be 15.8%. Interestingly, 

the clinic reported the prevalent to increase by 6.4% 10 years later in 2011, reporting 18.4% 

to be over-weight and 3.8% to be obese (Stephenson et al., 2013). Additionally, a report of 

BMI data from the adult CF patients on the register in the United Kingdom (U.K) 

observed over-weight prevalence to be 9.5% and obese prevalence at 1% recorded 12 

years ago (Kastner-Cole et al., 2005), our data may suggest that the prevalence of over-

weight BMI status in the U.K has risen by nearly 6% in the past decade. Recently, there 

has been high prevalence of childhood CF obesity reported in Ireland at 5.9% and 

Pennsylvania at 8% determined by BMI for age, sex, height and weight. The cut off limits 

for obesity differed for each study, colleagues in Ireland used the 98
th

 percentile and 

Pennsylvania used the 95
th

 percentile which may explain the higher prevalence (Stack et 

al., 2007; Hanna and Weiner, 2014).   

     Reportedly, CF over-weight and obese BMI status maybe associated with gender. It 

was identified that there was a significantly higher number of males in the over-weight 

and obese categories reported in a Canadian CF population (P=0.001) but they did not 

suggest a mechanism for why this may be. BMI measurement does not take muscle mass 

into consideration and an increase in BMI may be due to high muscle mass rather than fat 

mass. The study did not report body fat % (Stephenson et al., 2013). The present study did 

not find a similar pattern, there was no significant difference observed between gender and 

BMI status (P=0.43) and the one obese patient was a female. This is supported by a recent 

study including 226 CF patients (aged 2-18 years) at a CF clinic in Pennsyvania reporting 

no significant effect of gender on the BMI status of CF patients (Hanna and Weiner, 2014). 
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Furthermore, Coderre et al., (2012) did not find any significant differences for BMI and 

gender. 

     Due to contradictory findings within the literature, the aim of this chapter was to firstly 

explore the potential association between increasing BMI on pulmonary function in CF 

patients with a BMI >25.0kg/m
2
. The present study observed that median scores of the 

pulmonary function in the over-weight group increased significantly compared to the ideal 

weight group and the under-weight group determined by FEV1% and FVC% predicted. 

This data was supported by a number of studies that identified a positive association with 

BMI and pulmonary function even beyond 25.0kg/m
2
 (Munck et al., 2007; Coderre et al., 

2012; Kochavi, 2014; Panagopoulou et al., 2014). Additionally, FEV1% was significantly 

correlated with BMI and percentage of body fat (Panagopoulou et al., 2014) among CF 

patients from a Greek centre. This suggests that it is the weight gain of body fat rather than 

muscle may cause the effect, as could be the case by using BMI data alone. However, 

some researchers have shown that the significant  increase in pulmonary function 

associated with increasing BMI only up to a BMI of 25.0kg/m
2
 (Stephenson et al., 2013) 

and 23.0kg/m
2
 (Kastner-Cole et al., 2005) suggesting that there was no benefit to 

pulmonary function of encouraging over-weight and obese BMI status. Furthermore, it 

was advised that these CF patients may be required to receive caloric counselling and diet 

modification to reduce and maintain their BMI to 23.0kg/m
2
 or 25.0kg/m

2
. It is important 

to mention the data from these studies show increases in FEV1% as BMI increases above 

25.0kg/m
2, 

although not significant and
 
with no other negative effects on health. A recent 

study reported that over-weight and obese BMI status was not significantly associated 

with FEV1% in CF patients aged 2-18 years, although it is reported that small increases are 

observed (Hanna and Weiner, 2014).  

     It has been repeatedly reported that the CF patients with a BMI classified as over-

weight or obese are commonly heterozygous for delta F508 (Kastner-Cole et al., 2005; 

Munck et al., 2007; Stephenson et al., 2013).  These patients are said to have a milder 

genotype and therefore less severe disease outcomes. This may include pancreatic 

sufficiency and therefore do not have difficulty absorbing dietary fat and it is possible that 

if they adhere to the high fat diet advised full absorption will occur and result in increased 

body fat mass. Therefore, our study aimed to explore the potential association of CFTR 

mutation (homozygous/heterozygous for delta F508) on the BMI status and pulmonary 

function of CF patients. In the present study genotype data were available for 61 or the 72 

total patients, there were 22 patients homozygous for delta F508 and 39 were 
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heterozygous. The median BMI score for homozygous patients was 20.5 (range 15.2 – 

27.9) and for the heterozygous patients 21.8 (range 15.2 – 30.9). There was no association 

observed between genotype and the BMI outcome. In addition, we could not identify an 

association between genotype and pulmonary function. The median values for FEV1%, 

FVC% and FEV1/FVC ratio of patients homozygous for delta F508 was lower than the 

median of the heterozygous CF patients but the differences were not significant. It was 

reported by Coderre et al., (2012) that a there was a significant increase in heterozygous 

genotype patients (P=0.001) and less PERT use (P=0.048) in the over-weight/obese BMI 

categories compared to a BMI of the underweight group of patients.  However, the data 

illustrates that there were 62% of overweight/obese patients using PERT and 54% with a 

homozygous genotype. Interestingly, Kastner-Cole et al., (2005) recruited only CF 

patients homozygous for delta F508 and reported a similar prevalence of overweight and 

obese patients at 10% of the population suggesting that genotype alone cannot be the 

cause of increased weight gain or increased pulmonary function.  A study of CF patients 

(n=112) aged 40 years to 71 years were explored by Simmonds et al., (2009) highlighted 

that 30% were homozygous for delta F508 and they had a BMI ranging from 17.4 to 28.7 

(median 20.9) suggesting longevity in the CF population cannot be associated with 

genotype status or BMI status. 

     Review of the literature has highlighted the need for further study into the health 

outcomes of CF patients who are over-weight or obese (Munck et al., 2007; Hanna and 

Weiner, 2014).  Hanna and Weiner (2014) stated that the high fat and high calorie diet has 

been shown to result in adverse consequences for some patients with CF. It was 

highlighted that there are no adult or paediatric guidelines on nutrition for CF patients who 

are overweight or obese. Proposed guidelines for this increasing patient group are needed 

to advise the correct nutritional requirements (Kochavi et al., 2014; Hanna and Weiner, 

2014). Stephenson et al., (2013) advised that these CF patients may be required to receive 

caloric counselling and diet modification to reduce and maintain their BMI to ideal weight 

recommended at 23.0kg/m
2
 (Kastner-Cole et al., 2005) and 25.0kg/m

2
 (Stephenson et al., 

2013). Stephenson et al., (2013) suggested that CF patients with milder CF disease 

including CF patients that are older, pancreatic sufficient and heterozygous for delta F508 

are at risk of obesity and suggested a modified diet may be required (Stephenson et al., 

2013). However, contradictory advice was proposed by Kastner-Cole et al., (2005) who 

suggested calorie restriction was not needed for paediatric CF patients in the over-weight 

and obese BMI groups due to the positive effects on pulmonary function. The present 
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study does not support the requirement for dietary modification due to the significant 

benefits of BMI on pulmonary function which were not associated with genotype.  

     The literature has provided a strong argument for the advantages of over-weight and 

obese BMI (BMI >25.0kg/m
2
) in a wide variety of CF patient studies from around the 

world. It was observed that there was a lower prevalence of CF related diabetes in this 

patient group compared to the under-weight group (Munck et al., 2007; Stephenson et al., 

2013; Panagopoulou et al., 2014). In addition, there were less chronic disease observed in 

patients with increased BMI beyond 25.0kg/m
2
 such as liver disease (Panagopoulou et al., 

2014) and cirrhosis (Munck et al., 2007). As it was repeatedly identified that pulmonary 

function was higher in over-weight and obese patients whether significant or not it is a 

reason to explain why there were no patients on the lung transplant waiting list or 

mortality rates reported by Munck et al., (2007) compared to a reported 77 patients 

waiting for transplant and 45 patients deceased with a BMI <24.9kg/m
2
 in a French CF 

cohort (n=4533).  This data could also be due to the observations found by numerous 

studies describing less Pseudomonas aeruginosa colonisation of the sputum in the airways 

of patients with a BMI >25.0kg/m
2
 ( Munck et al., 2007; Stephenson et al., 2013; 

Panagopoulou et al., 2014). This would be the opposite in the general population. The 

reason that higher BMI serves to be protective for the CF population is yet to be elucidated. 

It could be possible that an increased BMI may lead to better health due to increased 

absorption of nutrients. The cells of the body require fat to function correctly and the high 

fat diet and adequate absorption may lead to a cell environment close to normal.  

     There were negative effects associated with an over-weight and obese BMI status 

within the CF population. Two studies observed increased triglyceride concentration in the 

blood samples of over-weight and obese patients compared to underweight and ideal 

weight patients (Coderre et al., 2012; Stephenson et al., 2013). Blood triglyceride 

concentrations were shown to be significantly increased in the overweight group (mean 

1.17mmol/L (±0.71)) and the obese group (mean 1.74mmol/L (±1.41) compared to the 

underweight (mean 0.89mmol/L (±0.49)) and the ideal weight group (mean 0.94mmol/L 

(±0.47)) (P=0.001). However, the fasting blood lipid profiles were collected from the 

closest recording within 2 years of the most recent clinic visit at which BMI and FEV1% 

were recorded which may lead to a weakness in the methodology if BMI status changed 

since the triglyceride content was measured (Stephenson et al., 2013). The studies also 

reported increased total cholesterol levels from fasting blood samples. Coderre et al., 

(2012) noted that although the levels were significantly higher (P=<0.05) than patients 
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with a BMI <24.9kg/m2 they were in the normal range with the highest median of 

4.2mmol/L (±0.8) in the over-weight group (Coderre et al., 2012). However, Stephenson 

et al., (2013) reported total cholesterol levels above 5.2mmol/L at 9% in the ideal weight 

group, 19% in the over-weight group and 39% in the obese group  (Stephenson et al., 

2013). Interestingly, Coderre et al., (2012) illustrated the same finding with low density 

cholesterol (LDL), significant progressive increases were observed with increasing BMI 

categories whereas high density cholesterol (HDL) was similar in all groups. This is 

interesting because it gives insight into the risks associated with the high fat and calorie 

diet for patients with a BMI above the ideal cut off at 25.0kg/m
2
. LDL cholesterol carries 

more cholesterol with the potential to oxidise into particles that may attach to plaque in the 

arterial wall leading to plaque build-up and thus increasing the chance of atherosclerosis. 

HDL hold positive benefits because they escort cholesterol to the liver for metabolism and 

excretion and hold protective properties against heart disease  by decreasing plaque build-

up in the arteries (Brown, 2013).  

      This knowledge makes it difficult to ignore the relationship observed between the 

increased risk factors for GOR in the over-weight and obese CF population. The reported 

factors which are frequently suggested to lead to the pathogenesis of GORD in the 

literature include obesity, being overweight (El-Serag et al., 2005; Hampel et al., 2005) 

and incorrect dietary habits such as a high fat diet (Iwakiri et al., 1996; Holloway et al., 

1997; Meyer et al., 2001; Dore et al., 2008). Moreover, it was observed in two separate 

studies that CF patients with a BMI above 25.0kg/m
2
 are associated with higher 

cholesterol levels which have been shown to increase the risk of GOR in previous studies. 

Important findings by El Serag et al., (2005) and Shaprio et al., (2007) found positive 

associations between cholesterol from the diet and GORD in the general population. A 

considerable amount of literature has been published highlighting the high prevalence of 

GOR in the CF population (Gustafsson et al.,1991; Navarro et al., 2001; Blondeau et al., 

2008; Pauwels et al., 2013). These findings provide an important opportunity to advance 

the understanding into risks of over-weight and obesity with GOR in the CF population as 

it has not been studied previously. Therefore, the study aimed to explore the potential 

association of BMI status with patient symptoms of reflux (GOR/EOR) and gastric 

aspiration. 

     Our study did not show any significant association with GOR symptoms and BMI 

status across all BMI groups, although the one patient in the obese BMI category scored 5 

(maximum 7) on the DeMeester score and experienced heartburn that was predictable on 
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the position of straining and reported interference with daily activities. There were higher 

scores seen in the normal (DeMeester score 7) and over-weight groups (DeMeester score 5) 

to illustrate that BMI was not the cause. Interestingly, we showed that EOR symptoms 

were significantly correlated with a low BMI suggesting under-weight BMI carries a 

higher risk of EOR than over-weight and obesity. We illustrated that the symptoms of 

EOR reduced as the BMI status increased. There was a non-significant decrease in RSI 

questionnaire score as the BMI increased, this is supported by a non-significant decrease 

in pepsin levels as the BMI increased. Although GOR and EOR has not been studied in 

relation to the increasing prevalence of over-weight and obesity in CF there has been 

reports of GOR in CF patients with failure to thrive and malnutrition (Malfroot and Dab, 

1991; Dray et al., 2005). Interestingly, Malfroot and Dab (1991) observed that refluxing 

children shared characteristics of recurrent coughing, vomiting, respiratory infections and 

failing to thrive and these were not so common in the group of infants without reflux.  

     The lessons learned from these findings are that the prevalence of over-weight and 

obesity is increasing in the UK CF population. This is associated with significantly 

increased pulmonary function and is not dependant on genotype or gender. Opposite to the 

effects seen in the general population, in fact the presence of EOR symptoms in CF was 

positively associated with low BMI status. In the general population the risks detrimental 

to health are increasingly associated. Such as GORD, other diseases including heart 

disease and cancer and decreased pulmonary function (Friedenberg et al., 2008; Festi et al., 

2009). These are due to changes in the anatomy and physiology of the body, it has been 

reported that central adiposity fat maybe a sign. The overweight and obesity levels in CF 

are not as high as the general population. For example a median BMI of 45kg/m
2
 has been 

reported to be associated with GORD (Dixon et al., 1999) and this is not the level 

observed in CF. Thus, the observed protective aspect of high BMI overweight and obesity 

in CF may be down to the overall health of the patient. It could suggest that they have 

experienced less malnutrition in their lifetime which physically strains the body. Vitamin 

status could play a role, a well-nourished body may see less negative effects on health. It 

has been demonstrated that the membrane lipid composition of the cell has a role to play 

in the phenotype of the CFTR demonstrated in the ilium, pancreas and airway of a CFTR 

mouse. These results illustrate the importance of lipid membrane of cells in CF and lipid 

alterations of fat from the diet may affect the phenotype of the CF patient as seen in the 

results herein. (Freedman et al., 1999). 
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     The limitations of this study begin with small sample size of 72 CF patients compared 

to previous studies reporting prevalence in the UK, France and Canada with a sample size 

from n=651 to n=1489. A larger sample size of the total number of CF patients at the adult 

CF clinic (n=235) would have allowed stronger conclusions to be made. This study was a 

single centre study in the North East of England (RVI, Newcastle Upon Tyne, UK) so 

regional differences of CF patient care, dietary advice and variety of diet may affect the 

results. Secondly, the study used BMI as a tool to assess over-weight and obesity in the 

patient cohort. The BMI was calculated by dividing the weight (kg) by height (m
2
) and 

classified using the BMI scores set by the WHO. This could have been strengthened by 

collecting anthropometric body measurements and bioelectrical impedance data to assess 

body fat mass so that weight increases caused by muscle mass could be accounted for. 

Central adiposity could be explored and compared to the health risks associated with this 

in the general population. The study did not include such measurements into the initial 

ethical application at the beginning of the study. Furthermore, our data set for genotype 

(n=61) and pulmonary function (n=64) was incomplete. The study holds many strengths 

and the most important being the novel findings of a protective effect of over-weight and 

obesity to gastric aspiration and EOR symptoms in the CF population. Further, all the data 

provided was collected at the time of recruitment therefore symptoms and gastric 

aspiration are directly linked to pulmonary function and BMI status.  

     Our data provides a positive overview of over-weight and obesity in the CF population. 

For adults, the CF Foundation recommends maintenance of normal weight-for-height 

because this was associated with better FEV1 and survival (Stallings et al., 2008) but our 

data suggests that the benefit to health increases as the BMI status increases.  

     We suggest that there is a need for further study into the effect of a high fat diet in 

patients with a BMI over 25.0kg/m
2
 as there is a possibility of high triglyceride and 

cholesterol levels that were not measured in our study. The dietary fat consumed in the 

diet may be the focus for further study.  

     To conclude the body weight of the CF population is increasing due to improvements 

in clinical care and today we observe BMI scores reaching OW and OB categories. The 

potential health risks of OW and OB in the CF population are not completely understood 

but appears to be at odds with the non-CF population. The benefits of increased pulmonary 

function scores regardless of gender and genotype were observed. This may be linked to 

less EOR symptoms among this patient group. Further research is needed before a revision 

of dietary advice is proposed to CF patients with a BMI above 25.0kg/m
2
. 
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6.0 General discussion 
 

       The survival rates are increasing for the CF population and many CF patients are 

reaching the age of 40 and 50 years in present times (Thomson and Harris, 2008; Salvatore 

et al., 2012; Simmonds, et al., 2013). The CF community observe age related diseases in 

many patients reaching adulthood, for example CF related diabetes, liver disease and 

GORD (Bourke and Burns, 2011). GOR is the main focus of the present thesis due to the 

high prevalence, the potential for related health problems in adult CF patients and the lack 

of research available. The focus of CF research is changing and it is becoming 

increasingly important to ensure the years gained are of the best quality as possible 

(Simmonds et al., 2009). The prevalence of GOR in the CF population has been a long 

standing problem for a high percentage of patients (Chen et al., 2010; Armstrong, 2005). 

Living with GOR has been demonstrated to decrease the quality of life and in worse cases 

is associated with mortality (Ronkainen et al., 2013; Holt et al., 2013). Aside from the 

GOR symptoms affecting the quality of life, the concerning factor regarding GOR in CF is 

the potential damage it can cause to the airway. GOR may lead to aspiration of the gastric 

contents and it has been demonstrated that it is not acid that is the potent contents but 

pepsin and bile acids (Gustafsson et al.,1991; Navarro et al., 2001; Blondeau et al., 2008; 

Pauwels et al., 2013). Increasing exposure to gastric aspiration has been associated with 

lung damage, decreased pulmonary function and previously observed in lung transplant 

patients (Blondeau et al., 2008; Nally et al., 2011; Aseeri et al, 2012; Pauwels et al., 2012), 

but there is limited data in CF. Other health implications, associated with gastric aspiration 

and relevant in CF include EOR symptoms like coughing, wheezing, shortness of breath 

and persistent clearing of the throat (Dettmar et al., 2011).  

       The present thesis first emphasises the prevalence of classical GOR symptoms in the 

studied CF population to be 42% which is twice that reported in the general population 

(Dent et al., 2005), the prevalence of EOR symptoms were higher affecting 63% of the 

study population. These findings highlight the high number of CF patients that are affected 

by symptoms, therefore outlining the importance of exploring the topic. Secondly, the 

study indicated the high degree of patients that are not responsive to acid suppression 

medication (PPI or H2RA) to treat such symptoms. It was presented that 70% of patients 

with classical GOR symptoms and 73% of patients experiencing EOR symptoms were 

receiving acid suppression medication. i.e. Symptoms persisted despite the use of 

medication. This has also been illustrated in the literature over the previous years and the 
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prevalence remains high despite medication (Zerbib et al., 2013). It is agreed that acid 

suppression medication such as PPI and H2RA relieves the symptoms of heartburn for 

patients but many remain to be non-responsive and continue to experience symptoms 

(Sabati et al., 2010). These patients may be likely to receive anti-reflux surgery (Kahrilas, 

et al., 2013). Medicated acid suppression has not been shown to be useful for EOR 

symptoms. A potential reason for this resides in the fact that it is not the acid in the 

refluxate that is harmful to the aero-digestive tract, nasal cavity and airways but it is the 

potent contents such as pepsin and bile acids causing the epithelial damage (Jolly, et al., 

2004; Bulmer, et al., 2010).  

      Since it has been suggested that the aspiration of gastric contents negatively affects 

pulmonary function (Gustafsson et al.,1991; Navarro et al., 2001; Blondeau et al., 2008; 

Pauwels et al., 2013) the present study investigated reflux biomarkers within the 

expectorated sputum from the CF airway and correlated the results of this with pulmonary 

function test results.  It was observed that the aspiration of gastric pepsin was present in 70% 

of the study population. The concentration of bile acid in the 22 patient samples analysed 

was not above the maximum serum concentration of 10µmol/L. The possible correlations 

between the presence of bile acids and other health outcomes inclusing pulmonary 

function could not be assessed at a median bile salt concentration of 0.22µmol/L as it is 

not known where the origin of these bile acids have resulted from, it could be present in 

the airway due to serum levels or gastric contents (Parikh et al., 2013). Contrary to the 

literature, the present study did not demonstrate a relationship between the presence of 

pepsin or bile acids in sputum from CF airways with pulmonary function. The sputum 

sample contained a high neutrophil content and the IL-8 concentration was high 

illustrating inflammation within the CF airway. There was no association between gastric 

aspiration and inflammation with pulmonary function. The present study did not mirror 

the negative effects of gastric aspiration as seen in the literature and this could be because 

of the different methods used to analyse reflux biomarkers.  

       The CFTR potentiator named as ‘Ivacaftor’ aims to normalise the flow of chloride 

ions through the gating channel of the CFTR in the G551D mutation (Kotha and Clancy, 

2013). The CFTR modulator has been shown to restore the function of the CFTR in 

clinical trials by demonstrating the reduction in sweat chloride concentrations, and in some 

cases the sweat chloride concentrations were normalised (<30.0mmol/L). In CF defective 

CFTR protein is expressed in the epithelium of the gastrointestinal tract leading to thick 
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and sticky mucus blocking the pancreatic ducts which minimises the release of pancreatic 

enzymes. It has been reported that 85-90% of CF patients have pancreatic insufficiency 

resulting in the patient having difficulty gaining weight and malabsorption of fat soluble 

vitamins A,D,E and K (Cohen et al., 2005) which leads to poor weight gain the patient 

becoming malnourished. The Ivacaftor treatment has demonstrated an increase in weight 

demonstrating the CFTR correction reversing the effects of poor weight gain. As the 

CFTR is expressed in the airways the accumulation of mucus results in poor pulmonary 

function, and the effect of malnutrition also decreases pulmonary function (Accurso et al., 

2010; Ramsey et al., 2011; Barry et al., 2014). The present study supported the observed 

findings of the literature in the 12 patients studied with the G551D mutation. The sweat 

chloride concentration significantly decreased after 6 weeks of treatment, with 6 patients 

demonstrating normalised sweat chloride concentrations at the 6 month follow-up. There 

were significant improvements in patient weight after 6 month of treatment and a 

significantly improved pulmonary function after 6 weeks of treatment.  

     As the CFTR mutation results in multiple complications in exocrine tissues there is 

now a strong interest in the possible clinical benefits of Ivacaftor that have not yet been 

investigated. The CFTR proteins are expressed in the gastrointestinal tract and this may 

have a role to play in the high prevalence of GOR. Given the high prevalence of GOR and 

EOR in the CF community this was explored for the first time within the CF population in 

the present study.  Longitudinal observations over a 12 month follow-up period showed 

that the number of patients presenting abnormal GOR, EOR and airway reflux 

questionnaire scores reduced. In addition, the severity of GOR, EOR and airway reflux 

symptoms decreased during the treatment of Ivacaftor. This is a novel and interesting 

finding, not previously shown to my knowledge. The results are limited however could be 

confounded and are in a small number of patients. Confounders could include other factors 

such as patients achieving a healthier weight and increased pulmonary function.   

      It has been reported that the BMI status of the CF population is increasing with the 

highest overweight prevalence to be 18% in Canada and the obese prevalence to be 6% in 

Ireland (Stephenson et al., 2013; Stack et al., 2007). This has not been extensively 

researched however, the present thesis explored the prevalence of overweight and obese 

BMI status within the total study population. In the present study there were 16.7% of 

patients with a BMI above the ideal 25.0kg/m
2
. This was associated with significantly 

increased lung function. The symptoms of EOR were demonstrated to be significantly 

reduced in the over-weight and obese BMI group, this was supported by the decreased 
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prevalence of gastric aspiration within these groups but the effect was not significant. 

Over-weight and obesity did not show a relationship to F508del/F508del genotype status 

or to gender. It is difficult to reach any firm conclusions as there is a possibility of 

confounding and conflicting variables such as those with obesity may have milder clinical 

disease, or be at an earlier stage in the disease process with less severe lung infections and 

associated catabolic state. 

      It is important to mention that the present study did not provide comparable data 

obtained from a healthy control group. This is a limitation of the study, however, the use 

of validated questionnaires allowed for the analysis of questionnaire scores to be deemed 

abnormal if higher than the validated cut off score previously evaluated in healthy 

individuals. Also, the study of reflux biomarkers and inflammation obtained from the 

collection of sputum was a key part of the study to assess the effect of gastric aspiration 

into the airway. The collection of expectorated sputum collection from healthy volunteers 

would not be possible. To assess declining pulmonary function the spirometry values were 

compared to the spirometric reference equations collected from healthy non-smokers with 

no symptoms of asthma and respiratory problems, this is recommended by the European 

Respiratory Society. The reference equations are compared to the patient spirometry value 

according to gender, sex and height  (Pellegrino et al., 2005), the value from the healthy 

population is set a 100% and the value from the CF patient is calculated as a percentage of 

what a healthy person would achieve of the same anthropometric characteristics. The 

inclusion of a healthy control group in further studies would strengthen the data obtained 

from the questionnaires and the assessment of reflux symptoms with pulmonary function 

would be a possible correlation. Although healthy controls would not provide a sputum 

sample, it would be possible to obtain a BAL sample to obtain data regarding gastric 

aspiration and inflammation within the airway. 
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6.1 Conclusion and future direction 
 

      The study has observed a high prevalence of GOR and EOR symptoms in the CF 

population that is not alleviated by acid suppression medication. The presence of gastric 

aspiration was not correlated to pulmonary function impairment but this cannot be out 

ruled due to the demonstrated a high number of neutrophils in the airway fluid and high 

inflammatory cytokine presence. CFTR modulators were shown to decrease the number of 

symptomatic patients and symptoms severity of reflux for most patients. The increase of 

BMI to over-weight and obese categories was associated with less EOR symptoms and 

gastric aspiration. These findings may be due to better overall health but may suggest that 

EOR symptoms are related with weight and pulmonary function of CF patients.  

     As the results of this study do not support the suggested harmful effects of the gastric 

aspiration collected from one sample of the airway fluid on the airways in terms of 

lowering pulmonary function and increasing inflammation there is room for further 

research. On our first observation taken by analysing one expectorated sputum sample 

during the outpatient appointment there was little opportunity to assume a reflux event 

occurred and therefore may not identify pepsin or bile acids during one sample at one time 

point therefore suggesting a longitudinal study of CF patients with GOR/EOR symptoms 

and using non GOR/EOR CF patients as a comparison group maybe an ideal way to 

observe the effects. Multiple samples throughout the day and one during symptoms would 

eliminate the chances of missing the detection of the reflux biomarkers.  

     For the first time, our study researched the presence of reflux in a novel group of CF 

patients receiving Ivacaftor treatment to correct the CFTR class III mutation. In this 

patient group the effect of correcting the CFTR function brought about the observed health 

benefits including decreased sweat chloride, weight gain and improved pulmonary 

function with the novel finding of reduced symptoms of reflux. The longitudinal study of 

other CFTR correcting treatments including Lumacaftor for the homozygous delta F508 

patients would be beneficial to observe the effects it has on symptoms of reflux.  The 

association of CFTR expression in the gastrointestinal epithelia and in the high prevalence 

of gastric reflux in the CF population can be studied using patients receiving CFTR 

correcting medication.  

     The arising concern of overweight and obesity in the CF population requires further 

study in a larger population. Although the prevalence is increasing the use of single study 

data includes a small number of patients and further multicentre studies are suggested to 
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address the outcome and provide answers to the questions raised during single centre 

studies regarding the benefits over the risks. 
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8.2 Appendix 2 Patient information sheet and consent form 
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8.3 Appendix 3 Questionnaire(s) 

1 The DeMeester reflux questionnaire 
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2. The Reflux Symptom Index (RSI) 
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3. The Hull Airway Reflux Questionnaire (HARQ) 

 

Within the last month, how did the following problems affect you?  
                                                                                     0 = no problem  5= severe/frequent 

problem 

 0 1 2 3 4 5 

Hoarseness or problem with your voice       

Clearing your throat       

The feeling of something dripping down the back 

of your nose or throat 

      

Retching or vomiting when you cough       

cough or shortness of breath on first lying down or 

bending over 

      

chest tightness or wheeze when coughing       

heartburn, indigestion, stomach acid coming up (or 

medication =5) 

      

A tickle in your throat, or a lump in your throat       

cough or shortness of breath with eating (during or 

soon after) 

      

cough or shortness of breath when you get out of 

bed in the morning 

      

cough or shortness of breath brought on by singing 

or speaking (telephone) 

      

coughing more when awake rather than asleep       

a strange taste in your mouth       
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8.4 Appendix 4 Letter for Ivacaftor patients 
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8.5 Appendix 5 Abstracts 

 

Gastric aspiration into the CF lung; relationship with reflux symptoms and lung function 
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Objectives: Gastro-oesophageal reflux (GOR) is the retrograde movement of gastric contents up the 

oesophagus. This results in both classical and atypical symptoms. GOR is common in CF affecting 35-

81% of patients and it may be associated with deteriorating lung function. We investigated 

microaspiration into the CF lung, characterised symptoms of reflux and compared these parameters 

with lung function. 

 

Methods: FEV1 % predicted was recorded in 37 CF patients (19 male), mean age 29 (range 17-60) 

years. GOR symptom severity was assessed using the DeMeester Reflux score (0-9; < 1 normal) and 

extra oesophageal reflux (EOR) using the Reflux Symptom Index (RSI) score (0-45; < 13 normal). 

Pepsin (ELISA) and total bile acids (TBA) (mass spectrometry) were measured in the sputum of 29 and 

24 CF patients respectively. 

 

Results: Pepsin was identified in 17 of 29 (59%) (median 111ng/ml) and TBA in 23 of 24 (96%) 

(median 0.18µMol/L) patients. RSI scores showed atypical symptoms in 87% of patients, whereas, 

classical symptoms (DeMeester scores) were identified in 43% of patients. 88% pepsin-positive and 

87% TBA- positive patients suffered EOR symptoms, however 53% pepsin-positive and 61% TBA-

positive patients experienced GOR symptoms. FEV1 ranged from 12% to 101% of predicted (median 

43%) but was not correlated with biomarkers or symptoms of reflux.  

 

Conclusion: Gastric and biliary reflux into the lungs are very common in CF patients. EOR symptoms 

may be more closely associated with CF than GOR. Microaspiration of gastric content into the lung 

was not correlated with FEV1 and occurred across the spectrum of disease severity.  

 

Keywords: Gastro-oesophageal reflux, cystic fibrosis, FEV1 
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Overweight and obesity challenges in the Cystic Fibrosis population – a need for 
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Cystic fibrosis (CF) is the most common inherited autosomal recessive disease in 

Caucasian populations leading to pulmonary and digestive complications. CF is often 

associated with malnutrition due to the increased energy demands of chronic lung 

infection and reduced nutritional intake associated with anorexia and fat malabsorption. A 

high fat and high calorie diet is therefore advised. The importance of nutritional care has 

been evident for >3 decades as an increase in Body Mass Index (BMI) has been associated 

with an increase in pulmonary function (FEV1)  and improved  survival. In recent times 

reported overweight and obese BMI scores are increasing and the potential health risks are 

not understood in our ever aging CF population
(1)

. Authors suggested that there were 

lower numbers of homozygous ∆F508 genotypes with a BMI >25. It has been proposed 

that dietary advice may need to be modified for CF patients with a BMI >25 or those 

expressing a heterozygous ∆F508 genotype
(2)

. The aim of the study was to evaluate the 

relationship between CFTR genotype with BMI and pulmonary function in CF patients.        

        Between April 2011 and April 2013 sixty four CF patients (37M/27F, median age 29 

(17-60) years) were recruited from their routine appointments at the adult CF clinic and 

were measured for BMI (km/m
2
). The patients were grouped according to the following 

BMI categories: underweight (UW): <18.5 km/m
2
, normal weight (NW): 18.5-25.0 km/m

2
, 

overweight (OW): 25.1-30.0 km/m
2
 and obese (OB): >30.1 km/m

2
. Lung function (FEV1 % 

predicted) and genotype were recorded at the time of data collection. To evaluate the 

relationship between BMI or pulmonary function with genotype the Kruskal-Wallis 

statistical test was used followed by the Mann Whitney U test.  

        Of the total 64 patients 9% were UW, 72% achieved a NW, 17% were OW, and 1 

patient was OB. Increased BMI scores were associated with improved pulmonary function 

(FEV1 % predicted, mean (range): UW:41 (25–53); NW:45 (12–92); OW:75 (54–110); 

OB:90 (P < 0.05). Twenty of the 64 CF patients were homozygous for the ΔF508 mutation; 

the remaining 44 were heterozygous (ΔF508/other). No association was observed between 

CF genotype status and BMI or pulmonary function. 

     The body weight of the CF population is increasing due to improvements in clinical 

care and today we observe BMI scores reaching OW and OB categories. The potential 

health risks of OW and OB in the CF population are not completely understood but the 

benefits of increased pulmonary function scores regardless of genotype are evident. Long 

term follow up studies are needed before a revision of dietary advice is proposed to CF 

patients. 

 
1. Kastner-Cole D, Palmer CNA, Ogston SA et al. (2005) J Pediatrics 147, 402-404. 
2. Stephenson AL, Mannik LA, Walsh S et al. (2013) Am J Clin Nutr 97, 872-7. 

 



220 

 

 

Pepsin detection despite the use of acid suppressant medication in patients with 

airway reflux related chronic cough 

Gemma L Crossfield, Warren Jackson, Jennifer Burke,  Andrew D Woodcock, Vicki 

Strugala, Chris Ward, Jeffrey P Pearson, Peter W Dettmar, Alyn H Morice 

Background 

Chronic cough (CC) is an increasing problem that is not easy to treat with medication. 

Associated symptoms include hoarse voice, dysphonia, persistent tickling and irritation of 

the throat or chest. These lead to poor sleeping and eating patterns, loss of vocal 

independence and social isolation all resulting in an impaired quality of life. Airway reflux 

is a common cause of unexplained chronic cough and proton pump inhibitor (PPI) 

medication is commonly prescribed as initial therapy. The following study assessed pepsin 

identification in CC patients as a marker of airway reflux on PPI. 

Methods 

Symptomatic expectorated saliva samples were obtained from 16 patients (6 male/10 

female, 50 years (37–76), Body Mass Index (BMI) 30 (24-44) median (range)) attending 

clinical appointment with symptoms of chronic cough. Pepsin was identified using the 

Peptest
TM

 an in vitro diagnostic medical device specific for human pepsin A (RD Biomed 

Ltd, UK). All patients completed the Hull Airways Reflux Questionnaire (HARQ) to 

determine airway reflux related cough (range 0-70; <13 normal). Patient demographics 

and medication data was provided on sample collection. 

Results 

Fourteen (88%) of the CC patients were positive for pepsin in saliva samples (median 

83ng/ml; range 25–250), providing non-invasive verification of presence of reflux in this 

CC population. Thirteen pepsin positive patients were symptomatic of airway reflux 

related cough according to abnormal HARQ score (median 40; range 25–59) and all were 

taking PPI (20-60mg/d range collected from referral letter and patient questionnaire). The 

median BMI of the pepsin positive patients was 30 (range 25–44).  

Conclusion 

Pepsin was present in 88% of suspected airway reflux related chronic cough patients 

therefore corroborating the diagnosis of reflux. Airway reflux is associated with 

unexplained chronic cough in patients receiving PPI highlighting that symptoms and 

reflux are still present despite acid suppression. Overweight and obese BMI status is a 

common feature of airway reflux related chronic cough patients. A reconsideration of the 

empiric use of acid suppression use maybe warranted for unexplained chronic cough. 

 

Key words: Chronic cough, pepsin, airway reflux, acid suppressants 
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8.7 Appendix 7 Patient demographics 

Patient 

no 

Sex 

(m/f) 

Age Height 

(m) 

Weight 

(kg) 

BMI 

1 F 23 1.73 65.00 21.70 

2 M 22 1.85 61.70 18.00 

3 F 29 1.60 57.20 22.30 

4 M 29 1.63 61.20 23.00 

5 M 40 1.77 82.80 26.40 

6 M 20 1.77 58.50 18.70 

7 F 24 1.52 55.30 23.90 

8 M 35 1.83 73.02 21.80 

9 F 19 1.47 63.00 29.20 

10 F 60 1.67 56.24 20.10 

11 M 32 1.70 62.00 21.50 

12 F 21 1.50 46.10 20.50 

13 F 23 1.73 62.80 21.00 

14 F 28 1.60 58.50 22.90 

15 M 40 1.77 82.80 26.40 

16 F 24 1.52 53.40 23.00 

17 M 26 1.75 68.03 22.20 

18 M 19 1.67 57.20 20.50 

19 F 59 1.67 54.00 19.40 

20 M 21 1.85 52.00 15.20 

21 M 17 1.72 60.30 20.40 

22 F 34 1.67 58.96 21.10 

23 F 22 1.50 57.70 25.60 

24 F 41 1.65 60.78 22.30 

25 F 31 1.52 52.00 22.50 

26 F 29 1.60 56.30 22.00 

27 M 44 1.67 56.20 20.20 

28 F 25 1.57 59.42 23.90 

29 M 22 1.85 63.00 18.40 

30 M 32 1.70 51.00 17.60 

31 M 24 1.75 58.00 18.90 

32 M 20 1.72 64.00 21.60 

33 F 19 1.48 46.00 21.00 

34 M 21 1.78 73.00 23.00 

35 M 21 1.73 80.00 26.70 

36 M 34 1.78 63.50 20.00 

37 F 43 1.60 45.00 17.60 

38 F 39 1.65 78.00 28.70 

39 F 17 1.55 48.50 20.20 

40 M 29 1.73 57.20 19.10 

41 M 24 1.73 60.50 20.20 

42 M 23 1.70 54.00 18.70 
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43 M 44 1.83 76.00 22.70 

44 F 30 1.70 66.20 22.90 

45 F 32 1.56 50.20 20.70 

46 M 19 1.70 54.00 18.70 

47 M 20 1.69 68.00 23.80 

48 F 32 1.53 47.00 20.10 

49 M 20 1.15 48.40 21.20 

50 M 22 1.72 79.40 26.80 

51 F 21 1.54 41.40 17.50 

52 F 21 1.66 61.50 22.40 

53 F 17 1.50 47.00 18.80 

54 F 38 1.59 54.00 21.40 

55 F 20 1.46 65.80 30.90 

56 M 23 1.71 57.80 19.80 

57 M 25 1.72 77.00 26.10 

58 M 28 1.70 73.80 25.30 

59 M 24 1.73 67.40 22.50 

60 M 28 1.75 82.80 26.90 

61 M 36 1.81 70.40 21.80 

62 F 25 1.54 55.00 20.30 

63 M 31 1.80 87.00 27.90 

64 M 24 1.80 55.8 17.70 

65 M 43 1.77 69.30 22.10 

66 M 20 1.77 64.40 23.20 

67 F 25 1.54 55.00 23.10 

68 F 42 1.77 63.20 20.10 

69 M 16 1.65 47.50 17.40 

70 F 28 1.55 34.10 14.10 

71 F 24 1.55 43.10 17.90 

72 M 26 1.92 56.40 15.20 

NA F 38 1.52 47.62 20.60 

NA F 39 1.53 36.74 15.70 
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8.8 Appendix 8 Questionnaire scores 

Patient 

no 

DeMeester 

score 

Reflux 

Symptom 

Index 

(RSI) 

Hull Airway 

Reflux Cough 

Questionnaire 

(HARQ) 

 

1 6 31    

2 2 25    

3 4 22    

4 2 11    

5 1 15    

6 2 19    

7 2 14    

8 7 36    

9 5 17    

10 4 21    

11 1 8    

12 1 20    

13 2 29    

14 2 26    

15 1 17    

16 2 14    

17 1 13    

18 0 6    

19 2 17    

20 2 25    

21 0 3    

22 2 20    

23 1 12    

24 5 10    

25 0 19    

26 1 30    

27 1 17    

28 0 23    

29 3 10    

30 3 12    

31 1 24    

32 0 6    

33 0 10    

34 2 11    

35 1 8    

36 2 19    

37 4 43    

38 1 18    
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39 2 25    

40 0 16    

41 1 11    

42 0 8    

43 0 16    

44 0 19    

45 0 20    

46 2 5    

47 0 8    

48 3 20    

49 1 14 12  

50 1 2 3  

51 1 23 31  

52 0 11 7  

53 1 17 19  

54 2 29 33  

55 5 12 12  

56 2 15 15  

57 0 3 3  

58 1 4 4  

59 0 15 27  

60 1 8 8  

61 1 20    

62 1 0 0  

63 2 14 25  

64 2 9 9  

65 0 16 36  

66 1 9    

67 0 15 26  

68 0 2 1  

69 0 9 15  

70 1 25 44  

71 4 26 42  

72 1 17 32  

 

 

 

 

 

 

 



226 

 

8.10 Appendix 10 Medication 

Patient 

no 

Medication 

1 40mg BD 

2 30mg BD 

3 40mg BD 

4 30mg BD 

5 30mg BD 

6 20mg BD 

7 Ranitidine 300mg OD 

8 20mg BD 

9 20mg BD 

10 30mg OD 

11 15mg OD 

12 omeprazole 20mg od 

13 40mg BD 

14 omeprazole 40mg bd 

15 lansoprazole 30mg bd 

16 omeprazole 20mg bd 

17 lansoprazole 30mg od 

18 omeprazole 20mg bd 

19 lansoprazole 30mg od 

20   

21 omeprazole 10mg bd 

22 no 

23 no 

24 omeprazole 20mg bd 

25 omeprazole 20mg bd 

26 no 

27 Lansoprazole 30mg od 

28 no 

29 no 

30 no 

31   

32 omeprazole 20mg bd 

33 lansoprazole 30mg od 

34 lansoprazole 30mg prn 

35 omeprazole 20mg bd 

36 omeprazole 20mg  

37 no 

38 omeprazole X2 daily 

39 ranitidine 150mg OD 

40 lansoprazole 30mg od 
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41 no 

42 omeprazole 20mg bd 

43 omeprazole 20mg  bd 

44 omeprazole 20mg BD 

45 lansoprazole 30mg od 

46 lansoprazole 30mg bd 

47 no 

48 no 

49 omeprazole 20mg 

50 ranitidine 150mg 

51 lansoprazole 30mg bd 

52 omeprazole 20mg 

53 gaviscon prn/omeprazole 

20mg 

54 lansoprazole 30mg bd 

55 omeprazole 20mg 

56 no 

57 gaviscon prn/omeprazole 

20mg 

58 no 

59 lansoprazole 30mg 

60 no 

61 lansoprazole 30mg 

62 no 

63 no 

64 no 

65 no 

66 lansoprazole 

67 lansoprazole 15mg 

68 no 

69 lansoprazole 20mg 

70 no 

71 omeprazole 20mg/2 

72 lansoprazole 30mg/2 
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8.11 Appendix 11 Pepsin identification and quantification 

Patient 

no 

Pepsin 

ng/ml 

1 0 

2 152 

3 88 

4 0 

5 0 

6 324 

7 196 

8 112 

9 0 

10 80 

11 111 

12 296 

13 320 

14 0 

15 187 

16 0 

17 0 

18 305 

19 0 

20 0 

21 0 

22 0 

23 0 

24 275 

25 0 

26 0 

27 189 

28 147 

29 364 

30 611 

31  

32 831 

33 178 

34 0 

35  

36 800 

37  382 

38  0 

39  0 

40  570 

41  633 

42  489 
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43  920 

44  1025 

45  274 

46  0 

47  231 

48  294 

49  261 

50  0 

51 870 

52  1151 

53  283 

54  178 

55  128 

56  710 

57  116 

58  418 

59  481 

60  611 

61  387 

62  

63  597 

64  515 

65  0 

66  0 

67  246 

68  464 

69  782 

70  382 

71 270 

72 350 
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8.12 Appendix 12 Bile acid identification and quantification 

Patient 

no 

TBA 

µMol/L 

G-

DHC 

G-

THC 

T-

DHC 

T-

THC 

Total Free 
LITHOCHOLATE 

1 3.168 0.64 1.6 0.08 0.88 3.2 0.32 

2 0.2348 0 0.08 0 0.08 0.16 0.16 

3 0.11 0 0 0 0.08 0.08 0 

4 0.144 0 0.08 0 0.08 0.16 0.16 

5 0.0428 0 0 0 0 0 0.08 

6 0.1288 0.08 0 0 0.08 0.16 0.48 

7 0.374 0.24 0.08 0 0 0.32 0.24 

8 0.3216 0.16 0.16 0 0.08 0.4 0.24 

9 0.1268 0 0 0.08 0 0.08 0.24 

10 0.2744 0.16 0 0.08 0.08 0.32 0.48 

11 0.192 0 0 0 0 0 0.4 

12 0.2336 0.08 0 0.08 0.08 0.24 0.3824 

13 0 0 0 0 0 0 0.94 

14 2.42 1.44 0.48 0.32 0.24 2.48 0.9424 

15 0.0896 0 0 0 0 0 0.2176 

16 0.1208 0 0.08 0 0 0.08 0.228 

17 0.0856 0 0 0 0.08 0.08 2.0984 

18 0.2216 0.08 0.08 0 0 0.16 0.7184 

19 0.3056 0.16 0 0.16 0 0.32 0.532 

20 0.792 0.16 0.08 0.56 0.08 0.88 0.448 

21 0.2216 0.08 0.08 0 0 0.16 0.2064 

22 0.4216 0.24 0.08 0.08 0 0.4 0.4128 

23 0.1832 0.08 0.08 0 0.08 0.24 0.7704 

24 1.0488 0.8 0.16 0.08 0 1.04 0.584 
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8.13 Appendix 13 Pulmonary function 

Patient 

no 

FEV1 FEV1 

pred % 

FVC FVC 

pred % 

ratio L 

1 1.05 30 1.4 34 0.75 

2 2.55 51 4.95 84 0.52 

3 1.35 42 2.35 63 0.57 

4 1.6 43 3.1 72 0.52 

5 2.25 54 4.65 93 0.48 

6 2.1 48 4.56 88 0.46 

7 0.35 12 0.35 11 1.00 

8 1.55 36 2.05 40 0.76 

9 2.2 87 2.65 90 0.83 

10 0.91 36 1.52 50 0.60 

11 1.2 30 2.4 52 0.50 

12 0.95 36 1.5 47 0.63 

13 2.2 47 3.3 59 0.67 

14 1.35 41 2.35 62 0.57 

15 2.3 55 4.7 94 0.49 

16 0.7 25 1.2 36 0.58 

17 3.4 80 4.7 93 0.72 

18 1.05 25 2 41 0.53 

19 0.75 29 1.5 49 0.50 

20 2.2 48 3.65 71 0.60 

21 2.1 47 4 72 0.53 

22 0.9 26 1.3 34 0.69 

23 1.8 67 3.3 105 0.55 

24 1.75 57 2.5 66 0.70 

25 1.45 52 1.8 54 0.81 

26 2.5 83 3.15 91 0.79 

27 0.8 27 1.9 55 0.42 

28 1.25 43 1.7 53 0.74 

29 2.2 47 3.3 59 0.67 

30 1.35 32 1.95 40 0.69 

31 2.55 59 3.05 59 0.84 

32          

33          

34 1.93 42 3.36 60 0.57 

35 4.15 101 5.24 109 0.79 

36 1.4 35 3.6 71 0.39 

37          

38 1.9 60 2.4 68 0.79 

39 1 38 1.25 41 0.80 

40 1.45 33 2.59 50 0.56 

41 0.74 19 2.1 49 0.35 

42 3 69 4.65 91 0.65 
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43 1.7 43 2.45 48 0.69 

44          

45 0.95 34 1.5 46 0.63 

46 2.06 54 2.95 65 0.70 

47 3.35 82 3.97 83 0.84 

48 1.15 41 1.3 40 0.88 

49 2.05 92 2.4 92 0.85 

50 4.51 110 5.73 119 0.79 

51 0.85 28 1.6 47 0.53 

52 3 90 3.95 100 0.76 

53 1.94 87 2.2 89 0.88 

54 0.95 35 2.38 78 0.40 

55 2.3 90 2.6 89 0.88 

56 0.8 19 1.75 35 0.46 

57 3.7 88 4.9 99 0.76 

58 2.85 70 4.7 99 0.61 

59 2.75 64 3.8 74 0.72 

60 2.75 64 4 78 0.69 

61 1.4 32 2.1 40 0.67 

62 1.75 54 2.9 78 0.60 

63 3.05 69 4.3 83 0.71 

64 3.25 53 3.75 71 0.87 

65           

66 2.1 58 3.96 93 0.53 

67           

68 1.4 39 3.2 100 0.44 

69           

70           

71 0.9 30 1.3 38 0.69 

72 2.15 56 2.7 59 0.80 

 

 

 

 

 

 

 

 



233 

 

8.14 Appendix 14 Genetics 

Patient 

no 

genetic mutation 

1 (?508/-) 

2 (?508/?508) 

3 (?508/N1303K) 

4 (?508/?508) 

5 (?508/?508) 

6 (?508/NMD) 

7 (?508/2184delA) 

8 (?508) 

9 (?508/9551D) 

10 (?508/D1152H) 

11 (?508) 

12 ?F508/ ?F508 

13  

14 ?F508/ N1303K 

15 ?F508/ ?F508 

16 ?F508/ 2184DELA A 

17 1145INSTC/ 3659DEL C 

18 ?F508/ ?F508 

19 ?F508/ 01152H 

20  

21 ?F508/ ?F508 

22 ?F508/ ?F508 

23 ?F508/ ?F508 

24 ?F508/ P67l 

25 ?F508/ E60X 

26 ?F508/ 1154 

27 ?F508/ ? 

28 ?F508/ ?F508 

29 ?F508/ ?F508 

30 ?F508/ ?F508 

31  

32  

33  

34 ?F508/ ?F508 

35 ?F508/G551D 

36 ?F508/ ?1507 

37  

38 ?F508/c.3140-26A.G 

39 ?F508/ ?F508 

40 ?F508/ ?F508 

41 ?F508/ R560T 

42 ?F508/A1507 
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43 ?F508/ ?F508 

44  

45 ?F508/ ?F508 

46 ?F508/ ?F508 

47 ?F508/R56OT 

48 ?F508/E6OX 

49 ?F508/G551D 

50 ?F508/G551D 

51 ?F508/G551D 

52 ?F508/G551D 

53 ?F508/G551D 

54 ?F508/G551D 

55 ?F508/G551D 

56 ?F508/G551D 

57 ?F508/G551D 

58 ?F508/G551D 

59 ?F508/G551D 

60 ?F508/G551D 

61 ?F508/? 

62 ?F508/?F508 

63 ?F508/?F508 

64 ?F508/621+1G>T 

65  

66 ?F508/R117H-5T 

67  

68 ^ F508/P67L 

69   

70   

71 ^ F508/^ F508 

72 ^ F508/^ F508 
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8.15 Appendix 15 Inflammatory analysis 

patient 

no 

IL8 

ng/ml 

IL6 

pg/ml 

1 12 0 

2 4.5 0 

3 9 0 

4 14 0 

5 4.5 78 

6 17 0 

7 7.5 0 

8 8 0 

9 8 0 

10 6 266 

11 9 70 

12 3.1  

13 10 32 

14 1 0 

15   

16 27 105 

17   

18   

19   

20 24 0 

21 2 0 

22 5 0 

23   

24 6 0 

25 14 0 

26 19 105 

27 8 0 

28 14 166 

29 6 0 

30 10 0 

31   

32 17 0 

33 16 0 

34 14 0 

35   

36 4 0 

37 12 0 

38 2 0 



236 

 

39 19 0 

40 3 0 

41 5 244 

42 19 58 

43 23 0 

44 8 0 

45 5 0 

46 9 0 

47 2 0 

48 11 0 

49 7 290 

50 10 249 

51  4  

52 9 0 

53 15 94 

54 2 0 

55 16 0 

56 11 87 

57 3 0 

58 4 0 

59 11 0 

60 9 107 

61 35 0 

62   

63 12 41 

64 30 0 

65 8 0 

66 17 704 

67 8 0 

68 14 0 

69 5 0 

70 7 0 

71  3  0 

72  4  0 
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Patient no Neutrophils % Eosinophils % Macrophages % Lymphocytes % 

1 100 0 0 0 

2 100 0 0 0 

3 99 0 0 1 

4 100 0 0 0 

5 100 0 0 0 

6 99.4 0 0 0.6 

7 100 0 0 0 

8 99.4 0 0 0.6 

9 99.2 0.8 0 0 

10 100 0 0 0 

11 100 0 0 0 

12 99.6 0.4 0 0 

12 100 0 0 0 

14 97.2 0 1.6 1.2 

16 100 0 0 0 

17 100 0 0 0 

18 100 0 0 0 

19 99.4 0 0 0.6 

20 99.8 0 0 0.2 

22 100 0 0 0 

23 100 0 0 0 

24 100 0 0 0 

25 100 0 0 0 

26 99.4 0.6 0 0 

27 100 0 0 0 

28 99.8 0 0 0.2 

29 100 0 0 0 

34 100 0 0 0 

35 100 0 0 0 

36 100 0 0 0 

37 100 0 0 0 

49 100 0 0 0 

51 100 0 0 0 

53 99 0 1 0 

56 100 0 0 0 

60 100 0 0 0 

 

 

        

 


